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Learning Outcomes:

After Studying this unit Students will be able to:

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

* Describe how physical properties like atomic radius, ionization
energy, electronegativity, electrical conductivity and meiting and

bailing points of elements change within a group and period in the
Periodic Table.

*» Describe reactions of 3rd period elements with water, oxygen and
chiorine.

¢ Describe physical properties and acid-base behaviour of oxides,
chiorides and hydroxides of period 3 slements.

» Describe reactions of oxides and chiorides of period 3 elements
with water.

» Explain the trends in physical properties and oxidation states in
group i1, IV and VI! of the Periodic Table.

* Describe reactions of Group | elements with water, oxygen and
chlorine.

* Expiain effect of heat on nitrates, carbonates and hydrogen
carbonates of Group | elements.

» Describe reactions of Group 1! elements with water, oxygen and
nitrogen.

e Discuss the frend in solubllity of the hydroxides, suiphates and
carbonates of Group [I elements.

e Discuss the trends in thermal stabiity of the nitrates and
carbonates of Group 1l elements.




} 4’ » Differentiaie beryllium from other members of its group.
Describe reactions of Group IV elemants with water.
Discuss the chiorides and oxides of group 1V elements.

Explain the relative behaviour of halogens as oxidizing agents and
reducing agents.

Compare the acidity of hydrogen halides.
Distinguish between an oxide and a peroxide.

Write representative equations for the formation of oxides and
sulphides. '

Compare the outermost s and p orbital system of an element with
its chemical properties.

Perform flame tests and explain the appearances of colours in the
flame.

Analyze acidic and basic lons using various tests.

Descrive how the food and beverage industry uses steel, tin,
aluminium and glass for canning purposes.

Explain how certain elements are mined and extracted from the
earth.

Ralate the properties of the halogens to their important commercial
uses.

Explain that iodine deficiency leads to goitre.
Explain the applications of bleaching powder.
Explain fluoride toxicity and deficiency.
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Introduction:

The elements of first and second group constitute the “s” block of the
periodic table. The valency electrons in these elements occupy the “s”
orbitals. The first group elements are called alkali metals while the second
group elements are called alkaline earth metals.

Elements of Group llIA, IVA, VA, VIA, VIIA and VIlIA (noble gases or
zero group) are known as p-block elements. These elements have outer
electronic configuration of np'™®, s-block elernents consist of only metals,
but p-block elements include both metals and non-metals.
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13.1.1) @ﬁfa&l and atomic properties of elements of 3° period:

Physical and atomic properties of the period 3 elements from
sodium ta Argon include ionization energy, atomic radius,
electronegativity, electrical conductivity, melting and boiling point.

-

IE.'M B | Electronic structure: \

In third period of the periocdic table electrons are successively filled
in 3s and 3p orbitals of atoms of elements (Na to Ar). The electronic
configurations of these elements are given below where [Ne] represents
the electronic configuration of Neon.

11Na [Ne] 3s’
12Mg [Ne] 3s2
13Al [Ne] 3s® 3p°
14Si [Ne) 3s% 3p 2
1sP [Ne] 352 3p 2
165 [Ne] 3s® 3p*
17CI [Ne] 3s2 3p 8
18Ar [Ne] 3s2 3p €

S L —




The diagram shows how the atomic radius changes as you go
across the third period.

The figure is based on
e Meitallic radii for Na, Mg and Al
» covalent radii for Si, P, S and C!

e The Van der Waals radius for Ar because it does not form any
chemical bond.

It is fair to compare metallic and covalent radii because they are both
measured in strictly bonded circumstances. It is not suitable to compare
these with Van der Waals radius, though, the Van der Waals radius is
larger than covalent radii.

The first ionization energy is the energy required 1o remove the most loosely
held electron from one mole of gaseous atems to produce monopositive ion.

Xg ——> X'g+ 1€

The pattem of first ionization energy of elements of 3rd pericd is given
is figure 13.1

LE
(kJ/mole)




Notice that general trend is upward, but this is broken by fall between Mg
and Al and between P and S.
Explaining the pattem:
First ionization energy depends on
* The charge on the nucleus.
« The distance of the outer electrons from the nucleus.
» The screening effect of inner electrons.

» Electronic configuration of the atom.

The LE is generally increasing across the period 3 because the electrons
are added in the same shell (3rd principal quantum number). So the
secreening effect remains almost the same for the elements in third
period,

The only major difference is the increase in nuclear charge and decrease
in atomic radii from Na fo Ar. As a resuit, the greater attraction between
the nucleus and the valence electrons gradually increases the I.E.

| | Trends in electronegativity:

Electronegativity is a measure of the tendency of an atom to attract a
shared pair of electrons towards itself.

The trend in electronegativity across third period is given as:

[ gt A iR [ A

Note that EN of Ar is not included. Electronegativity is related to the
tendency of an atom to attract the shared pair of electrons. Since Argon
does not form covalent bonds, you obviously cannot assign it an
electronegativity value.

Moving from one elements to the next across the period, nuclear
charge increases by one unit and one electron is added to the outer shell.
As the positive charge on the nucleus rises, the atom has increasing
electron attracting power and therefore an increasing electronegativity.
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13.1.1.5 Treh'c!sujhaeétridalrcdndu_t;:tiyia

« Sodium, magnesium and aluminium are all good conductors of
electricity. Conductivity increases as you g¢o from sodium fo
aluminium.

o Silicon is semi conductor
¢ Phosphorous to Argon are non-conductors.

The metals conduct sleciricity because the delocalised electrons (in the
electron sea) are free to move throughout the solid or liquid metals.

Silicon is semiconductor, while the rest do not conduct electricity because
they are simple molacular substances. These have no rmobile electron.

o — T e —— o e ——— (T ———

| 13.1.1.8 | [Trends in melting and boling points: |

The chart shows how melting and boiling paints of element change
across the period. The values are plotted in Kelvin instead of °C to avoid

negative value.

Bl MR
l s8R0

Temperature 2000
(K) 1500

M wMa A ST P S O A
Fig. 13.2
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13.1.2 || Reactions of period 3 elements with water, oxygen and chiorine:\

e ]
al

Sodium undergoes exothermic reaction with cold water producing
hydrogen and a colourless solution of sodium hydroxide.

2Na + 2H0 ——» 2NaOH + H2
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Magnesium reacts siowly with cold water but burns in steam. A very clean
coil of magnesium dropped into cold water eventually gets covered with
small bubbles of hydrogen which floats it to the surface. Magnesium
hydroxide is formed as very thin layer on the surface of magnesium which
tends to stop further reaction:

Mg + 2H0 ——— Mg {(OH} 2 + Hp

Magnesium burns in steam with its typical white flame to produce white
magnesium oxide and hydrogen.

Mg + H.O ——» MgO + H;

Aluminium powder when heated in steam produces hydrogen and
aluminium oxide. The reaction is relatively slow because of the existing
strong aluminium oxide layer on the metal and build up of even more
oxide during reaction.

2Al + 3H, O ——» ALO; + 3H»

Silicon witl react with steam at red heat to produce silicon dioxide and
hydrogen.
Sii+ 2H,0 ————»Si0; + 2H2

Chlorine dissolves in water to some extent to give a green solution. A
reversible reaction takes place to produce a mixture of hydrochloric acid
and chloric (I} acid (hypochlorous acid).

Clz + H2O0O =——= HCI + HOC!

In presence of sunlight, chioric (l) acid slowly decomposes to produce
more hydrochloric acid, releasing oxygen gas.




There is no reaction between Argon and water.

Sodium burns in oxygen with a yellow flame to produce a white solid
mixture of sodium oxide and sodium peroxide.

For normal oxide:

For peroxide

Magnesium burns in oxygen with an intense flame to give white solid
magnesium oxide.

Aluminium will burn in oxygen. If it is powdered, otherwise the strong oxide
layer on Aluminium tends to inhibit the reaction. If you sprinkle aluminium
powder into a Bunsen flame, white sparkles and white aluminium oxide is

formed:

Silicon will bumn in oxygen if heated strongly enough. Silicon dioxide is

produced.

White phosphorus catches fire spontaneously in air, burning with white
flame and producing clouds of white smoke. A mixture of phosphorus (lll)
oxide and phosphorus (V) oxide is formed.

For phosphorus {l11) oxide




P4+ 30, -

For phosphorus (v} oxide

Ps+50; —

Sulphur burns in air or oxygen on gentle heating with a pale blue flame. It
produces colourless sulphur dioxide gas.

Sodium burns in chlorine with a bright orange flame. White, solid sodium
chloride is produced.

Magnesium bums with its usual intense white flame to give white
magnesium chloride

Aluminium reacts with chiorine by passing dry chlorine over aluminium foil
heated in a long tube. Aluminium burns in stream of chlorine to produce
pale yellow aluminium chloride.

If chlorine is passed over silicon powder heated in a tube, it reacts to
produce a colourless liquid silicon tetrachloride.

White phosphorus bums in chlorine to produce a mixture of two chilorides,
phosphorus (ill) chioride and phosphorus (v) chloride (phosphorus
trichloride and phosphorus pentachloride).




Phosphorus (lll) chloride is colourless fuming liquid

=t =TT T L0
o

Phosphorus (v) chioride is a straw coloured solid.

& .-.-1:-;1--_- FE]"F =

" pa+10C,——> 4PCl;

if a steam of chlorine is passed over some heated sulphur, it reacts to
form an orange, foul smelling liquid disulphur dichloride SzCl2

e ————T TpE—
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It obviously does not make sense to talk about chlorine reacting with itself
and Argon.

REREAE ﬁhysiéglyﬁifd{iértl’é"iﬁ’éﬁ!:;xidéggi B

This topic is related to physical properties of oxides of period (3)
elements (sodium to chiorine) and their structures. Argon is obviously
omitted because it does not form any oxide. The oxides and their physical
properties are:

|
-"
[
- i |

The oxides in the top row are the oxides where period 3 elements are in
their highest oxidation state. in these oxides, a!l the outer electrons in
period 3 elements are being involved in bonding from just one in sadium to
all seven outer electrons of chlorine in Cl20Oy.

ta131) [structre

The trend in structure is from metallic oxides containing giant structures of
jons on the left of the period via a giant covalent oxide (silicon dioxide) in
the middie to molecular oxides on right.

= - . =




13.2 | Melting and boiling points: ™,

The giant structures (the metal oxides and silicon oxide) will have high
meiting and boiling points because a ot of energy is needed to break the
strong bonds (ionic or covalent) operating in these lattices.

The oxides of phosphorus, sulphur and chlorine consist of individual
molecules, some small and simpie, others polymeric. The aftractive forces
between these molecules will be dispersion forces and dipole-dipole
interactions. These vary in strength depending on the size, shape and
polarity of various molecules but are always much weakar than the ionic or
covalent bonds required in a giant structure. These oxides are gases,
liquids or low-melting solids.

| Fomationofoxide | Metting points (*C) | Boiling points (C)
Naz0 1280 1950
MgO 2900 3600
Al;O3 2040 2977
S0, 1810 2230
P4O1o 340 360
P4Og 23.8 173.1
SO3 —17 45
S0, 272 —10
ChO; -92 fil 82
ChO -120.6 2

3133 |Electrical conductivity: )

None of these oxides has any free or mobile electrons which means that
none of them will conduct electricity when they are solid. The ionic oxides
can, however, undergo electrolysis in molten state. They can conduct
electricity because of the movement of ions towards the electrodes.




Across the period from left to right there is a steady change in the
structure of oxides from ionic through giant molecules to simple
molecules. This change in the structure leads to profound difference in the
way in which these oxides react with water, acids and alkalies. The ionic
oxides contain O ions in the crystal lattice. These O ions in NazO react
vigorously with H2O to form an alkaline solution.

N2 O+ HaOir  onat. .+ 20H
r\_ 1-*;‘3"4‘?"' i.rinb_ﬁ;_ 1y —— _’4,1\- f v,‘.! -!! :J JH B !
il ey ! - =l Ll
I'i_.hia,;]':hfz#i T pram—— 2Nal "!__,__ A Felly

MgO is slightly soluble in water forming alkaline solution. It reacts with
acids to form salt and water.

Al,O3 is amphoteric oxide. It does not react with water but it will react with
both dilute acid (H*) and dilute Alkali (OH").

Si0, does not react with water, but it reacts with concentrated alkalies
forming silicates (503%)

NO, reacts with water to form a mixture of two acids HNO; and HNO3.




%Jﬁﬂm)g g) + Hi

NO,

The oxides of phosphorus, Sulphur and chiorine except (ClO,) react
readily with water to form a strongly acidic soiution.

P4O1og) + 6H0p ————» 4H; PO, (a0
SOsg) + HoOp ———»  H:S0uaq

SHCIO
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The above table shows that there is & change from strongly basic oxide on
left side to strongly acidic oxide on right side while amphoteric oxides in
the middie of third period.

The normal oxides of most metals e.g. Nap 0O, Ca0 etc. combine with acids
to form salts.

Acidic oxides are oxides of non-metals 8.g. COz, SO; etc. which react with
bases to form salts and combine with water to form acids.

