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In this age of scientific advancements and technological breakthroughs, the field of
chemistry continues to play a vital role in shaping our society and driving technological
innovation. As we embark upon the journey of the XII Chemistry Textbook in continuation
of XI Chemistry, that was published last year, we recognize the paramount importan
equipping students with the knowledge and skills required to thrive in an ever-evo
scientific landscape and excel in their future endeavors.

This latest edition of the XII Chemistry Textbook aims to prova
comprehensive understanding of advanced concepts in chemist
essential for higher education but also instrumental in unlocki
prospects. We have taken great care to ensure that the cont
aligns with the national curriculum and offers students
well-structured approach to learning.

With each chapter, students will find clg objectives that outline the key
topics to be covered. To facilitate a deeper yf e textis accompanied by arich
collection of illustrations, practical appLieg ples that highlight the relevance
of chemistry in our everyday lives. D# gsessment questions are incorporated

prepared by the
meticulous revie
and resga A

sincere and heartfelt gratitude to authors and significantly to the most
ghly dedicated author Prof. Dr. Moazzam Haider, who contributed to the
postion of this book. I also express my gratitude to the Director (ART) and subject
plist of STBB whose efforts played a significant role in bringing this book to
1cation.

It is my sincere hope that this XII Chemistry Textbook will serve as a valuable
resource for students, empowering them to explore the fascinating world of chemistry,
unravel its mysteries, and embrace the limitless possibilities.

Chairman
Sindh Textbook Board
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Students'will'be able to:

Recognize the demarcation of the Periodic Table into s-block, p-block, d-block, and f-block.
(Understanding)

Describe physical properties like atomic radius, ionization energy, electronegativity, electrical
conductivity, oxidation states of elements and melting and boiling points of elements change within
groups of representative elements. (Analyzing)

Explain reactions of s-Block elements with oxygen, water, Halogens, nitrogen, hydrogen, alcohol and
acids. (Understanding)

Enlist flame test of s-Block Elements. (Applying)

Explain Chemistry of Sodium Hydroxide and bleaching powder. (Understanding)

Enlist functions of s-Block Elements and their important compounds in tabular form. (Understanding)
Explain reactions of p-Block elements with oxygen, water, Halogens, nitrogen and hydrogen.
(Understanding)

Differentiate beryllium from other members of its group. (Analyzing)

Explain the relative behaviour of halogens as oxidizing agents and reducing agents. (Applying)
Compare the acidity of hydrogen halides. (Analyzing)

Distinguish between an oxide and a peroxide. (Understanding)

Write representative equations for the formation of oxides and sulphides. (Applying)

Explain Chemistry of Sulphuric acid (Understanding)

Enlist functions of some p-block elements and their important compounds in tabular form
(Understanding) /




Introduction
Periodic table is a systematic arrangement of elements based on their
atomic numbers, electronic configuration and properties.
The long form of periodic table consists of seven horizontal rows known
as periods and eighteen vertical columns known as groups. There are two types

of groups in the periodic table. Sub group A, referred to as representg
elements, and sub group B is known as transition elements. The block_in“h®

periodic table refers to specific sections based on the type of orbitals<bding
filled by valence electrons. There are four blocks in the moderpspe ;Q al

located on extreme left in the periodic table. It consists of g
The valence shell electronic configuration of the elepfents of™his block is ns!
for alkali metals and ns? for alkaline earth met -btock is found on
extreme right of the periodic table and includes_gr 11JA}to VIIIA. Elements
belong to this block possess a valence shel}€ a1l iguration of ns2, np!

to ns2, np®. The d-block elements are 1gef} niddle of the periodic table
- ghell electronic configuration

located below the main body.0f pehi dble and exist in two horizontal series
of fourteen elements cachy & " \kiOwn as lanthanides and actinides. The
valence configuration lock élentents is ns'2, (n-2) f! to ns!?2, (n-2) 14,

The position of each element in a particular group, period and block can
be identified by its electronic configuration. The principal quantum number (n)
of the valence electrons represents the period of an element. While the group of
an element is predicted from the number of electrons in the valence shell. For
example, the atomic number of sulphur is 16 (1s2, 2s2, 2p%, 3s2, 3p*), therefore it
is predicted that sulphur belongs to third period and VIA group. Another feature
of the long form of periodic table is the regular changes in the physical
properties of elements downward in the group and along with the period except
ignoring anomalies in certain places.

1.1 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.

“The regular variations in the properties of elements in a group of
periodic table is called group trend”. In this section we will discuss the group
trends of various physical properties of s-block and p-block elements.

Atomic Radii <
“Atomic radius is the distance between the nucleus of an to its
outermost electron shell”. O

Group Trends

IA and ITA Groups

Elements of group IA are termed as alkglimbstals. {hey possess the
largest atomic radii in their respective peri r the atomic radii
increase regularly from lithium to franciu e number of energy
levels occupied by electrons increase n increase in the distance
between the nucleus and the outer ell.

Similarly, the same tren ements of group IIA (Be to Ra).
That means beryllium is th t ne earth metal (IIA) and barium is

the largest, as shown ir??l

JP1 BB Atomic radii of group IA and ITA in picometer (pm) |
e N

Alkali Metals Atomic Alkaline earth Atomic
(Group I1A) Radii Metals (Group Radii
_ (pm) 11A) (pm)
152 Be 112 —
186 Mg 145 H
227 Ca 194 s
248 Sr 219 §
265 Ba 253
Fr 348 Ra 215 v

HIA Group

Atomic radii of the elements of Boron family (Group IIIA) generally
increase down the group (from boron to thallium). However, there is an
exception to the trend between aluminum and gallium. Gallium has slightly




smaller atomic radii than aluminum despite being located below it in the group.
It is because of poor shielding effect caused by electrons of d-orbitals.

IVA to VIIIA Groups

The atomic radii of elements of Group IVA to Group VIIIA follow the
similar group trend, increasing regularly from top to bottom within the groy
shown in Table 1.2. The same reason for this trend is discussed as in t

trend of alkali metals.
- ()
Trend in the atomic radii of p-block elements in Picometer (pm)
|
IIIA IVA VA VIA VIIA VIIIA
B C N 0 Na
(85) (77) (75) (73) f(\;g\ D (7
Al Si P VCU-I’U/ Ar
(143) (118) (110) (1 (98) —
Ga Ge As / Br Kr E
(135) (122) (120 ( (114) (112) S
In Sn I Xe &
(167) (140) 142) (133) (131)
Tl Pb i \r Po At Rn
(170) (146) (168) (140) (141) v
LY .

e
b Decrease

Ioniza
ergy needed to remove an electron from a neutral atom
int
il
Gro rends oy
IA #hd IIA Groups W

The ionization energy of alkali metals (Group IA) and alkaline earth
metals (Group ITA) decreases as we move down the group. 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. As a result, it requires less energy to remove the outer
shell electrons from the atom, that is why the ionization energy decreases.




HIA Group

The ionization energy (IE) trend in group IIIA elements has irregularities
as we move down the group. Two exceptions highlight this irregularity. Firstly,
gallium (Ga) has a higher ionization energy than aluminum (Al). Secondly,
thallium (TI) exhibits a higher ionization energy than indium (In). These
irregularities occur due to insufficient shielding of the nuclear charge in ga%um
by 3d electrons and in thallium by 4f electrons.

IVA Group

The ionization energy of group IVA elements genera
top to bottom in the group. However, there are irregularities
Tin (Sn) and Lead (Pb). This is because both tin and lead have €4
atomic radii, which is a result of the lanthanide gon o ue to thls the
attraction between the nucleus and the outer ele s stronger and

requires more energy to remove these electrg
VA, VIA, VIIA and VIIIA Groups
The ionization energy of the re ps of representative elements

(group VA, VIA, VIIA, VII regular pattern. It decreases

progressively from top to bottorm,as,t ¢ radii increase, as shown in Table
1.3.
Table 1.3 RUEs iomzatlon energies of representative elements in KJ/mol |

| | AWV
Group | Group | Group | Group | Group | Group | Group | Group

1A ITA 1TA IVA VA VIA VIIA | VIIIA

Li ?\? C N 0 F Ne
(800) | (1090) | (1400) | (1310) | (1680) | (2080)
Al Si P S Cl Ar
(577) (780) | (1060) | (1001) | (1250) | (1520) g
Ga Ge As Se Br Kr :'E
(580) (762) (960) (950) | (1140) | (1350) 2
Rb Sr In Sn Sb Te I Xe
(400) (550) (560) (700) (830) (870) | (1010) | (1170)
Cs Ba Tl Pb Bi Po At Rn
(380) (500) (590) (710) (800) (810) (920) | (1030) [v

Increase
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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 ITA Groups
The electronegativity (EN) of alkali metals (Group IA) and alkaline ¢4

metals (Group IIA) follows a regular decreasing trend from top to bgftem,

trend can be explained by the regular increase in atomic radii as yye

the group. The larger atomic size results in a decreasing ten

to attract the shared pair of electrons towards itself.

IITA Group

The electronegativity (EN) of group III eleni¢ 'a?y decreases from
Boron (B) to Aluminum (Al) and then incrgdSes«{i alltim (Ga) to tellurium
(Te). This irregular increase in EN can béatt to the poor shielding effect

The electronegatiyi grQUiy
regularly from top to b . Taistréhd can be explained by the same reason as
as

discussed for alkali me Sho¥n in Table 1.4.
Electronegativity value of representative elements |
.. ™

Group | Group | Group | Group | Group | Group | Group
1A ITA IIA IVA VA VIA VIIA
\%) ;ﬂ( B C N 0 F
1. 3 1.5) (2.0) (2.5) (3.0) (3.5) (4.0)
b Mg Al Si P S Cl
9 (1.2) (1.5) (1.9 (2.1) (2.5) (3.0) = r.T
/K Ca Ga Ge As Se Br 8 &
(0.8) (1.0) (1.6) (1.8) (2.0 (2.4 (2.8) 8 I.'
Rb Sr In Sn Sb Te 1 & {
(0.8) (0.95) (1.7) (1.8) (1.9 (2.1 (2.5)
Cs Ba Tl Pb Bi Po At
(0.7) (0.9) (1.8) (1.8) (1.9 (2.0) 22) |+

\ 4

Increase
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Electrical Conductivity
“Electrical conductivity is the measurement of a material's
capability to conduct electric current”. It is a measure of how easily electric
charges, such as electrons, can flow through a substance. Materials with high
electrical conductivity allow electric current to pass through them easily, while
materials with low electrical conductivity hinder the flow of electric chargeg’
The electrical conductivity of representative elements can va '

Alkali metals and alkaline earth metals generally exhibit hig
conductivity due to their ability to easily transfer electrqe
elements display moderate electrical conductivity, while e
IVA can have variable conductivity ranging from poor (e.g., carban<agd lead) to
moderate (e.g., silicon and tin). Group VA, VIA, and WIA elémehts typically
have poor electrical conductivity. Noble gase ®ther hand, have
extremely low electrical conductivity as shoyatT
Fubw

IFLICR B Electrical conductivity trends of representative elements

Group Number Trend of Electrical Conductivity
Group @}‘i{al conductivity
I and ITA

Group ITTA \&oderate electrical conductivity
Variable electrical conductivity (Carbon:

Group IVA poor, Silicon: moderate, Germanium:
moderate, Tin: moderate, Lead: poor)

Group VA Moderate electrical conductivity

Group VIA Poor electrical conductivity

Group VIIA (Halogens) | Poor electrical conductivity
| ] Group VIIIA (Noble gases) | Extremely low electrical conductivity

Oxidation State
“An oxidation number is a value assigned to an element in a
chemical compound or combined state.




The oxidation states of representative elements depend on their position
in a particular group of periodic table. Some oxidation states are shown in

Table 1.6.
Oxidation states of representative elements
Group Elements Oxidation States
IA (Alkali Metals) Li, Na, K, Rb, Cs 1~ ¥
ITA (Alkaline Earth Metals) Be, Mg, Ca, Sr, Ba + hy 5"%:‘:::-.;
1A B, Al Ga, In, Tl +3 N
IVA C, Si, Ge, Sn, Pb M Y972 +4
VA N, P, As, Sb, BN\ N\ @ -2, +3,+5
VIA 0,5, SQ/TE:\PD\\/ 2,42, +4, +6
VIIA (Halogens) -1, +1,+3,+5,+7
VIIIA (Noble Gases) e, Rn 0
Melting and Boiling Poj

The melting a
widely across tk i
points due to

g point due to strong covalent bonds, while nitrogen has low melting and
Mg points because it exists as diatomic molecules with weak intermolecular

forces. 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.

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.




1N AN Melting point of representative element in °C

IA ITA IIIA IVA VA VIA | VIIA | VIIIA
Li Be B C N (0] F Ne
(180) (1278) | (2300) | (3700) | (-210) | (-219) | (-220) | (-248)
Na Mg Al Si P S Cl Ar
(97.8) (651) (658) (1410) (34) (119) | (-102) | (-186)
K Ca Ga Ge As Se Br Kr
(63.7) (843) (297) 937) 814) | 217) | (-7.2) | (-157)
Rb Sr In Sn Sb Te I Xe
(39.0) (769) (155) (232) (630) | (450) | (114) | (-112)
Cs Ba Tl Pb Bi Po At Rn
(28.6) (725) (303) (327) (271) - 302) | (-71)

&

Boiling points of alkali metal decreases regularly and the boiling point of
halogens increase regularly in going from top to bottom in their respective

groups. How can you explain this behavior?




Unique behavior of Beryllium in group ITA

Beryllium differs markedly from its other members because of its
smaller atomic radii and high electronegativity. 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®;
other group members.

» Beryllium exhibits chemical stability due to the formation o

» Beryllium has tendency to form covalent bonds with ot
its smaller atomic size while other members of thgsgroup

1.2 REACTIONS OF REPRESENTA N

1.2.1 s-block elements Q
Alkali metals (group 1A) an weeatthsmetals (group ITA) are highly
reactive because they can eagt valence electrons due to low
c

ionization energy (IE). So tions of the elements of group 1A
and IIA are given as.

1.2.1.1 With
Alkali

idly react with oxygen to produce oxides. Lithium
oXidation state of oxygen is -2), sodium forms peroxide

prmal o
: c@t ¢ ofj@xygen is -1) in excess of air while the rest of the elements of
[AMowm Superoxides (oxidation state of oxygen is - é).

4Ll(s) + OZ(g) E—— ZLIZO(S) O\Iormal oxide) o

2Nag) + Oy — %> Na,0, (Per oxide)
Ky + Oz¢) — > KOy,  (Super oxide)
Rb) + Oy —> RbOy) (Super oxide)

Csisy + Oy — > CsOy5) (Super oxide)




The reaction of alkaline earth metals with oxygen takes place at high

temperature. However, on oxidation, beryllium, magnesium and calcium form
normal oxides while strontium and barium form peroxides.

2M + 0, ———> 2MO (Where M = Be, Mg, Ca)
M + 0, ———> MO, (Where M = Sr, Ba) <

1.2.1.2 With water
Alkali metals react with water to produce metal hy id s@
liberation of hydrogen gas. The intensity of reaction increas om hithi
cesium, until a violent reaction is observed often accompani xplosion
when cesium is put into water.
S\ &

(Where M = Li, Na, K, Rb, Cs).
fx :
Among alkaline earth me 11 ﬁ DO)YOU
. ) KNOW?
does not react with either co ut . .
. . Alkali metals are highly
magnesium reacts with stea

that reactive, they react
acts as a barrier preve dir
0

ontact between | moist air and can cause fire
water and metal. The embers of this | or explosion that is why they
group react @vith casily and form keep in kerosene oil.
hydroxides.

- J

S + 2H2()(g)—> M(OH)Z(aq) + HzT
¥, Ca, Sr and Ba).

/ ith halogens
Alkali metals react vigorously with halogens to form metal halides. The

2M() + Xy@—> 2ZMX(y
(Where M = Li, Na, K, Rb, Cs)

Alkaline earth metals also react with halogens although to a lesser extent
when compared with alkali metals.




M) + Xp ——> MXy
(Where M = Be, Mg, Ca, Sr, Ba)

1.2.1.4 With nitrogen

Nitrides are formed when both alkali metals and alkaline earth
react with nitrogen. The general formula for the nitrides of alkali metals=is
and for the nitrides of alkaline earth metals is the formulaM;N,.

3M(S) + NZ(g)—> M3N2(S) (MZBC

1.2.1.5 With hydrogen
Alkali and alkaline earth metals
temperatures to produce ionic hydride

2M(s) + Hyg
M) + Hag

1.2.1.6 With alcoh
Elementg™e

0 react vigorously with alcohols to form metal
alkoxide with the 1

ation of hydrogen gas.

Alkali metals react vigorously with acids to produce salt with the r
liberation of hydrogen gas. This reaction is highly exothermic and violent.

ZM(S) + ZHCl(aq) —— ZMCI(S) + HZ(g) (Where M= Ll, Na, K, Rb, CS)

Alkaline earth metals can react with acids but their reactivity is generally
lower compared to alkali metals.




Mg‘l‘Nz

Self-Assessment

Complete and balance the following reactions:

Na + C,HsOH——
K + H,S0,————
Ba + 0 —— >
Ca + Hj0———

1.3 FLAME TEST FOR S-BLOCK ELEM

“Flame test is a qualitative method usedgt
alkali metals based on their characteristic flg

as a colour flame.

releases energy in the form of 1

J
N
(S

tlamfec, the electron in the
due to the absorption of

o M

Table 1.8

Colour flames of alkali and
alkaline earth metals

1T N 75

Elements Flame Colour
Lithium \ V>  Red “
Yellow
P i Violet
bNRm Red Violet
sium Blue Violet
\% . No characteristic
- Beryllium flame colour
Magnesium Silver white
Calcium Orange red
Strontium Deep Red
Barium Pale Green




1.4 CHEMISTRY OF IMPORTANT COMPOUNDS OF
S-BLOCK ELEMENTS

There are various naturally occurring compounds of alkali and alkaline
earth metals found in the earth’s crust in the form of minerals and ores.
However, many useful compounds of s-block elements are synthesized in
industries, such as caustic soda, soda ash, bleaching powder etc.

1.4.1 Sodium Hydroxide (NaOH)

Sodium hydroxide is a highly versatile and w1dely
compound. It is commonly known as caustic soda due to
burns and damage tissues severely.

Caustic soda is manufactured by an electrol roc specially
designed cell known as Castner Kellner cell. The, c rgsts of an upper
rectangular vessel and a lower pipe like portion. per part, there are
titanium blocks which are submerged in ang S\S n of sodium chloride
acting as an anode as shown in fig pwer section is filled with
mercury which circulates constan ofp of a pump and serves as
cathode. The upper part of the to the lower part by a graphite
made chamber known as the separation of sodium from
amalgam takes place.

Fod 10 S mbiumm
Cs i s = hyiirozide
= Salmtinm

H-!r'rl'ur_wT i

&) e fipminder




The aqueous solution of sodium chloride in the upper portion consists of
mainly sodium ions (Na‘*) and chloride ions (Cl7). On passing electricity
through the cell, all CI~ ions migrate toward titanium anode where they get

oxidized. The chlorine gas liberated in this electrolytic process is collected as a
by-product.

ZCT(aq) —_—> ClZ(g) + 2e (OXidﬂtiOﬂ) <
OH ions of water which are in very low quantities, are also oxidized anjum
anode.
40H(aq)—> 2H2 O(g) + OZ(g) (Redu
Sodium ions on the other hand discharge over mercu f: here an
amalgam of Na/Hg (alloy) is formed.
2Naf,,, + 28 —— A\ ©

Na(l) + Hg(g)

Amalgam is then sent to den dium reacts with water to
form sodium hydroxide.

ZNa/Hg + ZHZO([ H(aq) + HZ(g) + Hg([)
I

The mercury is 1$solve more sodium and the sodium
hydroxide is collected a :
Compared with cesses for the preparation of caustic soda, the
sS

Castner Kellne ¢ ore preferable because the two products of the
exjde and chlorine are obtained in separate portions of the
cell, wh ent§ them to react with each other. However, one disadvantage
ig, that, in spite of strict control some mercury vapours escape
gtory. This mercury contaminates seawater. As a result mercury
of tissues of marine animals and plants and thus pollutes the food

ical Properties

State: It is a solid at room temperature, typically appearing as white

pellets, flakes, or granules.

» Odor: It is odorless.

» Melting Point: Its melting point is approximately 318 °C (604 °F). At this
temperature, it melts and forms a liquid.

Solubility: It is highly soluble in water.




» Density: The density of NaOH depends on its concentration and
temperature. For a 50% concentration at room temperature, the density is
approximately 1.52 g/cm’.

» Corrosiveness: It is highly corrosive and can cause burns and irritation to
the skin, eyes, and respiratory system.

Chemical Properties
Reaction with acids

Being a strong base, it reacts with all acids to produce sodium salt ang
NaOH(aq) + HCl(aq) — NaCl(aq) + H £)

ZNaOH(aq) + HZSO4(aq) E— NaZSO4(aq) + 20

Reaction with Ferric Chloride

On reaction with aqueous ferric chloride, it gives offerric hydroxide.
3NaOH(aq) + FeCl3(aq) _— > 3 3N3Cl(aq)
Reaction with Aluminum and Zinc
Caustic soda can react with alumi i form aluminate and zincate
salts.
ZNaOH(aq) + ZAI(S 2NaA102(S) + 3H2(g)
2NaO ) + 7 s) — NaZZnOz(S) + HZ(g)
Reaction with rine :
The reaction o eous sodium hydroxide with chlorine gas gives sodium

chloride and sod rate.

@w Clz (g)—V NaClO3(aq) + SNEIC](aq) + 3H20(l)
Usenf S{dlym Hydroxide

>t ey ingredient in the production of detergents and soaps.
» (It is utilized in the production of bleach, such as chlorine bleach, which is =
commonly used as a disinfectant and stain remover. A

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

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

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




vegetables, ensuring food safety and qual

1.4.2 Bleaching Powder(CaOCl,)

Bleaching powder, also known as
calcium hypochloride (CaOCl,), is a
chemical compound widely used as a
bleaching agent and disinfectant.

Commercially, it 1is prepared by
Hasenclever Process, as shown in figure 1.2.
Dry slaked lime is fed into the Hasenclever
plant from the most upper cylinder. The

» It is utilized in the canning process to remove the outer skin of fruits and

ity.

» It plays a role in the paper making industry, where it is used for pulping
wood fibers and paper recycling processes

‘1520 |DO)YOU
KNOW?

Sometimes accidently bleach
ingestion occurs in children and
adults by instead of water due to
its clear color, especially when
stored in unmarked containers.
Common symptoms include sore
throat, nausea, vomiting, and
difficulty in swallowing.
Immediate give them some water
to drink and then medical

attention 1is necessary when
bleach is ingested.
" )

3 t0 form bleaching powder.

CaO Clz(s) + HZ 0(1)

—
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Physical Properties of Bleaching Powder
» Bleaching powder has a dirty white appearance.

» It has a distinct chlorine odour.
» It is soluble in water.

Chemical Properties of Bleaching Powder

(1) Reaction with Water
Bleaching powder when dissolves in water, it producg
hydroxide and hypochlorous acid (HOCI). Hypochlor '
acid and commonly used for bleaching and sanitizing.

CaOClz(s) + HZO(I)—> Ca(

(i)  Reaction with Acids
The reaction of bleaching p
calcium chloride and chlori

CaOClz(S) + 2H CaClz(s) + ZHZO(I) + Clz(g)

(PN SX Functions of some elements and compounds of s-block elements.

Selected s-block p?
elements and Significant Uses o
their compounds ' -;'-:'f"
Sodium It helps to regulate the' ‘F)alance of fluids in:side and out§ide
(Na) our . tissues and facilitates the absorption of various
nutrients.
Potassium

) It helps to balance the pH level in the body.




Magnesium It helps in muscle contraction and maintain the bones and
Mg) heart functions.

Calcium
(Ca)

It is essential for the growth of bones and teeth.

Common Salt

It is a raw material for the synthesis of various chemigs
(NaCl)

such as soda ash, caustic soda and chlorine gas etc. It plays

a vital role in maintaining electrolyte balance in t

Washing Soda It is used in the manufacturing of glass, soap,a @ It
(Na2C0O3.10H20) | is also used for laundry purpose. &

Backing Soda It is used in bakeries to prepare vazious fogd™
(NaHCO3) PrEparE YN
Potassium Nitrate ) . . O
It d in fi ks and ferth
(KNO3) is used in fireworks and fe

4B(S) + 302(g) . 2B203(S)

4Al(s) + 302(g)—> 2A1203(s)

reacts with oxygen while silicon form only one stable silicon oxide(SiO,).
Ce) T O2gp = L0y

20s) + Oy =200,

Sl(s) + Oz(g) above 900°C SIOZ(S)




» In group VA, nitrogen forms NO, N,0 and NO, when reacts with oxygen

depending upon the conditions applied. Phosphorus may form P,0; in

limited supply of oxygen whereas P,05 in excess of oxygen.
High temp.

N + Oz —=— 2NO(,
2Na@g) + Oz — > 2N;0
4P +30y —HmINE L 2P0y
4P +505 —"%> 2P,05

» In group VIA, sulphur oxidized in air to give
sulphur dioxide.
S) + Oa > S0y

» Halogens can also react with oxygen however

ﬁ KNOW? !

Aluminum is generally
; . . . considered safe metal for
their oxides are mostly highly reactive. F0r< cooking and food storage

example the oxide of fluorine is a hi purposes. It is widely used

reactive yellow gas. in kitchen wares due to its

> The oxides of halogens are very u Q et BT, T
recommended to avoid
2F@ t Opp—>

cooking or storing highly

1.5.2 With water % acidic or alkaline foods in
» The reaction of p-bl h water \_ aluminum containers. )

depends on the na and the group to which it belongs.
» Aluminum reacts fwith watewbut the reaction is slow due to the presence of
a

a thin oxide=tilm ce.
> Si ¢1th steam and forms slicondioxide.

me

2Py(s) + 12H,0) ————> 3H3P0y,q) + 5PHs(y il
> Sulphur reacts if it is heated to a high temperature. 1
high temp.

S(S) + ZHZO(I) > SOZ(g) + 2H2(g) .:I

» Halogens such as chlorine and bromine react with water to form a mixture
of two acids.
Clyg) + Hy0q) ———> HClaq) + HOCl,q)

Brz(l) + HZO(I) >HBr(aq) + HOBr(aq)




1.5.3 With halogens

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

2Al) + 3Cly A 2AIC,
C(S) + 2C12(g) > CC14_(1) <
NZ(g) + 3C12(g) > 2NC13(g)

A\ 4

Ozi) T 2F2( 20F; O
1.5.4 With nitrogen

The reaction of p-block elements with nitrgges

» Carbon and Silicon capsfo ¥*When heated with nitrogen at high

temperatures. \
3C 2 ) > C3 N4-(S)
A .
2(g) > SizNy(s)

aets.With nitrogen at high temperatures to form phosphorus

6Ps) + 5Ny > 2PNy
en (Cl,, Bry) can react with nitrogen to form nitrogen trihalide.

3C12(g) + NZ(g) > 2NC13(S)

1.5.5 With hydrogen

» Elements of group IIIA and IVA do not directly react with hydrogen,
however silicon at high temperatures may form silicon hydrides.

Sl(s) + 2 H2 © High Temperature: SlH4_(S)




» Nitrogen reacts with hydrogen under high pressure to form ammonia.

N + 3Hyg —*FC— 2NH,

» Sulphur reacts with hydrogen at high temperatures to form hydrogen
sulphide.

850°C
Sy T Hagy —— > HyS(

» The reaction of halogen with hydrogen can result in t @
hydrogen halides.

Clyg + Hpg —— 2HC1(g)

Self Assessment A

Write the equations for the following chemical processes.
» Silicon is put into steam.

» Phosphorus burns in excess of oxygen.
» Nitrogen gas is passed through hot piece of phosphorus.
» Carbon is heated with nitrogen.

» Aluminum is treated with chlorine gas.

HAVIOR OF HALOGENS

snssinclude fluorine (F), chlorine (Cl), bromine (Br), iodine (I) and
The reactivity of halogens is determined by their bond enthalpies
and"the€tability to undergo redox reactions.

1.6.1 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.




,..-‘

Table 1.10 Bond enthalpies of halogens

Halosens Atomic radii i Bg::):fsng;ltse) Bond enthalpies
s (pm) - P (KJ/mole)
(pm)
F-F 72 143 159
)
Cl-Cl 100 199 242\

Br— Br 114 228 ﬁﬁ—\i
-1 133 266 /D VN,
T —

It is noted from the Table 1.10 that the bo
decrease from chlorine to iodine due to the increa
is an exception to this trend. This is due to the lar
bonding electrons of small sized atom in th

entha halogens
d length but fluorine
n between the non-

1.6.2 Acidity of Hydrogen H

Hydrogen halides (HX) feral acids and their acidity follows
an increasing trend from 0 Cl < HBr < HI). The increasing
order of acidity of hyd an be attributed to their bond energies.
Since the bond energ H-11 smallest, it can easily donate a proton and
serves as the str est ared to other halogen acids.

Halogen acids
(HX)

Bond energies

Q q (KJ/mol) 565 432 366 299

H-F | H-Cl | HBr HI

A 4

Decrease

6 3 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.

F, > Cl, > Br, > I,



Fluorine is the strongest oxidizing agent due to its highest

electronegativity and smallest atomic size allowing it to readily accept electron
and attain a negative charge.

1.6.4 Halide ions as a reducing agent

Halide ions (Cl, BF,T) can serve as reducing agents in chemical reacg

due to their ability to readily donate electron to an oxidizing specie
undergoing oxidation.

Among halide ions, there is a trend in

relative strength of reducing agents I > BF > ' |DOAYOU

Cl > F. This means that iodide ion is the KNOW?

strongest reducing agent while fluoride ion is the | The deficiency of iodine

weakest. in the diet can lead to the
Q development of goiter,
which is an enlargement
of the thyroid gland. To
control the deficiency of
iodine in the body an
efficient is way to intake
iodide salt and food
2Nals) + Clyg + Iy supplements i.e., Kelp or
Seaweed, fish and other
sea foods etc.

Based on this information, we can 1
chlorine has the ability to displace
iodine from their salts.

ZNBBF(S) + Clz(g)—V rz(l)

Similarly bromine has ghg"abi isplace iodine
from its salt.
2NaI(S) +

Chlorine gs an
e

ZNHBF(aq) + IZ(S)

sxRlizing and reducing agent
edets with water to form hydrochloric acid and hypochlorous

acid. | 10n chlorine itself reduces into hydrochloric acid and oxidizes
into*hyposhlerous acid and hence serves as auto oxidizing and reducing agent.
Clz(g) + HZO(I) > HCl(aq) + HOCl(aq) |
(Chlorine) (Hydrochloric acid) (Hypochlorous acid)

léj Self-Assessment

Chlorine can displace bromide and iodide from their salts but fluorine cannot
why?




1.7 CHEMISTRY OF SULPHURIC ACID (Contact Process)

Sulphuric acid is a highly corrosive and colourless liquid with a viscous
texture. It is one of the most widely used and important industrial chemical
compound due to its versatile nature and unique properties. It is often called oil
of vitriol because in past it was obtained through the distillation of green vitgiol.
Sulphuric acid is produced worldwide by Contact process, which involves a
series of essential steps.

Step 1: Oxidation of Sulfur to Sulfur Dioxide O
Sulfur (S) is burned in the presence of air or oxyge produce sulfur
dioxide (SO>). The reaction can be represented as foll

400-500°C o
Sy T Oz — =

SO, gas which is produced 1
impurities of “Arsenic”, “Silica” a

rner” may contains some
e impurities must be removed
from SO, gas before entering, i
get poisoned in the pres
formation of SOs.

chamber because catalyst (V20s)
urities and hence decreases the rate of

Step 2: Conve r Dioxide into Sulfur Trioxide

ur di 2) 1s then reacted with oxygen (O) in the presence of
anadium pentoxide, V20s) to form sulfur trioxide (SO3).
parried out at high temperatures:

V205 400-500°C
250,y + 03y =——=—— 25034 (AH =-45 Kcal/mol)

1-2 atm

ep 3: Absorption of Sulfur Trioxide to Sulphuric acid
Sulfur trioxide (SO3) is dissolved in concentrated sulphuric acid (H2SO4)

to produce oleum, also known as fuming sulphuric acid (H2S207). This is an

exothermic reaction, and it needs to be carefully controlled to avoid excessive

heat release.

SOg(g) + HZSO4(1) —_— > HZSZO7(I)



—_—

Step 4: Dilution of Oleum to Sulphuric acid

Finally, the oleum (H2S207) is diluted with water to obtain the desired

concentration of sulphuric acid. The reaction is highly exothermic and must be
performed slowly and with caution:

HZSZO7(I) + HZO(I) —_—> ZHZSO4(1)

Sulphuric acid obtained through the contact process as showf

figurel.3 is typically of high purity, often reaching a concentration of
high purity is achieved through careful control including the purific 1@ .

W0 0, W80, Ho

m"’ EL-',“mr Terweer m Tovwod Trwrg :lhg.g
Physical Properties
>
>
reezing point. The freezing point of sulphuric acid is
D°C but it can vary depending on the concentration.
> : Commercial sulphuric acid has a boiling point of 290°C.

> ity: Sulphuric acid is highly soluble in water. 7
> rrosive Nature: Sulphuric acid is a highly corrosive substance and can =~ 4

react with metals and organic compounds etc. i
Chemical Properties !
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.




Ci)y + 2H3S043aq9 — > COyy + 250, + 2H;0(,

S(S) + ZHZSO4(aq) _—> 3SOZ(g) + ZHZO(@

(conc.)

CU(S) + 2H2504(aq) CUSO4(aq) + SOZ(g) + ZHZO({I)

(conc.)

2Alg) + 6H,5040q) Al,(S04); + 350, + 6H20 g

A dehydrating agent
The dehydrating ability of sulphuric acid can be byt its
capability to extract water molecules from other substances.

H2SO4(conc)
CeH1206 () —

(glucose)

6Ce) + H2

H2S04(conc )

C121‘122011(5) 20(4’)

(sugar)
H2SO4co

(CeH1205)n : 4( 5nH20({;)

(wood)

A sulphonating agent
ductlon of sulphonic group (SOsH) into a
molecule. Sulphurlc acid seryes*ds a source of sulphonic group which can be
create new molecules.

%(aq)(conc) —> CgHsSO03Hy  + H,0q

(Benzene sulphonic acid)

s + HzSO4concy — > CeHy(CH3)SO3H;y + H,0,

(p-toluene sulphonic acid)

~4, basic acid
Sulphuric acid has the ability to donate two protons in water in two
dissociation steps and serves as dibasic acid.

HyS043 =—m——— H;0% + HSOZ(aq)

HSO4(aq) —— H;0" + SOZ(Zaq)




Uses of Sulphuric acid
Sulphuric acid is used in various industries for:
» 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.
Cleaning and descaling due to its strong acidic properties.

1.8 DIAGONAL RELATIONSHIP OF REPRESE
ELEMENTS

YV VVVYY

The diagonal relatlonshlp refers to the
exhibited by certain pairs of elements that r

within the periodic table.
There are three pairs of ele 1 the diagonal relationship in
the second and third periods of T%\ ements

Dlagonal relationships of three

palrs of elements in groups
b W

Groups
1A ITA | IITA | IVA

Li Be B C
Na [*Mg [*Al [*si

Mm and Aluminum, Boron and Silicon
Li and Mg T

i.  Both have almost similar atomic radii (Li = 152pm and Mg =160pm).
ii. Both have almost similar electronegativities (Li = 1.0 and Mg 1.2)
iii.  Both are lighter in their respective group.
iv. Oxide of both Li and Mg are very less soluble in water compared to
other elements of the respective group.




» Be and Al
i.  Both Be and Mg have same EN (1.5).
ii.  Both show passivity with conc. Nitric acid.
1.  BeCl, and AICI; both acts as Lewis acid.

> B and Si <
i.  Both B and Si have closer EN (B = 2.0 and Si 1.8).
ii.  Both B and Si have nearly same density (B =2.35 3 @
2.34g/cm?).
iii. Both B and Si are metalloids and both of these cation.
Important .functions of selected elements and compounds of
representative elements
L~ \ N
Element/Compound Significant Uses
. It is usedai %fs, alloys, kitchen utensils,
Aluminum . .
windo, 3 ate foils etc.

Me manufacturing of sulphuric acid,
hide and pesticides.

s€d in the manufacturing of plastic, bleaching
er and in the purification of drinking water.

"It is used in cleaning, laundry, cosmetics and as flux in
welding.

It is used for the purification of water, tanning of
leather, fire extinguishers and as an antiseptic for minor
cuts and wounds.

It is used in the manufacturing of fertilizers, nitric acid
and refrigeration.




SOCIET.Y-TECHNOLOGY.
AND SCIENCE

Fluoride Toxicity and Deficiency

Fluoride is an essential mineral. It plays a significant role in maintaining
the dental and skeletal health of our bodies. It is obtained from water, tea,
fish and certain fruits and vegetables.

The deficiency of fluoride increases the risk of dental cavities, brown
colouration of teeth, weakening of teeth and bones etc.

An excessive intake of fluoride over a prolong period may cause a
condition known as fluorosis or fluoride toxicity. It causes white or brown
spotting on teeth, pitting of teeth and irregular appearance of teeth etc. )

N/

-

LIl
<
g
>
L]

» Atomic radii of re 9y ents generally increase downward in
the group.
» Melting point a Lifdypoint of alkali metals decrease regularly down
' ents of other groups have variations depending
m the periodic table.

artes depending upon shielding effect. Yy
eryllium differs markedly from other members of group IIA on the basis il

of its smaller atomic radii, hardness and high melting point.

» Lithium forms normal oxide, sodium forms peroxide while the rest of
alkali metals form super oxide when come in contact with air.

» Alkali metals and alkaline earth metals can be identified by flame test.
Lithium gives red, sodium yellow and potassium shows violet colour
when comes in contact with the flame.




Castner Kellner process is used for preparation of caustic soda.

gas.
The order of acidic strength of hydrogen halides is HI > HBr > HC1 > HF.

>
» Bleaching powder is prepared by the reaction of lime water with chlorine
>
» Chlorine acts as auto oxidizing and reducing agent in certain chemical

reactions.

» Sulphuric acid is a good dehydrating agent. <

» Sulphuric acid reacts with metals and non metals, it acts as a WJINing
agent.

» Similarities in the properties exhibited by certain pairs o ENLS ng

the groups of representative elements are known as diagdngl relg&onship.