GOz +HiO ——> NexlOs + 1
50s+H0 —* H80s

Some oxides like BeQ, AlO3 etc. react with both acids and alkalies to form
salts. These are called amphoteric oxides which are usually water insoluble.
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conductivity in

| liquid state
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NaCl and MgCl; are gaint structures composed of oppositely charged ions
which attract each other by strong electrostatic forces (ionic bonds). This
means that the melting and boiling points of these compound would be
high. But the molten substances will conduct electricity because the ions
which they contain can move towards the electrodes of opposite charge.

All the other chlorides have simpie molecular structure composed of small
discrete molecules attracted to each other by relatively weak
intermolecular forces. So, the melting & boiling points of these compounds
are iow and they will not conduct electricity in liquid state.

13.1.5 | | Hydroxides of perlod 3 elements:

The word” Hydroxide" refers to anything which contains either a hydroxide
ion (OH") or an —OH group covalently bounded to the element in question.
Hydroxides containing OH™ ion are basic hydroxides e.g. NaOH, Ca(OH)..
Aluminium hydroxide (Al (OH)s) is amphoteric reacting both with acids and
bases. The elements Si, P, S and Cl of period 3 form hydroxides in which —
OH group is covalently bound {o these elements e.g9. Si (OH)s, HaPOs,
H>8504 and HCIO,. These are al! acids.

', Sodlum and magnesium hydroxides

These are white solids having soapy touch. Strong soiutions of these
hydroxides are very corrosive to skin. These are very hygroscopic.

Sodium hydroxide is only slightly soluble in alcohols. it is one of the most
soluble substances in water avolving a considerable amount of heat due
to the formation of a number of hydrates e.g. NaOH. 2H:0.




Sodium hydroxide (NaOH} is used in soap industry, petroleum refining and
reclaiming of rubber.

Magnesium Hydroxide, Mg(OH)2 is obtained as a white precipitate when
caustic potash (KOH) solution is added 1o a soluble magnesium sait.

More Mg(OH). therefore, dissolves to provide a further supply of OH" in
order to replace those fixed in the form of NHsOH.

When an alkali is added to an aqueous solution of aluminium salt,
Aluminium hydroxide Al{OH)s gets precipitated.

This hydroxide is soluble in acids and caustic alkalies forming aluminates,
in the later.

The Al{OH)3 can also be obtained by hydrolysis of AICI3 in excess water.
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The precipitated hydroxide has the capacity of absorbing various dyes
forming colouring matter known as “lakes”.

Silicon hydroxide is a molecule with formula Si(OH)s. It is produced
by the following chemical reaction.

Si(OH)4

This compound is unstable and rapidly polymerises.

m Groupll|Elements

The element lithium (Li), sodium (Na), potassium (K) . rubidium
(Rb), cesium (Cs) and francium (Fr) constitute sub-group IA of the periodic
table. These are known as alkali metals since they form oxides and
hydroxides which combine with water to produce alkaline solution. Only
the first three of these are safe to keep in the school lab. The rest are

viclently reactive.

The characteristic feature of the sub-group IA is the s' arrangement
in the ocutermost shell.

| 187 ”n p8: L - |
i 132 2322p 3323p33d‘° 45?4 Ih‘fﬁ}?}’s‘éﬁﬂ*&”

P

5pt 6s’
Fr 87 [k] 582 5p° 5d'" 6s2 6ps 78!

[
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Like all metals, they are good conductors of heat and electricity. But they
are softer than other metals. You can cut them with knife. They are lighter
than other elements and having low melting point, boiling points and
density. '

The elements in a group behave in similar way, but they also show trends
of variations in properties as given below:

As we move from Lithium to Cesium an extra shell of electrons is
added to next element. The addition of exira shells increases the atomic
radius.

Trend in First ionization energy:-

The ionization energies of these elements are relatively low and first
|.E of these elements decreases on moving from Li to Cs. Due to their low
.E, these metals have a greater tendency to lose the valence electron to
change into M* ions.

]

13.2.1.3

Since these metals are highly electropositive, their electronegativity
values are very low.

As their electropositive character increases from Li to Cs, their electro
negativities decrease in the same order.
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13.21.4] | Trends in melting and bolling paints:- )

The forces binding the atoms in crystal lattices of these metals are
relatively weak. Consequently these metals are soft and possess low
melting and boiling points which _de_t_:reas_e down the group.

Elements  Lj Na K Rb Cs \
B.pt(°C) 1330 892 760 688 670 i
M.pt(°C) 1085 978 637 388 287

13.2.1.5) | Trends in Density:- \

Density increase in moving from Li to Cs, Potassium is, however,
lighter than sodium.

™,

Elements Li Na K Rb Csi
Density {gema) 0.534 0.972 0.86 1.53 1.8903

13.2.2 Trend in Chemical properties :- \

13.2.21| | Reaction with water :- \

Group-) elements are very good reducing agents. They all react vigorously
with water reducing it to hydrogen gas.

M., - M +1e”

(aq)

H,Oy, +1e” —1/2H,, -+ OH
. Mg, +H.O0p— MOH, +1/2H,

1
i
|
|
|

=

Excluding Lithium, which reacts slower than all the other elements of
group-l. Sodium reacts vigorously, fizzing and skating about on the water
suiface. Pofassium reacts even more vigorously. It cracks and pops as
hydrogen explodes. Rb and Cs explode violently in contact with water.

The reactivity of Group-| elements with water closely follows the values of
elactrode potential.




r,'?,'? l':C'(:

298 -3.02

These are all very reactive metals and have to be stored without
contact with air to prevent their oxidation. Reactivity increases down the
group.

Li, Na and K are stored in oil, Cs and Rb are nomally stored in a sealed
glass tubes to prevent air cantact,

Alkali metals react with air or oxygen to form various types of
oxides. Some of the reactions are given below.
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“RAb” and “Cs” catch fire in air and produce superoxide such as RbO. and
CsQOg respectively.

Reactions of oxides with water :-

Reaction with water
Oxides of alkali metal may react with water in the following manner.

X0 +HO —>  2XOH
(normal oxide) (Metal Hydroxide

(Peroxide) ~ (Hydrogen peroxide)

2X0z+2H0 ——— 2XOH+H;0:+0,

Reactions of oxides with dilute acids:-

Normal oxides react with dilute acids forming saits and water. While per-

oxides and superoxide also give other products.

—> 2XCl + H:0

(Per oxide)

2X0z +2HCI ——— 2XCl+ Hy0p + 05
(Superoxide)

B




Sodium burns with an intense orange flame in chlorine in exactly the
same way as it does in pure oxygen. Other alkali metals behave similarly.

The reactions give white solid chlorides of these metals.

e ———— e R T T T = T b i

| qfrm of heat on ﬂEﬁIL carbonates and
I:a:ﬁ‘*m explaining the trends in terms
i E{l.f.ﬂﬁ(fil’ ﬁiﬁ [ 'T‘ 'u_-il.t.ﬁ]"F‘

Compounds of Group-l A Eiements are more stable to heat than the
corresponding compounds of group-ll elements with the exception of
Lithiumpompounds.

Most Nitrates tend to decompose on heating to produce metal oxide,
hitrogen dioxide (brown fumes) and oxygen.

Lithium nitrate produces lithium oxide, nitrogen dioxide and oxygen

Lithium carbonate decomposes on heating to give litium oxide and carbon
dioxide e.g.

LizCO3




The rest of group-l carbonates do not decompose even at higher
temperature.

Hydrogen Carbonates:- -

Hydrogen Carbonates of alkali metals are stable enough to be isolated as
solids. However, they decompose on heating forming carbonates.

NaxCOs +CO; +H:0 8 4 ﬁ]

2Na HCO“'““—‘_»

Thermal stability of hydrogen carbonates of group | and group Il increases
down the group. The reason is increasing size and decreasing charge
density of the metal ions. The polarizing power of a cation increases with
increasing charge on the icn and decreasing the radius of the ion.

Cation of greater polarizing power distorts the HCOj ion more and facllitates
its decomposition than a cation of larger size and iesser polarizing power.
Due to the same reason, bicarbonates of group-l are more stable than
those of group-Il.

Flame Tests:-

The alkali metals give characteristic colours to the Bunsen flame
because even the small amount of energy of the fiame causes an
excitation of the outermost electron which on dropping back to its original
position gives out the energy so absorbed as visible light. These colours
differ from one another as shown in the table.

' T [ BT T s
- m b | oo [ R | Cs

red yellow Liiac red Blue/violet

e T T
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Name of elements in group-llA

Alkaline earth metals do not exist free in nature. They exist in
combined form. Magnesium and calcium are very abundant in the rocks of
earth’s crust.
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The chief sources of Mg are sea water , underground brines, the mineral
dolomite and magnesite (MgCQj3). Calcium compounds are obtained from
sea shell e.g. CaCO; and gypsum (CaSO4-2H,0) which is one of the
important minerals of calcium. Other alkaline earth metals are much less
common than magnesium and Calcium.

Elements of group lIA (alkaline earth metals) possess two electrons in the
outermost s-orbital. They form dispositive ions by loss of both the electrons. The
elements and their atomic numbers etc. are given in table below.

Element | Symbal| At Electronic configuation Al

- | No. < B -ﬁiﬂﬂ
Berylium | Be 4 |1s? 26°

‘Magnesium | Mg 12 | 1s?, 2¢%, 3¢° ._ 1'"!,2
Calcium Ca 20 |1s?, 28, 2p%,35°,3p° 4s®

r:Slrorﬂxt_iurn | Sr“ |38 118? .25'_2..‘2pB 3s% E;pe ,493?3_(1‘“",@#_@';5_5?- wﬁﬁ '
' Barium Ba |56 |1s2 267, 2p% 352 3p®, 4¢%,3d"° 4p® 5¢%, 5p® B,

Radium Ra 88 | 1s®2s? 2p°, 36°, 3[5“,.311‘“.455,4;:5._4&‘d;4f‘f{5'5ﬁﬂ
5p° 5d°, 65,6p° 752 i

e |

Al alkaline earth metals except Be are white in colour. They are quite
reactive and tarnish in air.

The values of their densities, melting points and boiling points are higher
than those of alkali metals.

E 13.3.1 | E Trends in physical properties:-\

e
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13.3.1.1] | Trends in Atomic Radius:- _1

Due to the successive addition of extra shell of electrons to each elernent
from Be to Ra, the atomic radius increases. While the atomic radii of these
elements are smaller than those of alkali metals, These elements harder,
have higher densities and higher melting points than the corresponding
alkali metals.

Elements: Be Mg Ca ._Ba Ra W
Atomic Radii (A°): 1.12 160 197 215 222

r

——————— e =
—_— P et — e
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13.3. 1.2! f Trends In First lonization energy.

The f‘ rst Iomzation energy of these elaments decreases with increase of
atomic radii from Be to Ba. However, the value of |.E of Ra is higher than |.E of Ba.

Elements Be Mg Ca Sr Ba Ha
lonizaton 9.3 76 6.1 57 52 53

Energies (ev)

13.3.1 3] [ Trends in Electronegativlty'

The electronegativity values of these elements are small and decrease

from Be tc Ba.
Elements. Be Mg Ca Sr Ba Ra

Electronegativity 1.5 1.2 1.0 1.0 0.9 0.9

_13-3-1-41; | Trends in Melting and Boiling Points:-
Melting and boiling points do not show any regular trend. These are,
however, higher than those of alkali metals.

Elements Be Mg Ca Sr Ba Ra
M.Pt (°C) 1289 651 851 771 727 700
B.pt (C) 2500 1105 1494 1381 1850 1700

[ ——as

13. 3.2‘_| i Trends in chemical properties -

413.3.2. ‘!* f Trends ln reactivity with water - b

e

These metals react slowly with water liberating hydrogen and forming
hydroxides. The reaction becomes increasingly vigorous with an increase
in atomic number. However, Beryllium does not react with water or steam
at red heat. Mg bumns in steam to produce white MgO and H; gas.

Mgy + H20 (g ———» MgO g + Hayg)

Group-I! elements become more reactive towards water as we go down
the group.




All the metals of group 1l react with oxygen and form simple oxides. Itis
almost impaossible to find any trend in the way the metal react with oxygen.
2Cag + Czyg —* 2Ca0y,
Be is reluctant to burn unless it is in the form of dust or powder. Be has
very strong layer of BeO on its surface which prevents any more oxygen
reaching the underlying beryllium to react with it.

_ Formation of Peroxide o

_—n!-[r;.'rl"n-_-r-.

133222

Be, Mg and Ca do not form peroxide when heated with oxygen. But Sr
and Ba react in oxygen to form peroxides SrO; and BaO» respectively.
The reactions are. r

The nitrides of alkaline earth metal are lonic and solid in nature except
that of Be which is covalent and unpredictable.

The reaction of alkaline earth metals with air rather than oxygen is
complicated by the fact that they all react with nitrogen to produce nitrides.
in each case we get a mixture of meta! oxide and nitride.

The solubility of Hydroxides in water increase from Be(OH)z to
Ba(OH); as indicated by increasing values of their solubility product.
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The selubillly of sulphates decreases as we go down the group.

CaS0, is sufficiently soluble in water while Strontium and Barium
sulphates are almost insoluble.

All carbonates of these elements are insoluble in neutral medlum while all

dissolve in acids and decompose at red heat. The stability of carbonates

increases down the group as is evident from the temperature at which

they decompose.