@110‘.1:19

(a) Group IA

(c) Group VIIA d¥ Group VIIIA
(i) The s-block ele ohmS,s oxide when burned in air is:
(b) Na
(d) Mg

pla of nitrides for alkaline earth metal is:

(iii)

(b) M2N3
(d) M3N»
h ali metal that gives a yellow color during a flame test is:
a (b) K
(c)Rb (d) Cs
The chemical commonly used in fireworks is:
(a) Sodium bicarbonate (b) Bleaching powder
(c) Potassium nitrate (d) Potash Alum

(vi) Cathode in Castner Kellner cell is:
(a) Titanium blocks (b) Carbon rods
(c) Mercury (d) Iron container




(vil) The diagonal member of beryllium is:
(a) Mg (b) Al
(c) Si (d)C

(viii) The catalyst commonly used in the conversion of sulfur dioxide to sulfur
trioxide during the preparation of sulphuric acid is:
(a) Vanadium pentoxide (V20s) (b) Copper (Cu)

(c) Iron (Fe) (d) Nickel (Ni)
(ix) Oil of vitriol refers to:

(a) Borax (b) Sulphuric acid

(c) Alum (d) Caustic soda

(x) The best oxidizing agent among halogens is:
(a) F2 (b) Cl2

(c) Brz (d

Short/Questions’
(i1) Boiling point of hatage
aluminumsin gr

(vi) hydrogen halides increase from HF to HI?

(Vi e is the strongest oxidizing agent?

2 at is flame test? Mention the colour of flame of alkali metals.

37 Explain the auto oxidizing and reducing properties of chlorine. ar

4. What is meant by a diagonal relationship? Mention three pairs of
representative elements that show diagonal relationship.

5. Discuss the group trend of Ionization energy in group IIIA of periodic

table.
6. Write down three properties of beryllium that show its unique behavior in group
ITA.




1. Draw a flow diagram of contact process and describe various steps

involved in the manufacturing of sulphuric acid.

2. Explain with the help of a diagram of Castner Kellner cell, how caustic

soda is obtained by the electrolysis of aqueous sodium chloride?

3. Write the balance equations for the following chemical process.
(1) A piece of aluminum is dipped into concentrated sulphuric aci
(i1) Ferric chloride is mixed with an aqueous solution of caustic|
(iii)) Sodium burns in excess of air. ;
(iv) Magnesium is heated with nitrogen gas.
(v) Potassium is put into ethyl alcohol.

(vi) Chlorine gas is passed through an aqueou

4. What is bleaching powder? How is it pre

bleaching powder with water and hyd

5. Discuss the group trend of , ionization energy and
electronegativity of alkali met&

of.caustic soda.
ive the reaction of
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Students will'be able to:

\
Describe electronic structures of elements and ions of d-block elements. (Applying)
Explain why the electronic configuration for chromium and copper differ from those
assigned using the Aufbau principle. (Analyzing)
Describe general features of transition elements (Understanding)
Enlist oxidation states of Cr, Mn, Fe, Co. (Applying)
Explain origin of colors and nomenclature of coordination compounds. (Applying)
Describe important reactions and uses of Chromium, Manganese, Iron and Copper.
Define an alloy and describe some properties of an alloy that are different from the metals
that compose it. (Analyzing)
Describe the Steel, types and its applications. (Understanding)
Enlist alloys of d block elements and their applications in tabular form (Applying).
Describe the reactions of potassium dichromate with oxalic acid and Mohr's salt.
(Understanding)
v Describe the reactions of potassium permanagnate with ferrous sulphate, oxalic acid and
Mohr's salt. (Understanding)
v Explain clearly the rules of nomenclature of coordination compounds with suitable examples

(Applying)

ANIRN

AN N N NN

VIIIB i\l
1B IVB VB VIB Vlle\A———\ IB 1IB \

\\/ Enlist functions of some d-block elements and their important compounds in tabular form. )
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INTRODUCTION

The elements that possess partially 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_i eir

catalytic activity, alloy forming ability, colour, comple
magnetic behavior and electrical conductivity. The unique e
and broad range of oxidation states exhibited these “elemt
significant contributions to the advancement ofgfec gyDin industry and
various scientific fields.

There are total four series of d-bloe]

and 7™ periods.
3d - series:
This ten element series 1 % 4™ period. It includes elements

nd in the 4%, 5t gt

from scandium (Sc) to zinc

4d — series:
This series is plaged in eriod and consists of elements from yttrium
(Y) to cadmium (Cd).

5d — series:

GENERAL FEATURES OF OUTER TRANSITION
ELEMENTS

Outer transition elements typically exhibit metallic luster and shiny
appearance. They possess hardness, high density and are malleable and ductile.
These elements also have elevated melting and boiling points. Being situated in
the middle of the periodic table, their atomic radii fall within an intermediate
range, neither excessively large nor small.
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The general physical properties of the first series of outer transition
elements are summarized in Table 2.1.

Table 2.1 ‘ Physical properties of 3d series of outer transition elements ‘
Elements Sc |Ti |V |Cr |[Mn|Fe | Co | Ni |Cu|Zn
Atomic No. (z) 21 | 22

Atomic size (pm) | 144 | 132

"
—
F
4
¥

_jﬁ,f,
h

1*t ionization

potential (KJ/mol) 632 | 661

908

Melting Point °C) |1539 1668 419

907

Boiling point (°C) 39003130

Electronegativity 1.3 ] L5 1.6

2.1.1 Electronic Str

d-block elements Have ce electrons both in outer most and second
outer most shells ungte) therefore the general valence electronic
configuration o e ts is represented by (n-1)d'"’, ns? where “n” is
the outermgst sh 1 is the penultimate shell.

ext of the electronic configuration of the 3d series, the filling
of ong dceurs in a sequential manner across the row (Sc to Zn). Typically
the tal is filled prior to 3d orbitals. This pattern follows the guidelines set
fortpby Aufbau principle.

However, there are exceptions observed in chromium and copper where y
an electron is transferred from 4s orbital to 3d orbital in order to achieve more |
stable arrangement. Chromium contains four single parallel electrons in its 3d
orbitals therefore one electron of 4s orbital jumps into 3d orbital to make it
half-filled and reaches the more stable electronic configuration (4s', 3d%).




A similar pattern is observed in the case of copper where a 4s electron is

excited and moves into the 3d orbital, resulting in a completely filled 3d sub
shell. The electron rearrangement makes a more stable configuration of copper
(4s' 3d™).
Crz=24)= 1] [1]1]1]1]1]@4s!,3d

4s 3d <

Cu(z=29)= [ 1| [LNLIL]1L]1L]4s', 3d')

4s 3d O

2.1.2 Binding Energy

“The amount of energy required to separate, the ents of a
bound system, such as atoms, nuclei, or particles?. r@nts the strength
of the attractive forces holding the system toge

The d-block elements have partiall
their unique properties. Their bindi
elements due to the strong attracti
energy increases across a perio
increasing nuclear charge
charge attracts the d el

Down a groupj the bj
elements. This ig*bg
the effective n

r , which contribute to

higher than that of other

ost d electrons. The binding

t in the d-block elements due to

atomic radius. The stronger positive
uiring more energy to remove them.

¢ energy tends to decrease in the d-block

creasing atomic size and shielding effect reduce

agrge felt by the outermost d electrons, making them

ery small energy difference between 3d and 4s orbitals”. As a result,
electrons of 3d as well as 4s orbitals take part in the bond formation. The
oxidation states of 3d series of transition elements increase from scandium to
manganese and then decrease up to zinc. The most common oxidation state of
transition elements is +2 and the highest oxidation state is +7 for manganese as
shown in Table 2.2.
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Table 2.2 Ocxidation states of the elements of 3d series |
Scandium (Sc¢) [Ar]3d! 4s? +2, 43
Titanium (Ti) [Ar]3d3 4s +2, +3, +4
Vanadium (V) [Ar]3d3 4s? +2, +3, +4, +5
Chromium (Cr) [Ar]3d°® 4s! +1, +2, +3, +4, +{ o :hl_ ]
Manganese (Mn) [Ar]3d° 45 +2, +3, +4, 454 +h, rh'l i‘f -
Iron (Fe) [Ar]3d° 4s? +2, +3, f4 +5, 16 |
Cobalt (Co) [Ar]3d" 452 A2, kﬁ
Nickel (Ni) [Ar]3d® 45 A\ N 6+
Copper (Cu) [Ar]3d"° 4s! ";.,\.) )—1, +2
Zinc (Zn) [Ar]3d!® ﬁ +2

Argon (Ar) 18 = 152, 25?, 2p° b

\Eé,i| T

N

9

elf-Assess

Write down the electronic configurations of the following transition metals.
Vanadium (V), Manganese (Mn), Nickle (Ni) and Titanium (T1).

T —
ﬁ DO)YOU
KNOW?

ty

ements are well known for

atalytical activity. “Most of the
lements and their compounds
catalysts in numerous chemical
reacdfions”. For example nickel (Ni) is used in
the 'addition reaction of alkene, iron is used in the
synthesis of ammonia (NH3) and vanadium
pentaoxide (V20s) is used in the manufacturing
of sulphuric acid by contact process.

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

Ruthenium (Ru) catalysts
are being explored for water
splitting reactions, which
involve the conversion of
water into hydrogen and
oxygen through electrolysis.
These catalysts play a vital
role in renewable energy
technologies like hydrogen
production and fuel cells.

J




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.

(i1) The surfaces of transition metals offer many active sites where reactant
molecules can adsorb.

2.1.5 Magnetic Behavior <

Atoms, ions or molecules when exposed to a strong external jma
field, exhibit two distinct behaviors, either they are weakly attr
by the magnetic field. “The substances that are attracte :
field are called paramagnetic substances and those whic elled by
magnetic field are known as diamagnetic substancgs

Most of the transition elements and thets
behaviour. This is due to the fact that d-orbita
or more unpaired electrons and the spinnigg e
magnetic moment. This magnetic mo
external magnetic field.

SI‘QN paramagnetic
ements possess one
pat Clectrons generates a
he ion to interact with the

Sc (21) T
Ti (22)

ved) (N ] [

Cr 11 ]1]1] |

1L [1]1]1]1]1]| (Paramagnetism)
] [afe]afr] ’
o7 |1 |11 [1h ]
Ni28) [1L] [ 1]
Ccu9) |1 | ]
Zzn(30) 1L [ L

The paramagnetic behaviour is more pronounced in the middle of 3d
series due to the maximum spin of electrons. However, zinc is diamagnetic
since it lacks unpaired electrons in its d-orbitals.




metal ions.

Write down the valence electronic configurations of the following transition

Cu+2, Cu"'l, Fe+3, CI'+3,

+2 +2 (a2
Fe™, Mn™“, Co

2.1.6 Alloy Formation

“Alloy is a homogenous mixture of two
or more elements with at least one of them

being a metal”.
Transition elements
form alloys because of

atomic size which enable them to mix easil

one another.

Alloys of transition metals €

rigidity, strength,
compared to pure metals.
enhanced resistance
composition and uses ¢

Brass and Bronze both are

have the tendency t0< copper-based alloys but they
their similaritieg~= have different compositions
and properties. Brass is

yellowish coloured while
bronze is reddish brown
coloured. Brass is more

resistant to corrosion than

bronze.

J

and important uses of some alloys of transition-elements |

N
P CWAREE Compositions
— L T ™

Alloys Compositions Important Uses
\, Iron, Chromium In making cutlery, and surgical
ai steel . .
and Nickel instruments.
Aluminum, Copper
Duralumin Magnesium and In making utensils, aeroplane etc.
Manganese
. In plumbing and automotive
Brass Copper and Zinc
parts etc
C In maki 1 i
Bronze oppe.r and n making medals, statues, coins
Aluminum etc




2.1.7 Colour of Complexes

Transition elements possess partially filled d-orbitals. “When a
transition metal cation interacts with ligand, its five degenerate d-orbitals
split into two sets of energy levels known as t2g (lower energy level) and eg

(higher energy level)” as shown in figure 2.1.

i

A0

Potential anangy

[Ty

Soforbanis in free on

Awarage pobantial enengy
of 34 orbitals raised in
octahedral ligand field

f2g
1TILLF
dyy Oyr iy

Ad arbilad spltting n
octahedrad hgand field

aeowh as crystal field
d by Ao (Ao = energy

orbitals is co
splitting and is

ible light falls on a sample of a
complex, electrons from the
S level (t2g) are promoted to the
r energy level (eg) by absorbing light of
length. The absorbed light
rresponds to the energy difference between the
two energy levels (d-d transition). The remaining
wavelengths of light are transmitted, which gives
characteristic colour.
Different complex ions of transition
metals show different colours depending on the

Visible light is composed of
seven distinct colours when
it interacts with transition
metal ion, certain colours
are selectively absorbed
through d-d transitions while
the rest pass through. For
example Ti" complex
absorbs yellow and green
light while transmitting
blue and red light, thereby
giving rise to the perception
of a violet colour.

&




oxidation state of the metal ion and the nature of ligands. Zinc complex ions are
generally colourless since, there is no unpaired electron available in d-orbitals
and hence d-d transition of the electron is not possible in zinc complexes. The
Colours of certain transition metal ions are shown in figure 2.2.

111 S

CO* Fe** VvV Crt Cu* T Mn™

R T
FAta V¥ '] Izg tzg |
Incoming A Transmitied 4

Self-Assessment

Explain why Tetraaminecopper(Il) [Cu(NH3),]*?complex ion is blue but
Tetrahydroxozincate(II) [Zn(OH),] ™2 is colourless?




2.2 NOMENCLATURE OF COORDINATION COMPOUNDS

Coordination compounds or coordination complexes are substances in
which a central transition metal is surrounded by certain negative ions or
neutral molecules known as ligands. These ligands possess one or more lone
pairs of electrons that can be donated to the metal ion forming coordinate bond

: and the coordination number ranges 1-16. “The number of coordinate

==

I+

([Fe(H,0)¢]** Complex)

| Ligands are the species that direc
- the coordination complex and serve a
Clas 1gands

Nuetral ligands
H,Q, NH; , CO,
NH,0H, CH.NH,

4

On the basis of
number of donor site:

)

Only one donor site
e.g., H,0, NH,

> Bidentate:
Two donor sites
e.g., (CO0),, CH— NH,

CH,—NH,
(Ethylenediamine)

» Polydentate:
More than two donor sites
e.g., EDTA (Hexadentate)

nd
: exist between the metal ion and the surrounding ligands is knowgy as
~ coordination number”.

O
>

o the central atom or ion in
group or Lewis base.

> Chelating ligands:
A bidentate or polydentate ligands
which forms more than one coordinate
bonds in such a way that a ring is formed.
CH,—NH,

CH,—NH,
(Ethylenediamine)

Ambidentate ligands:
Monodentate ligand which contains more
than one coordinating atom (or donor atom)
M <€<0—N=0, M<SCN,

or or

/O
M <N M < NCS
o



Bidenate and Multidentate ligands are known as chelating agents
because their multipoint attachment to metal ion form a ring structure that
resembles the claws of a crab (chelate meaning claw) “A chelate is a complex
of multidentate ligand”. An example of chelate is nickel dimethyl glyoximate.

OH o

| |
H:E—EINH fﬁnﬂ-—ﬂi

L
H,c—C=N” “N=C —cH,
| |
o OH
(Nickel dimethyl glyoximate)
(Chelate)

General rules of IUPAC naming of coordja?
International Union of Pure
recommended following rules for the
(1)  Cation is always named
between the names of ca
For example, in t
cation and [Co Al
rule, the name sogh

and there should be a space

[Co(CN)¢], sodium (Na) is a simple
plex anion, therefore according to the
1s written first. Similarly, in the complex
(NH3),]*? is a complex cation and SO3? is a
31mple a fb thegefore the name of [Cr(NH;),]*? is written first before

(ii)

(1i1) ile naming coordination sphere, the name of ligand is written prior to
the name of metal.

(iv)  Use Greek prefixes to indicate the number of each type of ligand, for
example if there are four water molecules serving as ligand in the
complex, use the term tetra. Similarly for six water molecules, it is
written as hexa.

(v)  Determine the oxidation state of metal and indicate it in parentheses ( )
by Roman numbers followed by the name of the metal.




The number of inorganic ligands are indicated by prefix such as di-, tri-,

ame will be written

tetra, penta and hexa etc, while for organic ligands the prefix bis-, tris-,

(vil) The names of negative ligands are modified to end in “O” for example
fluoro (F), chloro (C17), bromo (Br™) thiocyanato (SCN™), amido (NH;),
(S,032) etc.

(viil) The name of neutral ligand usually remains unchanged fi rple

water, its

name should be taken as “aquo”.

(ix)  In the case of anionic complex, the metal name,will be, Wwetten' suffix “-
present in Latin names.

(x)  Incase of cationic and neutral comple%
Tetraaminecoppe

(i)  [Cr(H;0),Cl,]

tetrakis-, etc are used to indicate the number of those ligands.
oxalato (C,032), carbonato (CO3?%), hydroxo (OH"), thiosul;(lato
amine (NH;), carbonyl (CO), nitrosyl (NO). Howe
ate” is added to the metal name after remo “-i8n or “-um” if
as English name.

IUPAC naming of so--me coorgii

(1) [Cu(NH3),]S0, :
Tetraaquedichlo

tﬁ‘. - CHZ - CHZ - NH2)3]C14
iscthylenediamineplatinum (IV) chloride

[Co(NH3)3(NO,)s5]
Triaminetrinitrocobalt (I1I)

(vi)  [Zn(OH),]™?
Tetrahydroxozincate (II) ion

(vii) [Cu(en),]*?
Bisethylenediaminecopper (II) ion



Write the [IUPAC names of the following complexes.
» [Pt(H,0)sCl](NOs5); > [Cr(NH;),]*?
> K,[Cu(CN),] > [AlF]3

2.3 CHEMISTRY OF SOME IMPORTANT TRA
ELEMENTS

2.3.1 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
protective coating on metal surfaces
prevent them from corrosion.

Chromium  exhibits
oxidation states (+2, +3, +4 .
to the electronic confi om (3d%, 4s'). The multiple oxidation
states of chromium al
oxidation states, it se ducing agent while in higher oxidation state it

¢acts with oxygen to form chromium oxide 2
4Crg) + 3053y — 12— 2Cr, 05 o

Chromium reacts with steam at high temperatures to form chromium oxide with

the liberation of hydrogen.

2Crs) + 3H,0( — 22— Cr,03(5) + 3Hy(g

Chromium is used in the production of stainless steel, chrome plating, pigments
and as a catalyst in certain chemical reactions.




2.3.1.1 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.
CrzO;Z(aq_) + HZO({J) 2Cr0;2(aq_) + ZHg-aq.)
(red) (yellow) g,

This equilibrium between chromate and dichromate ions is pH sensitive
When an acid is added, the equilibrium shifts to the left, resu
formation of a red dichromate solution. On the other hand if a basg 1§
equilibrium shifts to the right, leading to the formation of 0
solution.

The preparation of Potassium dichromate is
chromates and these chromates are formed by the
sodium or potassium carbonate.

Potassium dichromate is used as an.

mon by using
of@romite ore with

o©
=
o
o
=
'-‘Q
w2
w2
1)
=
—~
5|
(¢2)
—~
2
am
kS
—
N
—~

atfon of analyte. The end point of this
titration is indicated by hangt from orange (Cr*®) to green (Cr*3).
2Cr,052 +3H §H* — > 4Cr*3 + 6C0, + 7H,0

(orange (green)

6Fe*t? + 14H* —— 2Cr*® + 6Fe™® + 7H,0
(green)

nganese
Manganese is a greyish white,
Gard 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




(KMnO,) is +7 and in manganese dioxide (MnO,) it is +4, where as in

manganese chloride (MnCl,) it is +2.
Manganese reacts with air to form manganese oxide Mnz0,.

3Mn(s) + 202(g)—> Mn304(s)

Manganese reacts with chlorine to form manganese chloride.
Mn(s) + Clz E— MnClZ(S)

and glasses etc. It is an essential nutrient and play vital ro
bone development and enzyme function.

2.3.2.1 Chemistry of Potassium Per

Potassium permanganate is
Commercially, potassium permanga
solution of potassium hydroxide
(MnO») along with an oxidizing8
highly soluble in water, forph
powerful oxidizing age

crystalline  solid.
is prepared by mixing a

dither in acidic, alkaline or neutral medium.

In acidic solutipng pepmawganate ion accept five electrons and change

from MnOj; to M

8H* + 56 —— Mn*? + 4H,0
hedium it accepts three electrons and changes from MnO}

in0; + 2H,0 + 38 ——> MnO, + 40H

Thereattioh of potassium permanganate with ferrous sulphate and Mohr’s salt
is giyen as;
MnO; + 5Fe*? + 8H* ———— Mn*™2 + 5Fe™ + 4H,0 S

The reaction of potassium permanganate with oxalic acid is given as
2Mn0O; + 5C,0;% + 16H*—— 2Mn*? + 10CO, + 8H,0

Potassium permanganate is used as a powerful oxidizing agent in various
applications, including water treatment for purification and disinfection, and as
a chemical reagent in organic synthesis and laboratory experiments.




Explain why potassium dichromate and potassium permanganate are generally
used in redox titration.

2.3.3 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

)
:T‘l‘\"

component of haemoglobin, MR
emphasizing its critical role in the w
biological system.
When iron is exposed to ai d forms an oxide film on its

1
surface which is rusting of iron. \
4 2 E— 2Fe2 03(5)
When it reacts with ex 1

orine, it forms ferric chloride.

1'e s) + 3C12(g)—> 2FeC13(s)

3.1 Steel Types and Applications
Steel is a widely used alloy comprised primarily of iron combined with
some other elements. By the inclusion of carbon and other alloying elements in
steel enhances its mechanical, thermal and chemical properties compared with
simple iron.
There are several types of steel each characterized by unique
compositions and properties suited for specific applications.
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Type of Steel

Applications

Carbon Steel

Construction tools, machinery, pipes, tubes,
automotive etc.

Stainless Steel

Kitchen appliances, Cutlery and Medical equipment

Tool Steel Cutting and drilling equipment
Alloy Steel Fry pan, Toaster etc ( m h
. \_/
2.3.4 Copper

Copper is a dense metal with a
reddish brown colour. It is malleable
and ductile, allowing it to be easily

CuSO,

ONcC."H

2341 M

etallurgy of Copper

Copper is present in Earth’s crust in the
combined form referred to as ore. The most
abundant ore of copper is chalcopyrite (CuFeS,).
The process of extracting metal like copper from
its ore is called metallurgy. The metallurgical

+ S0, + 2H,0

: ¢“acid to form copper nitrate and nitrogen dioxide.
K.J' COI‘IC.) —>Cu(N03)2 + ZNOZ + 2H20

& DO)YOU
KNOW?

Copper deposits of
considerable significance
are present in Pakistan,
notably in the province of
Balochistan. Two prominent
copper mining projects in
the country are the Saindak
copper-gold mine and the

Reko-diq copper-gold mine.
J

B

h

"
—
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operations associated with chalcopyrite ore include series of steps: such as
crushing, grinding, Concentration, roasting, smelting and refining.

Concentration

In this stage, the
objective is to eliminate | Froim bubbies
gangue impurities from the t?l"p?,;]“ﬂ,m if_“"::“"‘
powdered chalcopyrite ore.
This is accomplished through a
froth floating process, where k. R
the ore is blended with water o . o o R sl
that has pine oil added to it. i
Subsequently, air is introduced ; =] mmm“g
into the water, causing the ore . ; pine il
particles to become coated R Sangue
with froth, while the gange
particles settle to the bottom as

shown in figure 2.4.

Roasting

re reacts with silica, resulting in the formation of iron silicate (FeSiO3)
commonly referred to as slag. The slag floats on the surface of the molten matte
while the matte (consisting of Cu,S and some impurities) is separately collected
from the slag.

FeO + 5102 1200°C - 1500°C

(Iron oxide) (Silica)

> FeSiO,
(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, cuperous sulphide (Cu,S) is partly converted into cuperous oxide
(Cu,0), which then reacts with the remaining cuperous sulphide, resulting,in
the production of molten metallic copper.

2Cu,S + 30, — 2Cu,0 + 250,
2Cu,0 + Cu,S — 6Cu + SO,

The copper thus produced is
called blister copper because as it
solidifies hidden sulphur dioxide
gas escapes producing blisters on
its surface. It is about 99% pure.
The blister copper contains

Lamverier

Wlurtirm Maiiv

with{sulphuric acid. By passing electricity through the electrolytic solution, the -
blister copper undergoes oxidation and the Cu*? ions produced in this oxidation 1
process are then deposited onto cathode. The impurities are left behind which

fall to the bottom of the cell as anode mud.

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

Cut? + 2e——> Cu (reduction at cathode)




Impure Cu anode

Pure Cu cathode

Electrolyte
H,SO, + CuSO,

A\

Use in batteries, as a catalyst and as a pigment in glass making

Building and bridge construction and tool making.

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.

Mercury

Use in thermometers, B.P. apparatus, and amalgam formation




SOCIET.Y-TECHNOLOGY.
AND SCIENCE

Use of transition metals in paints

Transition elements are widely used in the formulation of paints.
They are often employed as pigments. For example, titanium dioxide is
used as a white pigment, while iron oxide is used as a brown pigment.
Certain transition metals such as zinc and chromium are added to paint
formulations for corrosion inhibition. Additionally, certain transition
metals, including various forms of zinc and titanium, are used to protect
paint surfaces from the damaging effects of ultra violet light.

-

» The elements that
of their ionic stat

» Transition elemeftdareMcHied in the mid portion of periodic table and

periods.

g clectronic configuration of transition elements is (n —

inding energy of Mn*? and Fe™® are highest because they possess
aximum unpaired electrons in their 3d orbitals.
» The most common oxidation number of transition metal cations is +2.

» Paramagnetic behavior of transition elements is due to the availability of
unpaired electrons in their 3d orbitals.

» The colour phenomena of transition elements is due to the excitation of
electron from t; to e energy levels by the absorption of light of specific
wavelengths.




» Coordination number is the number of coordinate bonds formed between
ligands and the transition metal in a complex molecule or ion.

» The complexes of multidentate ligands are known as chelates.

» Potassium dichromate and potassium permagnate are powerful oxidizing
agents.

» Transition elements have ability to form alloys with each other due t(the
similarities in their atomic sizes.

» Stainless steel is the most common alloy of iron. It is made n,
chromium and nickel. @

» The most common ore of copper is chalcopyrite (CuFeS

> Refining of copper is carried out in an electrolytic tank Yy\greMek plates
of blister copper serve as anode and thin she f pu per act as
cathode. O

Zn*?jonis c
(a) Its under
(b) Its 3

all unpaired electrons

(o) I ve all paired electrons
otbitdls split up into t2g and eg
Mibeeg ordination number of cobalt in Na,[Co(C,0,)5] is:
1) 3 (b) 4
c) 6 (d) 7

An example of a bidentate ligand among the following is:

(a) OH (b) CZ_OZZ
(c) CI™ (d) CN

(iv) A highly paramagnetic ion among the following is:
(a) Fe*? (b) Fet3

(c) Co*? (d) Cr*3




The highest oxidation state of chromium is:

(a) +4 (b) +5
(c) +6 (d) +7
(vi) The element is not used for electroplating:
(a) Zinc (b) Tin
(c) Chromium (d) Manganese
(vii)  The steel is typically used in making Fry pans:
(a) Carbon steel (b) Stainless steel
(c) Tool Steel (d) Alloy Steel

(viii))  The step which involved in the extraction o
chalcopyrite ore in the elimination of ga

(a) Concentration (b) Roasti
(c) Smelting (

(ix) 5d series of outer transition
(a) Sc to Zn d
(c) Lato Hg cto Cn

(x) Oxidation of mag “gives the following oxide:
(a) MnO (b) MnO;
(c) Mn203 (d) Mn3O4

GO pper

i) [Zn(NH3),]*
(iv) [Ni(SCN),]™2

2. Give reasons for the following:

(1) Why do transition elements show variable oxidation states?
(i) Why transition elements have ability to form alloys?
(iii) Why Cu*? ion is blue but Zn*? is colourless?




(iv) Why chromium exists in 4s' 3d° configuration but not in 4s* 3d*?
(v)  Why binding energy of zinc is least in 3d series?

3. Write down the balanced chemical equations for the following reactions.

(1) Reaction of conc. nitric acid with copper <
(i1) Reaction of conc. sulphuric acid with copper

(111) Reaction of permanganate with oxalic acid

(iv) Reaction of dichromate with ferrous sulphate O

(v) Reaction of manganese with dilute sulphuric acid
(vi) Reaction of iron with chlorine

4. Why d-block elements are called outer transiti
5. Write down the effect of pH changes o ilibrium in water.

6. Melting point of d-block elemen a middle of the series and

then decrease why?
e ab Hi s of stainless steel, brass and bronze.

) i

U lowing properties of 3d-series of transition

7. Give the composition a

1. Explain the,_tre

elements.

can you define a coordination complex and a chelating ligand?
Explain various types of ligands with examples.

. Describe how 99.99% pure copper is obtained from its chalcopyrite ore.

. Explain why transition elements and their compounds serve as catalysts in
many chemical reactions.

5. What is meant by binding energy? Write down the trend of binding energy

in 3d series of transition elements.
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Define organic chemistry and organic compounds. (Remembering) |

Explain why there is such a diversity and magnitude of organic compounds. (Analyzing) o,
Explain the use of coal as a source of both aliphatic and aromatic hydrocarbons. |
(Understanding)

Explain the use of plants as a source of organic compounds. (Understanding)
Explain that organic compounds are also synthesized in the lab. (Understanding)

AN

Define functional groups and homologous series. (Remembering)

Explain reforming of petroleum. (Understanding)

Explain different uses of organic compounds in our daily life. (Understanding)
Explain Bucky ball. (Understanding)

(\\\\\\




INTRODUCTION

Organic chemistry is the study of properties and structure of carbon
containing compounds. Thus “organic chemistry deals with hydrocarbons and their
derivatives”. However, a few numbers of carbon containing compounds are
excluded from organic chemistry either by their properties or nature of bonding.
These are carbonates, bicarbonates, cyanides, carbides, carbon dioxide, c{oon
monoxide and carbon disulphide etc.

Before the 18" century, the term organic chemistry wa
those substances that were obtained from animals and plants
prepared in laboratory. It was extensively believed by c
existed a vital force in all living things that was requjred for
organic compounds. In 1828, a German chemi i hd/ohler prepared
urea in the laboratory by boiling ammonium c ter.

NH+«CNO O(NHa):

(ammonium cyanate)

Urea is a typical or that is excreted from urine.
Laboratory synthesis of ure isapproved the vital force theory and
turned the minds of ¢ st andS synthetic organic chemistry and since
then millions of organic Compgunds have been synthesized.

The metha also be synthesized in the laboratory from
hydrogen (H>) atbon monoxide (CO) in presence of catalyst at high

Ni/ Heat » CH4 + H,0
(methane)

Organic chemistry is probably the biggest sub-field in chemical sciences
andAs recognized as the fundamental field for all chemists to study. It serves as
—tl bridge between chemistry and biology.

3.1 SOURCES

Organic 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.




3.1.1 Fossil Remains (Coal, Petroleum, Natural Gas)
Fossil remains refer to the remnants of ancient animals and plants that
have been preserved in rocks and sediments. 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.
Fossils are formed when an organism dies and its remains are quie

buried by sediment without decomposition. The buried remains

compressed and the organic material in the remains is slowly transférareg
fossil fuel leaving behind the minerals of the rock. Fosgil @
are _o0al,

nonrenewable energy source. The three main types of fos
petroleum and natural gas.
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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
(Fig.3.1). The coal types and their some uses are given in Table 3.1.
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Table 3.1 Coal types and uses

% age of
Coal type carbon Properties and uses
contents
It is the earliest stage of coal formation
resulting from the decompositi of
Peat 45 - 60% fossilized remains. It has very at
contents and use for domestC Jaeati n

alternate of fire wood.

olouted-seft coal. It
Lignite 60 —70% is typically use@ eterdié electricity in

led soft coal. It has a
onContent than lignite. It is

r electric generation and steel

ql*

It 1s a brownish bl

Bituminous 70 — 85%

jon.

a dark black coloured hard coal. It is
Anthracite the highest rank11.1g coal. with the highest
carbon content. It is used in furnaces, power

stations and as a domestic fuel.

ydrocarbons 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, paraffin wax etc.



V.
Natural Gas

Natural gas produced by the decomposition of marine microorganisms
over the millions of years.

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 petrolelim
because its combustion causes less pollution.

The initial discovery of natural gas in Pakistan dates back to
it was found in the Sui area of Baluchistan. Subsequently, nat

Self-Assessment

&

» Write the names of ten organic compounds used in daily life.

WA
jiMals)
ted from plants, animals and
tu

ral products. These products are
istS through natural metabolic processes and
ethods such as distillation, fermentation,

3.1.2 Natural Products (Pla

Many organic compo
microbes. These are ref
typically produced by
extracted out throug

purification etg?
medicinal, cos @,

product ludose; ctllulose, insulin, cholesterol, caffeine, nicotine, menthol
and p otletc.
3.1 1 and Total Synthesis ,
ial synthesis and total synthesis are two approaches used in organic 4

chepiistry to create complex molecules.

Partial Synthesis:

Partial synthesis involves starting with a simpler molecule and modifying
it through a series of chemical reactions to create a more complex target
molecule. This method is particularly useful when the target molecule is
challenging to synthesize directly or requires multiple steps.




One example of partial synthesis is the production of the anti-
inflammatory drug ibuprofen from a compound called cumene. Cumene

undergoes several chemical transformations, including oxidation and
rearrangement, to yield ibuprofen.

Total Synthesis:

Total synthesis involves building a complex target molecule en&ely
from simple starting materials. It requires designing a route th
selects and assembles the necessary building blocks throu
chemical reactions. Total synthesis is often used to produce 1
- pharmaceutical compounds that are not readily available fro turalpsources.

For example, the total synthesis of the anti-canceg drug 1 (Taxol)
involves numerous steps to construct the molecule g plaauilding blocks.

These examples illustrate how parié
compound to create a target mole
constructing the target molecule from

odifies an existing
total synthesis involves
glimpler starting materials.

3.1.4 Products of Biotec

Biotechnology ig#The biological s \DO)\YOU
KNOW?

sciences that deals withi the inyo ent of living
ok In preparation or Biotechnology has engbled the
« development of vaccines for a
products. “Products that variety of fatal diseases such
¥ living organisms or their as COVID-19. Vaccines
consist of inactive pathogens
. which produce proteins that
cts of biotechnology.” act as stimulants for our
immune system to develop
ese products have been used across | antibodies so that if the virus
enters our body, our immune
system can easily fight it.

organisms or their ing

 m

healthcare, agriculture genetic engineering etc. -

These products have been used across various industries including food
production, healthcare, agriculture genetic engineering etc. For example, ethyl
alcohol is commercially manufactured by fermentation process in which certain
enzymes secreted by microorganisms (yeast) are involved.




3.2 COAL AS A SOURCE OF ORGANIC COMPOUNDS
Coal mines can be considered a valuable asset for countries. In addition
to its widespread use in power generation, coal is also a source of many
important organic compounds. These organic .
compounds can be extracted from coal or (_@’Iiﬁm
obtained as a by product of coal processing. KNOW?
Further, coal can be gasified or liquefied to | The largest coal reserves in
produce a range of organic compounds such as Pakistan are found in the

methane, ethene, ethyne, hexane etc. These Thar Desert, Tharparkar

. district of Sindh province.
compounds can be used as raw materials for the P
Tharcoal reserves are

production of many useful chemicals. considered to be the !
sixteenth largest in the
3.2.1 Destructive Distillation of Coal world containing

approximately 175 billion
tons of lignite coal.

“The process in which coal is heated-

elevated temperature typically 40 0oLt a closed container. The four
principal products of destructi p”of coal are coke, coal tar, coal
gases and ammonia liquor.

Coke
It is a greyish b olid contain 98 — 99% carbon. It is used as fuel

and reducing agg

Coalt

black liquid. Its fractional distillation gives many useful
ounds such as benzene, toluene, xylene, naphthalene and phenol

Codl Gases f
It is a mixture of methane and water gas. It is highly flammable and is |
employed for heating and municipal lighting. '

Ammonia Liquor
It is a mixture of ammonium compounds and liquid ammonia and is
usually obtained from bituminous coal.
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3.2.2 Reforming of Petroleum

“The process of conversion of hydrocarbons (gasoline) with low
octane rating into those with higher octane rating that can be utilized as a
fuel in internal combustion engine is known as reforming”. The process of

RO

reforming is carried out under high pressure and temperature using platinum
catalvst. 7
!
_ H—C—H
o H HHHHHEHEH H | H H H
| A O P | I |
T R T T T
H HHHHHHH H | H | H
n-octane H=f—H H=C—N
H H
Isooctane

Low-quality gasoline can cau
when ignited in an internal com

| . O} (55 \DO)YOU
due to improper combustion. es - KNOW?

a sharp sound. Higher-qual nds to The octane number is
a fuel's measured using the
resistance to knockin } se the octane Research Octane Number
number or oct i tandard measure (RON) scale. LEDR
assesses the fu ity to resist knocking and COIIPETER A S

. performance against a
(3
quality. “The octane mixture of iso-octane (rated

a fuel's ability to resist | 100)and n-heptane (rated 0)
7¢ combustion.” in a standardized engine test.

sously, Tetra Ethyl Lead (C,Hs)sPb | The higher the percentage of
s used as an additive in gasoline to | iS0-octaneneeded to match
) . the fuel's performance, the

nt knocking. However, the production of | . e T
rmful pollutants led to the search for

alternatives to reduce atmospheric pollution. Chemists developed a process
called reforming as an alternative to TEL. Reforming converts low-octane
gasoline into a higher-octane fuel, effectively reducing knocking without the
need for TEL. This advancement in the production of higher-octane gasoline
helped replace the use of TEL and mitigate its negative environmental impact.




3.3 CHARACTERISTICS OF ORGANIC COMPOUNDS

Catenation @ g -3 33 D
Organic compounds are made up I |
of carbon atoms. Carbon is distinctive in @ ®

its ability to bond covalently with other » 2

carbon atoms in many different ways to _aa 1 '\- -, ;;5 .
form long chain, branch chain and cyclic 000600060 L M

. . Linear Chain
compounds. This unique property of
organic compounds is known as : ﬂ_ﬁ pc
catenation. _f_]:k @ 3 {? :
r 1 % |
B3 oo O
Rirg Chain

Non Ionic Nature

Organic compounds are mad and a carbon atom contains
four valence electrons. It does n ity to lose or gain four electrons
since it requires very high, e fore, in contrast with inorganic
compounds, it forms cov. e sharing of electrons.