Both carbonates and nitrates become more thermally stable as we go
down the group. The ones at lower position have to be heated more
strongiy than those at the top before they decompose.

3@13; ==4—’=‘--,> )e@k{m e

Bervllium differs from other alkaline earth metals in many respects.
This is partly due to its small size and partly due to its high electro-

negativity.
1- Be unlike other alkaline earth metai is not easily affected by dry air,

and does not decompose even in boiling water.
2- Oxides, nitrides, sulphides, chlorides etc. of Group Il elements are

jonic, while those of Be are covalent.
3- Salts of Be do not impart any colour to the flame unlike its family

members.
4- Beryllium oxide is insoluble in water unlike oxides of other members

of its family.




Why is Beryllium chloride Covalent and not lonic

The polarizing power of Be*? ion is high and polarizabiii of CI” ion
is also high. So Be*” essentially pulls the electron cloud from CI™, such
that the electrons are effectively shared. This gives covalent character
to BeCls.

Iy
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The Group-IV A of the periodic table consists of five elements
C,Si,Ge,Sn and Pb. This group is present in the middle of periodic table
forming a link between more electropositive elements of groups IA to llIA
and more electronegative elements of group VA-VIIA. The elements of
group VA evidently exhibit an intermediate character.

The decrease in melting point from silicon downwards is dug to the
prasence of weak bonds which become weaker due to increase in atomic
size. Moreover, Tin and Lead do not use all the four electrons for metallic
bond. The extremely high boiling poinis of Carbon and Silicon are due to
very stable arrangement of diamond type lattice.
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Elements Melting point (°C), | Boiling Point (°C)
cH 3600 4827 5
Si 1420 2355
Ge 937 2830
Sn 232 2560
Pb 328 1744 |

- —

13.41.2 | Trend from non- metaltometal 5 -_"E

The change from non-metallic to metallic character with the
increase of atomic number is best illustrated in this group e.g. C and Si
are non-metals. Ge is metalloid and Sn and Pb exhibit metallic ¢haracter.

13.41.3 | Oxidation state:- ™\
Oxidation state is defined as the apparent charge positive or
negative on an atom of an element in a molecule or ion.

Carbon and Silicon show +4 oxidation state in carbonates and
silicates. The remaining members can show +2 as well as +4 oxidation
states. Since, the electronegativity of these eiements is low, they do not
have such a hrgh tendency to form negative ions. However, carbon forms
C™* and C,7 ions in certain compounds.

BezC (C=—4, Be=+2), Na,C> (C; = -2, Na = +1)

Oxidation state of group-IV elements may be positive or negative
depending upon the nature of the compounds. The typical oxidation state
shown by elements of group-IV is +4, found in compounds like CCla, SiCls
and SnO,. However, down the group there are more and more examples
where the oxidation state is +2, such as SnCl; and PbCls.

13.41.2 Inertpair effect in formation of ionic bond:-

AII the elements in group-IV have valence electronic structure of ns?,
np?, where ‘n’ varies from 2 (for carbon) to 6 (for lead). The oxidation state
of +4 Is found where all these outer electrons are invelved in bonding. But
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at the bottom of the group there is tendency for the s? pair not to be used
in bonding. This is called inert pair sffect which dominates in lead.

If the elements of group-lv form M(+2) ions lhey will lose the ‘p’
electrons, leaving the s® pair unused e.g. In the formation Pb*? ions, Pb
will lose the two ‘6p’ electrons, but the '6s’ electrons will be left unchanged
(inert pair effect). Theretore, the compounds of Pb*2 are ionic in nature.

Although the most stable electronic configuration of a carbon atom
requires it to be divalent, but carbon is tetravalent in majority of
compounds. In order to explain this apparent anomaly, it is assumed that
electron from '2s' orbital is promoted to an empty ‘2p' orbital.

Tt 1 trit

‘N, 2Px2Py2Pz —> 25 2Px 2Py 2Pz

25
Ground state (C) Excited state (C")

It is obvious from the electronic configuration (C*) that it can form four co-
valent bonds due to its C(+4) oxidation state.

While the other members of the same group show +2 as well as +4
oxidation state. Therefore, these members can form both ionic and co-
valent compounds depending upon the size of cation. The nature of
compounds M*2 and M** cations can be predicted by Fajan’s rule e.g. Sn*t
is smaller than Sn** so the compounds of sn* are covalent, whils those of
Sn*2 are ionic.

All these elements give tetrachlorides (MCls) which are covalent and
tetra-hedral due to sp® hybrid orbitals. MCls are fuming liquids at room
temperature. The stability of MCls decreases from CCls to PbCl,. PbCly
decomposes to give PbClz and Clp gas.

[ PbCI.;-———'—l‘ PbCIz+ ClzJ




At the top of group-IV A the most stable oxidation state shown by an
element is +4. This oxidation state is shown by carbon and silicon in CCly
and SiCl,. These have no tendency to form dichloride. However, the
relative stability of +4 oxidation state falls down the group and +2 oxidation
state bacomes the most stable at lead.

on with water :.

CCls does not react with water. This is due to bulky nature of chlorine
atoms around small carbon atom. As a result oxygen of water cannot
penetrate to reach carbon atom. SiCly to PbCl, react violently with water to
produce their respective oxides and fumes of HCI.

PbCl: is ionic in nature and sparingly soluble in cold water but more
seluble in hot water. The solubility in water involves break up of the ionic
lattice and the hydration of Pb*2 and CI” ions:

The elements of group-1V form two types of oxides i.e. monoxide and
dioxide in which these exist in +2 and +4 oxidation states.

Monoxides include CO, SnO and PbO while the dioxides include CQ,
Si0y, SN0z and PbOy. The oxides of carbon and silicon are non-metal
oxides and are covalent in nature, whereas, oxides of tin and lead are
metal oxides and are ionic in nature.




Carbon dioxide and silicon dioxides are formed by the direct combination
of these elements with oxygen. However, CO; is a gas whereas SiOz is a
hard, high melting solid. The other oxides of group-V are also solids. The
fact that CO, is a gas suggests that it must consist of simple discrete
molecules, with double bonds between carbon and oxygen atoms.
0=C=0

The molecule has linear shape and hence the carbon atom is supposed to
be ‘sp’ hybridized in it. The two ‘sp’ hybrid orbitals of carbon atom form
two sigma bonds with ‘p’ orbitals of each oxygen atom. Half filled p’
orpitals on carbon atom which do not participate in hybridization process
form two " A" bonds with two oxygen atoms.

/ T [BO0 \
Oxygen atom in

the ground state / / A
Excited carban

. atom in Sp T T T T
hybridized state Sp Sp 2p |2p
- d A
Oxygen in the
ground state ﬂ N, l l

N

Silicon atoms are bigger than carbon atoms, which means that silicon-
oxygen bond will be long as compared to carbon-oxygen bond. The ‘p’
orbital on the silicon and the oxygen are not quite close enough together
to allow enough side wise overlap to give us a stable "A' bond. Thus
silicon-oxygen bond is a single sigma bond.

The Si0, molecule is a giant covalent structure in which each silicon atom
is bonded to four oxygen atoms through single covalent bonds whereas
each oxygen atom is bonded to two silicon atoms.




The acidity of group-IV oxides decreases as we move down the group.
Thus CO» and SiOs» are acidic and GeQs;, sn0O; and PbOz are amphoteric.
Among the mono oxides of these elements CO is neutral while SnO and
PbO are amphoteric. Acid base reactions of these oxides are given below.

AGidic)]
Amphoteric aESn(

[;:hf):ﬂ@]—-a)

Tx%ﬁh‘ﬂl QM#IKH-‘E»
Amphoto fu‘u )

GrouplVITAVE *fﬁ‘é*g’ tsghalogensy:
Group VA comprises the elements fluorine, chlorine, bromine, iodine

and astatine. The elements are collectively known as halogens due to
their salt forming tendency. These are non-metals.




The electronic configuration of the atoms of these elements is shown in
table below, the charactistics feature being s*p® in the outer most shell.

Halogens in the uncombined state exist as diatomic covalent molecules
(F2, Cl, etc). These discrete molecules are held together by weak Van der
Waals forces which expiain the volatile nature of these elements. These
elements are also poisonous in nature.

Atomic radius of Group VIl elements, in the periodic table increases
down the group as shown in the fig 13.4.

i N

Atomic Radius
(A)

F ¢C B |
\ Fig. 13.4 /




It is usuzally measured on Pauhng scale, on which Flourine is the most
electronegative element having E.N value of 4.0. These values decrease

gradually from Fto L.

The trend down the group is not regular. The electron affinity of
halogens decreases down the group with the exception of fluorine (F).

The eiectron affinity is the measure of the attraction between the
incoming electrons and the nucleus. The higher the attraction the higher
the electron affinity.

| A T

nds In melting and boiling points

The melting and boiling paints increase down the group in group VII A
of the periodic table. This trend is given below.

PG ¢ BT R
2196 1010 72 +1187

Bond enthalpy is the amount of heat needed to break one mole of
covalent bonds to form individual atoms. It begins with the original
substance in a gaseous state and ending with gaseous atoms.
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.5.1.5.1 |Bond Enthalpy in halogens:-

Bend entnalpy is the energy required to break a chemical bond. The exact
bond enthalpy of a particular chemical bond depends upon the molecular
environment in which the bond exists. Bond breaking is an endothermic

process and bond enthalpy involved is given +ive sign.

The following table illustrates the Halogen-Halogen bond entha

tpiQS.
o] | ) il ;:11;-'. ,I j,; J
i Bond len "'-:.“" I!'l"ifl = '|.'?.f hi s 1

The =brermal behaviour in F — F bond is due to its smaller size and high
repulsion between nuclei of flucrine atoms.

R Al i
Bond Enthalpie:

in Hydro

Tyt

As the halogen atoms get bigger down the group, the bonding pair
electrons get more and more distant from the nucleus, so attraction
becomes less and the bond becomes weaker. The bond enthalpy is

impaortant in the thermal stability of Hydrogen halides.

H - | is easily decomposed into its components by plunging a red hot wire
into a test tube of the gas.H-Br may or may not decompose depending on
the exact temperature of the wire. .

H - F and H — Cl are very stable to heat and they do not decompose.
Bond enthalpies of halides are given in table.

B

Stronger bond
jess easily
decomposed
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When halogens combine with a metal or non-metal they normaly act as
oxidizing agents. The element with which they react has +ive oxidation
number in resultant compounds e.g. when halogens combine with a matal
to form ionic compounds, they gain electron from metal to form —ive halide

ions.

Mo+ g ——>  2Na'CTy |

The halogen accepts electron during the above reaction and acts as
oxidizing agent. Fluorine is the most reactive halogen and most powsrful
oxidizing agent.

The order of decreasing power as oxidizing agent is F2 > Clp> Brz> Is

The electrode potential of halogens become less positive from F to | which
reflects decreasing oxidizing power.

“F* and “CI" are such powerful oxidizing agents that they can oxidize
coloured dyes to colouriess substances acting as oxidizing agents for
bleaching.

When chlorine water is added to Kl solution, the solution becomes brown.
This is due to formation of lodine.

T R

ey ——> gt2eT

i mad n

The “Cly" acts as oxidizing agent accepting electrons from “I" forming
CF lons.

- _—I_-.... -

Chlorine can oxidize | to | and Br " to Bro.




1353 [ Tne Acdity of Hydrogen Halides:: |\

According to Bronsted and Lowery definition acid is a proton donor. HCI
is an acid because it gives proton to other substances HCI, HBr and Hi are
strong acids, while HF is a weaker acid. HC! is soluble in water and
produce HzO" and CI” ions.

This reaction shows that HC! completely dissociates in water and is a
strong acid.

HBr and Hl dissolve in water in exactly the same way as HCI. By contrast
although HF dissolves freely in water yet it is a weak acid.

As reducing agents halide ions show the following trend in reducing
strength:

Larger the size of the halide ion, the stronger, it is as reducing agent. For
example, Br ~ reduces sulphuric acid to SOz There is a decrease of
oxidation state of sulphur from “+6" in HaSO4 10 “+4” in 502.
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Bleaching powder is white amorphous powder which smells strongly like
chlorine.  Bleaching powder is frequently called “Bleach”.
it is oxidizing agent. This property is due to the hypochlorite ion, which takes
up twe electrons from the substance undergoing oxidation.

CaOCiz + H804 —— CaCl, + CaS0O, + 2HCIO
HCIO — HCI + [Q]
Coloured matter [0] ——» Colourless product.

The formation of nascent oxygen gives the oxidizing or bleaching properties.
Bleaching powder is used for beaching cotton, linen and wood pulp. It is used
as disinfectant and germicide. It is also used for manufacture of chloroform.
Severe iodine deficiency resuilts in impaired thyroid hormone synthesis or
thyroid gland enlargement (goiter).

lodine is chemical element. !t is found in traces amounts in the human body,
in which its only function is the synthesis of thyroid hormone.

Worldwide, the soil in large geographic areas is deficient in iodine. Twenty-
nine percent of the world population, living in approximately 130 countries is
estimated to live in the areas of deficiency. This occurs primarily in
mountainous regions such as Himalayas, the Eurapean Alps and Andes.