Solubility
The solupitity o compounds can vary widely depending on their
chemical struc d*the solvent in which they are dissolved. For examples:

tenso uble in water due to the ability to form hydrogen bonds with water 4
molg€ules. For example, ethanol (CoHsOH) and acetic acid (CH3COOH) are W=

Nonpolar organic compounds: Nonpolar organic compounds, such as
hydrocarbons, generally have low solubility in water but are soluble in nonpolar
solvents like hexane or diethyl ether. For instance, hexane (C¢H14) and toluene
(C¢HsCH3) 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, liquids and
soft solids.

Flammability <
The majority of organic compounds are combustible and rgagh
with oxygen to form carbon dioxide and water, thereby rele
result, most fuels are organic, such as wood, coal, oil, gasoli nd n
Burning of organic compounds provide heat energy. The ¢ 0D reaction
for methane (CHy) is as follows:
O

at energy

CHyg) + 202 —> COy
Reactivity
Organic compounds react at
reactions that are often found g™
reaction, they generally require

/ slower rate than the ionic
d6mpounds. To accelerate the
g, and a catalyst.

Isomerism

Isomerism is ajcharac ¢ of organic compounds where compounds
with the same be s of each element can arrange those atoms in
different ways, in distinct structures and properties. These compounds
with differen ¢S but the same molecular formula are called isomers.

# there are two isomers of butane: n-butane and isobutane. In
afbon atoms form a straight chain, while in isobutane, the carbon
4 branched structure.

n-Butane: CH3-CH,-CH,-CHj3
Isobutane: CH3-CH(CH3)-CH3

Polymerization

Many small organic molecules (monomers) can unite through addition or
condensation process to form a single large molecule. This process is known as
polymerization and the macromolecule thus formed is called as a 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.

¥ [ o 3

|| i |t
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3.4 USES OF ORGANIC COMPOUNDS
Organic compounds are widely used in vario
pharmaceuticals, agriculture, plastics, fuel, matgfial
generation.
Table 3.2 displays several organic ¢
are relevant to our everyday existence

N\ A

IR CRPAN Use of common organic compounds |

A b " .

appli ¢ including
ugtjon, and energy

eir applications that

Organic Compounds Common Use
Gas<ﬁq€' x> o Fuel for automobiles
lﬁatur&&M Domestic fuel
el Ripening of fruits
Gas Welding
rmalin Preservative of biological specimen
thylene glycol Antifreeze and coolant in automobiles
b. % Phenol Antiseptics and ink preservatives = :
Diethyl ether Anaesthesia ,.,-
Acetic acid Vinegar ' |'||"'r
Ethyl acetate Artificial flavors and essences
Acetone Nail polish remover '
Nylon Ropes and fish nets
Poly ester Fabrics
Carbohydrate, protein, fats, vitamins Food components




3.5 NEW ALLOTROPIC FORM OF CARBON (BUCKY
BALLS)

It has been known for centuries that pure carbon exists in two allotropic
forms with diamond and graphite. In 1985, Richard Smalley and Harry Kroto
introduced a new allotropic form of carbon that consists of 60 carbons.

The shape of this newly discovered form of carbon was similg
geodesic dome developed by American architect and scholg
Buckminster Fuller. The name of this new form of Ceo W
Fullerene or Bucky Ball.

It consists of twelve (12) five membered riftg and
membered ring. Structurally each pentagon
is surrounded by hexagon. Forming a hollow
cage-like structure.

They have high tensile stre
high degree of stability

as nanoscale sensors,
and high storage batteries and electronic devices.

A large number of organic compounds are considered to be derivatives
of hydrocarbons in which one or more hydrogen atoms are replaced by another
atom or group of atoms known as a 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”. Each
functional group has its own chemical characteristic; therefore, all the



compounds having the same functional group behave alike and belong to the
same family. For example, alcohol is a class of organic compounds and all the

members of this class possess hydroxyl (—~OH) functional group.

Some common functional groups and their corresponding classes of
organic compounds are listed below Table 3.3. ;

IELICRREE Name and structure of some common functional groups

¥y r . W 1

Structure of Structure of
Class of . Class of .
Compound Functional Compound Functional
p Group P Group
. . e
Alkane C=C Carboxylitac o |
= - —{ =0H
N ]
Alkene % i
—C—-0-
Alkyne ittile (=N
Alcohol Thiol —-SH
Ether Alkyl Halid
Amine (— LD Vi Hande -
oy ()
Aldehyde Acyl halide I
"=—H —C—=X
)
Amide I
—(C—MNH




Homologous Series

The chemical and physical properties of organic compounds depend to a
great extent on their functional group. The physical properties of all the
compounds of the same functional group are not precisely same but change
with the length of hydrocarbon chain thus “A series refers to a group of
organic compounds with similar structural characteristics but differing
from each other by the addition of a methylene group (-CH:-) in ﬁleir
structure is called homologous series”.

The general characteristics of homologous series are given be O
- (i)  The composition of all the members of a homolo S can be
expressed by a general formula. N\
Alkane CoHan+2 Alcohg\_ NGHG: 1 OH
Alkene CiHzn B{\JQ'AHZn +1X

Al
Alkynes CoHan -2 J.‘}\Q&l@ TCoHan+1NH;
w

(1)  The molecular mass of omologous series differs from
the next higher or lowe 4 a.m.u.

(iii)) All the memb gous series show similar chemical
properties du ep ce of similar functional group.

(iv)  There is a gra tion in the physical properties such as physical

state, s© , ng and boiling points etc as the number of carbon
epule increases.

Write down the general molecular formula of the homologous series of
ethers and alcohols.




SOCIET.Y-TECHNOLOGY.
AND SCIENCE

Isolation of organic compounds from plants and
animals

There are many organic compounds that are obtained from plants
and animals. For example, animal manure and seaweed are gathered from
animals and plants respectively which are used as fertilizers in the farms

and agricultural lands.
Moreover, countless medicines are directly extracted from plants.
For instance, Caffeine is obtained from tea, cocoa and coffee beans. It is
used as Central Nervous System Stimulant. Bromelain is obtained from
\lemon, orange, grapefruit, etc. and it aids in the treatment of fragility. Y

and

cterial degradation.

rganic compounds that are isolated from plants, animals and microbes are
known as natural products.

» The process of synthesizing a target molecule directly from an intermediate
compound, rather than through stepwise reaction from starting material is
called as partial synthesis.

» The process of synthesizing a target molecule from simple starting material
using stepwise series of reaction is known as total synthesis.




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

» The process in which coal is heated in the absence of air to produce coke,
coltar, coal gases and ammonia liquour is known as destructive distillation
of coal.

» Octance number measures the quality of fuel in terms of its capacity t0</ith
stand knocking during combustion.

» The Cso molecule of Bucky ball consists of twelve (12) five me gs
and twenty (20) six membered rings.

» Functional group is a specific group of atoms within the cu wh is
responsible for unique chemical properties.

> A series of organic compounds in which the varigfmem ve similar

structural features but differ from each other e n@eroup (-CHz-) is
called homologous series.

The functiona
(a) Alcohol (b) Ketone

(d) Amide

qtind belongs to the alkene family is:
(b) C2Hs
(d) CoHs

Y Destructive distillation of coal gives coke, coaltar, coal gas and:
(a) Natural gas (b) Petroleum
(c) Naphtha (d) Ammonia liquor

(iv)  The knocking of internal combustion engine can be reduced by the
following petroleum process:

(a) Reforming (b) Refining

(c) Distillation (d) Condensation




(v)  The general formula of the homologous series of alcohol is:
(a) CnHon (b) CuHone2
(C) CnH2n+lOH (d) CnHZn-lOH

(vi)  The number of five membered and six membered rings in Cgo Bucky
ball are respectively:
(a) 12 and 12 (b) Sand 15

(c) 12 and 20 (d) 40 and 20 @ t '_.
(vii) The pair of compounds that exhibit isomerism is: ( E :

(a) C2Hs-OH and CsH7-OH
(b) CH3-CH2-CH2-CHj3 and CH3-CH(CH3)-C

(¢) C2Hs-CH»-Cl and C3H7-CH»-Cl O
(d) CH3-NHz and CH3-CH2-NH,

(viii) The type of coal that is hard a [

(a) Peat b
(c) Bituminous (d) Anthracite
(ix)  Which of the f arbon is the chief constituent of natural
gas?
(a) CH4 (b) C2Hs
(c) CsHg (d) C4Hio

irst synthesized by Wohler from an inorganic material

(x)

mmonium nitrate (b) Ammonium chloride '
(€) Ammonium cyanate (d) Ammonium bicarbonate v

Shor(Questions

1. Define organic chemistry and give the significance of some organic
compounds in everyday life

2. What is Vital force theory? Why was it disapproved?

3. Define functional group and write the structure of three oxygen
containing functional group.
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2. Define Bucky Ball? Explain its structure gand

. Explain destructive distillation of coal2.\Whe

4. Define the following terms:

(a) Catenation (b) Isomerism
How can you differentiate between total and partial synthesis of organic
compounds?

What is meant by Reforming? Why is it considered a useful technique?
Write down some examples of products that can be produced using
biotechnology? é
Write down some common uses of organic compounds?

properties.

obtained from it?

Describe homologous series o
properties of homologous sez
Explain various 1qye
compounds.

animals as sour¢
Write down the'd
other?

it types of coal and how do they differ from each




CHAPTER
4

Students will'be able to:

v" Enlist the families of organic compound with functional groups. (Remembering)

v Describe nomenclature rules of each family by applying common name system and TUPAC
system. (Understanding)

v Write nomenclature of alkane, alkene, alkyne cyclo alkanes with five examples of each family.
(Applying)

v" Write nomenclature of Alkyl Halide, Amine, Ether, alcohol, Phenol, Aldehyde, Ketone,
Carboxylic acid, Ester, Amide and Acyl Halide with at least five examples of each family.

(Applying)

v Explain the outlines to draw structures for TUPAC of organic compounds of each family.
(Applying)

v Explain outlines to draw structures of common names of organic compounds of each family.
(Applying)
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INTRODUCTION

Organic compounds exhibit a great diversity with millions of known
compounds and an infinite numbers of possible isomers. 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. It was a big challenge for organic chemists to ¢

successfully addressed with the introduction of [UPAC (interna
and applied chemistry) naming system which provides reh olution for
i€ to identify and
understand the vast array of organic compotnds that €xists in nature or are

synthesized in the laboratory. Y
4.1 HYDROCARBONS Aﬂm RIVATIVES
Organic compounds are mainly made up of carbon and hydrogen, however

certain other elements such as oxygen, nitrogen,
( @ (D0)YOU)
KNOW?

the nomenclature of organic compounds and all C

sulphur and halogen may also be present in their

structures.
) ) Functional groups are
‘ me organic compounds are specific group of atoms that
derivatives of hydrocarbons, formed by are responsible for the

characteristic chemical
reactions and properties of
organic compounds.

itu or more hydrogen atoms with a
fepo or group of atom. These derivatives
' are distinguished by their unique structures and

properties and are categorized into families or

groups of organic compounds. Each family is groups based on the
characterized by a specific functional group, presence and nature of
which impact distinct chemical and physical functional group.
properties to the compound within that family. \_ J

A list of certain hydrocarbon families are

Organic compounds are
categorized into various

given in Table 4.1.
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LB CER BN Names of alkanes , alkenes and alkynes

Number of
carboP Prefixes Alkane Alkene Alkyne
atoms in
chain
1 Meth- Methane
2 Eth- Ethane Ethene fm
3 Prop- Propane Propene -
4 But- Butane Butene(
5 Pent- Pentane Pentene "\—@htyne
6 Hex- Hexane exene ""rHexyne
7 Hept- Heptane epiene Heptyne
8 Oct- Octaa€ o, @ﬁe Octyne
9 Non- \ Nonene Nonyne
10 Dec- A%:\; Decene Decyne
11 Undec- oD Undecene Undecyne
12 Dodec- cane Dodecene Dodecyne

4.2 HISTORY OFWLATURE

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 (_@bm
structure of organic compound. - KNOW?

An attempt was made at Geneva The latest updates to the
conference (1892) to «create a unique rules of [UPAC system of

nomenclature wherein only one official name MG O OYETE

. d
would be assigned to each compound. In 1958, a recggrnnirégd ‘izlle;%l&

J




new commission on nomenclature was appointed by the international union of
pure and applied chemistry (IUPAC) for further work on the nomenclature. This
new system of nomenclature has set rules for naming organic molecules on the
basis of their structures.

4.3 IUPAC SYSTEM <

The systematic or scientific system for the naming of organic g6mpeund
is referred as [TUPAC method. This system provides distinct namg over
fifteen millions reported organic compounds and can be devis I
of organic compounds yet to be synthesized.

TUPAC method considers the arrangement of garbon
positions of functional groups and other distinctive fe oshe compound to
generate a standard name.

The general rules set for [UPAC method. of

organic compounds

are as follow:

(i) Identify the longest unbroken c 2 in the molecule which will

act as parent chain.

(i) Allocate numerical desigqgati ¢ carbon atoms within the parent
chain to the termin 18l functional group is nearer.

(ii1) Identify substi an them using prefix such as methyl, ethyl,

methoxy, chlor@, {bro . and mention their position in the longest
carbon chs

=0) > (-0H) > (-NHy) > (-0-) > (=) > ().
4 NOMENCLATURE OF ALKANES

Common System

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 1n a single uninterrupted straight chain.

(i)  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.

(i)  The prefix Neo- is utilized if two branches are attached on the second last
carbon of alkanes. '

CHs
CH3
CHi—C—1{Hx
CHi— CHz—CH:—CH: CHi—CH —CH3 |
CH:
in-Bulane) iIsobuizne) { “eapentane)
i

IUPAC System
The IUPAC names of alkane family is e suffix “ane”. The
ritten by their trivial

e fifth onwards alkanes are

ends of main carbon chain, numbering can be done from either terminal. o

However, if the identical substituents are attached at different positions, = §

the numbering should be done from the side where the substituent is

nearer.

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

nearer.




(v) 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.
(vi) Prefix cyclo is used to name cycloalkanes.

I|:H.|- I]Z!I-I!
CHy—CH —:l’:l-l—rfm— i ity — I:'H:-—c,’u:-atfu—li.‘m—-dn
CH3 CHs
(2, 3-Dimethylpentane) (3-Ethyl-2-methylhexane)

N L

CH1— € H—C H— CHi— CH—CH2

2,3, S-Trimethyllﬁwg)\\v }
iCH CH:
s RN AN
—_— I CH: CHz CH: CHz
CH1=——CH2 CHz CHz CHz CHa

Son”
(Cyclobutane thexane) (Cyclopentane)

4.5 NOMEN F ALKENES

system, alkenes are named by replacing the suffix “ane” with
apAple ethylene, propylene, butylene.

CHZ == CH2 CH3 - CH == CH2
(Ethylene) (Propylene)

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

For example
C,Hs — CH = CH — C,H; CH, — CH = CH,
(Diethylethylene) (Methylethylene)




IUPAC System
In the IUPAC naming of alkene the suffix “ene” is used to indicate the
presence of double bond.
Consider the following general rules as a guidelines for naming alkene
molecule according to [UPAC system.
(1)  Select the longest carbon chain which must contain double bonded ca;

carbon-carbon double bond irrespective of the location gh

(i11)  Indicate the position of double bond by specifying the
atoms involved in the double bond.

(iv)  If there are more than one double bonds prese%l{lin arbon chain

they are indicated by adding the prefixes di, @\tc. ofdthe suffix “ene”.

DOR
atoms. %\ ~
(i)  The numbering of the longest chain starts from that end ne r we

ation o

CHr—CH—CH—CH3 Ci IT“.‘I
s CHy — CH—CH=CH—CH—CH3
(3-Methyl-1-butene) (2, 5-Dimethyl-3-hexene)
L Ha TI{L

CH—C—CHr—C—CHiz

(2, 4-Dimethyl-1, 4-pentadiene)

@2Hz). The name of higher alkynes are derived from acetylene by

ace =
consudetthg the branched carbon atoms as alkyl radicals. 4
Forexample -
HC =CH H;C—-C=CH CH; —C=C-CH;
(Acetylene) (Methylacetylene) (Dimethylacetylene)
C,H; —C=C—-CH; CH,=CH-C=C-CH=CH,

(Ethylmethylacetylene) (Divinylacetylene)




IUPAC System

To write ITUPAC names of alkynes, it is necessary to consider the
following essential rules.
(i) Select the longest continuous carbon chain which must include both the
carbon atoms containing triple bond.
(1) The numbering of carbon chain starts from the terminal which is nearest
to the carbon-carbon triple bond. <f
(iii) Write the name of parent alkanes for the same number of carlfonea

(iv) Indicate the position of triple bond by specifying the loc;
atom involved in the bond.

(v) Iftwo or more triple bond are present in the chai
by adding the prefix di, tri etc. before the suffix 3

(vi) When both double and triple bonds are prese t ()Qecule at different

positions then the numbering starts re the bond (double
or triple) is nearest.
(vil) When double and triple in the molecule at equal

bo
positions from the end, ﬁ ence of numbering is given to

double bond. ) cn,
i 1 1 L] i F | 3 o £ #
CH—C=C—CH, CH—C= C—(‘H—l‘l_‘]I—CH,
{2-Butyne) CH,
(4.5-Dimethyl-2-hexvoe)
iCl,
< |
1 d L A 4 ] Fl ] L) b
HC={C—C— C=CH CH=CH—C=C—CH,
> CH, {1- Pentene-3-yne)
(3, 3-Dimethyl-1, 4-pentadivne)

Name the following compounds by [UPAC method.
» (CHs)2 CH-(CH2)3-CH(CH3)2 » CH2=C(CH3) - CH = C(CHs) — CHs
» CH=C-CH2-C=C-CHs » CH2=C(CH3)-CH2-C=CH




o

4.7 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
first, followed by the term “halide”.

CH3 - Cl CH3 - CHZ - BI‘
(Methyl chloride) (Ethyl bromide) opyl i 10 e
The term secondary (sec.) and tertiary (tert.) used refix if the

carbon atom bonded to halogen is further attached%o%w {Bree other carbon
atoms respectively.

EON:
- C Br
— CH Cl
CH3
(tert-Butyl bromide)

(sec-Propyl ¢
The term iso a o used as prefix when penultimate carbon is
further attached g two ther carbon atoms respectively.

CH,
I
CH3 - C - CHzl
CH, '
b (Isobutyl bromide) (Neo pentyl iodide) :-.I:?

IUPQC System 3
In ITUPAC 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.
(1) Determine the longest carbon chain that contains the carbon atom directly
bonded to halogen.
(1) Number the carbon atoms in the chain from the end closest to the halogen

atom.




(111) 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.

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

(v) When two different halogens are attached to the carbon chain at the game
position from opposite ends, the halogen name will be written by its
alphabetical order. -_—

k|
CH, )
CHy —CH-Ll
{Bromoecthanc) {2-Chlorapropanc)
CH,
- cl Br
EH;{ - = CH; 5 ql k- 2| 1
| H;C — CH — CH; — CH — CH,
Br
i{2-Bromg-Z-melhylpropans) { 2-Bromo-4-cliloropen e
F " -\
| ﬁ DO)YOU
FeC—ql ' KNOW?
| Dichlorodiflouromethane
l (CClyF,) has been used as a

refrigerant gas. It is now
replaced by some other
environmental friendly
alternatives.

“ 1l:|'.I|:|'L‘IErndi!'hjm“atham}

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”.
CH3 - NHZ CH3 - CHZ - NHZ
(Methyl amine) (Ethyl amine)

The prefix sec. and tert. are used if the carbon atom bonded to nitrogée
further attached with two or three alkyl radicals.

CH, CH
| |
|
(sec-Propyl amine) ]-9
1 amine)

IPUAC System
In ITUPAC system, primary amine kanamine and based on the
following rules.
(1) Select the longest carbongCha
to —NH, group.
(1) Write the name of ¢ofnpo replacing the ending “e” of alkane chain by
adding the syffix

in the carbon atom directly bonded

3
CH, NH,
| |
1 2
k. e {2-Fropanamine) (2-Pentanamine) I ,_}_-"

Self-Assessment

Write the structure of the following organic compounds.
» 1-chloro-2-methyl-2-butene » Neobutyl iodide
» 1-iodo-4-methylheptane » 3-methyl-2-butanamine




4.9 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 cong;on
names are formed by combining the name of alkyl group with the suffix

“alcohol”. O

CH, — OH CH; — CH, — C
(Methyl alcohol) (Propyl alcoh

If the carbon atom bearing the hydroxyl gro ctlysconnected to two

or three other carbon atoms, the term secondary an. iayylis used as a prefix.
I

CH, — HC — CH,

H 3 C - C - CH 3
I I
OH OH
(sec-Propyl ) (tert-Butyl alcohol)

IUPAC Syste
eS¢ s &Stablished by IUPAC system for the naming of alcohol is

e longest continuous carbon chain that include the carbon atom

b&ring the hydroxyl group (-OH).

Number the carbon atoms in the chain starting from the end nearest to the

hydroxyl group.

(ii1)) The end “e” of the parent alkane is replaced by “ol”.

(iv) If the molecule of alcohol has substituents (CHs, C2Hs, Br, Cl, I etc), name
them as prefixes.

(v) Iftwo or more hydroxyl groups are present in the carbon chain, use di, tri

etc. before the suffix “-ol”.



(vi) The positions of substituents should be written in alphabetical order.

| z 3 | 1 3
CH, — CH, — OH CH, — CH — CH,4 CH; — CH, — CH,
| I |
(Eansl) OH OH oH
2= ropaivid) {1, 3-Propandiod)
CH;
1 Ei ] OH
| ':Hz = CH EHE - E.Hz
OH
[ 2-Metlyi-2-propamd) i 3-Buten-[-ol)

4.10 NOMENCLATURE OF PHENOLS

The class of organic compounds in which on®,05mbr¢ hydroxyl group are
directly attached with the benzene ring are .

In the [UPAC nomenclature syst molecule is referred phenol
while numbering the substituents, roup (OH) is assigned the
default first position. The term (-m) and para (-p) may be used
for mentioning the position t is important to note that certain
phenols are still used by )hsl s in [UPAC system of nomenclature.

OH OH
- Nz Nl
Cl
CHs NO2

Mhenol) (4-Methylphenol) (2, 4, 6-Trinitrophenol) ._r_
rophenol) (p-Cresol) (Picric acid) 4
i I.I_.'I
Resorcinol is an important
component of hair dyes. It
helps in the development of
(1, 2-Benzenediol) (3-Nitrophenol) colour by reacting with
(Catechol) (m-Nitrophenol) hydrogen peroxide.




- B388  —m—
OH @ OH <

(1, 3-Benzenediol) (1, 4-Benzenediol) (1, 2, 3-Benze j \
(Resorcinol) (Hydroquinone) (Pyro all‘@/
4.11 NOMENCLATURE OF ETHERS

Ether is a family of organic compounds in whichtwo al
are attached to an oxygen atom. These compounds are esente

radicals
y R-O-R'.

Common System
In the common system of naming t

wo alkyl groups are

written in alphabetical order and the tey dded at the end of the name.
CH3 - O - C2H5 C6H5 - O - CH3
(Ethyl methyl ether) (Methyl phenyl ether)

IUPAC System
In TUPAC sys of nclature, ethers are referred to as alkoxy
derivatives of alkanes e group of larger number of carbon atoms is

considered as t in C chain whereas the smaller alkyl group, along with
its oxygen is na 15 atkoxy group. The alkoxy group is taken as prefix.

CH,

|
CH! zl ] 4
CHy — 0 — CH — CH, |

CH,
(Wethovveithane) {I="Wlethoypropane) (=M ethoyy-2-metly lbulane)

Self-Assessment

Write the structure of the following organic compounds.
» Neopentyl alcohol » 2,2-Dimethyl-1,4 hexandiol
» Ethyl, tert-butyl ether » 2,4,6-Tribromophenol




4.12 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 p§
carboxylic acid by replacing -ic acid with the aldehyde. For example

Parent Carboxylic Acid Aldehyde
0 0 (
[ 9
H—-C—-OH C o
(Formic acid) !Fo aldeh
0 NS
[ Q I
CH; —C—OH < £—C—H
(Acetic acid) A, \ (Acetaldehyde)

order and the term ket d at the end of the name.

Vv’
The common na S etones is quite similar to that of ether.
The two alkyl groups gttdched e carbonyl carbon are named in alphabetical

0 0 0

I I

C 2 2H5 CH3_C_C6H5 CH3_CH_C_CH3

| .

m ethyl ketone) (Methyl phenyl ketone) CH 3 S -r'
(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.

CHy

0 CHy — CH — CHO 4. . ml %
I 1 CH; — CH — CH — CHO
CHy=C=H CH, |
Cl
{Ethamal) {2=Methylprogunali (3<Chbyro=2emethylbuinnal)
Br

E| EI i
CH, — CH - CHO

I
OH
| 3-Bromso-3-hydrosypropamnal)
In the IUPAC naming of ketongs
ketonic functional group is chosen as€hé p?
the suffix “one”. The position of

by replacing “-e” of the parent alkang Wil
substituents are indicated b% of 't carbon atoms to which they are
§

attached and the carbon o p is given the lowest possible number.

t carbon chain having the
in and the ketone is named

0 CH,0 CH,
4 i i" 1 II 3" Il
CH; —CH; — CH — CHg CH; —H,C—C—CH - CHj4
(2-Butammmne) {2, 4-Dimethyl-2-pentancne)
0 Br
cl 0 5 o all ol
% l CH; = CH=C - CH - CH,

.!l 1
CH; — CH—C—CH, |
OH

(3-Chlvro-2-hutanosme ) (I-Bromo-4-hydroxy-3-pentanone|

4.13 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 byoc, B and

y ete.

Common names of some carboxylic acids are given below.

Structure Common name :

HCOOH Formic acid 7% \

CH,COOH Acetic acid, |\ )
CH3;CH,COOH Propionic ﬁ)d’
CH,(CH,),COOH Bugyric adjc
CH,(CH,),COOH Valehg agid
CH,(CH,),CO0H e aamd

Common names of carboxylic acid are

CH, — CH COOH CH2 — CH, — CH, — COOH

(oc-Chloro propionic @% y—Hydroxy butyric acid)

CH;
I
CH; - € — CH, — COOH CHs = CH —Cl,— Cii — COOK
I
H CH4
{-Metbhyl butyrie acid) (e, P-DHmechyl valerle acld)
v I "'r'.Il
IUIP ystem .;.-""r
The name of carboxylic acid in [UPAC system is referred as alkanoic acid. Ll

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 a




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

CH,
EHE k] El 1
3 2| L EHE — CH— COOH
CHy — CH — COOH I
OH
i 2=Methyl propanaic acid) (E-Hydronwy-2-methyl propamcic acid)

HOOC — CH = CH — COOH
{ 2=Fhaten= 1, 4divic ncid)
CH,

- 2 1
CHy — CH — COOH i op W 3
| CH; — CH — CH — COOH

NH. |
Cl
{E-Aminsprapanaic acid) {3-Chloro-2-methylbutannic acid)
OOH OOH
1
& 3 5] F
5 i 5 E
. Br ¢
COOH

{Bearen- 1, d=divic acid)

Write the [UPAC name of the following molecules.
» CH3—CH(Br)- CH(CH3) -CHO » CH2=CH - C(CHs): - COOH
» (CHs)2CH - CO —C(CHa)3 » HOOC —CH,-HC = CHCOOH

14 NOMENCLATURE OF ESTERS 1a-a1 1DO)YOU
KNOW?

Esters are named as alkyl derivatives of
Ethyl acetate is naturally

carboxylic acids. Following steps should be noted
for the naming of ester molecules.

present in various fruits such

. . . . as apples, pine apples and
(i) Find the longest carbon chain which grapes etc.

contains -COO- group.



(1) Write the name of alkyl group which is attached to R-COO- chain.
(i) Name the carbon chain that contain ester functional group using “oate” as
a suffix.

Common system of nomenclature of ester is quite similar with [UPAC method.
Here “ate” is used as suffix with the main carbon chain.

Structure of Ester Common Name IUPAC Name :
HCOOC,H: Ethyl formate Ethyl methfipoaic'\, |
CH; — CH, — COO — CH,4 Methyl propionate Meth)dﬂhr(k) 0
CH,(CH,),C00C,H Ethyl butyrate Etffytbuta
CH;COOCH(CH;), Isopropyl acetate Isoptopslefianoate
jp—
4.15 NOMENCLATURE OF AMIDE O
Amides are the derivate of carboxyli by replacing —OH

group of carboxylic acid by -NH: group, 4 lature of amide is based on

replacing the suffix -oic acid with amig e
ANNH
CH3 - CHZ - CONHZ 2 CONHZ
(Propanamide) (Butanamide) (Benzamide)
4.16 NOMENGRARRE OF ACYL HALIDES

chab zed 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 ) 4

corfesponding carboxylic acid. In both common and [UPAC method the ic acid i

ending the carboxylic acid is replaced by —yl, and then name the specific halide

group. For example

CH, — CH, — CO — Br CH, — COCl
Propanoyl bromide (IUPAC) Ethanoyl chloride (IUPAC)
Propionyl bromide (common) Acetyl chloride (common)




SOCIET.Y<TECHNOLOGY?
‘ AND SCIENCE N

Usefulness of IUPAC System
The ITUPAC system continues to hold great significance in modern
science society and technology for several key reasons.
(1) It plays a crucial role by offering a uniform language to chemists
globally.
(i) The established rules and guidelines for organic compounds enable
advancement in research and sharing of scientific knowledge among
scientists.

-

formed by substi

group of atoms.
ct functional groups, variable chain lengths,
ctures and numerous isomerism has led to synthesis of

nic compounds.
ing of organic compounds was first introduced at the Geneva
ce in 1892.
¢ I[UPAC system of naming has provided unique names for more than
fifteen millions organic compounds and offer the name of millions of
compounds that are yet to be discovered.
» The disadvantage of common or trivial name of organic compound in that
they do not describe the structure and functional group of the compounds.
» The IUPAC naming has established some general rules for naming organic
compounds. These rules were revised in 2013.




The prefix n, Iso and Neo are utilized for the common naming of alkanes
where required.

» In IUPAC system the priority for the numbering of carbon chain on the basis
of functional group and other substituents is given as.

(-COOH) > (-CHO) > (C = 0) > (-OH) > (-NHz) > (-0-) > (5)> (=),

» When writing the [IUPAC name of organic compounds, first write the
of all prefixes, then name of the carbon chain and finally write t
suffix.

» In IUPAC system, the suffix of alcohol is —ol, aldehyde al,

one carboxylic acid is —oic acid and ester is —oate.

R@ISE

mﬂmﬁb@m‘m

(i)  Which of the following molecule ossess acyl functional group:

(a) R-CO-X (b) R-CONH;
(¢) R-COO-CHj Qx (d) R-CO-R
Vat

(i) A hydrocarbon with the molecular formula C7H1z is possibly:
(a) Heptane (b) Heptene
(c) Heptyne (d) Hepta diene

(iii) An brganic éompound possesses the structural formula
SCH;CH=CH-C= CH, its correct IUPAC name is: I

(a) 1-pentyne-3-ene (b) 3-pentene-1-pentyne [
g ) 3-penten-1-yne (d) 2-pentene-3-yne
(iv) TUPAC name of isopropyl alcohol is:
(a) 1-propanol (b) 2-propanol
(¢) 1-butanol (d) 2-butanol

(v) Resorcinol is a phenol, it contains two —OH groups at:
(a) Position 1 and 2 (b) Position 1 and 3
(c) Position 1 and 4 (d) Position 2 and 4




(vi) Formula of a saturated hydrocarbon is C4Hs, it should be:
(a) Butane (b) Butene
(c) Butyne (d) Cyclobutane

(vii) In the [IUPAC naming of ketones the ending —e of main carbon chain is
replaced by: <

(a) yl (b) ol
(c)al (d) one
A0

(viii) In the common system, carboxylic acid with six carbon atoms in straight
chain is named as:

(a) propionic acid (b) valeric acid
(c) caproic acid (d) ste‘r&S}cid

—

(ix) The correct structure of 1, 3-penta diene is:

(a) H;C—CH= CH—HC =CH,— €8
(¢) CH,=CH—HC=CH —Gw
F_N

(x) The IUPAC name of CH3COOCH(CH3); is:

H,=CH—CH, — CH = CH,

(a) propyl ethanoate (b) ethyl propanoate
(c) isopropyl acetate (d) isopropyl ethanoate
SN

Short/Questions
' Q‘;EAystem of nomenclature is preferred on common system of

g ofOrganic compounds?

itevthe name of five organic families and mention the functional group
gsent in them.
'Write down basic rules for [UPAC naming of organic compound.
. We often use the term Iso and Neo in the common system of naming of

alkanes. Explain with example
5. Write the common names of first five members of carboxylic acid.
6. If an organic compound contains both double and triple bond, in the main
carbon chain, what rules you follow to write its [UPAC name. Explain by
giving an example.



1. Give the [UPAC names of the following organic molecules.

0
(@) CH3 = C - O - CH (CHa). (b) HC = C — CH(CH3) - CH = CH;
(c) CH2 = C - COOH (d) CHs O CHs
I NN
CHs CH-C-CH
CHs
(e) CH3 - CH2-0C (CHs)z C2Hs CH3)2 CBr CH

(6]
I
(g) CHs — C — CH = CH — CHs
(i) @ COCH:

2. Outline the structurd, of_ ea he following molecules.
(a) Ethyl n€d*pg (b) Resorcinol

(c) Picric a 1b (d) Isopropylbutanoate

) (f) o, p-dimethyl butyric acid
(h) 3-Chlorobenzamide
() 1,2, 3-benzentriol

thyl isopropyl ketone (I) oc-Methyl butyraldehyde
m) oc-Chloro-f3-methyl valeric acid
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Students will be able to?

Classify hydrocarbons as aliphatic and aromatic. (Understanding)

Explain the shapes of alkanes and cycloalkanes exemplified by ethane and cyclopropane. (Applying)

Explain unreactive nature of alkanes towards polar reagents. (Applying)

Define homolytic and heterolytic fission, free radical initiation, propagation and termination. (Remembering)

Describe the mechanism of free radical substitution in alkanes exemplified by methane and ethane. (Understanding)
Explain what is meant by a chiral centre and show that such a centre gives rise to optical isomerism. (Understanding)
Identify chiral centers in given structural formula of a molecule. (Analyzing)

Analyze glucose molecules by optical activity. (Applying)

Explain the terms isomerism and structural isomerism with suitable examples. (Remembering)

Define stereoisomerism (cis and trans) with example of alkene. (Remembering)

Explain shape of ethene molecule in terms of sigma and pi C-C bonds. (Understanding)

Describe the structure and reactivity of alkenes as exemplified by ethene. (Applying)

Draw all possible isomers of molecular formula C4H;o, CsHj,, C4Hs, CsHjo, C4Hs, CsHg with their [UPAC names.
(Applying)

Draw all possible isomers of molecular formula C;H,OH, CsH;Cl, C4HoNH, with their [UPAC names. (Applying)
Draw all possible isomers of molecular formula C,HsO, C;HO, C,H40, with their [UPAC names. (Applying)

Explain dehydration of alcohols and dehydrohalogenation of RX for the preparation of ethene. (Understanding)
Describe the chemistry of alkenes by the following reactions of ethene: Hydrogenation, hydrohalogenation, hydration,
halogenation, halohydration, epoxidation, ozonolysis, polymerization. (Understanding)

Explain the shape of benzene molecule (molecular orbital aspect). (Understanding)

Describe what is meant by the term delocalized electrons in the context of the benzene ring. (Understanding)

Describe addition reactions of Benzene (with hydrogen and halogen). (Understanding)

Describe the general mechanism of electrophilic substitution in benzene. (Understanding)

Discuss the electrophilic reactions of benzene and toluene (nitration, sulphonation, halogenation, Friedel Craft's
alkylation and acylation). (Applying)

Apply the knowledge of positions of substituents in the electrophilic substitution of benzene. (Applying)

Compare the reactivity of alkanes, alkenes and alkynes. (Analyzing)

Discuss the shape of acetylene in terms of sigma and pi bonds. (Applying)

Describe the preparation of alkynes using elimination reactions. (Applying)

Describe acidity of acetylene. (Understanding)

Discuss reaction of alkynes by hydrogenation, hydrohalogenation, hydration, bromination, ozonolysis, and reaction
with metals. (Understanding) j
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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.

Hydrocarbons are considered as the mother of thousands of<oOrg
compounds since the introduction of functional groups to the basic ’

chain creates new molecules with different properties and stru S.
The refining of crude oil yields hundreds of hydroca ethane is
the most basic hydrocarbon. It is the main consti of na gas and is

commonly found in marshy areas. Hexane, hepfe and detane are derived
from petroleum and employed as automotiye~firel, ¥  wax obtained from
P
&l

petroleum has various uses, including g in candles, polishes,
lubricants and cosmetics. Ethyne is \%

g purposes, ethene is used
for ripening fruits. Cycloalkane ¢ uses, serving as solvents,
lubricants and even fuel source

5.1 TYPES OF HY, NS
Hydrocarbons ied based on their molecular structure and the

carbon atoms. They can be categorized into two

Aliph4 yegCarbons / \
class of hydrocarbon in which ﬁ II%I(W,OYV‘V,"’J

carlpn dtens are arranged in straight or branched

Gasoline is a fuel used in |

chaig” through single, double or triple bonds. ; _
. automobiles. It chemically
Th are often called as open chain . |
. . . consists of Cs to Cg carbon |
hydrocarbons. The name ahphfcl‘qc. was given to atoms. The grading of il
those compounds that were initially extracted | gasoline is a measure of its |
from fat and oil. resistance to knocking in an

Aliphatic hydrocarbons can be further | internal combustion engine

classified into saturated and unsaturated | 2nd isreferred as the octane
number. )

hydrocarbons. -




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,4

| R ¢

H3C - CH2 - CH2 - CH3 CH3 - CH - CH3 CH3 - C = i

(n — butane) (iso butane)

CH> Hal ———CHaz

\
Hgdgﬁg HaC

FJ

(cyclopropane) (cyel % cyclopentane) (cyclohexane)

Unsaturated Hydroc

“These hydro tain one or more double or triple bonds
between the arbon atoms in their structure”. Unsaturated
hydrocarbons lly referred as alkenes and alkynes. The general
formuyle theit Homologous series is CaH2n and CyHazn-2 respectively.

3 — CH, CH; —C =C—CH; CH, = CH - CH = CH,
opene) (2-butyne) (1, 3-buta diene)

Identify the following hydrocarbons as saturated and unsaturated.
C3H6! C7HlZ’ C8H187 C5H107 CSHS




Aromatic Hydrocarbons .
“Aromatic compounds are those which ‘ﬁ' DO)YOU
characterized by a cyclic arrangement of KNOW?

atoms that are connected by alternating Huckel's Rule states that
double bonds they generally follow the Huckle | aromaticity is exhibited by
rule (4n+2I1 electrons)”. The term aromatic | Planar cyclic compounds
.. « 5 with 4n+2 1 electrons,
originates from Greek word “aroma (Means | e ™" is a non-negative
fragrant, as these compounds were initially | jneer. These compounds
isolated from pleasant smelling plants. The | possess enhanced stability
parent member of this class is benzene which is | due to the delocalization of
why aromatic compounds are often referred as m electrons, making them

benzene and its derivatives. iy eonete, )
A VAN oA
CH: OH COOH
{Benzene) (Toluene) {Phenol) {Benzoke acid)
VANV
5.2 ALKANES A LKANES
are represented by both alkanes and
cycloalkanes. Ehe acntd] difference between these two lies in the way
their carbon atd &varranged. Alkanes have open-chain or straight chain
structuge ‘ anes on the other hand, have a close-ring or cyclic structure.
%‘ s are typically nonpolar similar to alkanes. Despite both

! hydrocarbons, cyclopropane exhibits distinct properties
(0 alkanes. Cyclocalkanes are named as cyclopropane, cyclobutane,
cyclgpentane and cyclohexane etc. =

5.2.1 Physical Properties

Physical properties of alkanes

(1)  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.




(1)) 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 area.

(iv)  Alkanes which consist of C; to Cy4 are gases Cs to Cy7 are liquids and
above Cy7 are waxy solids.

Physical properties of cycloalkanes

(1) Cycloalkanes of C3 and C4 carbons are gases, while cycloal sof Cs
or more carbon atoms are liquids.

(i)  The boiling point of cycloalkanes is lower than that traj ain
alkanes of comparable molar mass due to the ring strai

5.2.2 Structure
Structure of Alkanes

alkanes is tetrahedrally bonded with hydrggenetoms and other carbon atoms.
To illustrate the structure of alkefies the molécule of ethane is taken as a

representative example.
Ethane is composed of{t : atoms and six hydrogen atoms
(C2Hs). Each carbon atom in{étha hybridized containing four sp3 hybrid

of one carbon atom overlaps with the sp® hybrid
watom. The bond length between the carbon and carbon




Structure of Cycloalkanes

Cyclopropane is the smallest and
simplest cycloalkanes with a ring composed
of three carbon atoms and six hydrogen
atoms. The 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.

5.2.3 Reactivity

Reactivity of Alkanes
Alkanes are less reactive under no
are non polar in nature and hence a pola

(i) Draw the structure of cyclopropane and explain the angle strain in it.
(i) Boiling point of cyclopropane is less than n-propane explain why?




5.3 RADICAL SUBSTITUTION REACTIONS

Before explaining free radical reaction, we need to understand the
concepts of homolytic and heterolytic fission.

“The cleavage of chemical bond takes place in the organic molecule
either by homolytic fission or heterolytic fission”. In homolytic fission the
bond cleavage takes place evenly, with each atom receiving one of the ele&ron

from the bond. In heterolytic fission, the cleavage is uneven with om
receiving both electrons from the bond and the other atom receiving r@
II’_‘ L L
ﬂ' B A + B (Homolyric fssion) 9
™y -
A-B A + B (Helerolytic fasion)
A= B A + 1H (cwrolyiic fasien)

5.3.1 Reaction Mechanism N _
Free radical substituti {ons” are ﬁ DO)YOU
n. The KNOW?

typically carried out by

reaction between met a 16¢ine in U.V | The halogenation of ethane
light or at high temperature place through lsén?;::ﬁ;?c‘:t thaft{ $ai°f
free radical reattion. chanism of free cthane because of motre

product formation, firstly

radical reaction (91 s.0f following three steps. due to the presence of six
hydrogen atoms in ethane
Step- , ; instead of four in methane
he eaction begins with the breaking of |  and secondly b,e;lause N
t ine~thlorine bond in the presence of U.V | 'SOMSHISHLIS POSSIDIE at the
. . . . dichlorination step.
li cing two chlorine free radicals. \_ Y,

Step-2: Chain Propagation

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* + HICHy = HICl + +~CH

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

Ci:C1 + -CHhh — CHs:Cl + -Eb

Step-3: Chain Termination
This step leads to the completion of reaction whed @ll fre 1cals
combine to form three possible stable molecules.

i
cl* + «C] — (1:01
CHs» +C1 — CH::Cl
CHs* +*CHy ———» CH:: CH:
W
In reality, the reacti Vafter the production of methyl
chloride; rather, the remaj ydrogen atoms in the methyl chloride
molecule are substitut chlgrige #toms before the reaction stops.

Sunlight

,— CH,Cl + HC(I

(Methyl chloride)

Sunlight

_cl+ C,—=" > CH,CL + HCI |

(Methylene dichloride)

Sunlight
CH,Cl, + Cl, —— CHCl, + HCI
(Methylene dichloride) (Chloroform)
Sunlight

CHCL + Cl,— , CCl, + HCl

(Chloroform) (Carbon tetrachloride)




5.4 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. <
5.4.1 Structure of Ethene

To describe the structure of alkene, ethene can b 1@5 a
representative example.

The structure of ethene is characterized by two sp? hybiid carhon atoms
that are arranged in a trigonal planar geometry. The dquble ween the
carbon atoms is composed of a sigma bond, whi s¢s, frpan the overlap of
two sp? hybrid orbitals from each carbon atom_an which forms due
to lateral overlapping of two unhybrid p oM each carbon atom.
Each carbon in ethene is also bonded rogen atoms through sp-s
sigma bonding. The bond len £C single sigma bond is
approximately 1.34 A and bon the two carbon-hydrogen (C-H)
bonds is approximately 120

5.4.2 Preparation of Alkenes
Alkenes can be prepared by dehydration of alcohol and
dehydrohalogination of alkyl halides.



5.4.2.1 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.

i !
“
H—C—C—H T, c=c + HO
I I 170°C o
H H H H
{alcohol) {ethene)

5.4.2.2 Dehydrohalogenation of an Alkyl halige
When ethyl halide is treated with an alcgho ohﬁn of potassium

hydroxide (KOH), the elimination of a hydroge gen atom takes
place from two adjacent carbon atoms of al@ an alkene.
o o /!
i 60°C ,f N
H H H H
(ethyl bromide) {ethene)

€S
aCtivity of alkene as compared to alkane is attributed

to th pa pi bond between the carbon atoms”. The pi bond is
relative and requires less energy to break. Additionally the electron
de iated with the pi bond is distributed above and below the carbon-

car s, making the pi electrons more exposed to an Electrophilic species. 4
Congequently, alkenes readily react with electrophile making them more '
reactive than alkanes.

5.4.4 Reactions of Alkenes

Even though alkenes can undergo oxidation and polymerization
reactions, the most frequently observed reactions for alkenes are those
involving addition reactions.




5.4.4.1 Hydrogenation
In this reaction, hydrogen gas (Hz) is added across a carbon-carbon
i double bond of alkene. The reaction is carried out in the presence of metal
catalyst such as platinum (Pt), palladium (Pd) or nickel (Ni) at a temperature of
250 to 300°C.

; HC=CH,+H, ——""rs CH,- CH,,—--S

: (ethene) (ethane) O

N

5.4.4.2 Halogenation
The reaction of ethene with halogen is an additi actton which gives a

dihaloalkane. This reaction takes place in the pres 0 ert solvent such
as carbon tetrachloride or chloroform. {é\\

A
! H H H Br
\{:= \ + Bp—pr>>»>»>»=— H /“: C H
H/ H Hr H
{ethene) [ 1.2-dibromo ethene)
5.4.4.3 Hydr atlon
dit fa halogen acid (HX) on an alkene to give an alkyl halide

is kno logenation of alkene.

CH, =CH, +H-Br > CH,-CH, -Br
{ethens) {ethyl bromade)

The addition of halogen acid on an unsymmetrical alkene is governed by
Markovmkov 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 atom which holds lesser number of
hydrogen atoms while the hydrogen atom is attached to the carbon atom
with the highest number of hydrogen substituents”.




For example the reaction of propene with hydrogen bromide (HBr) gives
2-bromo propane as a major product. Br

|
—= (H,—CH—CH,
HB: I-bromepropae
CH,—CH==CH; —
propne

. ':H_-.——EH:—CH:—Br

| -brnmuprapans O
The order of reactivity of halogen acid (HX) is HI > HBr > H
5.4.4.4 Hydration
The addition of water on an alkene to give alc is hydration
of alkene. This reaction is carried out by acid catalysis -180°C.
H
HC=CH, 4 B0 —22ts CH—CH~—OH
(ethene) eﬂly! aleohol )

5.4.4.5 Halohydration (conﬁ 0r alkene)
Halohydration is a reac % halogen reacts with alkene in

presence of water and formsshal

CHy=CH; H B ® HO —— EH—E‘H- + HBr
(ethene) ":_'|FH
\V (bromohydrin)
jon
jeion of oxygen to the double
kene is known as epoxidation. The

bo a - .
pr:% this reaction is an epoxide which is a EPOXIdeS are used as 4
thred membered cyclic ether. verssills bullding bilveis im

5.4.4 i

the synthesis of ar
pharmaceuticals,
1 P(eé:f‘é‘(“) i;;d \C agrochemicals, and various
CH,—CH, + > O0,—wc > CH, H, | fine chemicals, and they also
(ethene) (epoxide) serve as important

intermediates in the
production of polymers and

surfactants.
N\ J




5.4.4.7 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 formation of ozonide intermediates which are unstable and
quickly decompose to form an aldehyde.

.i"l\ Za 4]

- H,C CH ]
CH,=CH; + 0,— "7} wha Tﬂ;—ﬂn*zﬂr'c“- + I}

0—0 H
(intermed e}
{ethene) {ethylene oronide) { Formaldehyde)

~

What major product obtained when
(i)  Propene reacts with hydrogen iodide
(i) Ethene reacts with chlorine water
(ii1) Ethylene reacts with ozone

5.4.4.8 Polymerization \‘?
Polymerization of al i he linking of many alkene monomers

together to produce a p ¢ n:
_ 200°C [ ]
nH,C=CH, Joppem® ~—|CH:,——CHi |-

iethene) ipolyethene)

ydrocarbons that contain a triple bond between the two carbon

~&5.1 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

5.5.2 Physical Properties

» Alkynes are colourless and odourless ¢
garlic like odour.

» Alkynes are insoluble in water
acetone, ether, Ethyl acetate

» Melting and boiling pqin
alkynes.

» First three mem are
liquids.

5.5.3 Prepara ’Alkynes by elimination reaction
s arg generally synthesized through

elimina fons, which involve the removal f_{qb\:m
groups from two adjacent carbon KNOW?

ith increasing molecular mass of

s*and next members up to 12 carbons are

of _
ato When two halogen atoms L
are attached to two adjacent

Dehydrohalogenation of Vicinal dihalide

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.

carbon atoms, it is called |

vicinal dihalide but if two
halogen atoms are attached
on the same carbon atom the
molecule is said to be

geminal dihalide.




8288

H Br H H

\ / Heat N o
H—C—C;H + KOH ~ r('f= + KBr = Hy)
Er H Br H
{1, 2=dibwvmnucthine) (winyl brormice )
H H
'&_(__c_; v KON —DM g e YR HO
L 5, Algahol eSS
4
Br H
{vinythromide) (ethyne)
_ , h
Dehalogenation of Tetrahalides o
A tetrahalide on heating with zinc dust fo e
—
Br Br H . Br

/ /
| H—.{‘—-{‘i——H v I —- C:(:‘\ + ZoBr,

Br Br H
(1,1.2.2-tetrabrosmoethane) (1, 2-dibromoethene |
H Br

/
Y= b oz —B= oy cmc—w + zan
A

Br H

{ 1. 2<dibromocthenc) fethyne)
N %
cidity of Terminal Alkynes

Hydrocarbons containing a triple bond on the terminal carbon, (ethyne,

-propyne, 1-butyne etc) are characterized as weak acids.
The sp hybridization of carbon in terminal alkyne, such as ethyne, results
in their slight acidity. The 50% s character of sp hybrid orbital of carbon makes
it slightly electronegative. It cause the hydrogen atom attached to it to be
slightly electro positive. This polarity weakens the C-H bond making it easier
for a base to abstract the hydrogen atom from terminal carbon.

113



PR B s-character and pka values of ethane, ethene and ethyne

Type of
Hydrocarbon % s-character pka value
Hybridization
Ethane sp? 25
Ethene sp? 33
Ethyne sp 50

containing compounds including ammonical silve

cuperous chloride. O
_ NH
HC = CH + 2AgNO, =CAg + 2H,0
Iver acetylide)

(white ppt)

CuC = CCu + 2H,0
(copper acetylide)

(red ppt)

How can you distinguish between an ethene and an ethyne by simple
chemical test?

5.5.5 Addition reaction of alkynes

Alkynes undergo addition reactions similar to alkenes however, the
reactivity of alkynes towards electrophilic reagents is relatively less than that of
alkenes.




The carbon-carbon triple bond in alkyne comprises of one sigma and two
pi bonds, with the electron density between the carbon atoms being
exceptionally high causing the atoms to be drawn closer together. As a result
the electrons in the pi bonds are less exposed compared with the alkene.
Consequently, alkynes exhibit lower reactivity than alkenes.

5.5.5.1 Hydrogenation

Alkyne reacts with hydrogen in the presence of metal catal
nickel (Ni), platinum (Pt) and palladium (Pd) to give an a hen
further reacts with another molecule of hydrogen to produce a

l“-&ﬂ‘ﬂ

HC=CH +H, ————» HC=CH,
{ethyne) {ethene)
HC=CH,+H, — 2~ < CH-CH,
= Wi, Pt or Fd
{ethime] {ethame)
5.5.5.2 Hydrohalogen
The final produ th of an alkyne with hydrogen halide is a
dihaloalkane, howevet, the r n completes in two steps. The second step
involves the MarkQyni
& Bl'
H-C=EC-H+ H—Br —» !.'_'I-L—EH
' ethyne (Bromoethens)
I b = {Markovnikow's nale ?I
> CH,=CH + H—Br ! cH—CH
B
{hromeoethens) 1 1-dibromosthans (gomical dikalile)

5.5.5.3 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.



b i H0C E'}H ,.; ot {’i,
H-C=EC-H + H—0H 1,50, HgSo, CH, EH. e CH, H
[ethyree] [vinyd abcohiolj (acealdetyde |
OH ] 0
gl 00°C ' -
H—C=C-CH,* H—0H ————— |CH,=C—CH}—"—»CH,—C—CH
H:mirl'[ﬂsul o "

{prapyne (Enol form)
! (2-hydroxypropene)

|m|
5.5.5.4 Bromination U
The addition of bromine to an alkyne moleculgsgives ‘q_dt o alkene

which then absorbs another bromine molecule to p tra&romo alkane.
Br
cal |
H—C=C-H+Br—Br —— Hf =—CH
Br
i 1 2-ibromoethene

Br Br Br
| ce, , L1

H(E’z CH + Br—Br * HC—CH

| I
Ar Br Br
|.1,2 2-ietrabeomoethanc |

o ? 9
H-CRC-H +0; —*H-C-f-H — ~—+ H-C~C-H
0

{ethyne) {ozomide) (glyoxal)




Alkanes

Alkenes

Alkynes

Alkanes are chemically
less reactive since the

sigma bond between
carbon-carbon  requires
high energy to break.

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

Alkynes display higher
reactivity than alkanes
but lower reactivity than
alkenes  because 1
electrons are no i ly
exposed owi

short W

bond.

They do not oxidized by
KMnOg.

They oxidize by KMnOs.

They 0@1\4 nOa.
O\

5.6 ISOMERISM

P WA Comparison of the reactivity of alkanes, alkenes and alkyens

referred as isomerism”,
Isomers are initially cl
(1) Structural isomers (|

ed
ter,

agh isomers
“It is a type of structural isomer in which the molecules differ from
ach other with respect to carbon skeleton”.
For example C,H;, exists in the following two chain isomers.
CH;
I
CH; — CH — CH;

(isobutene)

H,C — CH, — CH, — CH;

(n — butane)



Similarly CsH;, has the following three possible chain isomers.

CH;
CH3 I
| CH; — C—CH;
CH; — CH — CH, |
CH; — CH, —CH, — CH, —CH; —CH; CH;
(n - pentane) (isopentane) (neopentane)

Position isomerism
“In this type of isomerism, the structural difference i

change in the position of functional group”.

For example C,Hg has two position isomers.

CH; — CH = CH — CH, g — =CH2

(2 — butene)
Similarly the two possible position isomers @ 1ven as.
CHZ - CHZ - CH3 H3 - CH CH3
I
Cl
(1 — chloropropan 2- chloropropane)

Functional group iso
“Two molecul
from each otheg by

e same molecular formula but differing
Ape of functional groups are called functional

ible functional group isomers of C,H,O are given as.

yl alcohol) (Diethyl ether)
ample of molecule exhibiting functional group isomerism is C3H¢O
0 0
[ [
H3C_CH2_C_H H3C_C_CH3
(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 C,H;,0 are.

CH3 _O_C3H7 C2H5 _O_CzHS
(methyl propyl ether) (Diethyl ether)

» Draw the possible position isomers of C4H0, CsHi2, C4Hs, CsH1o, C4Hs,
CsHg with their [UPAC names.
» Draw the possible functional group isomers of C:HsO, C3HeO, C2H402

with their [UPAC names.
\.__/

pcarbon atom is
& tom on which these
bon and the phenomenon is

5.6.2 Chiral Centre

“A chiral centre is formed in a molec
bonded to four different atoms or groups =
different groups are attached is called

referred as chirality.
ino acid and lactic acid four
on as given in figure 5.4.

1524 |DO)YOU
KNOW?
X A racemic mixture is formed
HO —C* — COOH if both D and L isomers of a
| compound are present in
H equal amounts within a

solution. The solution
exhibits no rotation of

For example, in the
different groups are attache

polarized light.

A pair of enantiomer

Optical Activity
Light is composed of waves that vibrate in
multiple planes, however when this light passes
through a polarizer, the waves are restricted to a
single plane of vibration and this is now called as
plane of polarized light. i ‘r:(‘)’t‘;‘t‘lt::’(ll‘;"x‘_s;

enantiomer enantiomer
\_ dextrorotatory levorotatory )

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 direction at a certain degree. “This
property of rotating plane of polarized light when passes through a
solution of a compound is known optical activity”. The device used to
measure the optical activity is known as polarimeter. The components of a
polarimeter is shown in figure 5.5. :

L ==\
S0
i sdariese analysar
5.6.4 Optical Isomers N

f—Mirror

“Two compounds having
the same molecular formy]4

called optical

enantiomers”.

|
|
|
|
l
|
of plane of polarized ; :
_
| O
|
|

L-Amino acid

p-Amino acid

. These two optical isomers are mirror images to each other but not
imposable and are known as enantiomers (Fig:5.6). o A

5.6.5 Stereoisomerism (Geometrical isomers)

Stereoisomers are a type of isomers that have the same molecular
formula and connectivity of atoms but differ in the spatial arrangement of atoms
in three-dimensional space, resulting in distinct physical and chemical
properties.




Geometrical isomers are a type of stereo isomers and are found in the
compounds having two different groups on double bonded carbon atoms. Both
compounds have restricted movement of atoms of groups around double bond.

“Geometrical isomers are of two types, one is called cis and other is
called trans”. If the same groups lie on the same side of molecule, this is called
cis isomer where as if the same groups lie on opposite direction in the moleglle,
this is referred as trans-isomer (Fig:5.7).

4

the presence of high cg omtents in the molecule. Its molecular formula is
CgHg. It was firstwisolated=by Michael Faraday in 1825. The structure of
benzene was su y Kekule in 1865. According to him “benzene is a
na olecule with alternative double bonds”.

d" certain other chemists studied on Kekule structures of

.7.1 Physical Properties

» Benzene is a colourless liquid having molecular mass 78 g/mol.

» The melting point of benzene is 5.5°C and boiling point is 80°C.

» The density of benzene is 0.88 g/cm?.

» Benzene is insoluble in water but soluble in organic solvents such as ether,
acetone and chloroform.



5.7.2 Molecular orbital structure of benzene

Benzene consists of six carbon atoms in a ring, each carbon is sp?

hybridized and has three sp? hybrid orbitals.

Two hybrid orbitals of each carbon atoms
are used to make sigma bond with the adjacent
carbon atom, through sp? — sp? overlapping. The
third sp? hybrid orbital is involved in sigma
bonding with hydrogen atoms through sp? — s
overlapping. All sigma bonds in benzene are
coplanar and have bond angle of 120°. In
benzene, the carbon-carbon (C-C) bond length as
well as carbon-carbon double bond (C=C)
length is approximately 1.39 A.

The six carbon atoms in benze
that are oriented perpendicular to thg
these p orbitals gives six delocali ’o&

are located above the plane

The six electrons present.d
carbon atoms in the molegtle

ﬂ DO)YOU
KNOW?

Delocalized pi electrons are
not confined to a specific
bond but instead spread out
over a larger region of a
molecule. Delocalized pi
electrons are commonly
found in molecules with
alternate single and double
bonds like benzene.

N

L

non hybridized p orbitals
he side wise overlapping of

ar orbitals where half of them
below the plane of sigma bonds.
dr orbitals are delocalized over all six

Sigrma bond formation

1 e 17 bl

bakove the plana.

M ilrioers Choud Iy abienh ard




The molecular orbital structure of benzene provides the following information.

(i)  Benzene is a planar hexagonal molecule.

(i)  Pi electrons of benzene are delocalized and responsible for the extra
stability of molecule.

(iii)  Actual structure of benzene is a hybrid of two resonating structures

described by Kekule. <

Kekule Structures

-0 =@ O

Two equivalent resonating structures of benzene A_es&@?@ h}d;xid_{

5.7.3 Addition reactions of benzene \Y;

Benzene, being an aromatic co ighly resistant to addition
reactions due to its stability. Howeve conditions, it can undergo
addition reactions. So far only the gQdi ogen and chlorine to benzene
has been observed. %

Addition of Hydrogen
Benzene undergdes a ition reaction with hydrogen to produce

cyclohexane. It js.a catalyt rogenation carried out in the presence of Nickel
at 200°C and 3$§sggenc pressure.

Ni 200°C
0 @ + 3IH: ey = O

(Hemeene) P welnhexane)

Benzene, despite having six delocalized pi electrons in its six p orbitals,
ss susceptible to addition reaction compared to alkenes and alkynes. The
eason for this is that pi electrons in alkenes and alkynes are more localized
between the two carbon atoms, making them more easily accessible for an
electrophilic attack. In contrast, the pi electrons in benzene are highly
delocalized, which makes it difficult for incoming electrophile to attack and add
on the benzene ring. So far only the addition of hydrogen and chlorine to
benzene has been observed.




Addition of Halogen

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

Benzene is highly unsaturated but it shows stability towards addition reaction.
why?

NS
5.7.4 Electrophilic substitution reac \en/ene

5.7.4.1 General Introduction
Electrophilic substitutio i a B
PULIC SUOSTIILO . . (D0)YOU
type of organic reaction in ywhic phile " KNOW?
reacts with an electyefiy und and _

1 I hil h he i Electrophile is an electron
rgp aces an electrop .1 the ¢ ound. The six deficient species that seeks
pi electrons of p,arbitahofbefizne are spread out | o gain an electron. Some
over all six ca atoms, this makes benzene common examples of

less reactive towartsaddition reactions and more electrophiles are chloro

Electrophilic  substitution | cation (CI), alkyl cation
P HDSHI (R"), acyl cation (COR"),

nitronium ion (NO%) and
sulphonium ion (S03H™).

ilic substitution reaction of benzene -

Step-1: Generation of an electrophile
An electrophile (E*) is generated by reaction of catalyst with the reagent.

E—-7Z + Catalyst ———  E* + [Z — catalyst]




Step-2: Formation of Arenium ion
: The electrophile attacks on pi system of benzene and forms a carbocation
- known as arenium ion.

—[g—~—0

(Sigma camples)
In this attack, one carbon of benzene becomes sp* hybridige @nce
the aromaticity of benzene has lost.

Step-3: Abstraction of proton
| The unstable non aromatic arenium ion th proton and changes
into the product.

_ql H
A
+ |Z - catalyst] ——— + Catalyst + HZ

In this stage atici f benzene is restored. Benzene undergoes
following types of Ele figrsubstitution reactions.

Nk

=
' @ + HNOzconc.) o 5 + H::0

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

(NOZ).




B

BSOS
Similar to benzene, toluene also undergoes nitration, but the product is a
mixture of ortho and para nitro toluene.

Ha
Wik
2 + ZHNOy — + IH:0 ‘
IBE1 ) {3350

CHy
{pelugnep {m-nbiroinlecne) {p-mitrednlucne )
5.7.4.3 Sulphonation
Benzene reacts with conc. sulphuric acid at 50 to 60° ' benzene
sulphonic acid.
M ”~
SOsH
@ + }hsnﬂ'{ull‘—u‘ff-—h @ + H:()
ihenecnch _ ihcnazne sulphonke scid)
This reaction may also be ie % om temperature if fuming sulphuric
acid is used. P
SO:H

Sulphgnatioh, of toluene gives a mixture of ortho, para methyl benzene
sul
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5.7.4.4 Halogenation
Benzene reacts with halogens (Cl,, Br,) at room temperature in the presence of
a Lewis acid (FeCl;) to give a halobenzene.

@ + Cle —3 @ + HCI <
g - O

If toluene is allowed to undergo halogenations, it give ixture ho,
para chlorotoluene.

. s
E{S + CE—t @’ + 200

Iistuene) : 1%}
N
5.7.4.5 Friedal Craf
Benzene under rea with an alkyl halide in the presence of a
Lewis acid (AlCl ) to alkyl benzene.
CHs
@ +  CHoCp — 2 @ + HCI
{valuene)

"B
a@m&r@’“ of @5
LHi

Tl
HETTEE T In-l:rhl [ﬂ-lﬂvl IIH;_EHI-II



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

CH»==10
@ + CHJ—H—CI e, @ + HC!
(hemzeme] jneylchloridc) {aceiophenome)

The attacking electrophile in this reaction is acyl catio which is
produced by the reaction of acyl chloride with Lewis a€id (Al ylation of
toluene give only the para product.

Ha “
+ E‘H.i—ﬂ—ﬂl —_— +  H:D
COCH)
o bsnbuar ez} Fecvtupheneni Ap-mvibal acelophenongg

because all the hydiegen atoms in benzene are
equiv one of them can be replaced
by an trophile. However, if a second
e itroduced into the benzene ring, it | ortho ortho
canhe stituted at any one of the remaining o
hydmgen atoms and occupy one of three
isomieric positions (ortho, para, meta) while it | meta meta w
might be expected that the three isomers would |
be formed in approximately equal proportion, in para
reality, the percentage of each disubstituted \_ Y,
product is quite different.

When an Electrgphili ent reacts with . \
benzene, a mofiositbsti rocﬁlct is obtained "ﬁ D.0)YOU
x> KNOW?
N

R

It is because the first substituent influences the position occupied by
incoming Electrophilic reagent. “The effect of the first substituent on the




incoming electrophilic reagent is known as substitution effect or orientation
~ of benzene”. Generally the substituent of mono substituted benzene provides a
direction towards ortho-para or meta positions.

@+£t—h <

i ibenarne) [snusabitivede produe |
El
oS @ @
{mnssubatiiude product} Trihad ':HHJ

' (i) Ortho, para directing groups
“These substituent grou

incoming Electrophilic substi

increase the electron densi

effect. The increased e

for the incoming electripphile

ed to benzene ring, direct

rtho and para positions”. They
And para positions through resonance
on these positions make more attraction

For exa th oup of phenol is ortho, para director and when
reacted with ch resence of ferric chloride(FeCly), it gives a mixture of
ortho p oro\p

Qo
2 + 20, P, ({5’ é + M
(jphiiialy (= chibain gebenal) {peclbasra pheaals

(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.




For example the - COOH part of benzoic acid is meta directing. Thus,
when benzoic acid reacts with nitric acid, it produces a meta product.

H O0H
ac. H
|+ 1m0, ne 50 +H,0
Benzoic cone NDy

weid Meta mitro m

§ 1) (BRI Comparative studies of ortho, para and meta directing group
T r

Ortho para directors Meta director
They release electron to the aromatic | They  with clectfon  from
ring and increasing the electron | benzene a do decrease the
on ortho para

density on ortho para position. el

When they attached with § \\fley attached with the

benzene rings they allo e ring, they invite the
incoming  electrophilic coming  electrophilic ~ reagent
toward ortho and par@tl towards meta positions.

Example are -R, —W Cl, | Examples are -COOR, -CHO
—Br, —CHj,, tc - COOH,—NO,,—COCH3, —SO3H etc

5.7.44 Lheparjgion of poly substituted benzene

pbsfituted benzene is formed by the replacement of two or more

hyd§ oms of benzene ring with Electrophilic reagents. These are also _
call atives of benzene. When synthesizing a derivative of benzene, it is /
impgrtant to consider whether the electrophile already attached to the mono 4
substituted benzene is meta directing or ortho para directing. iy

!

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 is
treated with hot concentrated nitric acid. Since - CH; group of toluene is ortho
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para directing, it invites the NOI group of nitric acid towards ortho and para

positions.

H»

@ ¥ CHCl —n + HCI
(henFene) i vl weme)
H» Hs

N Nk
Heat
+ IHNO3cone) + + 3H:0

Nn
(tnlucme) (TNT)

Preparation of m-nitro tole

gitro toluene, the first step is to transform
to the meta directing nature of nitro group of

benzene into ni oben
nitro benzene, i coming - CH; group towards the meta position.

In order to synth€size ®

N
@ + HNOsconc) —— + H20
(henzeni) | mitro Bensene)
N
+ cio —— + HCI
Hx
{nitro bemzene) (m-nitro toluene)




SOCIET.YATECHNOLOGY
) AND SCIENCE

Biofuel as energy need of Pakistan

The rising energy demand in Pakistan has led to a growing interest
in exploring domestic and low cost alternatives. Biofuel is a type of
renewable energy derived from organic material known as biomass.
There are three main biofuels manufacturing in Pakistan.

(1) Bio diesel: It is produced by animal fats and vegetable oils by special
chemical process.

(i1) Bio gas: It is produced from cow dung and other organic wastes.

(iii) Bio ethanol: It is produced by the fermentation of starch or sugar.

- J

SO

:= Y m AR
» Organic ¢ un are made up of hydrogen and carbon atoms are
known as ons.
> In gettwate roCarbons all carbon atoms are attached with each other by
y.
»>JUn sited hydrocarbons one or more double or triple bonds are

Win the carbon chain.
> Ard¥matic compounds are characterized by a cyclic arrangement of atoms
hat are connected by alternating double bonds. B
» The boiling point of straight chain alkanes is higher than branched chain
alkanes.
» Cyclopropane is the smallest and simplest cycloalkanes with a ring
composed of three carbon atoms and six hydrogen atoms.
» The cleavage of chemical bond takes place in the organic molecule either
by homolytic fission or heterolytic fission.
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» Alkenes are mostly prepared by dehydration of alcohol and
dehydrohalogenation of alkyl halides.

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

» Markovnikov’s rule states that when an unsymmetrical alkene undergoes
addition reactions, the negative part of attacking reagent is added toghat
double bonded carbon atom which holds lesser number of hydrogen atdms.

» The addition of oxygen to the double bond of alkene is as
epoxidation.

» Ozonolysis is a chemical reaction that involves the clea 0 ne
or alkyne by ozone in the presence of reducing agent suc 7l

» Polymerization of alkene involves the joining oi¢Mh onomers

together to produce a polymer chain.
» All those alkynes which contain termig

character.

» Organic molecules having the sa s ormula but differing in the
way their atoms are connec other are called as structural
1somers.

» A chiral centre is form

four different atom T ;

» Two compounds ng me molecular formula and same structure
but differingaffom er by the optical rotation of plane polarized
light are cal% 1Somers.

¢

le when a carbon atom is bonded to

> Benzgms, d ving six pi electrons in its six p orbitals, is less
sus b to'gddition reactions compared to alkenes and alkynes.




RCISE

VRl RO Questions

(1)  The final product obtained when hydrogen bromide (HBr) is added to.
ethyne molecule:

(a) Bromo ethene (b) 1, 1-dibromo ethane
(¢) 1,2-bromo ethane (d) 1,1,2,2 tetra bromoethat

(i) The formula of a saturated hydrocarbon is C3Hs, it sho e: :
(a) Propane (b) Propene
(c) Propyne (d) Cyclopr e

(ii1) Ozonide on heating with zinc dust produce:

(a) Alcohol de
(c) Alkene
(iv) Which of the following pair: epresent functional group
isomerism?
(a) 1-butene and 2-bugene 0¥ Ethanol and dimethyl ether
(c) n-butane and 1 (d) Diethyl ketone and methyl propyl
ketone
(v) The subsdf act as a meta director is:
(b) -CH3
(d) -COOH

as among the following is:

(b) Acetylene : ;
(d) Methane

(vii) Benzene burns with smokey flame because of its:
(a) Inflammability (b) High carbon % age
(c) High resonance energy (d) Aromaticity

(viii) Select the suitable chemical to distinguish between Ethene and Ethyne:
(a) Alkaline KMnO4 (b) Acidified KMnOg4
(c) Bromine water (d) Ammonical AgNOs3




(ix) Meta directing group among the following is:

(a) - OH (b) — NH:
(c)—CH; (d) - NO2
(x) Acylation of benzene in the presence of AICI3 gives:
(a) Toluene (b) Acetophenone
(c) Phenol (d) Xylene <

Short Questions
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in the presence of sunlight.

3. Complete the following reactions and ngnt€the'n
each reaction. @
H28O4eone 170°C

C,H-OH

C,HsBr + KOH-2loholahed \

CH; — CH = CH Br

ayor product formed in

(11) CH3COCl (111) HNO3(conc,) (1v) H2SO4(cone.)

Bring about the following conversions.
(1) Toluene to ortho-para nitro benzoic acid
(i) Benzene to m-nitro toluene

7. How can you prepare ethene from dehydration of ethanol and ethyne from
dehydro halogenations of ethyl chloride?

8. Alkanes are generally referred as parafins due to their less reactivity, why

are they stable towards chemical reactions?



1. Draw the orbital structures of the following hydrocarbons.
(1) Ethane (11) Ethylene (111) Acetylene

2. Write the equations of the following chemical processes.
(1) Ethylene is heated at high temperature and pressure.

(i1) Ethene is burnt in air in the presence of per acetic acid. %
(111) 1,2-d1 bromo butane is heated with alcoholic potassium hyd .
(iv) 1,1,2,2 tetra bromo ethane is heated with zinc powder, -
(v) Reaction of chlorine with acetylene .

3. Ethene is more reactive than ethane but less reactive tha
you explain this behavior?

4. What is meant by isomerism? Explain four{diffe pes of structural
isomers and give one example of each.

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

6. Describe the molecular orbj benzene.

7. Give the mechanism cctrophilic substitution reaction of
benzene.
(a) Nitration b) Acylation (c) Chlorination
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Discuss the physical properties, structure and reactivity of RX. (Understanding)

Describe the preparation of RX by the reaction of alcohols with HX, SOCl» and PX3 and by halogenation
of alkanes. (Understanding)

Explain the mechanism and types of nucleophilic substitution reactions. (Applying)

Explain the mechanism and types of elimination reactions. (Applying)

Compare the nucleophilic substitution versus elimination reaction. (Analyzing)

Explain the preparation and reactivity of Grignard's Reagents. (Applying)

Applications of Grignard's reagent (Water, esters and carbon dioxide and amines). (Applying)

Explain the structure and basicity of amines. (Applying)

Describe the preparation of amines by alkylation of ammonia to RX and reduction of nitriles, nitro and
amide functional groups. (Understanding)

Explain the reactions of amines (RX, aldehydes, and ketones) and preparation of amides and diazonium
salts. (Understanding)

Enlist the important compounds of Alkyl Halides and Amines with their applications. (Applying)

Explain the reactivity of alkyl halide with respect to polarity of C- X bond. (Understanding)

Explain why primary alkyl halide favors Sx? reactions and tertiary alkyl halide Sx'. (Understanding)




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. Monohaloalkanes have only one halogen
atom, dihaloalkanes have two halogen atoms and trihaloalkanes have gHre
halogen atoms.

Monohaloalkanes are usually called alkylhalides and represented b
R-X, where R is an alkyl group and X is halogen atom (functigmgl
general formula of monohaloalkanes is Cn,H2n+1X where repr
number of carbon atoms.
Alkyl halides are widely used in the synthesis of orga omp s they are
versatile compounds that can undergo a wide variefio tighs. They are also
used as solvents and in the production armaceuticals and
agrochemicals.

6.1 ALKYL HALIDES

Alkyl halides can be
halogen atom is attache
where the halogen-be ca
When two carbon ato e

ng to the carbon atom to which the
alkyl halide refers to an alkyl halide
1S bonded to only one other carbon atom.
ed to the halogen-bearing carbon, it is known
alide. Finally, a tertiary (3°) alkyl halide is
alogen-bearing carbon being bonded to three carbon

R—(—A R—L_—X\ R—(—XA ;

(= Ayl halide) (7« Alky! halide) (¥- Alky) halide)
Examples of alkyl halides are given below
Primary alkyl halide: 1-Bromopropane (CH3CH2CH2Br)
Secondary alkyl halide: 2-Bromopropane (CH;CHBrCH3)
Tertiary alkyl halide: 2-Bromo-2-methylpropane (CH3C(CH3)2Br)




6.1.1 Structure of Alkyl Halide

Let us consider methyl chloride (CH3-Cl) as an alkyl halide. The
geometry of molecule is explained by hybrid orbital theory. 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 orbital<are

shared with three s-orbitals of hydrogen atoms and one p-orbital of chlormg by
head on overlapping to make four sigma bonds (Fig.6.1).
: :
’
..-lr|| '.‘I"'
i 1"
rl %
b}
lf'rlr 109 c \\1
i o Taaeniing R ey H
HH

6.1.2 Physic erties of Alkyl Halides
Phwsjcal

% alides with lower number of carbon atoms and different halogen
as-gas or liquid at room temperature, whereas alkyl halides with

e Dot atoms i.e. beyond 18-carbon atoms are colourless solids.