Poor nutrition enhances the toxicity of fluorides. As discussed below, nutrient
deficiencies have been specifically linked to increased susceptibility to
fluoride induced tooth damage, bone damage. Fluoride deficiency may lead
to increased cavities, weak bones and teeth.

Halogens are commercially used in halogen lamps formation, glass etching,
Tincture of 'iodine, water fluorination, fluorides in toothpaste, dry cleaning,
refrigerants, agriculture fumigant.

Aluminium is used in coming because it is light, non-toxic, resistant to
corrosion. Steel is wonderfully hydenic and durable alloy, which is the
material of choice in industries as diverse as processing of mitk and dairy
products confectionary and coocked meat elc.




Key Points:

group IA and group lIA elements belong to s-block.

group 11IA — VIIIA element belong to p-block.

atomic radius of group Il A increases down the group.

atomic radius in third period decreases across the period but Ar does
not follow the trend.

electrical conductivity increases from Na to Al.

phosphorus and sulphur do not react with water.

Phosphorous react with oxygen and produces mixture of phosphorous
(1) oxide and phasphorous (V) oxide.

Oxides of Na and Mg are basic, while those of Al are amphoteric and
oxides of rest of the elements in third period are acidic oxide.

All the oxides of groups | A react with water to produce hydroxide,
peroxide and superoxide.

Most of the nitrates of group | elements decompose on heating and
produce metal oxides, nitrogen dioxide and oxygen.

Group I-A bicarbonates are solid which easily decompose on heating.
The electronegativity of group II-A elements decrease from Be to Ba.
Group II-A metals ‘react slowly with water liverating hydrogen and
forming hydroxides.

All the metals of group II-A react with oxygen and form simple oxide.’
The solubility of hydroxide in water increase from Be(OH)z to Ba(OH)a.




Exercise

Q.1 Choose the correct answer from the given choices in each case.

() Electronegativity of Be is approximately equal to that of
(a) Al (b) Mg

(c)B (d Na

{ii} The word Alkali means

(a) Base (b) Basic salt
{c )Ashes (d) spirit
(iti) The elements which are most abundant in earth crust.
(a) Si& Al {b) Caé& Mg
(c)B & Ar (d) All

(iv) Carbonates of Li are not stable like that of sodium due to
(a) Low electronegativity
{b) Low electropositivity
{c) High charge density of Li*
(d) All of the above

(v} Which one of the following is not an alkali metal?

(a) Fr (b) Cs
(c) Rb (d) Ra
(vi} Which one of the following metal sulphates is not soluble in
water?
(&) N32804 (b) KzSOq
{b) BaSQ4 (d) 2ZnSO,
&
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(vii) Which one of following alkali metal forms only normal oxide with
07 .
(a) Li by K
(c) Na (d Rb

{vil) Strongest reducing agent among the halogens is
(a) Clz (b) Fa
(C) Bl'z (d) i2

{ix) Which one of the following has lowest electran affinity?
(@) F (b) 1
(c) Cl (dy Br

{x) Which is the highest meiting halide?
(a) NaCl {b) NaBr
(c) NaF (d) Nal

{xi) The highest boiling point of HF amongst the hydrogen halides is
due to
(a) Lowest electronegativity of F
(b) Highest electronegativity of F
{c) Lowest atomic weight of F
(d) Lowest atomic radius of F

(xiiyThe dry ice is
(a) Solid ice without water {b) Solid CO;
(c) Solid SO (d) Solid CgHs

(xiiy Which one of the following is acidic in nature?
{a) Alz O () CO:
(c) CO (d) Ca0




{xiv)

(xv)

{xvi)

(xvii)

(xvili)

(xix)

Third period element that initially reacts rapidiy with oxygen to
form a protective oxide coating that prevents further reaction is.
(a) Na (b) Al

(c) Si (d) Mg

The yellow flame shown by sodium in Bunsen flame is due to
excitation of electron.

(a) 2p to 3s (b) 3pto1s

(c) 4p to 4s (d) Sptods

When sodium is heated with excess of Q,, which of the
following is formed?

(&) NaO (b} NaO;
(c) Naz0O (d) None of these
Which of the following has a greater affinity for oxygen?
{a) B ' (b} Na
) K (@ Mg
Which of the following is the strongest base?
(a) Si(OH), () Be(OH).
(c) Mg (OH): (d) AI(OH)
The inert pair effact dominates in
(a) Pb (b) Sn
(o) C (d) Si

(xx)

Those elements of group IV-A which have no tendency to form
a dichloride are

(@) Cand Si (b) P andSn

(c)GaandC (d) SnandSi




Q2- Short questions:
() Explain reaction of magnesium with H20
(i) Why the NaCl does not conduct electricity in solid state?
(i) Rubidium is below potassium in Group I-A. Predict how it will react with.
(a) Water '
{b) Chlorine
And describe the products.
(v) Why halogens are so reactive?
(v} Whatis flame test?
(viy  Write down any four characteristics of group II-A elements.
(viij Explain the thermal stability of nitrates and carbonates of group
I{-A elements.
(vii) Why carbonates of group I-A elements are more thermally
stable than those of group 1I-A?
(x) Why Beryllium is differs from the members of its group?
(x)  Explain the structure and stability of chlorides of group IV-A
elements.
(x) Why Fluorine is stronger oxidizing agent than chlorine?
(xi) Why BeCl is covalent and not ionic?
(xii) Explain the amphoteric nature of Be (OH)z.
(xiv) Why the atomic radius of Argon is larger than all the member of
third period?
(xv) Why fall in ionization energy occurs at Al and S in same period?
(xvl) Why the compounds of Sn** are covalent in nature while those
of Sn?* are ionic?

Q3 Long Questions
(i) Explain halide ions as reducing agents and discuss their frends in |
reducing strength.
(i) Discuss the atomic and physical properties of halogens.
(i) What is meant by bond enthalpy? Explain the bond enthalpies in
halogens and hydrogen halides.

; : EE——E S e e sl




(iv)
\)

(vi)
(vii)

{wiii)
(ix)
(x)

(xi)
(xil)

Discuss physical properties of Group-fVA elements.

Discuss oxides of carbon family and explain inert pair effect in
formation of ionic and covalent bond.

Discuss in detail acid base behavior of Group [V-A oxides.

What are the trends in thermal stability of nitrates and carbonates
of Group |I-A elements?

Write down atomic and physical propertzes of group I-A and group
II-A elements.

How peroxides, simple acids and nitrates of Group II-A elements
are formed? _

Explain the reaction of Group lI-A slements with oxygen.

Explain trends in reactivity.of Group I-A elements with water.
Explain the properties of Hydroxide of third period elements.

(xiii) Explain the acid base behavior of oxides of third period elements.

- (xiv) What is meant by inert pair effect? Explain inert pair eifect in
formation of ionic and covalent bond.




introduction: @

Transition elements are those elements which have partially filled d
or f orbitals either in their atomic or in any common oxidation states, They
are located between s and p block elements in the periodic table. The
transition elements, for the sake of convenience, may be divided into two

main categories.

a. The main transition elements or the ‘d! block slements. i
b. The 'f block elements (Inner transition elements)

Woe will discuss the main transition elements only.

The main transition elements

These elements have partially filled (n-1) d orbitals in the ground
state of their free atom or at least in one of their common ions.
They are commonly known as d block elements and are further
subdivided into four transition series.

v

The first transition series: This includes the elements from
scandium(?'Sc) to copper (**Cu).These elements have parially
filled 3d orbitals.

The second transition series: This includes nine elements
starting from Yitrium (**Y)to silver (*’Ag).These elements have
partially filled 4d orbitals.

The third transition series: This series includes the elements
Lanthanum (¥'La) and elements from Hafnium (°Hf) to Gold
("®Au),all of which have partially filled 5d orbitals.

The fourth transition series: This is incomplste transition saries.
It includes elements Actinium (*Ac) and Rutherordium




("™Rf) to Meitnerium (®*Mt). These elements have partially
filled 6d Orbitals.
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a (General/Features
. They are all hard metals and have high meiting and boiling points. This
is due to high nuclear charge and small atomic radius.

. They are good conductors of heat and electricity.
. Most of these elements show variable valencies or oxidation states.
This is due to fact that in addition to the outermost “s” electrons,

transition elements can use (n—1) d electron, ({n-—1 ¥d and ‘ns’ electrons

of comparable energy) in bond formation. So varying number of

electrons can take part in bond formation leading to variable valencies.
. Their compounds are mostly coloured in solid state and in solution. Colour is
due to the incomplete “d” orbitals in which electronic transition is possible.
. Some of these elements form paramagnetic compounds because of the
presence of unpaired electrons.
. They have the ability to form complexes because -of the involvement of
vacant d- orbitals.
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@ They form alloys with the d and {- block elements and also with the
elements of other blocks.

When we build up the electronic configurations of the atoms, we find
that each transition metal series results from the belated filling of an inner
subshell of electrons. Thus the first series (fourth period) corresponds to
the filing of 3d subshell as shown in table 14.2. The “pre-transition”
element calcium (Z=20) has an [Ar] 4s® configuration. Scandium (Z=21),
the first transition metal in this series, has the configuration [Ar] 3d’ 4s2.
Addition of electrons to the 3d subshell continues until, at Zinc (Z=30), the
3d subshell is filled, with the 4s subshell still containing two electrons, as it
did with calcium: [Ar] 3d'® 4s%. This transition from an empty 3d subshell to
a filled one occurs with only two irregularities, one at Chromium (Z=24)
and the other at Copper (Z=29).

The second, third and fourth transition metai series correspond to the
filling of the 4d, 5d and 6d subshelis respectively. The general valence
shell electronic configuration of atoms of d-block elements may be written

as

In the lanthenides (**Ce to 7°Yb) and Actinides (**Ac to '®Lw) series
valence shell electron goes to “4f* and “5f” orbitals respectively.

The atomic and ionic radii of the first transition series (3-d block
elements} decrease slightly from left to right in a period. This gradual
decrease is due to the increase in nuclear charge, which results in greater
attractive force between the nucleus and the outer electrons. Copper the
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last member of the transition series, shows a slight increase in atomic
radius, which is the result of repulsion between the outer electrons. The
atomic and ionic radii are given in table 14.2.The transiton metals have

high density because they possess greater mass to volume raiio

| asptadlas’ | 144

81 | 29 | 12| 1530 | e30

| L3830 8% 132 76 454 | 13 | 1680 | 680

| aaptades | 12 “74 | & |14s]| 1817 | es0
aststadas | 17 e | 718 | 155| 1890 | 650 |

| oastaptadtes | 117 e | 742 |16 1247 | 720

oastaptadlast | 116 64 | 787 |165| 1535 | 78O

| 3% 3p® 3d7 487 18 83 o0 | 17 | 1400 | 760

...38* 3p°,.3d" 4a° 115 82 Bo0 | 175 1452 | 740

| astaptadas’ | 15 66 804 [175| 1083 | 750

Binding Energy

Transition metals are generally tough having great mechanical strength
due to strong metallic bonding. This is because, apart from s-electrons of
the outermost shell, the unpaired electrons of underlying d-orbitals also
participate in bonding. )

In moving from left to right in any transition series, the number of
unpaired electrons increases up to group VB and VIB, after that pairing
iakes place and the number of unpaired electrons goes on decreasing
until it becomes zero at group IIB. Therefore, binding energy increases up
to group VIB and then progressively decreases up 1o group 1IB. For
example in 3d series binding energy increases up to Vanadium and then
decreases up to Zinc.




Most of the transition metals show severa! oxidation states in their
compounds. The cause of showing different oxidation states is that in
addition to using electrons in the outermost sub-shell namely “ns”, a
variable number of inner (n—1)d electrons can also be used in bond
formation.

The common oxidation states of each element include +2 or +3 or both.
However +3 state is more common at the beginning of series and +2 state

is more common at the end of series as shown in table 14.3.

Oxidstion States
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The highest oxidation state from Sc*® to Mn*’ cormresponds to the
involvement of all the electrons outside the Argon core. After this the
increasing nuclear charge binds the d-slectrons more tightly, so onward
from Fe to Zn only the weakly held electrons of “4s” subshell are involved
in oxidation state.

Most of the transition metals and their compounds are used as catalyst.
Some com;non examples are Pt, Ni, Fe, Cr, V205 etc. Catalytic property of
these elements is due either to the use of their d-orbital or the formation of
interstitial compounds which absorb and activate the reacting substances,

Transition metals have variable oxidation states and hence are capable
of forming intermediate compounds which help in the formation of desired
product e.g. finsly divided Iron is used as a catalyst in Haber Bosch
process for the synthesis of ammonia. The application of V20s, in the
conversion of SOz to SOz for the manufacture of H.SO4 by contact
process, the use of TiCly in the polymerization of ethene to polythene
polymer, the application of Ni, Pd or Pt in the catalytic hydrogenation of
unsaturated hydrocarbons and the use of Cu in the oxidation of ethanol to
acetaldehyde are examples of catalytic properties of transition elements.

Substances show two different types of behaviours when subjected to an
external magnetic field. If a substance is weakly aftracted by a strong
magnetic field, it is called paramagnetic substance whereas a substance




weakly repelled by magnetic field is called diamagnetic substance.