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.



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

6.1.3.1. Reaction of Alcohol with Hydrogen Halides:

Alcohols can be converted to alkyl halides by the reaction with hyd
halides. The reactivity of an alcohol with halogen acid follows the
HBr > HCl. When producing an alkyl halide from hydrog
anhydrous zinc chloride (ZnCl,) is used as a catalyst.

R—0OH + HX—— > R—-X + H,0
ZnCl,

CH,CH,0H + HCl ——— CH +

(Ethyl alcohol) (Hydrogen chloride) 1 chl )

6.1.3.2. Reaction of Alcohols with othe

‘ PCls, PBr3, PI3) to form

grestasily available, the reaction

612

ed agents

Alcohols react with phosphor
alkylhalides. Since phosphorus tric
is generally carried out by usin

3R—X + H,;PO;

3CH,CH,Cl + H4PO,

(Ethyl chloride) (Phosphorous acid)

R—0H + SOX, ———— > R—X + SO, + HX .

CH,CH,OH + SOCl, — =™, CH,CH,Cl + SO, + HCl 0

(Ethyl alcohol) (Thionyl chloride) (Ethyl chloride)

6.1.3.3 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, Y » CH,Cl + HCl

(Methane) (Chlorine) (Methyl chloride)

6.1.4. Reactivit .
% Y ﬁ DO)YOU
o il KNOW?

. Alkyl halides are highly reactive than
i their ~ corresponding alkanes. “The high | Alkyl halides are considered

reactivity of alkyl halides is attributed to the as precursors of many
polarity of carbon halogen bond”. Alkyl | organic compounds due to
halides contain halogen atoms (F, Cl, Br, I), their ability to undergo

4 various types of chemical
reactions and functional
group transformations.
Chloroethane (CH3CH>CI)
can be transformed into
ethanol (ethyl alcohol) by
replacing the chlorine atom
with a hydroxyl group (-OH),
showcasing the versatility of
alkyl halides in organic

d towards the synthesis.

to elimination - J

which have high electronegativity than carbon
atom and thus make them electrophilic rea

The electrophilic center

which results in nucleophihy
reactions. Furthermore, the ¥
the molecule becomes
of electron density o
halogen, makig®=_it

reactions.
s ilic Substitution Reactions
pe of chemical reactions in which a & %ﬁov‘gy
gaJtucleophile (electron efficient species) -

ces the weak nucleophile of the substrate is Nucleophile is a

ed as nucleophilic substitution reactions”. chemical species within
a molecule that can

R—-—X + Nu—> R—Nu + X~ donate a pair of
(Alkyl (Attacking (Product) (Leaving electrons to form a
halide Nucleophile) Nucleophile) covalent bond with
Substrate)
another atom or
When alkyl halides are reacted with an molecule.

aqueous solution of sodium hydroxide (NaOH) or



potassium hydroxide (KOH), the hydroxide ion (OH) acts as strong nucleophile
which attacks the partially electropositive carbon atom of alkyl halide, as a
result, new bond is formed between carbon and attacking nucleophile.

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

.
—U"p R-0H Alcobiol
5
1—",, R-%H Thial {Mereaptin) ;
+ N
—e RN Nitrile ﬁ

X + R - 000D 3 )
d —= R -0{MIR Ester

+0-R
— = HR-0-R Ether

Lﬂ:r R - 5NH: Primary ammlne
AW ALY N
JE1) XN BN Some common strong Nucleophiles along with their typical reagents.

F A 5 N

Nucleophiles Typical Reagent
Hne” NaOH, KOH
KSH
NaCN
3-COO ~ CH3-COONa
CH3-CH2-O - CH3-CH2-ONa = 4
NHz NaNH; i ;I.;.-"‘

Why alkyl halide undergoes nucleophilic substitution reaction? Which reagent
is required to convert a methyliodide into:
(1) Methanol (ii) Methyl cyanide (iii) Dimethyl ether (iv) Thiol




Mechanism of nucleophilic substitution reactions
The mechanism of nucleophilic substitution reaction is divided into:
- (i)  Sn'Reactions

(i)  Sx* Reactions

SN! mechanism <

It is unimolecular bi-step SN reaction. “The SN1 reaction mecimmj
proceeds in two distinct steps, with the first step involving the[d§
of the leaving group (the halogen atom) from the sub e
leading to the formation of a carbocation intermediftf, fo
nucleophilic attack in the second step”.

Step-1: Departure of halogen from substrate t@( Hekation

HC TH*
:}: _r.;,r ﬂnw—mp._ Ca oy + ﬁf (Rate determining step)
1 H.cl"?‘" ‘ H} CH]
H.C g il
(tert-butyl bromide) »(‘c.;'bocation)

Step-2: Attack of str@u; ile on carbocation to form product

/,__\\ H;c\ S

C—CH; ¥ B ——— L—0H or HO—C.
He” "\// e x
H.C CH,
a Rn) (nucelophile) (product)
rtiary alkyl halides undergo SN! reactions more readily than primary
or sécondary alkyl halides due to the stabilizing effect of electron-donating
~afkyl groups, and favoring the formation of the carbocation intermediate, thus
facilitating the SN! reaction.
Chemical reactions that processed via the SN! mechanism exhibit first-

order Kinetics, and the rate of the reaction is dependent on the concentration of
the substrate, not on the nucleophile involved in the reaction.

R =K [Substrate]




SN? 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
electrophilic carbon. The nucleophile attacks from the back side becaus¢

front side is sterically hindered by the nucleophile of the substrate. m

-
-

H | H ' H
- \'"- | | .
HO C—Br | HO == -Co-=-Br| ——— HO=Comy Br
El\."‘j | £ \ H
H [ H H H

o
(Attacking (Substrate) (Tranmsitign % (Product)
Nucleophile)

ed in primary alkyl halides and
and methyl carbocation are highly
ting alkyl groups.

The SN? mechanism is
methyl haldies because pri
unstable due to the lack

The SN? mecha S followed by second order kinetics which means
that the reactio is_deépendent upon the concentration of both substrate and
attacking nucleo

R = K [Substrate] [Nu]

Ca Qs and their stability -

“Carbocations are organic ions that have a positively charged &= 4
carbon atom. They are formed when a carbon atom loses a pair of )
electrons”. Carbocations are classified into primary, secondary and tertiary
depending upon the number of carbon atoms bonded to positively charged
carbon atom. Carbocations are highly reactive species, they can be formed as
intermediates during a chemical reaction. Tertiary carbocations are more stable
than secondary and primary carbocation because of electron donating tendency
of alkyl group.




] ® o' @ ! 1
i Number of CH < L LC3
f carbons 3 R "CH, R'® "CH, HC"® CH,
i attached to
carbocation: 0 1 2 3
"methyl" "primary" "secondary" "tertiary"
Least stable » Most stable

=/

6.1.5. Elimination Reactions

I An elimination reaction refers to a type rdanh rq’ction where the
substituents are removed from the adjacent carbon syof substrate molecule.

- “When an alkyl halide reacts with al um hydroxide, the

removal of hydrogen and halogen a o adjacent carbon atoms
- of substrate takes place, giving a roduct”. It is referred as 1,
2-elimination or B—elimination
In P-eliminati a , Rase initiates the reaction by abstracting a
proton from substratef It lea the formation of carbocation intermediate,
which then elimipated atom from the adjacent carbon to from a new
Pi bond. w
o [ T
1H Tﬂ {fﬂ X - KOH ——" T_T v KX ¢ H:0
H H H H
(ALl halide) { Barce) { Alkenci

There are two common types of B—elimination reactions named as E; and Es.



r. Self-Assessment

Explain the following:
» Why B-elimination reactions are not possible in methyl halides?
> Why SN? reaction is not favourable in tertiary alkyl halides?
» Why tertiary carbocation is more stable than secondary and primary

carbocations?
4

E1 reactions, known as unimolecular eliminatidn seactionisS; occur in two
steps. In the first step, the halogen atom departs ' trate, forming a
carbocation intermediate, which is the slo

6.1.5.1 Mechanism of E; Reaction

carbon atoms. N\
Step-1: Formation of carbocation

x m\ '

{ —Br Br
/ . CHy o
iy {Substrate) (Carbacation)
L . | B
Step-2: Attack of Base on [-H & formation of multiple bond A

CHy H
‘: } / e H\‘,:h. c/ + H:0 .I

u-"‘:_.fﬁ u\ f': \

i Base) (Carbocating) (Prodiuct)




The rate determining step in E! mechanism involves the unimolecular
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 <T
Ez-reaction is referred as bimolecular elimination reacti he
mechanism completes in single step in which both substrate and attgCla ase
are involved. A
= 'flﬂ ‘|3f HO--R Bt
- LK - W -
Hﬂ - mj_EH} — [.:H;_CE‘I! _."{:H:'— EH: a Hjﬂ + H’T
base ethyl bromide Iransiticn sbate ellsene
b
Mechanism of Ez reaction is fe \ﬁmdér alkyl halides for
example when ethyl bromide is allow th hot alcoholic potassium
hydroxide, it gives ethene follow nism. Base first attacks on

arbon. Simultaneous halide ion
of electrons is shifted between oc

ethyl bromide and abstracts a
eliminates from oc-carbon
and [ carbon to give an

Therefore, as f mgtics of E» reaction is concerned, the rate of this
reaction depends upen t ncentration of both substrate and attacking base,
the rate law ma DD n as

R =K [Sub] [base]

itution Versus Elimination Reactions

ucleophile substitution reactions can occur alongside the elimination
reaptions because nucleophile can also act as a base. However, nucleophilic
glibstitution reactions occur when the nucleophile attacks on the oc—carbon atom
where as elimination reaction occurs when the nucleophile attacks on the -
hydrogen. Several factors can influence the formation of products via either
substitution or elimination mechanisms.

» Solvent effect: Substitution reactions are favoured in polar solvents while
elimination reaction are favoured in non polar solvents.



.

» Base effect: A strong base promotes elimination reaction and hinders
substitution reaction.

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

» Substrate effect: If the substrate molecule is a tertiary alkyl halide, it
favours elimination reaction while if it is primary alkyl halide, it fayéUrs
substitution reaction. Secondary alkyl halide is consented
substitution and elimination.

6.2 GRINGARD’S REAGENTS
(ORGANOMETALLIC COMPOUNDS)
Organometallic compounds are defined
as “organic compound that possess at least
one bond between a carbon atom and
metal atom”.

; |DO)YYOU
- KNOW?
Organometallic compounds
are being studied as a
potential therapeutic agents
for a variety of diseases
including cancer, HIV and

Some common examples of organ
compounds are given as:
(i) Grignard reagent: It is

tuberculosis. They are also
used as contrasting agents in
magnetic resonance imaging

organic compound nic (MRUD). )
synthesis.
(i) Methylcobalamjing”: It is ddprivative of vitamin B-12.
(1i1) inc: as insecticide.
(iv) sed as knock inhibitor in petroleum industry.
6.2.1 of Grignard Reagent
¢ d reagent is an organometallic compound that contains a
car esium (C-Mg) bond”. Grignard reagents are well-known
org tallic compounds. The name Grignard is derived from a French | y

cheptist Victor Grignard, who first synthesized this compound and was
subsequently awarded the Noble Prize in Chemistry in 1912.
Grignard reagents are prepared in the laboratory by the reaction of an
alkyl halide with magnesium metal in the presence of anhydrous ether.
R—-X + Mg » R — MgX

anhydrous ether

WhereR = alkyl group, for example - CH;, —C,H; etc




X = halogen, for example - Cl, —Br, —I

CHCHX  + Mg —™U5  CHCHMgX

Ethyl halid« Magnresium Grignard Beagent
(Ethyl magnesiumhalida)

The formation of Grignard reagent depends on two factors that de <e its

ease of production. O

(1) Size of alkyl group: The larger the size of alkyl group{tife more~difficult
is the formation of Grignard reagent.

(i) Nature of halogen atom: The ease of form

also depends upon nature of halogen atom

alkyl halide. The order is I > Br > C

and carbon 1s weaker than corres

of ard reagent
oGh alkyl group of
ond between iodine
other halogens.

» How are Grignard reagents prepared?
» What are the key properties of organometallic compounds?

6.2.1 Ree

D# iVl%P
r eagent the carbon-magnesium bond is covalent and highly
o Oy

1
r dog fo-high electronegativity of carbon atom than magnesium metal,
dteS more electron density on carbon of alkyl group. As a result the
C m bears a partial negative charge and acts as nucleophile. Due to this

nugléophilic nature of alkyl parts, Grignard reagent reacts with polarized
—aolecules either by nucleophilic substitution or nucleophilic addition.

6.2.3 Reactions of Grignard Reagent

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.




6.2.1 Reaction with Water

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

Example:
/HH
@ — m o+ Mg

Br
{Methyl magnesium bromide}  (Water) iMethaney  (Magmesiom hydrony bromide)
6.2.3.2. Reaction with ester | @
Grignard reagent when reacts with ester, 1t{{igst Lnstable addition
product which is later on stabilized with the m one.
Example: -~ ™

= g -t
CHs— Mg— Br+ 0==C==0 —3|0=C—0MgBr |22 CH: COOH +Mg(OH)Br

{Muthy] magnediam hromiie) {Adrigien predes) iAcetic acld)




6.2.3.4. Reaction with primary amine

Grignard reagent reacts with primary amine to produce an alkane.

Example:
@—i CHs + MgICHs-NH)Br
(Methylamine
(Methy} magnesium bromide)  (Methyd amine) (Methane) magnesium
bromide)
6.3. AMINES

“Organic compounds that contaip
nitrogen atom bonded to one or more gl
aryl groups are known as amines”
derivatives of ammonia where

hydrogen atoms of ammonia age
alkyl or aryl group. _ i

R—NH: € NH; > R—NH—R
Primary amine Ammonia Secondary amine

|

Q R —N—R
R

Tertiary amine

Many drugs 1nclud1ng
antibiotics, anti-depressant
and antihistamine contain
amine functional groups.

. Physical Properties

-7 Physical state: Lower members exist in gaseous states (i.e. Methylamine
CH3NH3) at room temperature whereas higher members are liquids (i.e.
Ethylamine CoHsNHb).

» Odour and Colour: Mostly they are colourless with an unpleasant smell.
For example: Trimethylamine (N(CHs)3) has a strong fishy odor and is

found in decaying fish and other organic matter.



» 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(CH3);) has limited solubility in water as the presence
of three methyl groups hinders its interaction with water molecules.

» Melting and Boiling Points: Amines are polar in nature and

points are relatively higher than those hydrocarbons of
molecular mass.

» For example: Diethylamine (C:Hs):NH has a hig
compared to ethylamine due to the presence of two ethyl

6.3.2 Structure O
The nitrogen of amines is sp® hybrj ins four sp® hybrid
orbitals, out of which three sp* hybrid orhi ved in formation of sigma
bond whereas fourth sp® hybrid (%& ne pair of electrons. These
four sp? hybrid orbitals are orientgdy Mitetrahedral pyramidal geometry.
Lone pair of
elactron

NWH R
f{’._r\ H..»"‘C_z\

R 1 B 1OR° R
of Amines

pounds of all classes of amines are basic in nature. “The basicity of o
amifjes is explained by the presence of non-bonding lone pair of electrons -
on hitrogen atom”. This non-bonding pair of electrons is shared with proton of 1\
acids and is responsible for basic characteristic of amines. However, the basicity

of amines is affected by the number and nature of alkyl or aryl groups attached

to the nitrogen atom.

(Primary amine) (Alkylammonium chloride salt)




6.3.4. Preparation of Amines
Amines are prepared by different methods:
6.3.4.1. Alkylation of Ammonia by Alkyl Halides

When alkyl halides are heated with alcoholic ammonia in a sealed tLQe, a
mixture of primary, secondary and tertiary amines are obtained. :
CH3 - I + NH3 _— > CH3 - NH2 I O

+
(Primary amine)
CH; —NH, + CHs3—1———»CH;— Dl — HI

(Secon

CH3 - NH - CH3 + CH3 - I

CH,

(Tertiary amine)

6.3.4.2. Reduction of Nj

6.3.4.2.1. Reductio :
Methyl cyanide (Nitril ytic hydrogenation can produce ethyl amine.

ining Functional Group

+ 4[H] LiAH: ,, CH, — CH, — NH,

(Ethyl amine)

CHy=C—NH; + 4[H] LA, ¢cH, CHiNH: + H:0

{Eahal aming)

i Amide )



6.3.5. 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.

6.3.6. Reactions of Amines

6.3.6.1 Alkylation of Amines by Alkyl halides

Primary amines react with alkyl halides to form sec tertiary
amines. In this reaction hydrogen atoms of amines areeplaced yl groups.
O

CH;l |
CHz — NH, —————* (CH;),NH # (CH3);N

(Methylamine) (Dimeth iné (Trimethylamine)

6.3.6.2. Reactions of amine des & Ketones

Primary amines ca aldehydes and ketones to produce

“imines” which also re ases.
with Aldehvide H H
& |

R-NH: + o=c —_— R N=C + HO

R R

(Primary amine}  [Aldehdye) (imine)

with Ketone [ R
R:-XH: + =0 — B N=( +  HxD

R R

(Primary aming}  {Ketone) (imine)




6.3.6.3. Preparation of Amides

When primary amines are reacted with Acyl halide or Acid anhydride,
they form amides.

H R C
b . 1 L Y
R—.\\ x/ \H* — ]|1 R+ HX

H
(Primary aming) {ueykh

Below 10°C » R—N* =NCI~- + 2H,0

(Diazonium chloride)

~acid forms ethyl diazonium, as shown below:

NaNO,+HCI P
HaC—— CHy—NH, e |Hi—CH,—N=N|CI + H,0

Ethyldiazonium salt




SOCIET.Y~XTECHNOLOGY.
AND SCIENCE

Haemoglobin and Chlorophyll

Haemoglobin and chlorophyll are coloured organometallic
compounds found in animals and plants respectively.

Haemoglobin is a protein, made up of four subunits each containing
a heme group with an iron atom that binds to oxygen.

Chlorophyll on the other hand is a large molecule with prophyrin
ring structure containing a magnesium atom.

Haemoglobin is involved in the transport of oxygen from lungs to
the all body cells, while chlorophyll is responsible for capturing light

\energy in plants for photosynthesis.

— VIMAE

1yes of alkanes, they are formed by the
Of alkanes by halogens.

» Alkyl halifles™sg C™ saificd as primary, secondary and tertiary depending
upon the n & af Parbon to which halogen is bonded.

thyl halides is tetrahedral in which carbon atom is bonded
diMdgen atoms by sp’-s sigma bonds and one halogen atom by

ue to their inability to form hydrogen bonds with water.

»¥ Alkyl halides are reactive due to polar nature of carbon-halogen bond.

» Alkyl halides undergo nucleophilic substitution (Sn) and elimination (E)
reactions.

» Grignard reagent is an organometallic compound prepared by the reaction
between an alkyl halide and magnesium metal.

» Grignard reagent is very reactive and is used to synthesize many organic
compounds like alkanes, carboxylic acids and alcohols etc.




» Amines are derivatives of ammonia, formed by the replacement of one or
: more hydrogens by alkyl or aryl groups.
» Amines are classified as primary, secondary and tertiary depending upon
i the number of alkyl groups attached to nitrogen atom.
» Amines serve as bases; due to the presence of lone pair of electrons on
nitrogen atom and have ability to accept proton from acids.

» Amines are prepared by alkylation of ammonia, also prepared by 1. Sion
! of nitriles and amides. O
2 2EREISE

L\
| MultiplelChoicaQuestions

(1)  Which of the following composition{lstt efondary alkyl halide?

I (a) RsCX
il (c) RCH2X s
(i)  Which of the followin cannot produce an alkene while
treated with alcoholi wdroxide:
(a) Methyl brom (b) Ethyl bromide
(c) Propyl bro (d) Butyl bromide
1de with carbon dioxide yields.
(b) Ethanoic acid
(d) Butanoic acid

(b) Carboxylic acid
(d) Ether
Amines act as bases because:
(a) They accept OH™ (b) They accept H*
(c) They donate H* (d) They donate the OH™

(vi)  The structure of Primary amine is:
(a) Planar trigonal (b) Linear
(c) Tetrahedral pyramidal (d) Regular tetrahedral




(vii) Alkyl amine when reacts with nitrous acid in the presence of
hydrochloric acid, yields:

(a) Diazonium salt (b) Aldehyde
(c) Ketone (d) Alcohol

(viii) SNZ reaction occurs most easily if the substrate molecule is:
(a) A methyl iodide (b) An ethyl iodide
(¢) 2-iodo propane (d) 2-iodo butane

(ix)  Suitable reagent required for the synthesis of propane, fi
magnesium iodide is:

(a) H,0 (b) NH3
(c) CH;0H (d) CHeNH,
(x)  The rate of SN! mechanism depends upon: O

(a) Conc. of substrate only
(b) Conc. of attacking nucleophile ¢
(c) Conc. of both substrate and atfa '

(d) Polar solvent 7\ A
Short/Questions

. How are amines
3. Why are tertiary amines more alkaline than primary
amines?

Ichloride into ethyl amine
thyl chloride into ethyl alcohol o4
d) Ethylamine into imine

¥ How is primary amine converted into secondary and tertiary amines, give l
the equations.
7. Give an account on the basicity of amines.
8. How can you justify the fact that alkyl halides are water insoluble?
9. How can you define a nucleophile? Write the names of four nucleophiles
along with their typical reagents.
10. Why the mechanism of SN? reaction completes in one step?




. How can you define nucleophilic substitution reactions? Describe the
mechanisms of SN! and SN? reactions.

. What is B-elimination? Discuss the mechanisms of E; and E; reactions.
. What are organometallic compounds? How is Grignard reagent prepaged?
Write down the reactions of Grignard reagent with water, carbon dioxXide,

ester and amines.
. What are alkyl halides? Define primary, secondary andste i@lkyl
halides.

. Draw the orbital structure of methyl iodide and explai type of
hybridization in it.
. Give a comparative study between nucleop stfpstitufibn reactions and

elimination reactions of alkyl halides.



CHAPTER
7

Describe the physical properties and structure of alcohol. (Understanding)

Explain the preparation of alcohols by reduction of aldehydes, ketones, carboxylic acids and
esters. (Applying)

Explain the preparation of alcohols by hydrolysis of alkyl halide and Grignard reagent with
aldehyde and ketone. (Applying)

Describe reactivity of alcohols (Understanding)

Describe the preparation of ether and ester by alcohol and oxidative cleavage of 1, 2- diols.
(Understanding)

Discuss the physical properties and structure of phenols. (Applying)

Explain the preparation of phenol from chlorobenzene and hydrolysis of diazonium salts.
(Applying)

Explain the reactions of phenol. (Applying)

Differentiate between alcohol and phenol. (Understanding)

Enlist the important compounds of Alcohols, Phenols and Ethers with their application
(Applying)

Explain identification test of alcohol and phenol. (Understanding)

~
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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 w{l as
pharmaceutical applications. Methanol and Ethanol are good car fuelgswithwhigh
octane rating, Isopropyl alcohol is a common sanitizer, Ethyle
frequently used as automotive antifreeze, Phenol is the oldest” mil
agent and ethers are known for their anaesthetic properties.

Ethanol has been used by humans since prehistory, oweyer it was first
prepared synthetically in early eighteenth century % ‘chael Faraday. Phenol
was isolated from coaltar in the mid eighte¢hthegnfumewhereas ether was first
synthesized by distillation of sulphurie”aéidswith' gthanol in the mid fifteenth

century.

7.1 ALCOHOL

-~ DO YOU
in which hydroxyl gro ‘@;l{ﬂ Tﬂ €
aliphatic carb@n “aton: - KNOW?

Wood sprit is a term used to
refer to methanol, which

according_to the Mysmper of hydroxyl groups

prese ccule. Monohydric alcohols | yyas traditionally obtained
contain oxyl group. If two or more | by heating wood through a
ups (-OH) are present in the process known as
these are identified as dihydric and destructive distillation.
ydric alcohols respectively.
3C_CH2 HZT_CHZ H2C|_C|I'I_CH2
OH OH OH OH OH OH
Ethanol Ethylene glycol Glycerol

(monohydric alcohol) (Dihydric alcohol) (Trihydric alcohol)




Monohydric alcohols are represented by a general formula R-OH or
CnH2n+1OH. 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. ‘

H H CHy, N

|

H—C—OH 11,c—T—tJH H;C—C—0H  H,C—(—OH
H

CH, CH,
[ Methv] aleabiol) (1% - wlenhal) (2° - aleohol) 3 - aloshed)
gethl alenbull lisoquropS aligoh o (1-buty] alcobind)

7.1.1 Structure of Alcohol

The structure of an alcohol mo

i y ar to that of water molecule

&
7O
&
D




7.1.2 Physical Properties

Physical State: Alcohols of lower molecular mass (up to butanol) are colorless
liquids with characteristic sweet smell. Higher members are waxy solids.

Boiling Point: Boiling point of alcohol is much higher than that of alkanesand
ethers of comparable molecular mass. This is because of the existence of mter

molecule, the higher the boiling point of alcohol. Further, the boil
straight chain alcohol is higher than branch chain (Fig.7.2).

Boling points of straight
chain and branch chain

alcohols
Compound Boiling
Point (°C) w2
Ethanol 78.37 Nl H
Propanol 97.2
Isopropanol
n-Butanol
Isobutanol

R o
\\ -5 +3 / \+8
-H H




Arrange the following alcohol molecules in increasing order of their boiling
point.
C2HsOH, CHs3(CH2)30H, CH3CH(OH)CHs, CH3C(CH3):0H

Acidity of Alcohol

Alcohols are generally classified as weak acids due el to
donate a proton to a strong base. The acidity of alcohol is ihed by the
stability of resulting alkoxide ion after the alcohol d sa #Compared
to tertiary and secondary alcohols, primary al¢Oho n€bate more stable

alkoxide ions making them relatively more acj

Al

B WA pka values of comparative alcohol compounds ‘
ANV T

Types of Alcohols | Structural formula pka
Methyl alcohol ¢\ > CHOH 15.5
Ethyl alcoho sOH 15.9
Sec. Propyl alc@hpl 3CH(CH3)OH 16.3
Tert. Bufy™Alco CH3C(CH3)OH 17

behayior of alcohol can be observed by the evolution of hydrogen
gas wh of active metal (Sodium or Potassium) is put into anhydrous
alc% (

2CHOH + 2Na ——» 2C,HsONa + H; A w7

(Ethvl alcohol) {Badium ethoxide)

7.1.3 Preparations of Alcohols
There are several methods for the preparation of alcohols. Below are
some commonly used methods.




7.1.3.1 Hydration of an Alkene

Alkene when boils with water in the presence of concentrated sulphuric
acid to give corresponding alcohol.

H,C—CH; + H,0 — ™% _ 4.C—CH,-OH <
lop=c

{Ethene) { Etly] aleohind) O\

7.1.3.2 Hydrolysis of an Alkyl halide K_/

When an alkyl halide is heated with aqueous alkali O OH), it
gives corresponding alcohol.

C,HCl + NaOH

p—r | (Ethyl Chloride)

7.1.3.3 Reaction of Gri %nt with Aldehyde and Ketone

Grignard reage enyyeacts” with a formaldehyde, acetaldehyde and
acetone molecule, it gi Il , secondary and tertiary alcohols respectively.

— + H'/H,0
R—C— OMg Br —>» R—C—OH + HOMgBr

bonyl (Addition Product) (Alcohol)
Compond)

ther
RMgBr +

fon of primary, secondary and tertiary alcohol
Reaction with formaldehyde

| oomwe
q m =4 Sou

2) Hyo




(iii) Reaction with acetone

o OMgas H
CH3MgBr « CH3COHy ——— C"'aﬁ CH3 sz—ﬂ} *'-Hy':r:ﬂg N ME’GH
I "Br
Acetona CHy Chy
2-methyl-2-propanal
7.1.3.4 Reduction of Aldehydes S
Aldehydes and Ketones o alcohols by using any one of
the following two methods:
(a) Hydrogenation of one at high temperature and pressure in

the presence of ¢ st like tickel (Ni), platinum (Pt) or palladium (Pd).

Ni, Pt or Pd | |

> T—OH
H
(Alcohol)
(b) ion of aldehyde and ketone with a reducing agent like lithium

luminum hydride (Li AlH4) or sodium borohydride (NaBH4).

Li AIH, / NaBH, (|: OH

H

(Alcohol)

\

—C=0 + H2

(Carbonyl Compound)




It is important to note that aldehydes on reduction give primary alcohols,
and ketones on reduction give secondary alcohols.

7.1.3.5 Reaction of Grignard reagent with Esters

When a Grignard reagent is mixed with an ester, it chemically changes
into carbonyl compound (aldehyde or ketone).

o

CHyMg Br + ll:.i:—ll:—n-—i:‘!l, — H,C—llg—ll:'ﬂ,. +  MgBr ((OCH;)

[Caridmand reagesi) |Aledhal aceinte] (el
T —
| The carbonyl compound thus formed then ith dadther molecule
- of Grignard reagent and finally gives an alc% in Chap. 18).
. i ' i
1 CHMgBr + HC—C—CHy — . H;C—C—CH, + MgBr (OCH;)
H,
(Grignard reageat} LA CELmE) {3° - wleahel)
7.1.3.6 Redu xylic acids and Esters
Carboxyly dSsand esters can be reduced to the primary alcohols (1°-
alcoho the\pe€sence of a very strong reducing agent such as lithium

alumi

H
1% = aloehal)

{Mueeiie weld)

(1] i '
u,c—ﬁ-uunl, o, M o we—C—H + CHOH

i{Methyl Acetate) H
{17 - wheahal)




7.1.4 Reactivity of Alcohol

The oxygen atom in the alcohol molecule (R-
OH) is more electronegative than the carbon and

hydrogen atoms that are bonded to it. This creates a +8 B
polarity in C-O and O-H bonds. In addition, oxygen 7(:"'-’[]
has two unshared electron pairs which cause it to act ‘/

as an electron rich centre. H*®

Thus, the reactivity of alcohol can be attributed to the i@uer
C — OH bond with the removal of —OH group or by the bregking O ond
with the removal of hydrogen (H). The common reactio ohol are

substitution, elimination and oxidation.

O
7.1.5 Reactions of Alcohols

A variety of reactions can ocef Hols, including dehydration,
oxidation, reduction, esterification x asaccdctions involving halogens and

metals. During reactions with ¢7 alcohol can experience cleavage

of either the C-O or O-H b ).
(1) The C-O bond in Ic ecule breaks when it is attacked by a
nucleophile.

(i) The H-O in ol molecule breaks when it is attacked by an
electrophile. b

ﬁ Types of reactions of alcohols and their order of reactivity ‘
—

Type of Type of Order of
Bond Breaking Attacking Reagent reactivity of alcohols II
j O-H Electrophile 1°>2°0>3° III o
~ C-0 Nucleophile 3 >0 [° i)

7.1.5.1 Reaction with Halogen acids (HX)

In the presence of a catalyst, zinc chloride (ZnClz), ethyl alcohol reacts
with hydrochloric acid (HCI) to produce ethyl chloride.




CHOH + HOl ——— g CHCl + 0 _
(| alcobol) {Fthy 1 ehbsritde & D.O)YOU
KNOW?

The mixture of concentrated HCl and | In the Lucas test, primary

ZnChis called “Lucas reagent” and used to ARV
reaction, secondary alcohols

distinguish between primary, secondary and | g turbidity within a few

tertiary alcohol. minutes, and tertiary
alcohols produce an
. . i diate and vi
7.1.5.2 Reaction with SOCl; and PX; D

formation of a cloudy
When alcohol is treated with Phosphorus | precipitate (alkyl chloride)

tri halide (PX3) or thionyl chloride (SOCL), it | With Lucas reagent (conc.

gives corresponding alkyl halide (Discussed in ¢\_ HCl and ZnCl,). Y,

chap. 18). NN ) T
3CHOH + PCly — 3 CyHC1l + H POy
(Ertyi aleabal) (bl ehlaride)

ridine
CHOH + S0C, MMy ope + 80, + HO
(Ethyl abcakal) {Ethyl ehlorkde)

Vv b
7.1.5.3 Acid Cataly, Wion
When an alcoh with concentrated sulphuric acid at 170°C, it

undergoes a delfydratio ss, resulting in the formation of an alkene. In this
process, a water is eliminated.

o Came, Hiﬁl‘l‘
170 C
{Ethyl alenlol) {Ethene)

ase of acid catalyzed dehydration of alcohol is given as
3°-alcohol > 2°-alcohol > 1°-alcohol

7.1.5.4 Oxidation Reaction

Primary and secondary alcohols oxidize in the presence of strong
oxidizing agents such as acidified potassium dichromate (K2Cr.O7) or
potassium per manganate (KMnOys) to give carboxylic acid through an aldehyde



or ketone intermediate. Tertiary alcohol cannot be oxidized due to the

unavailability of hydrogen on its hydroxyl-bearing carbon.

{OH ]
¢ 0] CH,—C—H 1ol CHy=C=0H
- —m——— [(H,—(—H ——————— il
CH, H Lin. /W80, : Ky Cryihs ) 1,50, .

| P-aleahal} LAcetaldehyde) LAeetie Aeld)
P 1O :

CHy—C—CHy—— | CH,—C=CH 4|0]
’.'1 VRO, IS0, 0 B a0, S0,

T salcahal) L] iEhEnoic acidp

Cl-ta—ﬂ—ﬂl-i 400y - HyO )

Since the oxidation of ketone involves the breakj
bond, it is a relatively slow process.

7.1.5.5 Cleavage of 1, 2-diols

An alcohol molecule in
hydroxyl groups (-OH) ar
position 1 and 2 is called as 1,
diol.

e .
cargn-carbon sigma

|DO)JYOU
- KNOW?
Periodic acid is a white
crystalline solid that
dissolves in water and
possesses high oxidizing
When a 1, 2-dio ated with potential owing to the
per iodic acid (HIO tive cleavage | Presence of iodine in its

occurs between carbo carbon 2 atoms | composition. Apart from its
. , use in organic chemistry as
resulting in t

of two carbonyl an oxidizing agent, it is also
ghyl molecules may be utilized for staining

d depending upon the number biological specimens.
S

OH trl-l 0
I I l],!
H—C———C—H + HIO, —# H—C—H + H—C—H + HIO,

H H
i1, 2-cthandiol)  (Perlodic acid) {Formaldehyde)




Mention the reagents required for the following conversions.
(1) Ethanol to Ethene (i)  Acetic acid to Ethanol
(i)  Ethanol to Acetic acid (iv)  Ethylene glycol to formaldehyde

Uses of Alcohol

(1) Methanol is used as antifreeze solution and also in th
perfumes, dyes, drugs etc.

(i) Ethanol is used as a raw material in the synthesis of a
compounds such as gums, resins, tinctures, chidrofo
and acetic acid.

(111) The mixture of isopropyl alcohol in
(antiseptic).

S, acetone

as rubbing alcohol

7.2 PHENOLS

monohydroxy benzene
On the basis o

ring, Phenols age, clas
(Fig.7.4). (&
L3

7.2.1 Structure of Phenol

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 — O - 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
pairs of oxygen atom, the geometry is slightly distorted
from a normal tetrahedron and exists in a bent shape.

7.2.2 Physical Properties

(i) Physical State: Pure phenol is a white crystalli
temperature however it may appear in red col
some oxidized products as impurities.

(i) Boiling Point: The boiling point of phe
compounds of comparable size bega
enables a phenol molecule to

nce of —OH group
bond with other phenol

molecules.
(iii) Toxicity: Phenol is toxi 0 in nature. When it comes into
contact with skin it ¢ vefe burns and tissue damage.

Solubility: The attached to the aromatic ring allows
phenol to mak ond with water molecules that is why it is

b NaOH —————— L WD

" b} (Soalimm phenovide)




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 + H0 = = CeH:0 + H;0"
{Phenol) {Phenoxide hl:l

l"‘li"l

(g0

On the other hand, in h Vegatlve charge is localized on the
oxygen atom due to the % tic ring result in a less stable structure
compared to phenoxidgi

CHO0H + H0 C;HO + H;0"
(Ethanol) (Ethoxide ion)

Compare the relative acid strength and water solubility of Phenol with
- Ethanol.

7.2.4 Preparation of Phenol

Phenol can be prepared by various methods. The two most common
methods are described below.



7.2.4.1 From Sodium Benzene Sulphonate

Sodium benzene sulphonate when fused with sodium hydroxide at 300 -
350°C, produces sodium phenoxide which on acidification yield phenol

SD;Na ONa
+ INaOH T + NaCIA\N
N, 50,
(sadliwm henzene salphonate ) i5odimm phl:nm:h:l:r:

7.2.4.2 From Chlorobenzene (Dow’s Pro

Chlorobenzene when fused with aqu drox1de (NaOH) at
350°C and 150 atmospheric pressures i enoxide which then
acidified with dilute hydrochloric a01

+ NaOH a&-éj @ + NuCl

(Chloro hemu.:} (Solivm phenogide)
7.2.4 s of Diazonium salt
oratory method for the preparation of phenol. Benzene |
dlaﬁ lorlde on heating with water, changes into phenol with the release =
N=N ClI

@*Hzﬂ' o ©+N,+Hcl

(THmzamivm sali) (Phemol)




Diazonium salt is a class of organic compounds that contain a functional
group -N>Cl attached with alkyl or aryl carbon chain.

7.2.5 Reactivity of Phenol

The aromatic part of phenol is similar to benzene which favors the
electrophlhc substitution reactions. The hydroxyl group (-OH) attache
aromatic ring is ortho-para director and ring activator. Its presence
incoming electrophile toward ortho and para positions with a fastgr speg

7.2.6 Reactions of Phenol

Phenol typically undergoes two types of rg ct s }q‘e mvolving the
i ' ing e first type of
eCs such as salts and
e second type of reactions,
¢’substitution reactions.

reactions, the —OH part usually broken tof
esters, which are similar to those of al
the aromatic ring of phenol undergo

7.2.6.1 Electrophilic A itutions

These reactions r
electrophilic aromati¢ \ subgti
sulphonation and*halog

o'dromatic part of molecule. Most common
on reactions of phenol are nitration,

Nltratlon
eating with dilute nitric acid at 25°C gives a mixture of o-
mtf)ph ~nitrophenol.
((5 + 2HNO, (dil) -2 .. [5/ @ + 2H,0

Phemol o-Mitrophenol p-Nitmphml
(55%) {45%)



When phenol heated with concentrated nitric acid, it gives 2, 4, 6—
trinitrophenol (picric acid).

Picric a01d 2,4, 6-
trinitrophenol) is a yellow
4 JENDy (Come) .. colored crystalline solid.
It is explosive in dry form
that is why it is stored in
bottles under a layer of
water to reduce the risk of
explosion.

Sulphonation

When phenol is treated with sulphuric acig
acid, however the relative proportion of isomers defs

(a) On heating at 15° — 20°C, ortho p @ ic acid is formed as major

proportion.
H
+ H,50, (cone) 15-20C, + H;0
IPhenaol I-hydroxyl benzene
sulphonic acid

(b) O %KOO"C it gives major product of para phenol sulphonic acid.

> H H
+ Hy80, (cone) —20C é} + H0

SO,H

Phenol 4-hydrosyl beneene
sulphanic acil




Halogenation
Phenol if reacts with aqueous bromine, it produces 2,4, 6 — tribromophenol

OH

+ 3Br, Waker + 3HBr

(O)A

Phenaol 2.4, ﬁ-trihr-mmu phenal

Phenol reacts with Bromine in carbon tetra chloridg, 1 es 6m ure of ortho
and para bromophenol.

a=lirima phens]  pebroma phenol

ith Sodium Metal

cidic compound. The hydrogen atom of its hydroxyl part (-
hus phenol when reacts with highly active metal such as

thesis of various organic compounds.

H

ONa
3 + INa —» 1 @

{Phenol) (sodinm Phensxicle)




7.2.6.3 Oxidation of Phenol

B,
In this reaction potassium dichromate acts “kae™ DO YOU

as oxidizing agent and the sulphuric acid serves & o]
as catalyst. Phenol is oxidized to yellow coloured | Benzoquinone has a variety
of applications, including its

benzoquinone (conjugated diketone). use as a raw material for the
production of nylon and
polyester polymers. It is also
used as a photographic
developing agent, and in the
production of certain
0 antibiotics. |

{Fhernl]) 1 Benwomuinone ) T

O
7.2.7 Difference between Alcohol a@
2.

01 B Difference between Alcohol and Phenol ‘

A S S S\

OH

KL re0nH:804 -

+ [0]

Property Alcohol Phenol

Functional Group -b@aned to alkyl -OH attached to aryl
on (R-OH) carbon (Ar-OH)

Hydrogen l&%ﬂg\’ an form intermolecular Can form stronger

hydrogen bonding hydrogen bonding
M Generally lower than Generally higher than
:}\ phenol alcohols
f\’Acidity Weaker acids (higher pKa | Stronger acids (lower | -3
values) pKa values) :

Solubility in Water | Readily soluble in water Lower solubility in y
water |

Aromatic Properties | Lacks aromatic properties | Contains an aromatic
ring




Uses of Phenol

. (1) Itis used as an antiseptic and disinfectant
(i1) It is used in the manufacturing of soap, Plastics, ointments and lozenges
| etc.

(1i1) It is used in the preparation of picric acid and, phenolphthalein.

(iv) Itis used as ink preservative. <

7.2.8 Identification tests for Alcohols and Phenols | O
Tests of identification of Alcohol '
(i) Sodium metal test

Alcohol readily reacts with sodium metal at m tem e to form
| sodium alkoxide with the liberation of hyd o)

PN
2 CgH:OH + 2Na S——m 2 C{HsONa + H,T
a1 { Fhenal| {Slium PPhenoyide)

Brisk effervescence | Wcmes the presence of alcoholic

group in the give

(ii) Ester tes

Alcohol ted with acetic acid in the presence of small amount of
C tra uric acid, it forms an ester.
H, 50 Conce,
C;H:OH + CHyCOOH # CH,CO0C;H;+ H,0
(Ethl slenbsl)  {Acetic acid) " (Ftayl acetaie)

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 (FeCls) is
added to phenol, it forms a ferric phenoxide complex.

6 CHsOH + FeCly ——®= H,[Fe(CgHs0);] + 3HCI

0 Vaoilet or Purple
i Ferrie Fhepoxide Complex
Appearance of violet, blue or purple coloration 1ndlcat ation of

complex and identifies the presence of phenol.

O

(i) Bromine water test

Ethers are an organic compounds having a
general formula R-O-R', characterized by an | Diethyl ether has been used il
oxygen atom bonded to two alkyl or aryl groups. as anaesthetic in surgery
It has low reactivity and is commonly used as a SIS Lgie, I sy

solvent in various chemical reactions response to sensory
Vv v u : stimulation of brain and

. A symmetrical or simple ether is that in | produces a temporary local
which both groups are of same type whereas

or general anaesthesia.




unsymmetrical or mixed ether consists of two different groups.

H;C—0—CH, CyH; —D—CH; @—u—@ @—G-CH,

Dimethyl ether Etlyl metbyl ciber Dipheay! ether Flenyd methal ether
{evmmsetrbeal ehter) (unsymmetricsl ether) {symmetrical ether) (unsymmetrical ether)
b
7.3.1 Structure of Ether
The geometry of ether molecule is bent shaped simil @ and
water, however the bond angle of C-O-C in ether molecule 10. ch is
larger than water (104.5°) and alcohol (108.5°). TheAybri f oxygen

atom is sp* while the hybridization of carbon depgnds egature substituent
group (alkyl or aryl) attached to the oxygen %

JZEN /Q\H ZEN

CH:s
The greater (C-O- gle in ether is due to greater internal
repulsion of h rt than the external repulsion of lone pair on
oxygen.

ra ration of Ether

ellydration of alcohol

~— " Excess of alcohol when heated with concentrated H>SO4 at 140°C, an
intermolecular dehydration occurs to give ether.

H;30,

CGH:OH + HOGH; ——

{Ethyl aleohol)  {Ethyl aleshal)

CiHg—0O0—C;Hs + H;0
(hethyl other)



(ii) Williamson synthesis

It is a well-known method for the preparation of ethers. In this method an
alkoxide ion acts as a nucleophile and reacts with an alkyl halide to
produce ether.

CHONa + CiHCl — = C;Hg—O0—C;Hg + NaCl

(Sodium ethoxide)  (Ethyl chloride) {Diethyd ether)

The alkoxide is obtained by treating an alcohol with sodiui m:

A
2C;HsOH + 1Na = 1 C,HsONa + Hzf
{Eihs] aleohal) i Sodiwm ethoxide)
N4
7.3.3 Physical Propertie \
(1) Dimethyl ether 1 ether are gases, however other higher
members of r f exist in volatile liquid state at room

at_of ether is lower than alcohol due to the absence of
r hydrogen bond.

oderately soluble in water since the presence of oxygen
ake$ the molecule polar. However, solubility decreases with increasing
> umber of carbons of alkyl or aryl groups. 4

7.3.4 Chemical Reactivity

Ethers are relatively less reactive organic compounds compared to other
functional group because the C-O 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 anaesthetics.




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.

l‘l-‘:]i-. a n
,,.—-' . ; H* / HS0,(cone.) . fl*x\
R R R ]-l

4

pe| HSO,

<

. . +
H" / HCL feone.) = )
R)/ HM‘l.:r == R/HIIIRR-} 2

| The oxonium salt of ether remains stable if a
dilution with water, it dissociates to reform ethe
water is stronger Lewis acid than ether.

ccmmd but on

; @16 reason is that

» Provide an example of a symmetrical ether.

» Can ethers form hydrogen bonds with water? Why or why not?




SOCIET.Y~XTECHNOLOGY
AND SCIENCE

Antiseptics and disinfectants are chemicals used to kill germs such
as bacteria, viruses and fungi etc. They are frequently used in our society
to reduce the risk of infection.

Although both antiseptic and disinfectant are infection control chemicals,

however their applications are different. Antiseptics are substances that
are applied on human skin to kill germs whereas disinfectants are used to
kill the germs on animate surfaces such as furniture, floors, walls of
hospitals, clinics, homes and shopping centres etc. The chemicals used in
antiseptics and disinfectants are called ‘Biocides’. The concentration of
biocides in antiseptics is quite lower than disinfectants to avoid irritation
and other toxic effects on the skin. Antiseptics are used for various
reasons such as hand sanitizing, infection prevention of minor cut or burn

etc.
\

> Alg
A
alcAQa
> dric alcohols are classified into primary alcohol, secondary | .
chol and tertiary alcohol depending upon the number of alkyl groups | 4

attached to the alpha carbon atom
» Phenols are hydroxyl derivatives of benzene; the simplest phenol is ,
carbolic acid, which has the formula C¢HsOH
» Methyl alcohol, primary alcohol and secondary alcohol oxidize to
carboxylic acids in the presence of hot acidified dichromate or
permanganate. Tertiary alcohol does not oxidize due to the unavailability
of alpha hydrogen.




—

-

1 -

8288

» Acidic character of phenol (pKa = 10) is higher than alcohol (pKa = 16)
because phenoxide ion is more stable than alkoxide ion.

» Boiling points of alcohol and phenol are higher than alkanes and ethers of
comparable molecular mass because they form intermolecular hydrogen

bonds.

» Both alcohols and phenols are water soluble but solubility of alcohgls is
higher than phenols.

» The cleavage of ethylene glycol in the presence of periodic 4)

gives two formaldehyde molecules.
» Phenols are commercially prepared by Dow’s Proc
chlorobenzene is fused with aqueous sodium hydroxide
atmospheric Pressure.
» The aromatic part of phenol is similar togQe °gs which favours
electrophilic substitution reaction.
Phenols are identified by bromine watg

represented by a general fouaMaNg
> Boiling point of ethers K N
DWETOOC

ferric chloride test.

than alcohol and phenol since they
bonds.

do not form interm y
which similar alkyl or aryl groups are

» Symmetrical eth

attached with ox
» Ethers ar t1 ss reactive because C-O-C bond of ether is
susceptibl ophilic or electrophilic attack.

EJ)GERCISE

VulfipleChoiclQuestions

' In the molecule of phenol, the carbon atom which is attached to

hydroxyl group is.

(a) sp-hybridized (b) sp*-hybridized

(c) sp’-hybridized (d) Unhybridized
(1)  Which of the following is a trihydric phenol?

(a) Resorcinol (b) Cresol

(c) Pyrogallol (d) Catechol



(iii)

(iv)

(V)

(vi)

(vii)

(viii)

(ix)

Ethanol reacts with PCls to form.

(a) Diethyl ether (b) Ethene

(c) Ethyl chloride (d) Ethanoic acid
Which of the following alcohols has highest boiling Point
(a) Ethyl alcohol (b) n-pentyl alcohol
(c) iso-pentyl alcohol (d) neo-pentyl alcohol

Which of the following Products is mainly formed if
dehydrated with concentrated sulphuric acid at 170°C?

(a) Ethene (b) Ethyne

(c) Ethanol (d) Diethyl ether

Lucas reagent is a mixture of
(a) Znand Hg (b) Z{and O
(¢) ZnCl; and HCI1 ( a0
Oxidative cleavage of 1, 2 — diol § 5;; ')resence of
) n
104

(a) KoCr 07
(¢) HNO;

Which of the followa
water molecule?

Oq4

- nnot form hydrogen bonding with

(a) Phenol (b) Resorcinol

(c) Ethylchlo (d) Ethyl alcohol

Seconda’ hots;=findergo oxidation with potassium dichromate to

produce acid through an intermediate product known as:
ldefiy@e (b) Ketone

(d) Alkyl halide
of the following is an anaesthetic agent
a) Phenol (b) Ethyl alcohol
(c) Diethyl ether (d) Acetone

ShorfQuestions

Define Phenol? Write the equations for the preparation of Phenol from.
(1)  Chlorobenzene
(1)  Sodium benzene sulphonate

Write the equations for the following chemical Process
(1)  Reduction of acetic acid with LiAlH4.




(1) Hydration of ethene with hot concentrated H2SO4
(111) Oxidation of ethanol with acidified dichromate.
(iv) Hydrolysis of diazonium salt
3. Explain the following with scientific reason
(1) Boiling point of ether is less than alcohol?
(i) Alcohols are soluble in water? <
(iii) Ethanol is liquid but ethyl chloride is gas at room temperature?
4. Identify each of following with two laboratory tests.
(1) Phenol
(i) Alcohol
5. What is Lucas reagent? Describe its use to distinguish
secondary and tertiary alcohol.
What is oxonium ion? How can ether form @

(a)  What are alcohols? H
(b)  Starting from Grign &g V ow is primary, secondary and

olubility in water
Boiling Point
111) Acidic character
Write the equation and name the final product when phenol reacts with
the following

(1) Hot and concentrated nitric acid.

(i) Concentrated sulphuric acid at 100°C

(ii1) Bromine water

(iv) Sodium metal
Enlist the commercial applications of Alcohol, Phenol and eth



CHAPTER
8

~

v" Explain the physical properties and structure of aldehydes and ketones. (Understanding)

v" Explain the preparation of aldehydes and ketones by ozonolysis of alkenes, hydration of
alkynes, oxidation of alcohols and Friedel Craft's acylation of aromatics. (Applying)

v" Describe reactivity of aldehydes and ketones. (Understanding)

v" Explain acid and base catalysed nucleophilic addition reactions of aldehydes and ketones.
(Applying)

v/ Explain reactions of aldehydes and ketones. (Applying)

v" Describe oxidation reactions of aldehydes and ketones. (Applying)

v Compare the aldehyde and ketone with reference to their laboratory test (tabular |
form)(Understanding) v

v' Enlist the important compounds of Aldehydes and Ketones with their application. (Applying)




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 cﬁrzon
chain, whereas ketone have a carbonyl group located on the carbon wi t
carbon chain. Both types of compounds have unique properties a
due to the presence of the carbonyl group, which makes them
of applications.

The typical representatives of this class of co ds ar aldehyde,
acetone, benzaldehyde and acetophenone. Formal ekdeptional since it
carries two hydrogen atoms instead of alkyl s

o)
H ||
—C—H

HyC—

(Formoldehyde)  (Acetaldehyd x ..
Organic chemisfry emphas

their significant applic arious industrial sectors.

arthaldehyde is used to produce resins, synthetic plastic
chyde. Acetone is used in the preparation of iodoform,

8.\ YPHYSICAL PROPERTIES

ysical 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 Czg) are solids at room temperature.

Odour: Lower aldehydes have a pungent smell whereas ketones and higher
aldehydes have a pleasant smell.



Boiling Point: 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 solubl®

the size of the hydrophobic group (hydrocarbon chain) attached
carbon increases.

AN

Why carbonyl compounds possess low boiling points than alcohols and
carboxylic acids?

is double bonded to an
sp? hybridized, with
formation with the ox , while the other two sp? hybrid orbitals form
sigma bonds wi s. The unhybrid p orbital of the carbon atom in the

carbonyl ﬁup bond with the oxygen atom (Fig.8.1).
.-"-F- -H\"'q\

ﬁ- DO)YOU
' 'KNOW?

Glucose and fructose are |
simple sugars, chemically
known as aldehydexose and
ketohexose. They possess ),

[ aldehyde and ketone |
b functional groups in the
molecular structure
respectively.




The sp? hybridization of the carbon atom in the carbonyl group allows it
to acquire a trigonal planar geometry, with bond angles of approximately 120°.

| I I T

i C

| T Y o T —5
| (Formaldehyde)  (Acetaldehyde) (Acetone)

8.3 PREPARATION OF ALDEHYDES AND KE NE\""'/

8.3.1 Ozonolysis of Alkenes

| Alkenes can be ozonolyzed to yield alde tocr?es. This reaction
involves the breaking of C=C of alkene by and reducing agent
~ such as zinc. ﬁ
0
“wc—c +.|:}l—1-\I f“’ om0,
1 A
H
(Ethenc) (Formaldehyde)

HyC

o
HyC A HyC ‘\:jcﬂ,, . O
T 0y ———- ZniH0 o | + ZnD
Huﬂ‘\') \c"la X ‘!'H"EH; 100 3

{2, B-dimethyl butenc) Oeamitde) LAcetane}

What is ozonolysis of alkenes and what are the main types of products that can
be obtained from this reaction?




8.3.2 Hydration of Alkyne

Alkynes when heated with water in the presence of H>SO4 and HgSOs, an acid
catalysed addition reaction occur on C = C to form an unstable enol which then
on tautomerization, gives aldehyde or Ketone.

(1) The hydration of ethyne gives acetaldehyde

8!
HE =cH + .0 Ha50y / Hga0 Hgﬂwllju Fearrangment -I-I,E—g-nlﬂl

75°C
{Ethyme) {(Faal) { &cetnllehyde)
(i1))  The hydration of propyne gives propanone @
OH
[
HsC—C=CH + H,0 HZS(;‘;icHgSO“ > %i HsC—C—CH,

(Propyne)

8.3.3 Oxidation of Alcohol

In the oxidation of alcohols,
functional groups are
carbonyl groups (C=0O). Pri
are oxidized to aldehy

alcohols are oxidize ketonhg$

Formalin is an aqueous solution of
formaldehyde, typically containing
37-40% formaldehyde by weight. It
is used as a disinfectant and
preservative for biological

can be yridinium specimens.
chlorochromat an oxidizing | However, it is a known carcinogen
agent. Howeve alcohols do not | and can cause skin and respiratory
undergé’ oxi his controlled process | iMitation and should be handled
. P . with cautions and appropriate
is valua ining specific carbonyl .
co p organic synthesis. N J )
b QH ] o
] P g -
Hl::v--T—H £ | U] — = Ho—C—H + H . 4
a1
i
" {hestakiehy i) '
i Iealeuhal)
: i
10
we—g—oi + 0] —wm tmo—S—c 4

H
(2nakeabal} R




8.3.4 Friedel-Craft Acylation of Aromatic Compounds

Aromatic ketones can be synthesized through the Friedal Craft acylation
method. In this reaction, an acyl chloride reacts with benzene or its derivatives
in the presence of a Lewis acid catalyst, typically aluminum chloride (AICl3).

: HC—C==p0

| |:.||- <

@ . Hﬁ—L—mﬁp + HCI ‘ O
(Menyene) {AerkcMuoride) {Aeetaphenone) ;

8.4 REACTIVITY OF CARBONYL COMP,
| The carbon-oxygen bond (C=0) in the carbo

the electronegativity difference between carbQpag

negative charge on oxygen and partially pos
~ carbon and oxygen atoms in aldehy

nucleophiles. Aldehydes are more r

(having one alkyl group) a cctron-withdrawing effect of the
aldehyde's hydrogen, whi electrophilicity of its carbonyl carbon,
making it more attracti nuc iles.

gts act as electrophiles and
¥Ones due to less steric hindrance

1) Reduction reaction
(ii1))  Oxidation reaction

8.5.1 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



sp>. 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.

R 51;_.__13— ;ﬂ:
Nw:7% = C=0: — Nu—C.,,
R:r_;' e -h H.
R

(i) Acid catalysed Nucleophilic addition reactio

An acid catalyst is employed in a case where a ¢
weak nucleophile for addition. The acidic preten the carbonyl atom,
resulting in the formation of a protonate p. This protonation

enhances the electrophilic behavior r 1 carbon making it more

responsive to a necleophile. Thu gl€ophile can easily attack on

carbonyl carbon and give the a ” The general mechanism of acid
a

catalysed nucleophilic addlt' nd ketone is written as.

mppund reacts with

R

::‘-' a :i OH —*ﬁ”" ~OH
| R !
Mu
Addition of hy H»>-NH3) and hydroxyl amine (NH2OH) on aldehyde
and ke 1 catalySed by an acid.
H
b ;.:H + IN=—=—0OH —— H{{—C=N—0H + H-0 ol
HC™ ol | -
S f q ,.
Propanone Hydroxyl amine Propanone oxime )
lﬁ H
+ iN=—NH: = H.C C—N—NH. + HD
HL™ C“"‘[‘H, | * e
H (Acetone hydrazone)

Propanone Propanone hydrazone




(ii)
Addition of strong nucleophilic reagents on aldehyde and ketone is catalysed by
base. The base first reacts with the reagent to generate a nucleophile. The
nucleophile then attacks on carbonyl carbon. The pi electron of C=0 is then
shifted towards oxygen atom to form tetrahedral alkoxide ion as intermediate.
This intermediate captures a proton or the electrophile to give the product.

General mechanism of base catalysed Nucleophilic addition reaction is"giveq as.

Base catalysed Nucleophilic addition reaction

““ﬁ Nu Nu
&
Rirm,.:_ﬂ __Sow m“),I\ W st wk
R 0 wep 2 OH
{Carbusny| compounid) {Interm :diar:}‘\ {Addation product |

>/

Addition of HCN and Grignard reagent i base.

gnard reagent e

(8] OH

CH—C—H + H(N ——= CH;—C—H
Acetaldeh yoe | Aceakdebyce

EN - cymnolrydrin
VT T
08" ?ﬂlgcr {:lu-i
it = » L HOH © s
ﬂHg—-ﬂ\\:"fﬂg MgCl ——= CH; ¢ Ho e Oy T.H
CH, CH,
Acdation Product lropmagy] aloohel
12 alcchal)

Give equations for the reactions of propanone with the following reagents
(a) Hydrazine (b) Hydroxylamine




8.5.2 Reduction of Aldehyde and Ketone

The reduction of aldehydes and ketones involves the addition of
hydrogen to the carbonyl group resulting in the formation of an alkane or
alcohol depending upon the suitable reducing agent used in the reaction.

8.5.2.1 Reduction to Hydrocarbon

The reduction of aldehyde and ketone into saturated hydrg
carried out if a mixture of zinc amalgam and concentrated H use
known as Clemmensen reduction.

ZinfHg) i
He—C—H + 4| H| Confer™ MG—CHy + HD
{Acetnldehvide) {Etheng)
Zn
HyC——C——CH, + 4'“?}%’ HyG—CH;—CH; + H,0
{ Acetone) {Propane)

Aldehyde and onWO be converted into alkane by using
hydrazine (NH2-NH2 assium hydroxide. This is known as Wolf
Kishner reactiofi.

N\

0 —~NH, I

| I |
—C— + NH,—NH, —=+ —C— TR+ —CH,—
aldehyde/ketone  hydrazine hydrazone : alkane

8.5.2.2 Reduction to Alcohol

Aldehyde and ketone when treated with strong reducing agents such as
NaBHs or LiAlH4, they reduce into primary and secondary alcohols
respectively.




OH

Li AlH,

5 HG—C—H + H, HyC——CH—H

(Acetaldehyde) (Primary alcohol)

0 )
I Li All, I )
HyC—C—CH; + H, ——— H,C—CH—CH, <

{Aceione) (Secondary sleohol)

8.5.3 Oxidation Reaction

Aldehydes and ketones undergo vitlan oxidizing agent to
dehyde towards oxidation

give carboxylic acid. However, the
active hydrogen atom at the

~ reaction is quite easy due to the @¥al '
carbonyl position, thus
i. A variety of mild oxidizt h as chromic acid (H2CrOs), Tollen’s

reagent, Fehling r t edict reagent can be used to convert
aldehyde into comrefponding?carboxylic acid. Aldehydes can also be

oxidized by & . agents.
| N
a

o] e o Mo,

{Acetbe acidp

=== Carbon-carbon sigma bond and it happens only in the presence of strong
| oxidizing agent.

KalraQly

I
ST S e 4

HyG—LC—CHy + 4| O]

i Aceiome) {Aceric acid)




ﬁ—y Self-Assessment

What reagent can be used to convert an alcohol to aldehydes or ketones
without the formation of carboxylic acid?

Laboratory test to distinguish between aldehydes and ketones

(i) Silver mirror test

The reagent used for this test is ammonical silver
reagent). Since this reagent has short shelf life, it should be
laboratory by mixing silver nitrate and ammonium hydroxide!

Heat
RCHO + 2[Ag(NH3)2]JOH — RCOO'NH}
(Aldehyde) (Tollen’s reagent) Ammonium

While performing the test,
reagent is mixed with the given
compound and heated to boiling.
present, a silver mirror will fo
the test tube.

Tollen’s reagent, Fehling
solution and  Benedict
solution are three commonly
used chemical reagents for a

(ii) Fehling test laboratory test to distinguish
. § ) between an aldehyde and

There are lutions available | ketones.
in laboratory. | an aqueous copper | » Silver  nitrate  and

(1) sulp hile Fehling B is an ammonium hydroxide are

sodium hydroxide (NaOH) the  components  of
Tollen’s reagent.

with so ium tartarate. .
. . » Copper sulphate, sodium
y out the Fehling’s test, mix equal hydroxide and tartaric
vol Fehling A and B in a test tube, heat acid are the component
the fnixture to boiling and then add a small of Fehling solution. l .
améunt of given carbonyl compound into the test | ~ Copper sulphate, sodium il
hydroxide and citric acid

tube. If aldehyde is present, the blue colour of are the component of
Fehling solution (Cu*?) chapges to red Benedict solutirc))n. |
precepitates (ppt) of copper (I) oxide. ~ J

RCHO + 2Cu? + SOH —» RCOOT + Cu0 + 3H,0
(Abdchyde) (Fehling Soletor ) { B -brown ppL)




8.5.4 Difference between Aldehyde and Ketone

Basic Structure: Both aldehydes and ketones are carbonyl compounds but in
aldehydes, the carbonyl carbon is attached with at least one alkyl or aryl group
while in ketones, carbonyl carbon is attached with two alkyl or aryl groups.
Physics Properties: The boiling point of ketones is relatively higher than
aldehydes since carbonyl group of ketones is more polarized than aldehyde

o Reactivity: The reactivity of aldehydes towards nucleophilic addition, ater

_ o ~than ketones because of less steric hindrance and less electronic effe @w
= Ocxidation into Carboxylic acid: Ketones oxidizes to carb 1 ith
strong oxidizing agent such as potassium dichromate (K>Cr207) and um
permanganate (KMnO4) while aldehydes can easily be oxi rboxylic
acid with mild oxidizing agent such as chromic acid (H2€rO4), n’s reagent

and Fehling solution and Benedict solution.
Reduction into alcohol: Reduction of ald presence of strong

reducing agents such as lithium alumj ' iAlH4) and sodium
borohydride (NaBH4) gives primary@) the reduction of ketones
N

gives secondary alcohol. Fath
PR BB Some applications of aldehydes and ketones |

a % % %\ W

Application Aldehydes Ketones
. \ V¥ . Important starting materials
Organic sdd as ke ermediates in . )
. . . . for creating complex organic
Synthesis ganic reactions.
(‘x compounds.
e characteristic aroma and | Used as flavoring agents and
F d taste to many natural and fragrances in the food,
F synthetic products, e.g., vanillin cosmetic, and perfume
and benzaldehyde. industries.

Serve as building blocks for
. ) Some ketones are used as
. various pharmaceuticals, such as . .
rmaceuticals active pharmaceutical

anti-inflammatory drugs and . . . ..
ingredients in medicines.

antihistamines.

Acetone is a widely used
Formaldehyde is used as a solvent for chemical

Solvents . . . . .
solvent for certain reactions. | reactions and as a nail polish

r€mover.
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Role of Ozonolysis in drinking water

Ozone is a powerful oxidizing agent, it is successfully used in the
treatment of drinking water in the following manners.

(1) It serves as biocides since it ozonolyses the organic substances present
in the cell membrane of microorganisms such as bacteria, viruses and the
protozoa and hence killed them.

(11) It oxidizes certain metals (Cu, Fe, Mn, etc.) which are present in the
excess amount in water that can be easily separated by filtration.

o )

\\—/

affic compounds that contain carbonyl

es and ketones is lower than alcohols since
ecular hydrogen bond.
% aldehydes and ketones is higher than alkanes because

»Jhe cal reactivity of aldehydes and ketones is attributed to the polar
1 group they contain -}-"
» ¢The geometry of aldehydes and ketones molecules is trigonal planar since 4

carbon atom of carbonyl group (C=0) is sp? hybridized. i
» Preparation of aldehydes and ketones is mostly carried out by ozonolysis
of alkene and hydration of alkyne.
» Reduction of aldehydes and ketones with LiAlH4 or NaBH4 gives primary
and secondary alcohol respectively.
» Aldehydes can be oxidized into carboxylic acid with mild oxidizing agent
such as chromic acid (H2CrO4), Tollen’s reagent and Fehling solution etc.




» Ketones can be oxidized into carboxylic acid in presence of strong
oxidizing agent.

- » Nucleophilic addition reactions of aldehydes and ketones are catalysed by

: acid or base depending upon the availability of either weak or strong

: nucleophilic reagent.

'; » Water, alcohol, and ammonia can undergo nucleophilic addition reac{'ons

: with aldehydes and ketones, and these reactions are catalyzed by acjds.
/ > Hydrogen cyanide (HCN) and Grignard reagent (RMgX) can L Vith
! aldehydes and ketones in the presence of a base catalyst.

» Identification of aldehydes in a laboratory can be carri t byJOoLen’s

reagents or by Fehling solution.

D@ OmSiD
AN

(i)  Ketones when treated a
(a) Primary alcoh
(c) Tertiary alc

ity reduce to:
(b) Secondary alcohol
(d) Dihyderic alcohol
izCs ketones into carboxylic acids is:
itrate (b) Potassium dichromatic
: (d) Benedict solution
carbon of aldehydes and ketones is:
i (b) Sp? hyrbidized
(d) dsp® hyrbidized
AectOphenone is the member of ketone family, it contains:
a) Two alkyl groups (b) Two aryl group
(c) One alkyl and one aryl group (d) One aryl and one hydrogen atom
The most reactive molecule towards nucleophilic addition in the
following is:

(ii)

(a) Formaldehyde (b) Acetaldehyde
(c) Diethyl ketone (d) Acetophenone
(vi)  Clemmensen reduction is the conversion of aldehydes and ketones into:

(a) Alkanes (b) Alkenes



(c) Alkyl halides

(d) Alcohols
(vil) Hydration of propyne in the presence of H>SO4 and HgSO4 gives:
(a) Formaldehyde (b) Methyl ethyl ketone
(c) Acetone (d) Acetaldehyde
(viil) Which of the following carbonyl compound is most soluble in water?
(a) Formaldehyde (b) Acetaldehyde ; ——
(c) Benzaldehyde (d) Acetophenone ] S
(ix)  Which of the following gives silver test with Tollen’s reagent? \B o
(a) HCHO (b) CH3-O-CH b
(c) C2HsOH (d) CH;COOH

(x)  On reduction of a carbonyl compound by Zn-Hg and ConcaHCI, it is i
converted to an alkane. This reaction is known as:
(a) Dow reduction :

1. Give reasons for the following;
1. The boiling point of a and’ketones is lower than alcohol.

ii.  Formaldehyde is i
aldehydes.

1ii.  Oxidation o is Taster than ketones.

ow does the oxidation of ketones differ from the oxidation of aldehydes?
y are ethers considered as good solvents in organic reactions? Ll

1. What are aldehydes and ketones? Describe the structure and type of
hybridization in them.

2. Explain the acid-catalyzed and base-catalyzed nucleophilic addition
reactions in aldehydes and ketones.




hdl

. Describe how aldehydes are distinguished from ketones by the following

laboratory test.
(1) Tollen’s reagents (i1) Fehling solution
Write the equation and give the name of major product in the following
chemical process.
i.  Oxidation of acetone with acidified K,Cr,07. <
ii.  Reduction of acetaldehyde with NaBHa.
iii.  Hydration of ethyne in the presence of H2SO4/HgSO4
iv.  Acylation of benzene in the presence of AICls. O
Give four differences between aldehydes and ketones.
Write the equation for the nucleophilic addition reactio ldehyde
treated with
i.  Hydrogen cyanide
iii. Methyl magnesium bromide
Explain the factors that influence t
towards nucleophilic addition rea

S




L

CHAPTER
9

v" Discuss the physical properties and acidity of carboxylic acid. (Understanding)

v" Describe preparation of carboxylic acids by carbonation of Grignard's Reagent, hydrolysis of
nitriles, oxidation of primary alcohols, oxidation of aldehydes and oxidation of alkyl benzenes.
(Applying)

v Conversion of carboxylic acids into their derivatives (acyl halides, acid anhydrides, esters,
amides) without mechanism. (Applying)

v" Enlist the important compounds of carboxylic acids and their derivatives with their application.

(Applying)




INTRODUCTION

alkyl or aryl carbon chain.

carbohydrates.

9.1 PHYSICAL PROPERTIES OF

i) Colour and odour

Aliphatic monocarboxylic agj
pungent odour. However, the i
chain.

ii) Solubility

to alcohols,
pXylic acids are more polar and
awe¢’” a high tendency to form

_" drogen bonds among themselves.
As a result, carboxylic acids generally
have higher boiling points than their
corresponding alcohols. The hydrogen
bonding in carboxylic acids mostly
exists in cyclic dimer form.

pharmaceuticals such as asprin, ibuprofen and penicillin. Car
essential for many biological processes, including the bre wn
Carboxylic acids are used as starting et
manufacturing of polymers such nylon, polyester etc.

“Organic compounds which contain carbonyl group ( C = O) attached to
hydroxyl group (—OH) are referred as carboxylic acid”.
compounds one or two carboxyl groups (—COOH) are directly attached with the

In these

Carboxylic acids are versatile compounds. They have many impaqgtant
applications in various fields. In food industry they are used as presgmva

erally colourless. They have a
r decreases with the length of

wluble in polar solvents such as water and
pility to form hydrogen bonds with these solvents.
pof carbon chain increases, their solubility in water

R—C

B- &+
Q- H=0

ff —R
gl




9.2 STRUCTURE OF CARBOXYLIC ACID
Structure of carboxylic acid is explained by the hybrid orbital theory
(Fig.9.1). The carbonyl carbon is sp? hybridized, possessing three sp? hybrid

orbitals and one p, unhybridized orbital. These three sp? hybrid orbitals are
oriented almost at an angle of 120° to give trigonal geometry whereas p:

unhybridized orbital of carbonyl carbon form pi bond with p orbital of o
atom.

9.3 ACIDITY OF CARBO

“Carboxylic acids ape
phenols and water. Ho
acids”.

‘ stronger acids than alcohols,
¥ weaker acids compared to mineral

P
T Comparative acid strength of carboxylic acid with
able 9.1
alcohol, phenol and water
)
Name of Compound | Molecular Formula | pKa Value
e€tic acid CH3;COOH 5
Phenol CeHsOH 10
b Ethyl alcohol C2HsOH 16
Water H20 15.7 A

When carboxylic acids are dissolved in water, they undergo dissociation
to produce carboxylate ions. This dissociation occurs because the carbon atom
in the carboxyl group is electron withdrawing group, which leads to a
weakening of hydrogen oxygen bond. Consequently, the carboxyl group is able
to lose a proton in aqueous medium which makes it an acid.




Carboxylic acids are more acidic than alcohol and explain on the basis of their
pKa values.

9.4 PREPARATION OF CARBOXYLIC ACIDS AND IR

DERIVATIVES
Carboxylic acids are prepared by the following different meth

9.4.1 By the Carbonation of Grignard Reages

When Grignard reagent reacts with carbopAdio

addition product which on hydrolysis in acidic Medi
acid. N\

bchanges into an
produce carboxylic

= o b4 =
R-MgX + 0=C '—'I-[l:h:f—ﬂ*ﬂ‘ﬁ] ..% l—{i:_ﬂn + MglOH)X
R

{Alkyl magsesiam  (Carbon diexide) {Carboxylic acwd)
halide)

0Xylic acid with the liberation of ammonia gas.
0
o H Il
R—CEN+ HOH ——— R—C—0H + NHs

(Alkyl cyanade) (Carboxylie acid)

9.4.3 By the Oxidation of Primary Alcohols

By using acidified oxidizing agents such as K,Cr,0, or KMnO, primary
alcohols can be oxidized to form carboxylic acids. This process occurs through
an intermediate stage where the alcohol is converted into an aldehyde.



R-CH-OH + [0] X&8HE30, g CHO + HO

(Primary aleohiol) {Abdchyde)
CH,-CHO + |o) 222830, cHq .COOH
{Acctaldchyde) {Apetie acid )
9.4.4 By the Oxidation of Aldehyde
Aldehydes oxidized when mixed with Potassium dichro 20y n
sulphuric acid to produce carboxylic acid.
RCHO + [0] —XCnOMSO o oon i :
(Aldebvde) (Carboxylic acid)

—

9.4.5 By the Oxidation of Alkyl Benzene

When an alkyl benzene reacts W1th anganate (KMnO,)
under acidic conditions, the alkyl group 1 m OH group.

CzH= O
+ 60— + 0O 4 210
i Ethy ] benaeni) { Bomeons acid)
9.5 REACT F CARBOXYLIC ACIDS AND THEIR
ES

ompounds are structurally derived from carboxylic acids by

I'epVI part of functional group of the — 4
carbpXyHc acid. Some common derivatives of (_/@ﬁﬁm 4
carbéxylic acids are given as. ¥ KNOW?
(i) Esters: They are formed by replacing Esters are mostly found in
the hydroxyl group of carboxylic acid | fruits. An ester named as ethyl
with an alkyl or aryl group. Their | Putancate (GH,COOGHs)is

. specifically found in pineapple
general formula is R-COOR e.g. Ethyl |00 o5 =i specific

acetate (CH;COOCH2CH3), Methyl aroma and as flavour.
propionate (CH;CH.COOCH3). - J




(ii) Acid halides: They are formed by replacing the hydroxyl group of
carboxylic acid with a halogen (X) atom. Their general formula is RCOX
e.g. Acetyl chloride (CH3COCI), Propionyl chloride (CH3CH2COCI).

(iii) Amides: They are formed by replacing the ",
o DO)YOU
hydroxyl group of carboxylic acid with an KNOW?

amino group. Their general formula is Acetic anhydride is a
RCONH; c.g. Acetamide (CH3CONH2), corrosive and hazardous
Benzamide (C¢HsCONH»). chemical but widely used in
organic chemistry such as in
. . the manufacturing of
(iv) Anhydrides: They are formed by |  ijjulose acetates pisments
removing a water molecule from two | dyes and pharmaceuticals.
A\

carboxylic acid molecules. Their general - J
formula is (RCO),O e.g. Acetic an \1&)( H3CO).0, Maleic
anhydride (C4H203).