Paramagnelic behaviour is due to the presence of one or more unpaired
electrons in an atom, ion or molecule of the substance. The attraction is a
result of interaction of magnetic field produced by spinning electron with
the external field. In diamagnetic substances the electrons are paired up
due to which magnetic field of oppasitely spinning electrons cancel each
other. )

An extreme case of paramagnetism is called ferromagnetism as shown by
Fe*® and Mn*2 ions which have five unpaired electrons each.

Tmnsiiion metals have another great characteristics that they easily mix
with each other. This is because all the d-block metals have about the
same atomic size. This allows them to replace one another easily in
crystal lattice. When two or more metals mix or replace one another, we
call the mixture an alloy, —_

Brass is a good example of alloy which is a mixture of copper and zinc.
These elements and alloys are essential for the existence of life and also
for of its progression through time. (Bronze age, Iron age etc.)

Some of the important alloys and their uses are shown in table 14.4.
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Most transition elements can form complex ions, in which the metal ion is

surrounded by groups of negative ions, or molecules for example if you
add ammonia to a solution containing Cu(ll) ions, a pale biue precipitate of
Gu {Il) hydroxide forms. It dissolves again if you add more ammeonia,
giving a deep blue solution, because a soluble complex ion forms.

In this complex, four ammonia molecules and two water molecules
surround Cu*? ion. Its formula is [Cu(H20)2(NHa)s]
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In cationic and neutral complexes the name of the metal remains the
same. Whereas in  anionic complexes the name of the metal is
followed by ate e.g. Cr becomes Chromate, Fe,ferrate, Co Cobaltate,
Cu Cuprate and Ag Argentate Other examples are:

Coordination compounds have definite geometrlcal shapes because the
bond formed between central metal atom and the ligands are directional in
nature.

Hence, the ligands are arranged around central metal atom in a clear
spatial geometry. This geometry depends on the number of ligands
(coordination number} and type of hybridization taking place in central
metai atom.

Complexes with coordination number four and six are very common.
The former exists in two geometrical shapes, tetrahedral and square
planar while those having coordination number six exist in octahedral
shape. _

Complexes having coordination number five are less common. These
complexes exist in two main possible geometries i.e. trigonal bipyramidal
and square pyramidal shapes.




These are complex ions in which the central metal ion is forming six co-

ordinate covalent bonds or in simple words the central metal ion is
attached 1o six ligands,

These ions have an octahedral shape. Four of the ligands are in one
plane, while the fifth one iying above and the sixth one below the plane.
The diagram shows four fairly random examples of octahedral ions.
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These are far iless common, and they can take up one of two different

shapes.




. Tetrahedral ions

The copper(il} and cobalt(ll) ions have four chioride ions bonded to them
rather than six, becauss the chioride ions are too big to fit any more

around the central metal ion.
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Fig 14.2 Tehedral lon geometry

| A square planar complex

Occasnonally a 4-co-ordinated complex turns out to be square planar.
There's no easy way of predicting that this is going 10 happen. The only
one you might possibly come across at this level is cisplatin which is
used as an anti-cancer drug.

HyN§—»P1 «—3CI

PtiNH3)2Cla

Cisplatin

Fig 14.3 Square pianar complex




Most of the compounds of the transition metals are coloured in solid or
solution state. The colour of the transition metal ions is due the presence
of unpaired electrons or incomplete d-orbitals. When light is allowed to fall
on a substance, it absorbs from it the light of a particular colour whose

wavelength is in the visible region (4000 - 70003*) and reflects the
remaining light which has the colour compiementary to that of the
absorbed light. This complementary colour which is actually the colour of
reflected light becomes the coiour of the substance.
The ions which have completely filled or empty d-orbitals are colouriess
e.g. Cu’ (3d"%, Zn*2 (3d'% and Sc*® (3d°), Ti** (3d°) are colouriess.
Colours of hydrated cations of the elements of first transition series is

given in following table 14.5.
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Vanadium, syrnbol V, silvery-white metallic element with an atomic
number of 23. It was discovered in 1801 in Mexico by Andrés Manuel! del
Rio, but it was mistaken for a form of chromium. Vanadium was
rediscovered in about 1830 by the Swedish chemist Nils Gabriel Sefstrom.
The element was named after Vanadis, goddess of beauty and love in
Scandinavian mythology.

The oxidation state of an element is related to the number of electrons that
an atom loses or gains or appears to use when joining with another atom
in compounds. It also determines the ability of an atom to oxidize or to
reduce other atoms or species. Aimost all the transition metals have
multipie potential oxidation states. Oxidation states of atoms depend upon
unpaired electrons in d-orbitals.

Compounds of vanadium in +5, +4, +3 and +2 oxidation states are
important. The compounds in the lower oxidation states are good reducing
agents. They are also ionic in character and on account of incomplete
glectron shell they are also coloured. The compounds in the higher
oxidation states are generally colourless due to the empty electron shell.
When a colouriess compound of V*® (3d° 4s°) is reduced by sultable
reducing agent, it first iurns blue VO*2 (3d'4s”), then green v+ (30%4s?)
and finally violet V*? (3d%4s®). Vanadium also shows +1,0,~1 oxidation




states in the compounds [V(dipy },]".V(CO), anrd [V(CO)]"

respectively.

As Catalyst In Contact process

The contact process is the common method of producing sulfuric acid in
high concentrations needed for industrial processes. Platinum was
formerly employed as a catalyst for the reaction, but as it is susceptible to
poisoning by arsenic impurities in the sulfur feedstock, vanadium oxide
(V20s) is now preferred.

(V20s) is used as catalyst In various oxidation reactions involving the use
of Op as the oxidizing agent e.g. conversion of SO; to SOg in the

manufacture of H>SO,.

V05
(2302(5 R 250’@]
V205 is also used in the oxidation of alcohols and hydrogenation of olefins.

Introduction to Chromium
Chromium, symbol Cr, atomic number 24 is a shiny metallic element,

Being brilliant, hard, and corrosion-resistant, chromium makes a durabie
and attractive coating for other metals and is an important component of

stainless steel.

The element was discovered in 1797 by the French chemist Louis Nicolas
Vauquelin, who named it chromium (Greek chroma, “color”) because it
forms a large number of coloured compounds.




Chromium is a common element; overall it ranks about 21st in natural
abundance among the elements in earth crust. Chromium has an atomic
weignt of 51.896; the element melts at 1907°C (3465°F), boils at 2672°C
(4842°F), and has a specific gravity of 7.2.

Chremium is not found native. lts most common minerals are chromite or
chrome iron stone (FeO.Cr,0,). it is also found as chrome ochre (Crz0,)
and crocite (PbCrQ,). Large quantities of chrome iron stone are found in
Rhodesia, Transvaal, Turkey, Russia, India and Pakistan.

The imporiant and stable compounds of chromium are those in which
chromium has +6, +3 and +2 oxidation states. The element in +3 oxidation
state is most stable and hence Cr(+2) compounds are strong reducing
agents while those of Cr(+6} are strong oxidizing agents.

With the increase in oxidation state of the element,

(a) The acidic character of oxides increases with increasing oxidation

state.

(b) Similarly the covalent character of the compounds also increases.
Thus Cr{+2) compounds are ionic, Cr(+3) compounds ionize to some
extent while those of Cr(+6) are covalent.
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The compounds in which chromium shows +6 oxidation state are
chromium trioxide (CrO;), potassium chromate {K2Cr04) and
Potassium dichromate (K,Crz05).
Cr(+3) compounds are also called chromic compounds. These may
- be considered derived from chromic oxide, Cr;05. These are formed
either by oxidation of Cr(+2} or by reduction Cr(+6) compounds such
as chromate or dichromate. Examples of chromic compounds are
chromic chloride (CrCig), chromic sulphate (Cra(S04)a. 18H0).
Cr(+2) compounds are called chromous salts. These salts are
unstable and tend to oxidize on exposure to air into corresponding
Cr(+3) compound. Some of chromous salts are, CrCls, CrS,
CrS0,4.7H20, CrCO; stc.

When solid potassium chromate, KoCrQ, is dissolved in ,
water it forms a yellow solution. When solid potassium
dichromate, KoCr20y is dissolved in water the resuiting
solution is orange. The colors come from the negative
ions: CrO4*(aq) and Cr:0;%(aq). However, in solution

these ions are actually in equilibrium as indicated by
the equation:

2 gﬁ? (ag) + 2 quh e rﬁfﬂeu,-

This is dynamic equilibrium and sensitive to the acidity and basicity of
solution. According to Le-Chatelier’s principle, the addition of acid to the



reactant shifts the equilibrium towards right and yields more dichromate
(orange). On the other hand, the addition of base promotes the conversion
of dichromate to chromate.

Cro_: = Crzd-f
yeliow arange

Dichromate vl ’ions (for example, in Potassium dichromate (V1) solution)
can be reduced to Chromium (Il) ions Chromium {I1) ions using Zinc and
either dilute Sulphuric acid or Hydrochloric acid. The equations for the two
stages of the reaction are:

For the reduction from +6to +3

Potassium dtchromate (V1) solution acidified with dilute sulphuric acid is
commonly used as an oxidising agent in organic chemistry.
For example

it oxidise seoondary alcohols to ketones

/o 0

KaoCr20r

il
CHs - O H+[O]WCH3—C—CH3*H20
CH-_; Ketone
 adundary slohol




In case of primary alcohol

O
1] |
CHsCH,OH + [0] —KZ207__ 1 6 _H+H,0 J
H2804
Primary alcohol Formaldehyde

Formaldehyde is further oxidized to formic acid, under the above

condition.
Il KaCrz0 I
r207 H—C
A H_+[ ] H250, u
Formaldelyde Formic Acid

Tertiary alcohols are not oxidized by potassiumn dichromate.

assium Dichromate as an oxkiizing agent in tiratioms:
In redox titration a standard solution of potassmrn dichromate (K:Cr20y) is
used to determine the unknown concentration of a solution of Fe*2,

Dichromate ion reduces to chromium(lli) ions.

I .?'

( Cr,0Z" +14H" +6e~ - 2Cr* +7H,0

Fe(ll} is oxidized to Fe(lll)

( 6Fe™ — 6Fe™ + be™ ]

Therefore, 1 mole of Cra0;2 (the oxidizing agent) reacts with 6 moles of
2 (the reducing agent} to form 6 moles of Fe®* and 2 moles of Cr*.

Thus, in net ionic form:

-
'

Cr,072 +6Fe®" +14H" — 6Fe™ +2Cr™ +7H,0 }

orange green J
.




= S EE———

The molecular form of the equation can be written as:

The 1:6 mole ratio with respect to the amounts of Cr.0;2and Fe* is

consumed.

Manganese, symbol Mn, is silvery white, brittle metallic element used
principally in making alloys. Manganese is one of the transition elements
of the periodic table. The atomic number of manganese is 25.

Manganese was firstisolated in 1774 by the Swedish chemist Johan
Gotllieb Gahn. Manganese metal corrodes in moist air and dissolves in
acid. The element melts at 1245°C (2271°F), boils at 2061 °C'(3742°F),
and has a specific gravity of 7.4. Its atomic weight is 54.938.

Manganese does not occur in the free state, except in meteors, but is
widely distributed over the world in the form of ores, such as pyrolusite,
rhodochrosite, franklinite, psilomelane, and manganite. The principal ore is
pyrolusits. The element's name comes from the Latin word magnes,
“magnet” and was chosen because pyrolusite is magnetic. Manganese
ranks about 12th in abundance among elements in Earth's crust. Ukraine,
Georgia, and South Africa are impertant producers of manganese.
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In accordance with electronic configuration of manganese (3d°4S7). It

shows a maximum oxidation state of +7. In addition to this state it also
shows lower oxidation state such as +6, +4, +3 and +2.

Manganese compounds where ‘Mn’ is in oxidation state +7, which are
restricted to the unstable oxide Mn,O; and compounds of intensely purple
permanganate ion (MnQ4™'} are powerful oxidizing agents.

Mn*€ is present in MnO; in the salt of Manganic acid (HzMnQ,). The free
acid is unknown. lts salts are called manganates e.g. K;MnOs. The
compounds having Mn** are very limited in number. The most familiar
compound of Mn*™ is MnO,. The compound of Mn*? is called manganic
compound. In agueous sciution Mn*? ion is quite unstable since it is easily

reduced to Mn*? ions e.g.

Mn*2 is the most stable oxidation state of Mn in neutral or acidic solution.
Mn*2 ion exist as pale pink hexaaqua [(Mn(H20)s]*2 which is quite stable to
oxidation. The stability of Mn*® is due to half filed 3d-ortital. The
compounds of Mn*2 are called manganous compotnds such as

MnOC, MnCQO3, MnSQ4, MnCl.

Alkenes react with potassium permanganate(Vil) solution in the cold. The
colour change depends on whether potassium manganate(Vil) is used
under acidic or alkaline conditions.
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Manganats(Vil} ion is strong oxidising agent, and in the first instance
oxidise ethene to sthane-1,2-diol (old name: ethylene glycol).
Under acidic conditions, the permanganate(Vil) ions are reduced to

manganese(ll) ions.