9.5.1 Conversion of carboxylj
Like alcohols, the hy
replaced by halogen atom
thionyl chloride (SO
obtained are in the gas¢ofis stat
get pure acyl haljg

Acyl halides

f carboxylic acids are easily
Clg, PCl; or SOCl,. However, the
ly preferred because the by-products
ich are escaped out from reaction mixture to

R-— R0 — > R —CO-—Cl +POCl; + HCl
i (Acyl halide)

RQOH + PCl; ——— 3R — CO—Cl +H3PO;
oxylic acid) (Acyl halide)

R- COOH + SOCl,———> R —CO—-Cl +SO, + HC
(carboxylic acid) (Acyl halide)

9.5.2 Conversion of Carboxylic Acids into Acid Anhydirdes

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 pentaoxide (P,05).



| I (.
R—j—ﬂll yoOHOEO—R —B L lea—C—R 4+ O

(Carboxylic ncidh  (Corbosylic acid) 240 {Acid anhydride)
9.5.3 Conversion of Carboxylic Acids into Ester
Esters are produced from carboxylic acids through a reaction
esterification. In this reaction carboxylic acid reacts with an alco
presence of a catalyst usually concentrated sulphuric acid to prod
and water. M

L)
| ]
E—C—0—MH + (CiHs—0H s R—(C—0(:Hs + H20

(Coarboxylic acad) {Aleohol) {Ester]
9.5.4 Conversion of Carboxylic Aci
Amides can be produced by th ween carboxylic acid and
ammonia, where an ammonium sal ch upon heating yields the
corresponding acid amide. PN _

R—E—G—H + NHi— R—ﬁ—ﬁb{lfld-—umﬁﬂ—l—HH: + Ha0
{Carbony lie acud) { Aok galt) [ Aumbide )

T
9.5.5 Conve \Cm'dxylic Acids into Alcohols

ark pon catalytic reduction with lithium aluminum
hydrid s@ ce'primary alcohols.

R— COOH + 4[H]—X2M: L R _ CH, — OH + H,0 '
(Carboxylic acid) (Alcohol)

9.5¢ 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.

CH,-COOH + NaOH ——— CH,-COOXNa + H:0
| et acild 15l acetatel

CH,-COONa + NaOH =282y CH, + NaCO,

{5l Aol inatani




Show the following conversions by means of chemical reactions:
» Methyl cyanide into acetic acid
» Acetic acid into an amide

» Ethanoic acid into ethanol
L

Uses of some common carboxylic acids and their deriv
Citric Acid (CcHs0~)

It is used as a preservative, flavor enhancer and
acidity regulator.

Malic Acid (CsHsOs) ! Butyric acid is a short chain

. " fatty acid with the formula
It is used as a food additive and pH ce@ CoH-COOH. It is found in
agent. dairy products like butter,

cheese and milk. It is

Tartaric Acid (C4sHsOs) responsible for distinct
It is commonly used in rage | aromaand flavor of these
industry. products. J
Acetic Acid (CH3C

It is used as a pfe as a raw material of various chemicals.

Anglic Acid (CsHsCOOH)
sed in the production of dyes, perfumes and plastics.

Acetamide (CH:CONH>)
It is used as a raw material in pharmaceuticals and drug synthesis.

Acetic anhydride (CsHsO3)
It is used in making cellulose acetate and in the manufacturing of dyes.



The important compounds of carboxylic acids and their derivatives with

their applications:

Common
name

Structure

Occurrence and
derivation
of name

Applications

Formic acid

HCOOH

Ants
(Latin; Formica)

Acetic acid

CH,COOH

preservative and
flavoring agent

Propionic acid

CH,CH,C

Butyric acid

7\
o (Gpdobd

Wer and
cheese

ek Protos, First;
pion, fat)

Animal feed
additive for
preventing mold
growth

Butter
(Latin; Butyrum)

Flavoring agent
in food products

Valerian root

Manufacture of
valerate esters

% ¢ acid

CH;(CH,);COOH Latin; Valere, to b
3(CHy)s3 ( aln,stri ner;:, o be ed
& perfumes
Goat Pharmaceuticals
CH;(CH3),COOH . o
(CHa)s (Latin; Caper) and plasticizers

7
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Carboxylic Acids as food preservative

Carboxylic acids, such as benzoic acid, sorbic acid and propanoic
acid, are commonly used as food preservatives due to their antimicrobial
properties. These acids can prevent the growth of bacteria, yeast and
molds that can cause the spoilage and food born illness. When added to
food, carboxylic acids dissociate into their corresponding anions, which
penetrate microbial cell membranes and inhibit the growth and
metabolism of microorganisms. They also disrupt enzymes and cellular
functions essential for microbial survival, leading to their death.

» Organic compou
hydroxyl group ( alled carboxylic acid.

» Carboxyli ' ater soluble since they have ability to form
hydroge ph water.

ape of carboxylic acid molecule is planar triangular in which

arbonyl carbon is sp? hybridized.

Carboxylic acids are stronger acids than alcohols, phenols and water.

However, weaker than mineral acids.

» Carboxylic acids can be prepared by the oxidation of alcohols. The
suitable oxidizing agents in this conversion are potassium dichromate
(K,Cr,0,) or potassium permanganate (KMnO,).

» There are four derivatives of carboxylic acid named as Ester, Acyl halide,

Acetic anhydride and Acid amide.



» Carboxylic acids can be converted into acyl chloride, if they are treated
with PCl;, PCl5 or SOCI,.

» Carboxylic acids can be converted into esters, if they are heated with an
alcohol in the presence of concentrated sulphuric acid.

» Carboxylic acids can be converted into amide, if they are treated with
ammonia.

(a) Acetic acid
(c) Acetone

d) Ethyl butanoate

(i)  Two molecules of acetic ac
(a) Ethyl acetate
(c) Acylhalide

(b) Aceticamide
(d) Acetic anhydride

(1)  Carboxylic acidfi§/stro cid than:
(b) HNO;s
(d) H2SO4

(iv) | that cannot produce an acyl halide in reaction with a
acid is:
(b) PCls I

(d) SOCl,

(v)# Benzoic acid is the product of oxidation of:
(a) Benzene (b) Ethyl Benzene
(c) Aniline (d) Phenol

(vi)  Formation of acyl halide and amide by carboxylic acid involved
(a) Replacement of hydrogen (b) Replacement of carbonyl group
(c) Replacement of hydroxyl group (d) Replacement of oxygen




(vil) Formic acid is naturally found in:

(a) Venom of ants (b) Bees string
(c) Vinegar (d) Butter
(viil)) Among the following compounds, the one with the highest boiling point
is:
(a) Ethanol (b) Acetaldehyde <
(c) Acetic acid (d) Ethyl chloride O
(ix)  The formula of caproic acid is:
(a) C4HyCOOH (b) CsH11CO
(c) CeH13COOH (d) C4sCO
(x)  The reaction of acetic acid with ethan }Qsence of conc.

sulphuric acid gives:
(a) Ethyl acetate cetamide
(c) Ethane Acetic anhydride

A \\
Short Questions
\)

Carboxylic acid reacts with thionyl chloride
1i1) Carboxylic acid reacts with ammonia

1v) Ethyl magnesium bromide reacts with carbon dioxide

. Write down the commercial applications of carboxylic acids.
4. Write the natural sources of following carboxylic acids.
(a) Formic acid (b) Acetic acid (c) Valeric acid (d) Caproic acid



. How is carboxylic acid prepared by:

i) Carbonation of Grignard reagent
11)  Hydrolysis of alkyl nitriles

iii)  Oxidation of primary alcohols

. Explain the structure of carboxylic acid.
. Discuss the acidic nature of carboxylic acid. How is it stronget
organic compounds and weaker than mineral acids?

. Convert the followings:

1) Carboxylic acid into acid anhydride

1) Ester into carboxylic acid

iii)  Toluene into benzoic acid e

(a) Solubility

. Write the names of four
equation for their preparatio
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Discuss the natural sources of Carbohydrates and classification based on structure.
(understanding)

Enlist the role of various Carbohydrates in health and diseases. (Applying)

Identify the nutritional importance and their role as energy storage (Applying)

Explain the classification of protein on the basis of structure and their functions. (Applying)
Explain classification and Functions of Lipids. (Applying)

Enlist sources and the role of Iron, Calcium, Phosphorous and Zinc in nutrition. (Applying)




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.

Biochemistry aims to investigate the structure, function and interaction
of biological molecules. It describes the metabolic pathways that regulate
cellular energy production, biosynthesis and degradation of molecules. It plays
a vital role in understanding the molecular basis of disease and the impact of
drugs on the biological molecules.

10.1 CARBOHYDRATES (\\\ 0O o

Carbohydrate is an essential group of foods in human and animal diets. It
is more realistic to define a carbohydrate as “polyhydroxy aldehydes and
ketones or the substances that yield such compounds when they react with
water on hydrolysis.” Carbohydrates are the main source of energy for,
tissues, and organs of our body. They are components of DNA and RNA (that
transmit and store genetic information). Rice, potatoes, wheat and barley are
some natural sources of carbohydrates.

10.1.1 Classifreqtio on structure

“Carbohydrates are classified as monosaccharides, disaccharides,
oligosaccharide and polysaccharides”. This classification is based on the
number of sugar unit present in carbohydrates.

Monosaccharides contain a single sugar unit for example glucose,
fructose, and galactose. Disaccharides contain two sugar units, examples are _
sucrose, lactose and maltose. Oligosaccharide are carbohydrates that are made s
up of 3 to 10 sugar units, for example kestose (glucose-fructose-fructose) and = 4
melezitose (glucose-fructose-glucose). Polysaccharides Contain more than 10 iy
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.




JE1ICR BN Examples of some monosaccharide sugar |

Class of
Monosaccharide Formula Examples
Triose C3HeOs3 Glyceraldehyde
Tetrose C4Hs04 Erythrose <
Pentose CsH100s Ribose / N
Hexose CeH1206 Glucosa
"‘i—nl!‘/
Among these monosaccharide’, hexose sugar is ymport wiCofit plays a
crucial role in biological system. Hexose sugars a iﬁéé;n 0 aldohexose
and ketohexose. An example of aldohexose is glugdse re=as ketohexose is

fructose.

ohain and close chain form
7 wmstable. The close chain form of
fs with pyran where as the close

Glucose and fructose exist i
however, the open chain form is
glucose is called pyranose sin

chain form of fructose is since it resembles with furan .
H—L{ =1} CHLCH %
| CHLOH ’
H—C—OH C=A} HOCH. O OH
| | H E" 8] H | H"'\. |
HO—C—H HO—C—H | \\I " e
! | i H c I \H U:y |
H—C—0OH H—C—0OH "\ OH H /| H é_ é FCHAOH
H—C—0H H—C—0H 1O Ncu? UH ke
| | OH H
CH,OH CH.OH H  OH
(a) Glucose (b) Fructose (¢) Glucopyranose (d) Fructofuranose

Disaccharides are carbohydrates consisting of two monosaccharide units
join together through glycosidic bond. “A glycosidic bond (O-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 eliminatioﬁ of water molecule (Fig.10.2). Disaccharides are water
soluble crystalline solids and represented by molecular formula C12H22011.

CH, O EIHM
%% n wotw, Lo i TR H HOCH, 0. H
4IIFH H‘rt‘ - ‘1"":'-..# a2 - ‘{i"'frll xx-‘L' .'I_I'“";#r- ilé + HA |
SN N e WINELD N 3
I — = : - o # PCHTH
B o aH M U b

(a-glucopyranose) (P-fructofuranose)

% DO)YOU
| KNOW?

In carbohydrates, "alpha"
and "beta" refer to the

“Polysaccharides are macro
molecules. They are amorphou
insoluble and made up of m
hexose sugars”. These hexo
associated with each othegAthr

linkage. Polysaccharid classified position of the hydroxyl
into  animal and plant group attached to the
polysaccharides, of animal | anomeric carbon (the carbon
polysaccharide ich is found in the | bearing the carbonyl group).

"+ (plus)" denotes the
configuration when the
hydroxyl group is below the
plane of the ring, and "-

(minus)" denotes the ,
t polysaccharide are the reserved configuration when the

carbQhydrates of plants. Example of plant | hydroxyl group is above the W 1

pol¥saccharides are starch and cellulose which \___ Plancofthering. ) il

muscles

are composed of thousands glucose units. Starch is a main component of our
carbohydrate intake. It is found in potato, wheat, burley etc. cellulose is found
in the cell wall of plant. It is used in making cotton, cellulose fiber and paper
etc.




What is glycosidic linkage? Draw the structure of maltose and show
glycosidic linkage in it.

10.1.2 Importance of Carbohydrates ™
ﬁ DO)YOU
Carbohydrates  are  nutritionally ' KNOW?

=z
o significant bio molegules and are essential Complex carbohydrates are
part of our balanced diet. important as they provide a slow
Carbohydrates such as starch, sucrose, and steady release of energy,

maltose etc convert into glucose in our |[3ding lin mlairgaining sta:ole bloohd
digestive system which is then absorbed into Sugguﬁzei;'fogéseﬁi?g;’ﬁi?c
the bloodstream and transported to t < .

_

. - 6 prolonged physical and mental
various cells where it is utilized fo
energy production for maintainy
biological processes.
AR

activities without sudden spikes
‘ CO; + 6H20 + Energy

in blood glucose levels.
J

jn energy storage within the body. The extra
converted into glycogen which serves as a
rage in animals including humans. Glycogen is
r. Another way glucose can be stored by converting it
ich are then stored as body fat.

rves as fuel for the brain. The adequate intake of carbohydrate
al brain function. Certain carbohydrates like dietary fibers are not
human enzymes and pass through the digestive system. However,
theéy\yregulate bowel movements and promote the digestive health. Certain non-
goestible carbohydrates (fibers) help promoting growth and activity of good

glucose of the
primary form

Role of Common Carbohydrates in Health and Disease

Glucose: It is a vital component of our blood. Typically, the normal range of
glucose in blood ranges between 70 to 110mg per 100 dl. However, if glucose




level exceeds this range, it can lead to the Diabetes which can be managed
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.

as)njlk (R
he

Lactose: It is a disaccharide. It is found in milk and hence als
sugar. During intake, it is broken down into glucose an
alimentary canal by the enzymatic activity.

Lactose is difficult to digest by adult human ﬁ DOLYOU
because they lack the enzyme needed to break - KNOW?
down lactose into glucose and galactos Lactose is present from 5 to 8
Lactose provides energy. In infants, it is “| percent in human milk, 4 to 6

important for the growth and develo ek i‘?,cow I:“lk l‘i‘;‘t‘lilit_o 4
some adult humans where lactas percent in goat milk that 1s

) why goat milk is relatively
not produced by the body, lt_ { _ easily digestible in adult
ting g human. )

indigestion which is sympt
gas, abdominal pain an
a ide and made up of a glucose and a fructose
able sugar or cane sugar. An excess amount of sucrose in
&”development of gum disease such as fatness, plaque
oth, and even tooth decay.

What do plant and animal starch means? What is the role of animal starch for |
energy storage in the body.




10.2 PROTEINS

Proteins are naturally occurring macromolecules made up of long chain
of amino acids that fold into precise three dimensional configurations
(Fig.10.3). All living organisms including plants, animals and bacteria contain
proteins and their presence is vital for the life. <

R R

HIN—CH—COOH .~ HiN— CH—CO0
—
(@ (b)

f alpha amino acids that can
ists of an amino group as well as
associated with each other through
cific arrangement and sequence of these
and function of the protein (Fig.10.4).

There are twenty two (22)
be used to build proteins. Each afin

poly peptide linkage (
amino acids determine

.., % ==
w—H*HTi*‘“’“” o “‘“?”f ;:.i

10.2.1 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. ;

Amal
Starch + H»O T yase Glucose

Protein + H>O _Protease Amino aci(:éI @

Lipase

Lipid + H0 Fatfy acid

O
(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.

NN
(iii) Transport proteins: {&é ™ \DoYou
These proteins facilitate the movement of | KNOW?

molecules, ions and other substances
. “ 1 gram of -carbohydrate
across cellular membranes and in the . ;
. provides approximately 4
blood stream. For\@?, haemoglobin. i ——

\b % 1 gram of protein provides
(iv) ‘@pto r hormonal proteins: approximately 4 calories.
These proteins play a critical role in | & | gram of fat (lipid) provides
“regulating the function of body by approximately 9 calories. )
ransmitting signals between the cells. (8 J

10.2.2 Classification of proteins on the basis of their structure
Proteins are essential macromolecules classified into four main types
based on their structure.




4...-‘.
|

Table 10.2 Classification of proteins

Classification Description Structure

» It is a linear sequence of amino acids #. e
in the protein chain. -

Primary | » This sequence plays a crucial role in
determining the overall shape and ™
function of the protein. N

’ » It refers to the folding patterns in L

e : ) h : e

polypeptide chains due to interactions

between nearby amino acids.

» The two secondary common strucares

Secondary are alpha helix and beta sheets

» The Stabilization of sceonda
structure is due '
hydrogen bonds b

» It refers -flimensional
ein molecule
and refolded
aify.

molecule is due to the
re following types of forces
eg polypeptide chain;

alt bridge (ionic bond)

Disulfide bridge (covalent bond)

4 e Van der Waals forces

e Hydrogen bond

I » Example: Myoglobin exhibits a
4 i tertiary structure.

||' . » It is a large complex protein molecule
'i and formed by the interaction of
multiple protein subunits.

Example: Hemoglobin, which consists
of four subunits and illustrates the
quaternary structure.

o B

Quaternary




10.2.3 Properties of proteins

(1) Proteins are water soluble due to the di polar terminal of amino acids in
the polypeptide chain.

(i) Proteins are amphoteric in nature because of the presence of—~COOH as
well as —-NH> group in their structure of amino acid sequences.

(ii1) Proteins exhibit flexibility due to the ability of amino acid chain rotation.

(iv) Certain proteins exist in various colours i.e. haemoglobin.

(v) Proteins are thermally stable, however the structure of proteins are
disrupted by heating, at elevated temperature or by a sharp change in the
pH.

T ——

o

10.2.4 Importance of proteins

(i) Proteins provide energy for the bod
protein provides four calories.

(i) Haemoglobin is a protein, it
tissue of the body.

(ii1) Harmones are proteins

Haemoglobin, harmones and antibodies are categorized as proteins. What is the
biological role of these proteins in human body.

10.XLIPIDS 4

“Lipids are mnaturally occurring
heterogeneous organic compounds that are
insoluble in water but soluble in Bloor’s | Bloor's reagent (a mixture of
reagent”. The term “lipid” originates from the diethyl ether and ethyl
Greek word “Lipos” meaning “fat like” due to | alcoholin the ratio of 2:1).
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.

10.3.1 Classification of lipids

On the basis of chemical composition g\ DOVOU
lipids are classified into three main groups, At alied
P =P " KNOW?

named as simple lipids, compound lipids and

steroids. Most of the lipids hydrolysed
with alkalis to form soap,
Simple Lipids these are known as

These lipids are chemically esters, made | Saponifiable lipids. Lipids of
steroid family cannot form

up of fatty acids and alcohols, mainly serve as soap with an alkali and are

CNergy source to the body. . . —| called nonsaponifiable lipids.
Simple lipids are further classified into f: %k — J

and waxes.
Fats and Oils
“These lipids are abyg ck ( in nature and chemically known

as triglycerides or tri %Y Lieyare formed by the condensation of three
fatty acid and a glycerdl fholectig

o
N}
1]
RCOCH HsC=—1H HyC—0—~C—F
| i
iy ca
REOOH + HE—OH ——0" = ye—p—C—R + 3H0
| i
RCODH  HC—OH HC—O— C—
[Three ity acids ) {Lilyceroi) | Toglveemde )

The fatty acid chains in the molecules of fat and oil consists of C12 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.



IR R ORI Types of fatty acids

Type of Fatty Acid Description Examples

Contains only single bonds | Stearic Acid, Palmitic

Saturated Fatty Acid .
aturated Fatty Acl between carbon atoms Acid

Contains at least one double| Oleic Acid, Linolei
bond between carbon atoms Acid.

Unsaturated Fatty Acid

Waxes O

“Waxes are the naturally occurring~eSte -chain fatty acids
and long chain alcohols”. Waxes are sol water repellent nature. In
plants they form coating on the surfa its and other parts helping
to prevent water loss and protect agins ent. Honey bees produce wax
to build honey combs for the pr

C - C16H33

cerol with two i \DO)\YOU
compounds such KNOW?

ho acids, phosphoric

Compound lipids
“These are est

fatty acids and ¢

as carbohydratg

Cholic acid is a derivative of
cholesterol. It is found in bile
juice as sodium salt. It serves

lassified into phospho lipids,

gly nd lipo proteins on the basis of | 3¢ iz At e e i
intrgyctips  of  additional groups like the digestion of fat. i
phosphoric acid, glycogen and protein etc. | ) | =

ple: LDL (low-density lipoprotein). |

Steroids

These are derived lipids that are composed of
specific structure of four interconnected carbon rings
(Cyclopentenophenanthrene nucleus). Examples of
steroids are cholesterol and cholic acid.




10.3.2 Structure of lipids

The structure of lipids varies depending on their classification. However
the basic structure consists of a hydrophilic head and a hydrophobic carbon tail.

o
|
HzC_O_(I:_CHz(CHz)nCHs

<

(0]
Pl y: AN
Polar heads \-} HC —0O0— —CH,(CH,),,CH, 47 Non polar ch ivO

0]
|
HZC_O_(I:_CHz(CHz)uCHS

(Tristearin a simple triglyceride)

10.3.3 Properties of lipids

Physical Properties /’)‘ Q

o Lipids exist in different physical states depending upon their chemical
nature and temperature. For example, fat exists in solid state, wax is
semisolid state and oil in liquid state at room temperature.

 Lipids are translucent or opaque in nature.

o Lipids are insoluble in water and soluble in the organic solvents; like
Bloor’s reagent.

 Lipids have low density which enables them to float on water.

o Melting point of saturated lipids is higher than unsaturated lipids.

o Lipids are poor conductors of heat and electricity therefore serve as
insulators for the animal body.

'cWrties
iy actions

Oils undergo addition reactions with hydrogen in the presence of nickel
(catalyst) to produce fats. In this chemical reaction, unsaturated fatty acids of oil
onvert into saturated fatty acids.

R-CH=CH-COOH +Hj --nmmmmemmmee R-CH,-CH,-COOH

Saponification
Fat and oil are hydrolysed when heated with an alkali to produce soap and
glycerol, this process is known as saponification.



.

i

e |
| g
CH—0—C—R: + INaDH—— IR — COONa + CH—OH
| (Sodium hydroxide) (Soap)

CH,— 0—C—R ,—OH

(Triglyceride fat) (Glycerol)

Rancidity

hydrolysis reactions simultaneously leading to the dej
unpleasant taste and odour. This process is commonly geferredQ

10.3.4 Importance of lipids
Lipids play important role in human body.
(1) They store chemical energy i of triglycerides in adipose
tissues. They store more tha By S compared to carbohydrates

(i1)) They are fundament i s of cell membranes. Due to their
water insolubilit
which allows t

(ii1) Lipids in adip

of substances in and out of the cell.
elp maintaining the body temperature and

(iv) They hel absorption and utilization of fat soluble vitamins such as
itamiin AY I}, E and K.

rals are inorganic substances that er
are red to maintain physical health and "ﬁ DO)YOU ( s
preyent us from certain diseases”. Although KNOW? 4
more than twenty five minerals are present in our Minerals and water are -
body but sixteen minerals are recognized as smaller sized inorganic
essential for the body health. Some minerals are | Substances that are directly

. . . absorbed into the blood
required in the larger quantity and known as

. . . without being digested
macro minerals while others are needed in small through enzymatic process

quantity and referred as micro minerals. in the alimentary canal.
S




10.4.1 Sources of important minerals

Minerals are generally found in fruits, vegetables, whole grains, dairy
products, meats, sea food and water etc.
Sources of some minerals are listed in the Table 10.4.

1NN E Sources of some essential minerals ‘

Calcium Milk, Cheese, Yogurt, Leafy greens £\
Iron Red meat, Poultry, Sea Food, Be%eku& é
Zinc Beef, Chicken, Sea Food, Bean{ ( i
Phosphorous Meat, ﬁshj dairy produc nuts,w
whole grains. e o
L=
10.4.2 Biological Significance of Ir i hosphorous and

Zinc
Minerals perform a diversg
maintenance of pH, acid-base
mineral has its specific role f

ctions in the body such as
onal control. However; each

Iron:

Iron is crucial for the | dyse it involves in the oxygen transport, immune
function, temperature regt it and the production of red cells.

Calcium:

Calcium j
n blood clotting and immune system. Its deficiency causes
poor body growth.

Zinc:
Zinc is important for normal growth, wound healing and the working of nervous
system. It improves our immune system and enhances insulin activity. It also
activates our sense of smell and taste. Deficiency of zinc causes loss of weight,
appetite and taste.



SOCIET.YXTECHNOLOGY.
AND SCIENCE

Insulin and Diabetes

Diabetes is a complex metabolic disorder marked by elevated
blood sugar levels. It is triggered by either insufficient production of
insulin or the body’s inability to effectively use it. Insulin is a protein
hormone secreted by pancreas and plays a significant role in controlling
blood sugar levels. The glucose level in the blood fluctuates throughout
the day, increasing after meals and then gradually returning to normal
within approximately two hours. The typical range of normal blood
\glucose level for adults in a fasting state is 70 to 110 mg/dl. )

>
>
>
hydroxy aldehyde or ketone on hydrolysis.
> ssified as monosaccharides, disaccharides,
uPpolysaccharides.
> on of carbohydrates is to supply energy to all cells in the
» "Rod es excess amount of glucose in the liver and muscles in the form

P ShpeSgen.

» {froteins are macro-molecules consist of amino acids linked together

rough peptide bonds.

» There are four levels of the structures of protein; primary, secondary,
tertiary and quaternary.

» Tertiary structure of protein is stabilized by disulfide bridges, Van der
Waals’ forces, hydrogen bonds and ionic bonds.

» Physical, chemical and biological properties of proteins are temperature
and pH dependent.




» Lipids are water insoluble heterogeneous organic compounds, which are
chemically ester of fatty acid and alcohols.

; » Meat, nuts, cereals, fish, milk and dairy foods, fruits and vegetables, are
' sources of minerals.
» Saponification is a chemical reaction of fat and oil with an alkali.

» Rancidity involves two simultaneous reactions named as oxidation gld

hydrolysis which makes the animal fat bad taste and bad odour. ( O:
'HLRCI.!
HEEREISE |

W\
| Multiple Choice Questions
NN
(i) Starch and Sucrose are examples of:
| (2) Monosaccharides and Disaeth(i W
(b) Disaccharides and Olig
Y

arides

protein molecule through:
(b) Ether linkage
(d) Hydrogen bridge

(b) Carbohydrates
(d) Nucleic acids

A condensation polymer of amino acid is:
(a) Protein (b) Lipids
(c) Starch (d) Glycogen

(v) Saponification is the formation of soap by the reaction of fat and oil
with:

(a) An alkali (b) An acid

(c) Sugar (d) Glycerol




(vi) Which of the following mineral is considered to be essential for immune

system:
(a) Iron (b) Zinc
(c) Magnesium (d) Calcium
(vii) Rancidity is a chemical process involving:
(a) Oxidation and hydrolysis (b) Condensation and reduction
(c) Polymerization (d) Decarboxylation
(viii) Lipid which is a major component of cell membrane is:
(a)Triglyceride (b) Phospholipid
(c) Glycolipid (d) Steroid
(ix) Total numbers of alpha amino acids are: e
(a) 19 (b) 22
(c) 25 (d) 28

(x) Sugar molecules are classified as:
(a) Fats ( OtCins
(c) Carbohydrates ipids

¢\
ShortQuestions

5¢ What is rancidity which chemical reaction involves in this process? o

6. Write three essential functions of protein in the body.

7. Write down the sources from which we intake fructose and lactose.




. What are Carbohydrates? Give their classification on the basis of

structure.

. Explain the role of glucose, fructose, sucrose and lactose in the health of
human being.

. What are Proteins? Classify various types of proteins on the basis tgeir

function.

. What are Lipids? Give their classification, properties agd cal

significance.

. How can you explain primary, secondary and te

proteins?

. Describe physical properties of proteins.

. Why minerals are essential for

significance of Calcium, Iron, Zinc,

ture of

o

e the biological



CHAPTER
11

'
HStudents will'beable to:

Explain the role of the chemical industries in the economy of Pakistan. (Analyzing) |

Describe the various pharmaceutical products (Understanding) ¥}
Enlist different pharmaceutical products with their functions (Applying)
Explain the formation and uses of PVC and Nylon. (Applying) '-;',F.
Describe the composition and effects of various cosmetics like nail polish, nail polish remover,
lipsticks and perfumes (Understanding)

Describe the adhesives and their applications. (Understanding)
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INTRODUCTION

Industrial chemistry is the branch of chemistry which deals with the
conversion of raw materials into useful product through chemical process.
The primary objective of industrial chemistry is to investigate new ways and
technologies to enhance the efficiency of chemical processes, reduce expenses

and increase product yields. s
An industrial chemist plays a crucial role in enhancing produetjvity
e :"-f through the exploration of novel catalysts and optimizing reaction £qfditions,
-~ while also aiming to reduce production costs by utilizing aw
materials. Their contributions extend to the development of inflgvative matefials

and technologies that benefit various industries. Moreover, 1 [)chemists

ensure safety standards, risk assessment, and proper s
This multi-disciplinary field of industrial chemi

scientific branches, including agriculture, en, {_\

11.1 INTRODUCTION TO CHEMICAL INDUSTRIES

“The term chemical in Mo all those companies that

manufacture chemicals”.
== |DO0)\YOU
" KNOW?

involves a broad range o

production of chemi q
packaging and dls utio The control and regulation of
chemical industr olved in the | chemical industries in Pakistan
manufacturing s chemicals, including | involves a combination of
aCidS A S and more Chemlcals various Government agencies

% . : such as:

e’for the production of Wlde > Pakistan standard and
products such as dyes, adhesives, quality control authority
, ¥synthetic polymers, pesticides, (PSQCA).
ofit, “detergents, fertilizers, fibers, glasses, | » Environmental protection
agency (EPA).
_ Y,

These industries encompass a wide
range of sectors and generate substantial revenue and create employment
opportunities. Some well-established chemical industries are given below;

(i)  Petrochemical Industries: These industries are primarily focuses on
the extraction, refining and processing of petroleum and natural gases.




They also produce many other chemicals as by products which then
sold as a raw materials several useful substances.

Products of crude oil and its uses

CRUDE OIL -+  REFINING  Uscd as fuel for transportation, power, supply, etc. |a

|
¥
PETROCHEMICAL
FEED STOCK OR BASIC
PETROCHEMICALS
L4
: h FINAL PRODUCTS BASIC NEEDS
:Hﬂ“ﬁ | s
. :... .n-:. ni - | I.

ertilizer Industries:

Fertilizer industries are responsible for the production of fertilizers,
which are substances used to improve soil fertility and promote plant
growth. Fertilizers provide essential nutrients to plants, enhancing
crop yields and agricultural productivity. There are two main types of
fertilizers: organic fertilizers, which are derived from natural sources,
and synthetic fertilizers, which are manufactured chemically. Some
common synthetic fertilizers are listed in Table 11.1:




Table 11.1 Examples of some synthetic fertilizers and their uses |

Chemical Nutrients

Synthetic Fertilizer Formula Provided Uses
. . . Development of roots
Ammonium Nitrate NH4NO3 Nitrogen and maintaining pH soil
. Development of 1€af,
Urea CO(NH2)2 Nitrogen steam an g

Diammonium Phosphate Nitrogen, Develop

(DAP) (NH4),HPOs Phosphorus stagepf a

Potassium Chloride . enzymsetirilics
(MOP) KCl1 Potassium @ynmesis

(iii) Textile Industries: Textile industries are $ fBe economy that

involve the production of fabrics and textiles 4 al fibers like cotton

and wool, as well as synthetic materials like§

play a vital role in providing a wi ptoducts, from clothing and

household items to industrial mate%
L AN

Exa of some Textiiles cts and their uses
thetic Textile .
Eﬂl‘rﬁduﬂ: Hrscriytien v
, Clothing (shirts, pants, dresses,
A synthetic iber made Bt s, it e
Polyester i e vk darbi b Jackets), curtamns,
P : bedding cic.
Stockings, hosiery, swimwears,
1 Mylon Acsong il churable ropes, parachutes, and vanous
synthetic fiber ! '
SpOMsSWEArs
Acrvic A soft and light weight | Sweaters, blankets, faux fur,
Gl synthetic fiber carpets,

(iv) Paint Industries: The paint industry is a sector that produces liquid or
powdered substances used for coating surfaces, providing protection, decoration,
and other functional purposes in various applications such as construction,
automotive, and industrial sectors (Table.11.3).



y . B0

Table 11.3 Examples of some synthetic paints and their uses |

Paint Products Description Common Uses
It is also known as latex. Interior and exterior walls,
Water-Based Paint In this paint water is used ceilings, and various
as a carrier solvent surfaces. (h‘
Woodwork, paete

oil A Pai It contains organic solvents " q .
11-Based Paint as a cartier. sur aces.an Sy @ 3
FC A0 1k

A type of oil-based or water-based
paint with a hard, glossy finish.

Enamel Paint

. floors, marine
Epoxy Paint .
applications, and metal

surfaces.

V A"
(v) Detergent Industries: Mtry produces cleaning products,

typically containing ; other agents, designed for wvarious
applications like laun ishtwashing, and surface cleaning. These products
help to remove di
(Table.11.4).

Table 11.4

Examples of some synthetic detergents and their uses |

er ent o .
8 Composition Main Uses
Products
v - - -
Surfactants, builders, enzymes, Cleaning clothes in
Detergent . . |
fragrance, water softeners washing machines
Dishwashing | Surfactants, enzymes, fragrance, | Washing dishes by hand 1)
Detergent water softeners or in dishwashers 'l:!-
All-Purpose Surfactants, solvents, fragrance, Cleaning various |
Cleaner water surfaces and floors
Surfactants, moisturizers, Hand hygiene and
Hand Soap . . Ve .
fragrance, antibacterial agents cleansing




(vi) Cement Industries: The cement industry involves the production of cement,
a binding material used in construction, made primarily from limestone, clay, and
. other raw materials. Cement is a fundamental component of concrete and mortar,
essential for building infrastructure and structures worldwide (Table.11.5).

F
' of some i their uses
Clinker {mamly composed of
; N Infrastructure
Ordinary Portland | caleium silicates), gypsum, I

Cement (OPC) | limestone, and small amounts of concrete and production,

other materials.
Underground
| Portland Slag Clinker, slag, gypsum and construction
Cement (PSC) limestone, maring works, and
sewage works.

Tile grout and
other decorative
CONSITUCIIONS.

Clinker, limestone, and gypsum
with low tron content.

White Cement

Some chemically industries operating in Pakistan have been mentioned in section
11.1. Do you know some more industries working in Pakistan?

11.2 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”. Pharmaceutical industries provide significant contribution
to health care sector. They are not only concerned with the manufacturing of
medicines for diseases control but also invest in extensive research and
development activities to discover new drugs, therapies and treatment
approaches.

Classification of pharmaceutical products is based on various fact
as chemical structure, mechanism of action, therapeutic use an
activities. Some common drugs are described below.

Analgesics

“A drug that specifically targeted on cen stem to
provide pain relief without consciousness is a gesic drug”.
“Asprin” is the oldest and the most common analg
Antibiotics

This drug is produced fro

chemicals of microorganism. “It s DO YOU
growth or Kills microorganis KNOW"
was the first discovered antibiot Bayer commemany
range of antibiotics areA4s Mg upon | introduced aspirin in 1899 as
doctors prescription. pain reliever. Its chemical

name is acetyl salicylic acid.
However, historically, it was
Mich lower the body derived from a pl.ant willow
bark for medicinal use.

pimal is Kknown as

. . . J
ost widely used antipyretic

“These drugs use to kill fungi that cause infections on skin”. The most o
cohmon skin infections are ringworm and dandruff. Example of antifungal drug i
1s “fluconazole”.

Anti inflammatory medicine

“These drugs helps reduce inflammation, and relieve pain”. Ibuprofen
(Brufen) is an example of anti inflammatory medicine. However 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.
Health ministry of Govt. of Pakistan play important role in the availability and
accessibility of drugs in public sector.

11.3 PESTICIDES

“Chemical which are used to control, repel or Kkill pets or insects or
fungus are known as pesticides”.

Pets and insects can cau
reduced yields and poor qua

NN

191 Mamage to crops, leading to their
agricultural practices, formers utilize
to'safeguard crops from pets and to ensure the




Although, the term pesticides is commonly associated with crop
protection, it also encompasses the chemicals use to destroy community pets
including cockroaches, mosquitoes, rats, flies etc.

Types of Pesticides
Pesticides are classified into three major classes named as insecticides, fungigides
and herbicides.

Insecticides
“Chemical substances which use to kill insec re
insecticides”. The best known insecticide is Dichlorodiphenyltricifteroethane

(DDT), N\

Herbicides

Undesirable herbs often co-exist with crops creating problems for the
growth and fertility of crops, by taking away their share of nutrient water and
sunlight, these types of herbs are known as weeds. “Herbicides are the
chemicals which either destroy or stop growing weeds”. A very common
herbicide which former prefer to use is 2,4-dichlorophenoxyaceticacid
(abbreviated as 2, 4-D).

Fungicides

“Fungicides are chemical substances employed to eliminate undesired
fungi that develop within crops”. A very common fungicide Mancozeb
(Manganese ethylenebis(dithiocarbamate) zinc salt) which is used to control
various fungal diseases on crops like potatoes, tomatoes, and grapes.

To%cts of pesticides ™\ BOYOU -
Despite the prevalent use of pesticides ST RDAVA AL -
P P KNOW? & b

in the modern agriculture, it is crucial to ) N
acknowledge and address their harmful impact | A mosquito repellent, classified
on health and environment. Pesticides spray on | as a type of less toxic pesticides
crops can contaminate soil, water and air DTS PO i

lead; h i off h mal mosquito bites when a small
eading to the toxic effects on human, animals amount is applied to exposed

and environment. A high level of pesticides area of skin.

- J




exposure can cause respiratory and reproductive problems, eye damage and
neurological disorder.

Safety Measures
» Fruits, vegetables and other crops should be washed properly before eating.
» Farmers who handle pesticides as a part of their work should follow safety
protocols.

11.4 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.

Synthetic polymers are classified into two broad classes on the basis of
type of process involved during their preparation.

Addition polymerization involves the self-addition of unsaturated
monomers to form a giant molecule, while condensation polymerization links
same or different monomers by eliminating small molecules like water or
methanol.

Another classification of synthetic polymers is based on their behavior on
heating. Thermoplastics soften on heating and regain their original properties on
cooling, whereas thermosetting plastics undergo irreversible transformation,
becoming hard and rigid upon heating.

Polyvinyl chloride (PVC)
g@{ chloride (PVC) is a widely used thermoplastic due to its
ergatility, dnd durability. It is known for its excellent electric insulation, light

eating vinyl chloride at 60-70°C in the presence of Hydrogenperoxide
202).
1 CH,= CH—C| ——= —EH,—I.'.IJH—
a J,
{vimyl chleridel (i wdnyd chlorlde)




PVC is used in the manufacturing of bottles, pipes, medical tubes, blood
bags and insulation material on electric wires.

Nylon 6, 6
Nylon 6, 6 is a type of synthetic polymer. It is known due to its high
strength, light weight and excellent mechanical properties.
Nylon 6, 6 is chemically a polyamide and prepared by the proces
condensation polymerization between hexamethylenediamine and adipi
(hexanedioic acid) with the elimination of water molecules.

0 0
il ]

nHO~C=(CH b =C=0H  +  nHN=(CH,),~NH,
quiligec atitl i B A i

0 O
—C=[CHs}~C~NHICH, = NH= |+ 2nH,0
n

Pyl - k)
a\d’qy, ropes, fish net, bristles of

Nylon 6, 6 is used in making te
brushes and tires etc (Fig.11.2).

y Ly - DAo You e ;
e word cosmetic is derived from the Greek f_m S

‘fko smetll.(o” meaning  beautifying Glycerine is commercial W
complexation of skin. name for glycerol. It is an
“Cosmetics are the products that are used| organic oily liquid. It is
to enhance or alter the appearance of face, body, widely used in

nails or hairs”. Thousands of cosmetic products are| moisturizers and lotions.
manufactured in the industries, few very common
are briefly described below.

It is commonly used for
healing mouth ulcers.




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 moisturing agent.

(ii) Nail Polish: It is a type of lacquer that is used to enhance the appeargnce
of nails in women. It comes in a variety of colours including red gnk,
brown and others. The basic components of nail polish includg’pi ts,
resin, plasticizers and film former.

Nail Polish Remover: It is an organic solvent such acetgne” along
with some other ingredients such as scent.

(iv) Hair Dyes: These are chemicals that change 0 Qhairs. Hair dyes
are classified into temporary and perm 1 emporary hair dye
last for a short period of time, typi washes. It is available in
various form such as spray, gels 1
Permanent hair dye refer

of time. It mainly co
oxidizing agent g

product that last for long period
nt and developer. The developer is an

1 en per oxide is used as developer.

)

lex mixtures of aromatic compounds, solvents,
af_create pleasant and distinctive scents. They typically

L ok

<)




11.6 ADHESIVES

“Adhesives or glue are chemical substance that use to stick materials
together”. They are liquids or semi solids. They create a bond between the two
surface through either physical or chemical processes. A wide variety of adhesive
are available, each possessing unique properties and appropriate applications.
Some of frequently used adhesive are described below. '

Starch
It is a natural adhesive and prepared by heating starch suspensignefrwyate

It has low adhesive strength but widely used because it is easily e % low

cost. Starch is used as a thickening agent in various food produgts antha aw

material for the production of biodegradable plastics.

Epoxy Resins
These are strong synthetic adhesives and ‘gommeg GXed for bonding
metals, plastics, glasses and ceramic items.

Silicon Resins

These are known with their hi
repellent ability. These are use i
optical instruments and medi

t gh thermal stability and water

ines, gasket making, bonding of

Super Glue

It is chemically ed as'gyanoacrylate. It is fast acting adhesive that bond

quickly of broken item jewellery, toys, automotives etc.
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Development and use of synthetic fibers
Polyester is a well-known fiber utilize in fabric production. It is
prepared by the reaction between terapthalic acid and ethylene glycol.
When polyester is blended with cotton in the ratio of 65% polyester and
35% cotton it makes poly-cotton fiber (tropical fabric) which is known for
its light weight nature, ease of ironing and soft texture. Poly-cotton fabric
is widely used is the production of all types of clothing, including shirts,
\_ frousers bed sheets etc. Y,
o
M{
» Industrial chemistry is the b stry which deals with the
conversion of raw materialgs duct through chemical process.
» Drug is a substance tha{ 1 cat or cure a disease in human or
on central nervous system to provide pain

animals.
» A drug that specifigfilly ta
relief withoyt con s 1s known as analgesic drug.
» A drug w p the growth or kills microorganisms is known as

t1cs.
hick Jower the body temperature to normal is known as antipyretic.
h is used to kill fungi that cause infections on skin is known as

=

»fhical which are used to control, repel or kill pets or insects or fungus
are known as pesticides.

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.
» Cosmetics are the products that are used to enhance or alter the appearance

of face, body, nails or hairs.

» Adhesives or glue are chemical substance that use to stick materials
together.



RCISE

VI CRoice Questions

(1)  Super glue is chemically named as:

(a) Cyano acrylate (b) Polyvinyl acetate
(c) Epoxy resins (d) Polyurethane
(1) DDT is a chemical which commercially known as:
(a) Insecticide (b) Herbicide
(c) Pesticide (d) Fungicid
(ii1) Nail polish remover is mainly consists of:
(a) Pigments
(c) Diethyl ether
(iv) Antimalarial drug among the followia
(a) Ibuprofin

(c) Paracetamol

(v) Asprin is a pain reliever, i iS:
(a) Ascorbic acid (b) Nicotinic acid
(c) Acetyl salisyli (d) Benzoic acid

(vi) Nylon6,6isa ens polymer of hexamethylene diamine and:
(a) Benzoic aci (b) Adipic acid
6] (d) Valeric acid
fewing is not a synthetic plastic:
(b) Teflon
(d) Polyethene
(v at lower the body temperature to normal are known as: | .
> tibiotics (b) Antipyretic .-}-"'
) Antiallergic (d) Anti histamins ,;,.'-"
(i%) Which of the following chemical is used as an oxidizing agent in permanent i
hair dyes:
(a) Acetone (b) Hydrogen peroxide
(c) Polyvinyl acetate (d) Resorcinol
(x) An example of thermosetting plastic is:
(a) Polyethene (b) PVC

(c) Nylon (d) Bakelite




Short/Questions

. Give the scope of pharmaceutical industries in Pakistan.
. What is antihistamine drug? Give the symptoms in which it is used.
. Write the names of two synthetic and two natural polymers. <

. Write the name of four main components of Nail polish?

. How can you define Cosmetics? Describe four co
commonly used. :
. What are pesticides? Explain various types

specific use.
ylon and polyvinyl
i1 of super glue and silicon

'debalong with their

. Describe the preparation, properties
chloride.
. What are adhesives? Explain i
resins.
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Wet deposition
(rain, snow, sleet) NO EU:. (gases and particulates)

Dry deposition

Students will'be able to:

Recognize various chemical reactions occurring in the atmosphere. (Understanding)

Recognize that the release of COx, SOx, NOx, VOCs are associated with the combustion of
hydrocarbon based fuels. (Applying)

Outline problems associated with release of pollutants including acid rain. (Understanding)
Describe causes and impacts of smog. (Analyzing)

Explain greenhouse effect and global warming as resulting in climate change. (Analyzing)
Explain the buildup and the adverse effects of ozone in the troposphere. (Applying)

Describe the role of CFCs in destroying ozone in the stratosphere. (Applying)

Describe the role of ozone in the stratosphere in reducing the intensity of harmful UV radiation
reaching the earth. (Understanding)

List possible alternatives of CFCs. (Applying)

Recognize and describe various water pollutants. (Applying)

Explain the various parameters of drinking water analysis and compare with WHO standard
limits. (Applying)

List some major products of petrochemicals industry with their uses. (Applying) j




INTRODUCTION

Environmental chemistry is a special area of chemistry that look at how
chemicals interact in the environment and effect living things. “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”.

environment and human health such as air pollution, w
pollution, noise pollution, radioactive pollution etc. Earth’s en!
of four interconnected parts that work together to sustaigf'ii
» Lithosphere which comprises Earth crust and sqf
» Hydrosphere which consists of all surface

» Biosphere which includes the entire livin

» Atmosphere which is extended to e the Earth’s surface and
consists of gases.

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 11km.

Stratosphere: It starting from the top of troposphere and extending up to 50km
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 extendd
from 85km to 500km.

12.1 CHEMISTRY OF THE TROPOSPHERE

Troposphere is the lowest layer of Earth’s
atmosphere, where we experience our daily
weather conditions such as rain, snow, winds,
storms, thunders, clouds. The temperature i
region decreases constantly with in
altitude from the ground of Eart
approximately 15°C to -56°C. The
sea lev§l 1s nearly 760 torr but . ' A P p—
increasing the altitude. Th a vital occurred in this region.
role in supporting life/Op*E aswit holds as
significant portion offokygen bon dioxide and water vapours which are
essential for the,s &0 ving organisms.

KNOW?

Thermosphere is the highest
temperature region of
atmosphere due to the

absorption of intense solar
radiation. They natural light

#Sphere. However, certain toxic substances, including nitrogen oxides
stlphur oxides (SOx), volatile organic compounds (VOCs) and ozone (O3) IIII 4
cans€ause atmospheric pollution.

Chemistry of oxides of carbon (COx)

The oxides of carbon in troposphere are carbon monoxide (CO) and
carbon dioxide (CO»), collectively written as COx.

Carbon monoxide is very toxic gas, since it has great affinity for
hemoglobin. It is released by the partial combustion of fuel in automobile,




petroleum refining and forest fire etc. Carbon monoxide in troposphere is broken
down by U.V radiation into free carbon particles which are responsible for the
smog formation.

1
CO(g) + hvy — C(S) + Eoz(g)

Carbon dioxide is added to atmosphere due to the combustion of fossil
fuels such as coal, wood, petroleum. It is also released during the respirati(m of
animals. The increase level of carbon dioxide in atmosphere causes s ion
and respiratory disorders.

Chemistry of Oxides of Nitrogen (NOx)

There are two main oxides of nitrogen which cauge pol ir. These
are nitric oxide (NO) and nitrogen dioxide (NOz) and ollectivEly written as
NOx. These oxides produce from the combustion coal, petrol and
natural gases at high temperature.

Nag) + Oz
ZNOg) + Oz)
These gases are also formed by

ion in atmosphere.

1
NO3z g NO@ + ;02
03
The high_conce i f NO and NO: gases in air is harmful because
they form acid fpig @nd 0z0fc in the atmosphere.

In atmosphere SO; gas can be produced by photochemical oxidation of
SO, under the influence of sun light.

U.V light
2503(g) + O2(g) :

2503y

The presence of these gases in atmosphere causes cardial and respiratory
diseases and also effect negatively on crops production.



Chemistry of Volatile Organic Compounds (VOCs)

Volatile organic solvents are commonly
used in various chemical industries such as paints, ﬁ DO)\YOU
KNOW?

varnishes, cosmetics, aerosols, air freshener and

gasoline. During the chemical processes taking The industrial areas are
place in the factories, these chemical evaporates | experiencing severe pollution
into the Earth’s atmosphere and leading to the due to the presence of

pollution. “All those solvents which evaporate diverse industrial waste.
These wastes are either

into  atmosphere and  contribute the | iojeased into the atmosphere
atmospheric pollution are known as volatile | or discharged into the stream,
organic compound (VOCs)”. ultimately reaching the sea |

Although the presence of volatile organic | and causing pollution that
compounds (VOCs) in the Earth’s atmosphere TS W sl

. . aquatic life.

poses a threat to us, their exposure to ultra violet t — Y,
light lead to their decomposition and the fog 0 N;gﬂé which is even more

hazardous for health. Examples of VO@Syit formaldehyde, benzene, and
toluene.
Chemistry of Ozone (O3) %

Ozone is an allg oxygen. It is present in a very low

of gasoline in a car
in the formation of Hizdd

hydfocarbons. 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 (CO,),
nitrogen (N,), oxygen (0,) and water (H,0)”. Catalytic converter contain a
mixture metals such as platinum and palladium which serves as catalyst.

(1) Can a vehicle run without catalytic converter?
(i1) How does catalytic converter contribute to reducing air pollution.

(2
Smog is a type of air pollution. This term is the ON I moke and

In the industrial zones of a
country, numerous industries are
operational, manufacturing various
valuable commercial products
However, during the chemu
processes involved, a signifide

fog.

industries release stlf
(SO,) when bgrm

12.1.4 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 atmosphere such as CH,, CO,, N,O and H,0 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 A
implementing sustainable practices in sectors like transportation and ~ :

Sumn

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
(Fig.12.4).

Sun release energy in the form
of sunlight, which then reaches the
earth atmosphere and a portion of it
(UV and visible radiatio
absorbed by the earth whi
the earth warm. The wa
earth is then emitting
frequency.

The gre
some of [R.radi

s in the atmosphere(CH,, H,0, CO, etc) absorbs
itted by the Earth’s surface. The absorption of heat by

events the escaping of heat into the space. The absorbed heat

giizhouse gases is reemitted toward the earth surface and warms it.

WO is has a significant impact on climate change leading to various ¥
consgquences such as the melting of glaciers, rising sea levels, acid rain, irregular 4
crop pattern and even changes in human life style. 1

» Why climate change occurs?
» What measures can be taken to mitigate climate change?




12.1.5 Acid Rain

The term acid rain was first introduced by an English chemist Robert
Angus in 1872. “Acid rain refers to rainfall that has acidic components such
as nitric acid, sulphuric acid and carbonic acid”.

The pH of normal rainfall generally ranges between 6 to 6.5 but the pH of
acid rain is below 5 depending upon the concentration of acidic comp01<nts
present in it.

Pollutants like oxides of carbon, nitrogen and sulphur are pr
atmosphere. These oxides may undergo chemical reaction wi
water to produced sulphuric acid (H,S0,), nitric acid (HNO4 c
(H,CO03). These acidic components mixed with rainwater and{fall to the earth as

acid rain (Fig.12.5). %
e n D c

H:804, HNO:, H:COs, |

Acid rain has several adverse effects on the environment and human life

style for example.

(1) Acid rain increases the acidity of rivers, which affect negatively on aquatic
animals and plants causing a disturbance of eco system.

(i)  Acidrain reduces soil fertility due to lowering in soil pH from their normal

range and ultimately effect on crops production.



(ii1))  Acid rain causes corrosion of buildings, bridges and other concrete and
metal made things.
(iv)  Acid rain makes the underground water toxic and undrinkable.

What is acid rain? Explain the primary causes of acid rain and its environmental
impacts.

S
24.2 CHEMISTRY OF STRATOSPHERE \-/

The region from 11km to 50km above the Ea sur eferred as
stratosphere. This region is distinguished by the ¢ pyesence of ozone
(03) layer. This layer plays a vital role in blogki bsorbing maximum
portion of sun harmful radiations (Fig.12.6), ‘ arth’s would not be

12.2.1 Production and destruction of ozone

Ozone is produced in stratosphere region due to photochemical reaction
of sun rays and oxygen gas. Ultra-violet radiations of sunlight breaks oxygen
molecule (0,) into free radicals. The oxygen free radicals are then combine with
another oxygen molecule to produce ozone.




,..‘

02 U.V radiations O o + .O
O + 0, ——> 0,

Ozone in stratosphere also destroyed by solar energy but the two
phenomena are in equilibrium and hence the thickness of ozone layer remain
undisturbed.

Human activities can contribute the depletion of ozone layer
emission of certain chemicals known as ozone-depletion substarCés
most considerable human activity that have been responsible forfozo
is the release of gases from cooling devices such,as re
conditioners.

Chlorofluoro Carbon (CFCs)

Chlorofluoro carbons is a highly d as coolant in refrigeration
and also as repellent in aerosol spr. s) reaches into stratosphere
region, it breakdown into free chlofi ne atoms which then react with
ozone in U.V light and decomo it Tt n.

uv % DO)YOU
radiation Reactions of KNOW?
CFCs with ozone An ozone meter is a
. = device used to measure
CClaFy == “CClF; +Cl ) . and monitor the
*"CFC" m%?%gnggggn:glgaf:] i concentrgtion of ozone
- - the breakup of many (Os) in the air,
( °Cl + 03 —> *Cl0 + 0y  ozone molecules providing valuable data
ozone .& for assessing air quality
i A and potential health
ClO + O3 —> Cl + 20y risks associated with
i high ozone levels.

*Cl behaving as a catalyst

To address the problem of (CFCs) causing ozone depletion, scientists have
been working on developing alternatives to (CFCs) in order to prevent further
damage to the ozone layer. The best alternative is hydrofluoro carbons (HFCs)
which do not have chlorine and do not contribute to ozone depletion.



What is the process of 0zone formation in the stratosphere? How does the ozone
layer provide protection for life?

12.3 WATER POLLUTION AND WATER ANALYSIS
About 75% of the Earth’s is covered with water. Populationye
industrialization, urbanization and many other human activities
polluted. “Any undesirable change in the quality of water
life adversely is known as water pollution”.

12.3.1 Types of Water Pollution

The addition of pollutant substances” 2
biological properties of water and makesnit for the health of human. The
substance which causes water polluti Sift€d/into following three groups.

o

12.3.1.1 Suspended Solj

“Small solid p e h
as dust, coal cro
organisms et

ain
are called
fefes such as

riv es and streams which
produce turbidity in water and
reduce the amount of sun light
available to aquatic animals .

12.3.1.2 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.




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.
<
Samples of waste water are collected from different areas ysis
them by involving through a series of tests.
(1) Physical test: These include estimation of odour, colouf ahd tasté:
(i) Chemical test: These involve the checking of pH, prese ides and
toxic chemical.
(ii1) Microbiological test: These tests involve kihg\fdPthe presence of
harmful bacteria and other microorgaps
(iv) Organic test: These tests are perfo presence of pesticides and
volatile organic solvents such s e, toluene etc.

12.3.1.3 Waste Water Analysis

Parameter of drinking water
To ensure the sa
parameters are examin o
drinking water analysi§ alon
given below:

ty of drinking water, a variety of
1al parameters generally assessed during
heir corresponding standard set by WHO are

' bl dicator of acidity or alkalinity of water. The WHO
erided pH range for drinking water is 6.5 to 8.5.
ity: Itefers the cloudiness of water due to suspended particles. The

stispended into the water are collectively known as total dissolved solids

(TDS). The WHO guideline for TDS is below 600 mg/I.

Chlorine residue: Chlorine residue means the chlorine remains present in

the water after chlorination process. WHO, recommended less than 0.2

mg/l in the drinking water.

(v) For freshwater bodies used for drinking water purposes, the WHO
recommends BOD levels to be below 5 mg/L and COD levels to be below

10 mg/L.



12.4 GREEN CHEMISTRY

“The design and development of processes that minimize or eliminate
the use of hazardous chemicals is known as green chemistry”. Green
chemistry aims to create safer chemicals and processes to make the environment
friendly. There are twelve rules of green chemistry.

(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. N S

(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.

(iv) Design safer chemicals and products: 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: 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).

(viii) 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 chemicals and products to degrade after use: Design chemical
products which decompose into harmless substances and do not
accumulate in the environment. |

(x) Analyze in real time to prevent pollution: Include in-process, real-time
monitoring and control during syntheses to minimize or eliminate the i
formation of byproducts. |

(xi) Minimize the potential for accidents: Design safer techniques for
chemicals and their physical forms (solid, liquid, or gas) to minimize the
potential for chemical accidents including explosions, fires, and releases
to the environment.
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Three ways of water purification

(i) Distillation: It involves the heating of water to its boiling point to
vapourized it and then condensing the vapours back into liquid form which
left the impurities behind.

(ii) Filtration: Filter paper or other filter devices consists of small pores.
They allows the passage of water while capturing larger particles.

(iii) Reverse Osmosis: In this method water is subjected to high pressure
and forced through a semi permeable membrane from the impure side to
pure side. Tiny pores of semi permeable membrane prevent impurities and
allow to pass water molecules thereby producing purified water.

-

» Environmental c¢
happening ]

W lowest layer of atmosphere extending from Earth’s
h altitude of 11km.

esosphere lies above stratosphere stretching from 50kg to 85km above the
Earth’s surface.

Thermosphere is the upper most layer of the Earth’s atmosphere extending
from 85km to 500km.

» Certain toxic substances, including nitrogen oxides (NOx) sulphur oxides
(SOx), volatile organic compounds (VOCs) and ozone (O3) can cause
atmospheric pollution.




All those solvents which evaporates into atmosphere and contribute the

atmospheric pollution are known as volatile organic compound (VOCs).
» Catalytic converter is a device use in automobile for the conversion of
harmful chemicals produced during internal combustion of engine into less

%

s regulating the

harmful or non harmful substances.

» Catalytic converter contains a mixture metals such as platinum
palladium which serves as catalyst.

» Smog is a mixture of SO,, aerosols and volatile organic co

» Global warming refers to the gradual rise in Earth’ erage

temperature.
» Green house effect is an essential natural pro
Earth’s temperature enabling the existencgQ

h
planet.

» Ozone is produced in stratos
U.V rays of sunlight and x

» Human activities ca depletion of ozone layer through the

emission of certai mica own as ozone-depletion substances (ODS).
> he most effective for ozone depletion is
CFCs) which are released from cooling devices. !
> change in the quality of water which affect the life
6wn as water pollution.
> ter analysis can be done by a series of methods such as physical

P s, chemical methods, microbiological methods and organic methods.
> e design and development of processes that minimize or eliminate the use
of hazardous chemicals is known as green chemistry.




'%CER@[S}E

(1) The greenhouse gas is:

(a) Oxygen (0,) (b) Nitrogen (N,) <
(c) Argon (Ar) (d) Carbon dioxide (CO,)
(i) The pH of acid rain is: O
(a) Between 7 to 8 (b) Between 6 to 7
(c) Below 5 (d) Above 8
(ii1) Ozone depletion in upper atmosphere is mai dby:
(a) Sulphur dioxide (SO,) (b) Ni (NO,)
(c) Carbon monoxide (CO) arbons (CFCs)
(iv) The region of sphere which to 50km from our Earth’s
is known as:
(a) Troposphere tratosphere
(c) Mesosphere (d) Thermosphere
(v) The increase in al a e temperatures is primarily attributed to:

(b) Oxides of sulphur (SOx)
emission  (d) Natural climate variations

(a) Solar radiati

) Developing environmentally friendly chemicals

(

__~(vii) Smog is word used for the combination of:

(a) Water vapours and frog (b) Smoke and fog

(c) Sediments and colloids (d) Oxides of nitrogen and sulphur
(viii) The catalyst used in automobile catalytic converter is a mixture of:

(a) Pt and Pd (b) Ni and Fe

(c) Cuand Cr (d) Pb and Hg




(ix) Ozone layer is present in which of the following region of atmosphere:
(a) Troposphere (b) Stratosphere
(c) Mesosphere (d) Thermosphere

(x) The major source of water pollution is:
(a) Organic farming (b) Global warming
(c) Industrial activities

. Write the name of four segments of atmosphere and me
segment we live.

2. Explain the causes of depletion of ozone layer,

3. What is industrial smog and how is it formed®

4 oTCce

5

use effect?
g 01 waste water.

. What is the main
pattern?
3. Describe t volves due to the presence of oxides of nitrogen

¢ tsoposphere.

at 1s a catalytic converter? What are the main pollution targeted by r
catalytic converter?
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CHAPTER
13

SPECTROSCOPY

‘ Teaching Periods \ 11 ‘ Assessment | 02 ‘Weightage %‘ 09 |

RAIND BALEOWARE BFRARED MISIHLE ULEMAVICRET E=RAT TRAAIRA ERY

Define spectroscopy and discuss its applications in different fields (Understanding)

Enlist the regions of electromagnetic spectrum used in IR and UV/Vis spectroscopy (Applying)
Identify Ethanol by using different techniques of Spectroscopy. (Applying)

Explain atomic emission and atomic absorption spectrum. (Understanding)

Describe the application of NMR, UV, IR and Mass Spectroscopy in different fields.
(Understanding)

/
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INTRODUCTION

Billions of the compounds have been synthesized to date, each differing
from one another based on the arrangement of atoms, bond positions and the type
of functional groups present in their structures. Traditionally, the identification
of compounds relied on a series of chemical tests. However, spectroscopy has
now superseded the conventional methods for various reasons “Spectroscop$is
the study of interaction of electromagnetic radiation of light with mg

and technology and significantly favoured over conventional
» It is easier and takes very little time to analyze a sample.
» It requires a very small amount of substance whighs to b
» It provides more reliable information about chégmi

Some applications of spectroscopy are given,a

(i) Analysis of chemical compounds
(1) Quality control of drugs synth
(ii1) Analysis of water pollution

(iv) Determination of protein

(v) Analysis of forensic
(vi) It helps in struc

Visible Light

il “ﬂﬁ

Ly

Increase Wave Length

—
Increase Energy >




13.1 METHODS OF SPECTROSCOPY
Sunlight consists of a wide range of .= \DO)YOU
electromagnetic waves including radiowaves, KNOW?

microwaves, infrared radiations, visible .

.. 1 ol diati h After manufacturing, food,
radiations, u .tra-V10 e‘F ?a 1at10r}s, etc. W .en drugs and other
electromagnetic ~ radiations  interact ~ with | pharmaceutical products are
molecule, some of the rays are absorbed by the | sentto the quality control
molecules while other are transmitted. The wave | department of the factory. In
length and frequency of absorbed light can i department, Vrious

. : . spectroscopic techniques are
- provide valuable information about the structure .
. applied to these products to
of molecule. Various methods of spectroscopy | assess their purity, quality

are commonly used to analyze and characterize { and ensure consumer safety.

the compounds. b J

13.1.1 Infrared (IR) Spectrosco
of bonds and the functional

“Infrared spectroscopy is used to
is expressed in the unit of wave

groups present in molecule”.
number (cm™). The most ies between 4000-670 cm,

Table 13.1 | Infrared regions |

Regio Wavenumber range (cm™)

f ?Ne“arm 12000-4000
Q Y"Middle IR 4000-200
Far IR 200-10

| The atoms in a molecule already undergo vibration and rotation, in their
pormal routine, however when the molecule absorbs I.R radiations, it leads to
increased intensity of vibrations. This vibration can be of two types namely bond
stretching and bond bending. In bond stretching, the bond length increases or
decreases while in bond bending the bond angle between the atoms change.

,..‘




The bending and stretching of each type of bond presénfin t ecule
occurs at a particular frequency of IR spectrum angd, sho als at a

ii.  Functional group r¢

For example if we want to idep

group regions.

210 -‘)ﬁl? D0 cm”
bl ((2HsOH) by I.R spectroscopy.

» A peak around 115Q-42Q0pa, shdws OH in bond bending.

» A carbon-hydrog¢ d*pehding of CHz and CH3 groups are observed at

1400 150

e, CHCH:OM
P
g .
1l
%" Tl
=™ 11 i bl |
E: e benid
Eu i+ wbrench
i -1 akrvich
.i'-'l e .Jh =:- B S i i Ini (E " .|_ - L]
Wavenumbers (e}




Applications of IR Spectroscopy

1) I.R spectroscopy provides
information for the presence of
different functional groups in the
organic molecules.

(i1) I.R spectroscopy is also useful for
identifying the impurities present in

Chemical instruments and
technology are closely inter
connected.

> Chemical instruments are the
tools wused to analyze or
measure chemical processes.

> Technology refers to the

application of scientific
the sample to be analyzed. knowledge  for  practical
0S€C.
P Y,
f AV . _-,I

13.1.2 Ultra-viole
“Ultra-y#alet

o determine F

e and triple
njugated system

region of
gnetic spectrum extends

200nm to 400nm and the visible H

from 400nm to

When a molecule absorbs
electromagnetic radiations of U.V-
visible  range  (200nm-800nm)
electronic transitions occur. Its
electrons are promoted from lower

[ r S
T
&
i
N i—=mT®
b1
m—=kne
T
ET—Fe




energy level to higher energy level. The transition of electrons may be of the
following types.

(i) o — o* transition: 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.

n—m* transition is 180-320 nm.

(iii) n — m* transition: This transition is associated with the
double or triple bond is connected with a hetero atom (N,
aldehyde and ketone, etc. The range of wavelength,o * transition can vary
depending upon the specific molecular system, ho 1 aﬁroximately 200-

500nm.
(iv) n — o* transition: This transition, 8 ith the saturated molecule
h

with hetero atoms like alkyl hali e range of n—c* transition
roughly falls around 150-300n

5
( 20+ CHsCH:0H J
154 A max = P75 nm




Application of U.V-visible spectroscopy

(1) U.V spectroscopy can provide valuable information regarding the
structure of a compound particularly in relation to the presence of double
bond, triple bond, aromatic system and hetero atoms.

(i) U.V spectroscopy is extensively used for determining the concentration of
unknown compounds in a solution by using Beer-Lambert’s law.

) exhibits random spin and
¢ When an external magnetic

c o p [000]
N o z High energy spi

¢ |00

Low enengy spim
(1]




When a sample of a compound is placed in :
a strong magnetic field and subjected to radio "ﬁ DO)YOU
KNOW?

frequency radiation, the nuclei with specific spin
state absorbs energy and flip into a high energy | Magnetic resonance imaging
state, this absorption of energy is detected as (MRI) is a medical imaging
signals in the NMR spectrum. The solvent used | technique that uses strong
in NMR spectroscopy is usually DO or DMSO, e

. . - g waves to generate detailed
since it does‘ not 1nterfe‘:r'e with NMR of the s aitilbe fre
sample but with the conditions that compound is structure of the body.

soluble in both solvents. -

The graph of 'H NMR consists of following

parameters.

(1) x-axis represents chemical shift which
shows position of proton signals relative to<

_J
=/
 IDOLYOU
KNOW?
The position of signal along
the x-axis of an NMR

TMS (tetramethylsilane). spectrum is called chemical
(il)  y-axis represents absorption whi % shift. Most of the protons in
the intensity of NMR-signals. compound have chemical

(iii) Peaks represent splitting 3 shift values between 0-12
ppm relative to TMS. TMS is

doublet, triplet, quartet) t ng internal standard assigned

protons. 0 ppm value.

To understand m let us - J
consider the example hanol% [ NMR spectrum of ethanol has three types of
protons.

» Methyl (C
» Methylene
> T

to pear as triplet at around 1.1 to 1.3 ppm.
Hz) appear as a quartet around 3.5 to 4 ppm.




Applications of NMR Spectroscopy

NMR spectroscopy is a powerful analytical technique, it provides valuable
information about the chemical structure of organic compounds.

Each organic compound exhibits a unique NMR spectrum acting as a
“fingerprint” that allows chemists to identify them. This technique is successfully
applied in drug analysis, material science, forensic analysis and many other feds.

13.1.4 Atomic Absorption and Emission Spectroscopy

Atomic absorption and emission spectroscopy are establi t ues
used to identify elements in various samples including metal oun hin
an atom, electrons are distributed in different energy levels, receive

energy from an external source like heat or an electric
promoted to higher energy level. These excited el
involving the absorption or emission of electromne

arge, rons can be
n{ihdergo transition
ations.

Atomic absorption spectroscopy
In atomic absorption spectrq;




yo—_
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Atomic emission spectroscopy

In atomic emission
spectroscopy the electron in
an atom is first excited by
providing  energy  from
external source such as heat
or electrical energy. Wh

selector

a::r.'rtad wwalaﬂgﬂ'l _EJ

ewathonly found U.V visible or rarely in IR range. This
as a series of bright lines against a dark background. Since

Hvirogen. |
—T




What is the principle behind atomic emission spectroscopy?

13.1.5 Mass Spectrometry

“Mass spectrometry is technique used to determine the masg’
ratio (m/z) of ions in a sample”. It provides information abqut the
different fragments of the molecule and play an important r
elucidation of molecule.

Yavumm

\ N Fump

~fgoSe an electron and change into molecular ion. These molecular ions further
~ Dbreak into smaller possible fragments of specific charge to mass ratio (m/z).

i +
A high ¢nergy eleciron beam > Z + B

ISuimial dpotensalbs b ¥ Rdpdgadai ki)




These molecular
ions then pass through
magnetic field where they
follow a curved path. A
highly sensitive detector
is attached in mass
spectrometer which
detects the molecular
mass of ions and record
on paper as specific lines.

Self-Assessment

What is mass spectrum? What is the role of detector in mass spectrometer?

Hil =]
k1|

Alhandamie
.
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K |‘ |
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SOCIET.YATECHNOLOGY/
‘ AND SCIENCE N

Use of MS in forensic test
Mass spectrometry provides precise and reliable data for the
identification, analysis and interpretation of evidence found at crime
scenes such as hairs, blood, illegal drugs, harmful substances, explosive
residues, DNA analysis etc. Use of MS help forensic scientists to
determine the nature of substance involved in crime and assisting forensic
investigators in solving crimes and presenting scientific evidence in court.

@"

p#Y cCtromagnetic radiation of light

» Spectroscopy is the study of i
with matter.

» Sunlight consists of ectromagnetic waves including radio
waves, microwav fr 1ations, visible radiations, ultra-violet
radiations etc.

» Infrared sp sed to detect the type of bonds and functional
groups presk g molecule.

» UlgerTm]et-Yisghle Spectroscopy is used to determine the presence of double
aN @1 QoS as well as conjugated system in the molecule.

' Gion of electromagnetic spectrum extends from 200 nm o 400

e visible region extends from 400 nm to 800 nm.

R spectroscopy is carried out when the sample of compound is placed
a strong magnetic field and subjected to radio frequency waves.

In atomic absorption spectroscopy absorbed wavelength of light appears as

dark lines with bright background.

> In atomic emission spectroscopy absorbed wavelength of light appears as
bright lines with dark background.

» Mass spectroscopy is technique used to determine the mass to charge ratio

(m/z) of 1ons in a sample.




VI Choice/Questions

(1) The energy of IR radiations is:
(a) Higher than radio waves (b) Higher than U.V waves
(c) Lower than micro waves (d) Higher than x-ray

(i) The fingerprint region of an IR spectrum typically fou thf:
(a) 1500-4000cm™ (b) 2000-4000ct:!
(c) 1500-500cm™ (d) 4 000c

(111) Which unit of measurement is used fo W er of IR spectrum:
(a) Nanometer (nm) 'Q Angstrom (A)
(c) Centimeter! (cm™) #) Hertz (Hz)

(iv) Electronic excitation occ pragnetic spectrum if the molecule

absorbs:
(a) L.R radiations (b) U.V-visible radiations
(c) Radio waves (d) Micro waves

e hydroxyl proton of C2HsOH appears as a broad

(b) 2 -3 ppm
(d) 6 —7 ppm

a)Dark lines against bright background 4
b) Bright lines against dark background
(c) Bright lines against bright background
(d) Dark lines against dark background

(vi1) Infrared spectroscopy is a technique use to determine in the given
organic molecule:
(a) Double and triple bonds (b) Mass to charge ratio

(c) Functional group (d) Conjugated system




(viii) Highest U.V-visible absorption energy require for the transition of:
(a)otoc* (b) m to w*
(c)ntoc* (d)ntor*

(ix) NMR spectroscopy is carried out if radiations interact with molecules in
high magnetic field:
(a) U.V-visible rays (b) Radio rays <

(c) X-rays (d) Infrared rays
@d as

(x) In which of the following spectroscopy technique D2O can
solvent:
(a) Mass spectroscopy (b) NMR spe¢trposco
(c) Atomic absorption spectroscopy (d) LR gpectr

Yy
Short/Questions

. What types of nuclei are detected in px
2. Name the components which reprgstht

spectrum.
3. Differentiate between atomu
4. What is the purpose of . %-W
in chemistry and biglQ oy
Y ane 5 gRe 0\

peCtroscopy?
and y-axis of a proton NMR

d emission spectroscopy.
ctroscopy? What is its applications

Ve i
Spectrum of ethanol



=
-
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4. Explain the graph of proton NMR of ethanol (C2HsOH) proton peaks of OH,
CH; and CHs.

10 9 3 T ] 5 4 3 d 1 L




APPENDIX -1
Some IR Absorptions for Common Functional Groups

Type of Compound Frequency (cm™)
i
—?-H alkanes 2804-3000
| )
=0-H alkenes, aromatcs 4000-3100
=L=-H Blkymes 4300
—0-H Aleohos, phencds 300-3650 dree}
3003650 {H-bonded) (broad)
- 1=H carxplic aciis £900-3300
I
—N=H AMINE J300-3500 qdorubbal lor WH,)
g
—£-H aldabydes 2720 and 2620
I |
—L=0C= flkenes fR00-1880
I |
—=C=0= aramradkes 1500-1800
—C=C-H alkynes 2100-2270
lIl:I:I';. | CI
i alceindes, kabomes, 1B80-1740
- =]y At T
—C= nitriles ceal-2260




APPENDIX -2
MCQS ANSWER KEYS

6 C C b C a a d a
7 c b d c d C b c
8 b c a a c a a c
9 C c b v b C b a
10 b a a d a b b c
11 b b C b c b b d
12 d b C d b a b c

13




APPENDIX - 3
PHYSICAL PROPERTIES OF ORGANIC COMPOUNDS

Methane -182 -162
Ethane -183 88 .\
Ethene -169 -104
Ethyne -82 A—S‘U‘

Cyclopropane -128 -33
Cyclohexane 6.5 A \\-g)

Benzene 5.5 80
Phenol 43 N\ )~ 182
Toluene -95 110

Benzoic acid / ﬁ‘{\\) } 249
Chlorobenzene -45 132
Nitrobenzene \\V 210
Methanol -98 64
Ethanol f/ \\ Mo15 78
Dimethyl ether -141 -25
Dieth§] gther " -116 34
Methyl amine -93 -6.3
< Qﬂxl aﬁne -81 17
Formic acid 8.4 101
\ S Aetic acid 16.6 118
Acetyl chloride -112 51
3V Acetic anhydride -73 140
Methyl formate -100 32
Ethyl acetate -84 77
Formaldehyde -92 -21
Acetaldehyde -121 21
Acetone
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APPENDIX -4
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Organic Chemistry by Francis A. Carey (third edition).

Organic Chemistry by Robert T. Morrison and Robert N Boyed
edition).

Organic Chemistry by Stanley H pine (fifth edition).
Organic Chemistry by B.S Bahl and Arun Bahl (twenty second ¢
Organic Chemistry by Bhupinder Mehta and Manju M
Organic chemistry by Paula Y. Bruice (third edition).
Introduction to Organic Chemistry by William #tQwn a
(fourth edition).

Organic spectroscopy and chromatogr
Organic spectroscopy, principles and€ s-by Jag Mohan.
Introduction to spectroscopy by gvia and Gary M Lampman

(fourth edition).
Fundamentals of Inorgani % J. Barrett and M.A Melati

Modern Inorganic Ch adan and Satya Prakash.
Conceptual Chemj (revised edition).

General Chemis yE (fifth edition).

General Chemist es. E Brady and Gerard E. Humiston (fourth
edition).

Unjvexsity by Bruce M Mahan and Rollie J Meyers (fourth
Fu Is of Biochemistry by Donald Voet and Judith G. Voet (fifth

ronmental chemistry by Colin Baird and Michacl Cann (fourth = 4
dition). 4
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