(ECHFCHz +2H20 + 2Mn0y-+ BHY — 5?H2—(’:H2 + 2Mn2+

OH OH
e

Under alkaline conditions, the permanganate(VIl) ions are first reduced to

green manganate(Vl}ions. ..

CHz=CHz + 2Mn04" + 20H ——— ?Hz—?l—lz + 2Mn042-
OH OH

dark green solution

. . and then further to dark brown solid manganese(lV) oxide

(manganese d_iqxide).

ﬁCHFCHz + 2MN0D4~ + 4H0 ——p S(I:Hz-(I:Hz + 2MnQ2 + 20H"
OH OH ’

K dark brown pracipitate

KMnOy is a strong oxidizing agent with intense dark purple caiour. During
reduction the purple permanganate ion changes Into colourless Mn*2 jon.




The solution tums from dark purple to faint pink colour at equivalence
point. The reduction of permanganate requires strong acidic conditions.
For example oxalate ich reduces permanganate ion in acidic conditions.

oxidation l .
MnO, + C,02 —adidic | 132 . 00,
T 1 ) f

Reduction

No additional indicator is used in this titration because KMnO, acts itself
as an indicator.

KMnO, solution is also used to find the concentration of Fe(lf) ions in a
solution. The redox reaction is given as under.

KMnO, + FE';2 —_— Mn+2+ Féa )
acidic
S

Iron is a transition metal with a symbol (Fe) and Atomic number 26. it
has two relatively stable oxidation states in its compounds {(+2 and +3). it
also forms a varisty of complex ions such as [Fe{H,0), % [Fe((H,0),]*3. It
has characteristically coloured compounds e.g. Iron (/1) salts (paie green),
Iron () salts {yellow or brown). Iron is used to catalyse the synthesis of
ammonia through Haber's process.

Iron rarely occurs in free state since it is highly reactive. Its important
ores are red haematite (Fex0s), Brown haematite or limonite
(2Fe0203.3H,0), magnetite Fez04 eic. Iron ore is processed for the




following three varieties of Iron which differ from each other mainly in their
carbon content i.e. cast iron or pig iron (2-3%), wrought or malleable Iron
(0.1-0.25%) steel (0.25-2%).

Most common oxidation states of iron are +2 and +3 but it can also
exists in the form of Fe**, Fe* and Fe®. Fe® is very rare oxidation state

of iron.
lron in the +2 oxidation state is known as the Ferrous ion. This ion is

pale green in colour and is very easily oxidized to ferric ion. Even traces of
dissolved oxygen in solution will accomplish this oxidation. Solution of
Ferrous ion is somelimes used as reducing agent. Complexes of the
ferrous ions usually have oclahedral geometry, such as;

When ferrocynide added to solution containing Ferric lons, a precipitate
known as prussian blue Fe4 [F&(CN)gla is formed. This compound is used
in making blueprint and as a bluing agent in laundry.

iron in +3 oxidation state is known as Ferric ion. Most solutions
containing ferric ions are usually yeliow or yellow-brown due 10 formation

of [Fe(H20)s(OH)I**.
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In the Haber process hydmgen reacts with nitrogen to produce
ammonia. Without catalyst the process would proceed too slowly to be

economically viable.
The reaction takes place according to the following steps:

However breaking open the nitrogen triple bond to form NyH; is very
difficuit and resulting compound is highly unstable and is likely to
dissociate almost as scon as it forms. The formation of NzHz is highly
endothermic. So the above reactions do not proceed easily without the
use of catalyst.

The hydrogen and Nitrogen are adsorbed on metallic iron surface. The
hydrogen almost immediately splits into its cémponent atoms by sharing
or exchange of electrons with the cataiyst surface

The nitrogen moiecules spht into their component atoms and they lock
into the surfaces of the iron catalyst. This is the slowest step and so limits

the rate of the entire process.

The hydrogen atoms mlgrate across lhe surface of the catalyst and
react with nitrogen and produce ammonia molecules that are stili bound to

the surface.



The reaction between persulphate ions (peroxodistilp hate ions), SgOsz',
and iodide jons in solution can be catalysed using either iron(l1) or iron{lll)
jons.

The overall equation for the reaction is:




For the sake of argument, we'll take the catalyst to be iron(ll) ions. The

reaction happens in twio stages.

52082 + 2FB2* ——————» 28042 + 2Fa¥*

oFe + 2F ————— 2FE2* + I

If you use iron(lil) ions, the second step of these reactions happens first. -

Many hexaaqua complex lons can undergo acid base reaction with water
o produce a solution of pH less than seven. These are not redox reaction
because during the reaction no change in the oxidation state of central
metal occurs e.g.

In Iron (If) case

Fe*? (Ferric) give a more acidic solution than Fe*? (ferrous) ions.

In case of Alkaline solution OH™ ions remove HyO" ions and equilibrium
shifts more towards forward direction and more H* are lost from the
complex in stages until a precipitate is formed.

In case of Fe (ll) compiex the reaction in alkaline medium does not
proceed because it is energetically unfavourable.
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Ammonia can act both as a base and a ligand. Here it simply acts as a
base, remaving H" from the aqua complex.
In iron (Il) case

There is an important difference between the behaviour of iron(ll} and

iron{1} ions.
lron(ll) ions and carbonate ions

You simply get a precipitate of what you can think of as iron(ll) carbonate.

CO:%oq)
 E———

e [ Fe(H20)e 1*+ 'FeCO3” i

Iron(lll) ions and carbonate ions

The hexa aquairon(lll) ion is sufficiently acidic to react with the weakly
basic carbonate ion.

If you add sodium carbonate solution to a solution of hexa aquairon(lil)

ions, you gel exactly the same precipitate as if you added sodium
hydroxide solution or ammonia solution.




This time, it is the carbonate ions which remove hydrogen ions from the
hexa aqua ion and produce the nautral complex.

Depending on the proportions of carbonate ions to hexa aqua ions, you
will get either hydrogen carbonate ions formed or carbon dioxide gas from
the reaction between the hydrogen ions and carbonate ions. The more
usually quoted equation shows the formation of carbon dioxide.

HH) 1+ 30 I (

Apart from the carbon dioxide, there is nothing new in this reaction:
4 ™
bubbies of CO,

CO32aq)
—_—

[ FatH200)% | Fa(H20)3tQH)s ] J

Testing for iron (fil) ions with thiocyanate ions

This provides an extremely sensitive test for iron{ill) ions in solution. Iif you
add thiocyanate ions, SCN-, (from, say, sodium or potassium or
ammonium thiocyanate solution) to a solution containing iron(lll) ions, you
get an intense bleod red solution containing the ion [Fe(SCN)(H-0)s]*.

( T

SCNpg

solution containing
[Fe(H20)** [Fe(SCN) (HzO)S]ZJ T




Copper, symbol Cu, is brownish-red metallic element that is one of the
most widely used metais. Copper is ane of the transition elements of the
periodic table. The atomic number of copper is 29.

Copper was known 1o prehistoric people and was probably the first metal
from which useful articles were made. Copper objects have been found
among the remains of many ancient civilizations, including those of Egypt,
Asia Minor, China, southeastern Europe, Gyprus (from which the word
copper is derived), and Crete (Kriti). It was known to Native Americans,
however these ores were found by the European explorers. |t is also found
in the pure state.

The principle ores of copper are

i

Copper exhibits a variety of oxidation states in its compounds which are

mostly coloured. The two principal oxidation states of copper are +1 and
+2. Copper (I} compounds are expected to be diamagnetic in nature and
are usually colourless. Examples of these compounds are Cux0, CuCl,
CuBr etc. In solid compounds copper (|} is often the more stable state at
moderate temperatures. The copper (Il) ion is usually more stable in
aqueous solutions. Compounds of this jon are calied cupric compounds




and are usually coloured. Examples are CuQ, CuFs, CuCls, CuCOs,
CuSQ, etc.

Copper(Ill) is most characteristically found in oxides. A simple example is
potassium cuprate, KCuO,, a biue-black solid. The best studied copper(lil)
compounds are the cuprate superconductors. Yttrium barium copper oxide
(YBa:CusO7) consists of both Cu(ll) and Cu(lll) centres. Like oxide,
fluoride is a highly basic anion and is known to stabilize metal ions in high
oxidation states. Indeed, both copper(lil) and even copper(lV) ﬂuondes
are known, KsCuFg and CsaCuFs, respectively.

The simplest ion formed by copper in a solution is the typical blue Hexaagqua
copper (1) ion. This oomple_x ion performs the following reactions.

fon with Hydroxide ion

Hydroxide ions (from NaOH solution) remove H* ions from water
ligands attached tc the copper ion. It results in neutral complex
which is insoluble in water and precipitation occurs. The chemical

reaction is

P f 1= [ .
SU(HOY. [ +20H = C

Reaction with Ammonia:
When a small amount of ammonia is added to solution of hexaaqua

copper (lI) ions, it pulls out the H* ions from the complex ion exactly
like above.
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The Hexaagua copper (ll) ions are not strongly acidic enough to
release CO, from carbonates. In these cases precipitation of metal
carbonate takes place which is represented by the following reaction.

Society, Technoiogy and Science h

Transition metais and their compounds when dissolved mostly form coloured
solutions. Different metals are known for their specific colour used as paints such
as cobalt (Il nitrate {red), KzCr:Q; (orange}), KCrO;s (yellow), Nickle (Il) Chioride
(green) KMnO,4 (purple), while titanium oxide is an.impo_rtant ingredient in white
paint. '




Transition elements are those elements which have partizlly filled d orf
orbitals either in their atomic state or in any common oxidation state.
The oxidation state of an element is related to the number of electrons that
an atom loses, gains, or appears to use when Jjoining with another atom in
compounds. % .

Those substances which are attracted in magnetic field are called
paramagnetic substances and the phenomenon is known as
paramagnetism.

Transition metal atoms have similarity in their structure hence they are
able to replace one another in the metallic lattice and form alloys. -
Coordination compounds have definite geometrical shapes because
the bond formed between central metal atom and the ligands are
directional in nature. .

lonic and covalent compounds of transition metals are mostly coloured.
All forms of Cr(V1) are powerful oxidizing agents, and oxidize any CH bonds
on a carbon with an oxygen as far as possible without breaking any carbon-
carbon bonds ‘

Fe (Il) compounds are oclahedral in geometry,

Per manganate (Vi) ions are strong oxidizing agents which oxidize ethane {o
ethyl alcohol.
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Exerc:se

Select the most appropriate choice given at the end of each
question?
The Transition metals Copper and............. are best electrical
conductors.
(a) Iron  (b) Vanadium {c) Chromium (d) Manganese
Transition elements usually exhibit.......... ......valencies,
(a) variable (b) Normal {c¢) permanent (d) unchangeable
The coordination compound [(Cu(Cla)]2 exists in ..........cceen... shape.
(a) tetrahedral (b) octahedral (c)'square planner (d) rhombic
The oxidation state of Chromium in CrO; Clais.................
(@) 2 (b) 3 (o) 4 @ 6
A compound Potassium dichromate is used in dying

and:. e A industry.

(a) Tanning (b) Cement (cy Paper (d) Glass
Acidified Potassium permanganate acts as an.......oviveiveiiinvieeaien:
agent.

{a) Oxdizing (b) reducing (c) bleaching (d) colouring
The paramagnetic nature of a substance depends on:

(a) The number of electron in the outermost orbit.

(b) The number of electron that are easily ejected.

(¢)  The number of unpaired electrons.

{d) The number cf lone pair of electrons.

V20s is used as catalyst in the:

(a) Manufacture of Ammonia.




(b}  oxidation of Ammonia to Nitric Acid.
(c) polymerization of ethane to polythene.
(d) Manufacture of Suiphuric Acid

9. Select element which is not ferromagnetic.
(@) Fe {b} Co ¢) Sb (d) Ni
10.  The coordination number of iron in [(Fe(CN)e)]™ is :
(a) 2 b 3 (© 4 @ 6

11.  Select ligand which is bidentate:

(@ H0 () NHs (o) CO (d) C2042
12.  Cu'*? salt solution is blue in colour due to transition of electron from:

(a) s to p orbital {b) dto d orbital

(c) p to d orbital (d) p to p orbital

13.  Potassium dichromate acts as a strong:
- (@) Oxidizing agent  (b) Reducing agent
{c) Bleaching agent (d) Dehydrating agent.
14.  When solid potassium chromate, K»CrQO, is dissolved in water it
formsa......... solution.
(a) yellow (b)pink (c) red (d) violet
15.  Which ions are used as catalyst in the reaction between persulphate
_ ions and iodide ions? '
(a) Lead () Iron (¢) copper (d) chromium.

Short questions

1. Answer the following questions:
() What is meant by the term “transition elements"?
Write down the electronic configuration of first transition series?
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(1) Comment on the electronic configuration of chromium and copper?
‘(IV) Explain the catalytic behavior of transition elements?

" {V) How coordination compounds are formed by transition elements?
(V1) Write a short nole on the variable oxidation state.
(VIl) What is the oxidation siate of Fe in FeCly?
(Vili) What s the oxidation state of chromium in [Cr(H20)el**?

Long questions

What are the general characteristics of transition elements?
Explain the nomenclature of coordination compounds?
Explain the role of iron and Vanadium as catalysts?

Discuss Chromium and Manganese compounds as oxidizing agents.
What are complex ions? Explain their shape and colours? -
Give Reasons.

i) Fe is a catalyst in Haber process while not in the preparation of
sulphuric acid. ' ¥

i) Why Iron has variable valancies.

i) The oxidation state of neutral oompound is zero?

iv) Existence of paramagnetism and ferromagnetlsm




Intradictian: )

Organic chemistry is a branch of chemistry that deals with the
scientific study of the structure, properties, composition, reactions and
preparations of carbon based compounds i.e. hydrocarbons and their
derivatives. An organic compound is any member of a large class of
chemical compounds whose molecules contain carbon. Methane (CH, )is

one of the simplest organic compounds. These compounds may aiso
contain any number of other elements, inciuding hydrogen, nitrogen,
oxygen, halogens, sulphur, phosphorous, silicon as well as metal atoms
(organo-metallic compounds).

In past all the known compounds were classified according to their
source from which they were obtained. Compounds obtained from living
organisms (plants and animals), like sugar (plant source) and urea (animal
source), were named as “organic” compounds as word “organic” means
“life or living”. On the other hand, the compounds obtained from mineral
sources were named as “inorganic” compounds as the word “inorganic”
means Yifeless” as they came from non-living source.

At that time it was believed that organic compounds can only be
obtained from living organisms as they possess a super-natural force
called vital force”. This theory is called “vital force theory”. According to
this theory the vital force is possessed only by living organisms and such
compounds cannot be obtained or synthesized in the laboratory from other
compounds but can be made only by living organisms. Thus according to
old concept, those compounds which were obtained from living organisms
{(plants and animals) were called organic compounds and the study of
such compounds was named organic chemistry by Berzeiius in 1 807.

However, in 1828, a German chemist, Friedrick Wohler synthesized
in the laboratory an organic compound, Urea, by heating an inorganic
compound Ammonium cyanate.




Urea had long been considered to be an “Organic” compound being a
constituent of urine, where 1t is formed from the breakdown of protein.

Wohier's experiments were foliowed by many other scientists, where
increasingly complex organic substances were synthesized from inorganic
ones without the involvement of any living organism and thus vital force
theory was rejected.

When the composition of ail the organic compounds was studied, they
were found to contain carbon as a major element alongwith other
elements like hydrogen, oxygen, nitrogen etc.

Thus organic compounds are the compounds containing carbor which are
abtained from living things (plants and animals) as well as synthesized in
the laboratory, while study of the chemistry of these carbon containing
compounds is called organic chemistry.

Almost all the organic compounds contain carbon along with hydrogen.
Such compounds are called hydrocarbons and the rest which also contain
oxygen, nitrogen, halogens etc are considered to be their derivatives.

However, there is an exception to the above generalization. There are
some compounds like carbon containing alloys (including steel), metal
carbonates, bicarbonates, carbonyls, simple oxides of carbon (€O, Cq,),
cyanides (NaCN),cyanates (KOCN, NH,OCN),sulfides (CS,)as well as the

aliotropes of carbon (diamond and graphite), which although contain
carbon but are not organic compounds. They are inorganic in nature either
by their source or properties or nature of bonding.

~ Sources:

Major sources of organic compounds are coal, natural gas and
petroleum (fossil fuel).

Fossil fuels are formed by the anaercbic decomposition of buried
plants and animals.
a. Coal:

Coal is an important solid fossil fust of black or brownish-black colour
normally occuring in rock strata in layers called coal beds.




Coal s mainly composed of carbon along with other elements like |
hydrogen, axygen, sulphur and nitrogen. Coal is formed in nature from |
the decay of plant matier buried under the soil millions of years ago. |

Due to differsnt bacterial and chemical reactions, it is first converted
into a coal precursor called peat which under high pressure and

Coal exists in different forms like lignite {low %age of carbon) sub—
bituminous coal, bituminous coal and anthracite (highest rank coal due
1o presence of high percentage of carbon more than 91.5 %).

Coal is suitable fuel for power generation io minimize the use of
petroleum and natural gas for heating homes. Coal is mainly used as
a fuel to produce electricity and heat through combustion. It is the
largest source of energy for the generation of electricity world wide. |
Coal is a major source of a large number of organic compounds,
especially aromatic compounds.

The word petroleum is derived from latin words: “petra” means “rock™
and “oleum” means “oil". Thus the word petroleum means “rock oil” as
it is present in underground porous rocks. It is also sometimes called
“mineral oil” or “crude oil” or “liquid gold” Petroleum exists as a viscous
liquid having dark brown colour with a strong unpleasant smell.

aromatic hydrocarbons, while some other organic compounds in trace |
amounts are found which contain nitrogen, oxygen, sulphur as wellas
trace amounts of metals such as nickel, copper and vanadium.




Natural gas, a source of organic compounds, is also formed by the dead
decay of animal matter and is usually found above the underground

deposits of petroleum.

in strict sense, pstroleum includes only crude oil but in common usage, it
includes both crude oil and natural gas. Under normal pressure and
temperature the lighter hydrocarbons methane, ethane, propane and
butane occur as gases while the heavier ones from butane onwards are in
the form of liquids. Usually natural gas and petroleum deposits, are found
in association with each other.
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Plants and animals are the major sources of organic compounds.
Those compounds which are produced by plants and animals are called
natural compounds or natural products and the study of the chemistry of
such compounds is called natural product chemistry. Plants have always
been a rich source of a large number of organic compounds. Natural
products may be extracted from tissues of plants. These compounds may
be of medicinal importance and can be used in pharmaceutical drug
discovery and drug design. Even foday a large number of organic
compounds are isolated from piants. Still the number of plants that have
been extensively studied is very few and the vast majority has not been
studied at all. Clinically, useful drugs which have been recently isolated
from plants include the anticancer agent palliate (Taxol) from the yew tree,
and the anti malarial agent artemisinin from Artemisia annual.

Partial and Total Synthesis:

According to modemn concept, organic compounds can be isolated
from living organisms as well as synthesized in the laboratory. The study
of processes or chemical reactions by which organic compounds can be
synthesized in the laboratory from a living or non living source is called
synthetic organic chemistry and the compounds are called synthetic
organic compounds or simply synthetic compounds.

Organic compounds can be synthesized either through partial synthesis,
or through total synthesis. Mostly, organic reactions occur in many steps.
Sometimes, an intermediate product of a reaction is used to synthesize a
targeted product. This process is known as partial synthesis. Sometimes




the starting material converts through many steps into targeted product.
Such process is known as total synthesis. In other words, total synthesis is
the process of finding new synthesis routes for a given compound. The
first demonstration of total synthesis was Friedrich Wholer's synthesis of
urea in 1828 and this process was commercialized for the first time by
Gustaf Kompa from the synthesis of camphor (an organic compound) in
1903.

Partial and fotal synihesis are used to synthesize a large number of
organic compounds.

Biotechniology is a field of applied biology that involves the use of
living organisms and bioprocesses in engineering, technology, medicine
and other fields requiring bio-products. Most of products of bictechnology
are organic compounds. One application of biatechnology is the direct use
of organisms for the manufacturing of organic products. For example beer
and milk products.

Chemicals which have been made using biotechnology include
benzylpenicilin (an antibiotic), ethanol, ethylene glycol, insulin (a
hormone), pelyhydroxybutyrate (a biodegradable thermoplastic), rennin
(an enzyme) and Chemosensory protein (CSP) etc.

Coal is a rich source of organic compounds. It can be converted into
many organic compounds by the following ways.

When coal is heated in the absence of air, it does not bum but
produces many by-praducts. This process of heating coal in the absence
of air is called destructive distillation of coal. The main products obtained
by the destructive distillation of coal are:

i. Coke i ii. Coal Tar
iii. Ammoniacal Liquor iv. Coal gas




Coke is a fuel which is used in homes and factories but it is mainly
used in industries as reducing agent for the extraction of metals from their
ores.

One of the products of coal is Coal tar, which is a mixture of organic
compounds. These can be separated by fractional distillation. The
compounds, so- obtained can be used for making soap, fats, dyes,
plastics, perfume, drugs, pesticides, explosives. On fractional distillation,
coal tar gives important organic compounds like benzene, toluene,
xylene, phenol, cresol, naphthalene, anthracens etc.
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The other by product is ammonia solution called ammoniacal liquor which
is used for making ferilizers like ammonium sulphate, ammonium super

_phosphate stc.

The coal gas, also called town gas, Is a mixture of hydrogen, carbon
monoxide, which is combustible, making the coal gas an excellent fuel.

Coal gas, obtained from the distructive distillation of coal can be
converted into petroleum by a process known as Fischer-Tropsch (FT)
process. The Fischer-Tropsch synthesis or process is a set of chemical .
reactions that convert a mixture of carbon monoxide and hydrogen into
liquid hydrocarbons mainly alkanes.

Fd

. (2n+1)H, +nGO——C H,,., +nH,O

The conversion of CO to alkanes in presence of hydrogen invoives
hydrogenolysis of C-Obond and the formation of G-Cbond. This
process takes place in presence of transition metal catalysts (cobalt, iron,
ruthenium and nickel) at a temperature range 150 —300°C.



Fischer —Tropsch {FT) plants associated with coal (source of carbon)
convert it into gaseous reactants i.e CO and H,. This conversion is called
gasification. Coal based FT plants can produce a petroleum substitute that
is used as synthetic fuel and as synthetic |ubricating oil.

Characteristicslofi@rganiclCompounds

The Following are some of the important characteristic features of
organlr.: compounds.

Carbon has the property of self linkage. It can link with hundreds and
A thousands of other carbon atoms to form long C-Cchains or rings.
i This seli-linkage of carbon atoms to form chains and ring compounds
is called catenation. Carbon can also form stable single and multiple
bonds with each other and other atoms like hydrogen, oxygen,
nitraegen, halogens, sulphur etc.

When two Oof more orgamc compounds have the same molecular
formula but different structures, these are called isomers and this
phenomenon is called isomerism. '

Non —fonic Character:
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Majority of organic oompounds mamly involve covalent bond between
C—C and C—H, therefors, they are generally non—polar and have
non-ionic characters.

Solublllty depends upon the fo:oes of attraction betwesn the solute
' and solvent molecules. When these forces are stronger than the
| intermolecutar forces of solute-solute and solvent-solvent, then solute
dissolves easily. But the organic compounds are formed by covalent
bonds i.e. non-lonic and almost non-polar, so0 most of the organic
compounds are insoluble in water, while some are partially soluble but




they are readily soluble in non-polar solvents like ether, benzene
carbon tetrachloride etc.

Bonds between atoms in organic molecules are formed by mutual
sharing of electrons and reaction needs the breakage of these bonds.
The organic reactions are slow because these involve breaking of
certain bands and formation of new bonds. '

Mostly organic compounds have similar structural features and similar
physical and chemical properties. Therefore they show similar
beahaviour to various reactants. This similarity in behaviour has
reduced the study of millions of organic compounds to a few
homologous series.

T

Useslof{@rganiclCompounds:

Life is a practical version of chemistry, especially organic chemistry.
No field qf science is so closely related to our daily life as is organic
chemistry. The importance of organic compounds and products can hardly
be overemphasized. Most of the things that we come across in our daily
life are organic substances like, the food we eat (carbohydrates, proteins,
vitamins, fats etc) and the clothes we wear (cotton, silk, nylon) are organic
compounds. We have become dependent upon organic compounds for
our food, medicines and clothing.

Similarly, the chemists have learnt to synthesize paper, rubber, ink,
plastics, leather, fibres, fertilizers, shoe polishes, pesticides, cosmetics,
paints, dyes, preservatives, detergents and medicines etc, that we use in
our daily life. In fact, our own body is made of thousands of complex
organic molecules like proteins, nucleic acids, enzymes, fats, lipids etc.
that are called life molecules.

Almost all the chemical reactions that takes place in living -systems,
including our own body, are organic in nature.




The fuels like petroleum products, petrol, diesel oil, compressed natural
gas (CNG), coal as well as natural gas (suigas) elc, are also mixiures of

organic compounds that run our cars and industries.

= r |
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Just about every substance you pult out of plants or animals Is
made of moslly carbon atoms except water. The chemist uses

plant and animal compounds 1o make new compounds not
found in nature. Many farmers in USA grow Maize for enthanol
rather than food. There are over hundred chemical substances,
that have been derived from plants for use as medicines e.g.
Quinine (Antimalaria) Asprine (Cardiac diseases, pain killer),
Borneol (Anitinflametery), Benzyl benzoate (scabicide) .and
Galantamine hydrobromide (Alzhsimer's disease)

INew)Allotrope of.Carbon:Bucky,Ballk

Bucky ball is 2 member of a class of structures called carbon
fullerenes. Fullerenes are molecules composed entirely of carbon in the
form of a hollow sphere, ellipsoid or fube. Spherical fullerenes are known
as bucky balls. Fullerenes are solid allotrope of the element carbon. The
discovery of fullerenes significantly expanded the number of known
allotropes of carbon, which were until recentiy limited to graphite, diamond
and amorphous carhon like soot & coal. Bucky balls and other fullerenes
are similar in structure to graphite, which consists of hexagonal rings
made of carbon, but aiso pentagonal (or sometimes heptagonal rings).
The first fullerene was discovered in 1985 by Herold Kroto, James Heath,
Sean O'Brion , Robert Curl and Richard Smalley for which they were
awarded Nobel prize in 1996. It was named Buckminster fulierene (or
Bucky ball) that contained 60 carbons (C,,). The name is a tribute to

Richard Buckminster Fuller, a known architecture, who popularized
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geodesic domes and the shape of Cgbucky ball is similar to that sort of
dome.

In Bucky balls, the smaliest member is C,,which is made of 20 carbon
atoms while the most common one is Cy,.

The existence of fullerenes is very rare in nature. Negligibie amounts of
CeosCr0: Cres Co @re  found in nature. in 2010, fullerenes were also

discovered in outer space.
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There are millions of organic compounds known so far and
thousands are discovered and synthesized every year. As mentioned this
diversity and such a large number of organic compounds is due to some
peculiar behaviour of carbon. it is difficult to study the chemistry of each
individual compound. Therefore, the organic compounds are classified into
different groups, in order to make their sludy easy. One such classification
is on the basis of structure of organic molecules and the other on the basis

of functional groups.
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This classification of organic compounds is based on the arrangement
of carbon atoms in molecules. According to this classification organic
compounds are broadly divided into the following groups.

In these compounds carbon atoms are linked to each other in
open chains, which may be a straight chain or a branched chain.

CH;




In closed chain compounds carbon aloms are arranged in closed
chain forms. They may be homocyclic or heterocyclic organic
compounds.

Homocyclic, which are aiso known as carbocyclic organic
compounds, are those in which cycle or ring is made only of
carbon atoms. They are further “divided into alicyclic having

- properties similar to open chain compounds and aromatic in which
benzene ring is present. ¥

/ Organic clcmpound \
| I
Aliphatic Cyclic
] .

I I I I
Straight . Branched Homocyclic Heterocyiic
chain chain )

I I -
\ ' Alicyclic Aromatic j '

On the other hand, heterocyclic organic compounds are those
cyclic compounds in which the ring contains at least one atom
other than carbon.
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| b. Classification on the basls of Funct

An atom or a group of atoms that gives certain characteristic
propetties 1o an organic compound is calted a functional group.

It is called a functional group because it is the chemically active or

functional part of a molecule. Each functional group represents a
different class of organic compounds.

Organic compounds are divided into:

i

Hydrocarbons ii. Derivatives of hydrocarbons.

Hydrocarbons:

Hydrocarbons are those organic compounds which are made up of
carbon and hydrogen only. They may be aliphatic or open chain
hydrocarbons and cyclic or closed chain hydrocarbons.

In open chain hydrocarbons, carbon and hydrogen atoms are
arranged in open chain forms. They are further subdivided into
alkanes (saturated hydrocarbons) in which all the four vaiencies of

" carbon are fully satisfled through single bonds. Unsaturated

hydrocarbons are those in which at least one double bond (=)or 2
triple bond (=)is present between adjacent carbon atoms. The
former is called alkene and the later is calied alkyne.

The cyclic or closed chain hydrocarbons are either alicyclic or
aromatic hydrocarbons.

&

The derivatives of hydrocarbons are organic compounds cobtained

' by replacing alteast one hydrogen from hydrocarbons especially

saturated hydrocarbons and aromatic hydrocarbons. i.e benzene
ring. They are alkyl halides, alcohols and phenol, ethers, ketones,
aldehyde, carboxylic acids and their derivatives.




Different classes of organic compounds, their functional groups and
general formulae are summarized in the following table alongwith
examples.
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Amine -NH, | Amino R=NH, | CH, -NH,
ot Methyiamine
. e A T
Ether -0— | Oxygen R-O-R | CH,—-O-CH,
o | Dimethylether
(CHiney )e Q -
Ketone (I:I) Carbonyl ' R
o= (Keto group), | (CH,,,,),CO CH, ~C~CH,
Dimethyl ketone
| |l (acatone)
Aldehyde ﬁ | Formyl (l:!’ (inJ
—C-H R-C-H |CH,-C-H
or or (acetaldshyde)
—CHO C.H,,., CHO
Carboxylic o) Carboxyl 0 0
acid f :
_C-0OH R~C-OH | CH,—-C—OH
or of (acetic acid)
—cooH | B AT
Acid halide (IZI) Acyl ﬁ
(G357 R-C-X |CH,-C-C¢
or el {acetyl chioride)
—COX C.H,,..COX
Acid'amide, | ﬁ) X Amide. . (ﬁi ﬂ
— G Ny ‘R-C~NH, | CH,~C-NH,
2 or; ) -
or | (C.H,, CONH) .(Acet__a_lmlds)




A series of organic compounds in which all members possess similar
structural features and similar chemical characteristics, but each member
is different from the next member by a methylene (-CH, —)group is called

homologous series. All the members that differ from each other by
metheylene are called homologues. Each class of organic compounds has
its own homologous series which can be represented by a general
formula. For example, alkanes (saturated hydrocarbons) form a series of
compounds. It can be represented by a general formula G H,, . where ‘n’

shows the number of carbon atoms in the corresponding alkane.
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15.2 Alkane




As it is clear from alkane homologous series that each member is different
from the adjacent member by CH,. Similarly this series can be expanded

beyond C,to higher “alkanes. Similar homologous series can be

developed for alkenes, alkynes, alcohols, ethers, amines, carboxylic acids,
carbonyl compounds efc.

e As mentioned, each class of organic compounds has its own
homologous series having general formula.

e All the members of homologous series have similar chemical
properties and same general methods of preparation similar structural
features and same functional group.

» The physical properties-like melting point, boiling points, densities etc
increases down the series due to increase in their molecular masses.




Detect:on of elements in) Q‘_' ani
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The main elements presént in organic compounds are carbon and
hydrogen as well as oxygen, nitrogen, sulphur and halogens. Following

methods can be used to detect these elements, in the organic compound.

G e e VR e R

As carbon is always present in all the organic compounds, there is
no need to test for it. The test is performed only to establish whether
a given compound is organic or hot. The organic substance is mixed
with dry copper oxide in 1.3 ratio and heated in a test tube fitted with
a delivery tube. The other end of which is dipped into flime water, Ca
(OH).. Carbon converts to carbon dioxide which reacts with lime
water and turn it mitky due to formation of calium carbonate.

/’

[f hydrogen is present in the compound, it oxidizes to water vapours
which condenses in small dropists on the cooler end of the test tube.
The water formation is further confirmed by passing the issuing
gases (water vapours}) from anhydrous copper sulphate (white) that




is turned blue as copper sulphate converis to hydrated form
(CuSO, 5H,0).

Nitrogen, sulphur and halogens can be detected in organic
compounds by extract sodium test or lassaign’s test. For this, sodium
extract or lassaign’s solution is prepared first. The substance is
heated strongly with sodium metal in a fusion tube {ill the tube
becomes red hot which is dipped in water in a china dish and filtered
after boiling the contents of china dish. The filirate is called
lassaign’s solution or sodium extract.

T
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\Detsction of Nitrogen: (1}

Take a part of lassaign’s solution in a test tube and add to it few
drops of sodium hydroxide and then few millilitres of freshly prepared
ferrous sulphate (FeSO, ) solution and boil it, After cooling, add few
drops of ferric chloride (FeCla} solution and excess of concentrated
acid(HCl or H,SQ,). The formation of Prussian biue or green

colouration confirms the presence of nitrogen.

—

Detection of Sulehuor 0 0
Detection of Sulphur: . (/Y.
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etection of Halogens:
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To another portion of sodium extract add some acstic acid first and
then lead acetate solution. Black precipitate of lead sulphide will be
formed which confirms the presence of sulphur, -~

75

Boil a portion of sodium extract with concentrated nitric acid and then
add to it silver nitrate solution. The farmation of white precipitate
soluble in ammonium hydroxide solution indicates chlorine, pale
yellow precipitate slightly soluble in NH,OHindicates bromine and
deep vellow precipitate msoluble in ammonia solution shows the
oresence of inding in the oraanic comoound.
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Detecton of Oiyger:

Oxygen can not be detected by any direct method but for its
detection following indirect methods can be employed.

it | The substance is heated alone in a dry test tube usually in
~ nitrogen atmosphere. Formation of water dropléts on the cooler
part of the test tube obviously show the presence of oxygen.

ii. | Different tests are applied for oxygen containing functional
groups like alcohol, (OH)carbonyl compounds like

O
1l
_c- (Ketone), _c_H (aldehyde) and carboxylic acids

(COOH). If any one is detected, the presence of oxygen is
confirmed.

iii. | The most important test for presence of axygen is combustion
analysis in which the percentages of C and H are determined. If
their sum is less than 100 then the remaining percentage is that

of oxygen.




Generally ali the compounds were classified on the basis of their
origin. The compounds that were having living source (plants and
animals) were called organic and those coming from non living
sources (minerals) were called inorganic.

According to vital force theory, organic compounds can only be
obtained from organism and could not be synthesized in the
laboratory from inorganic sources.

The study of the chemi'stry of the carbon containing compounds
(organic compounds} is called organic chemistry. v

The Major sources of organic compounds are plants and animals
as well as fossii fuels. :

The abundance of organic compounds is due to unique behaviour
of carbon as well as due o some special characteristics of these
compounds themselves.

Organic chemistry have applications in almost all fields and the
importance of organic compounds can hardly be over emphasized.

The discovery of fullerenes (bucky balls) have significantly
expanded the number of known allotropes of carbon.

Functional group is the active part of organic compounds which
greatly effect the chemistry of organic compounds. ]

Organic compounds can be classified on the basis of structure as
well as on the basis of functional group.

Each class of organic compounds have their own homologous
series that can be represented by a general formula.




Exercise

Q.1 Multiple'Cholce questions. Choose the correct answer from the
given choices In each case.

The first organic compound prepared in the laboratory was.

a. Peat b. Urea c. Sugar d. Alcohol

All the subsiances are organic except.

a. Graphite b. Urea ¢. Methane d. Acetic acid
The final stagé of conversion of decaying plants into coal is

a. Anthracite  b. Lignite c. Peat d. Bituminous
Petroleum is mainly a mixture of

a. Heterocyclic compounds b. Aromatic Hydracarbons

. Saturated hydrocarbons d. Unsaturated hydrocarbons

The major component of natural gas is .

a. Butane b. Ethane - ¢. Propane  d. Methane

All of the following fractions are obtained by destructive
distiliation of coal except.

a. Coal tar b. Refinery Gas ¢ Coalgas = d. Coke
Coal can be converted io petroleum by

a. Haber process b. destructive distillation

¢. Fischer —Tropsch process  d. Fractional distillation
Pyridine belongs to which class of organic compounds.

a. Heterocyclic b. Hydrocarbon c. Alicyclic  d. Homocyelic

Which of the following represents the functional group of
amides.

a. -COOR b. -NH, ¢ -C=N d. ~CONH,

Which of the following elements can not be detected in a given
organic compound directly.

a. Chlorine b. Phosphorous  c. Nitrogen d. Oxygen




Briefly answer the following questions.
i. What is meant by organic compounds and organic chemistry?

il.  Why dil.LHNO; is added to the sodium extract before detectlon
of haiogens in organic compound.

ifi. Expiain the significance of Wohler's work in the development of
organic chemistry.

iv.  Although bucky ball is an allotropic form of carbon, but it is
included in arganic chemistry.

v. What are those compounds which although contain carbon but
are not considerad crganic?

vi. Differentiate between partial and total synthesis? .
vil. How coal can be converted into petroleum?

vill. Discuss the reasons for the presence of large number of
organic compounds?

ix. Differentiate between acyclic and cyclic organic compounds.
What are fossil fuels? Discuss different types of fossil fuels.
Elaborate the detection of various elements in organic compound.

What are the different fraction obtained by the destructive distillation
of coal. Give their importance.

Explain some of the important characteristics of organic compounds.

Define functional group. How organic compounds are classified on
the basis of functional group.

Give old classification of organic compounds based on arrangement
- of carbon atoms in the molecule.
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After carefully studying this unit . and working the exercise, the

. student will be able io:

Classify hydrocarbons as aliphatic and aromatic.
Deseribe nomenclature of alkanes and cycloalkanes.

Explain the shapes of alkanes and cycloaikanes exemplified by
ethane and cyclopropane.

Explain unreactive nature of alkanes towards polar reagents.

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

Describe the mechanism of free radical substitution in alkanes
exemplified by methane and ethane.

|dentify organic redox reactions.

Explain what is meant by a chiral cenire and show that such a centre
gives rise to optical isomerism.

Identify chiral centres in given structural formula of a molecule.
Explain the nomenclature of alkenes.

Explain the shape of ethene molecule in terms of sigma and pi C—-C
bands.

el
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Describe the structure and reactivity of alkenas as exemplified by
ethane.

Define and explain with suitable examples the terms isomerism,
stereoisomerism and structural isomerism.

Expiain dehydration of alcohols and dehydrohalogenation of RX for
the preparation of ethene.

Describe the chemistry of alkenes by the following reactions of ethane
Hydrogenation, - Hydrohalogenation, hydration, Halogenation,
Halohydration, Epoxidation, ozonolysis, polymarization.

Explain'the concept of canjugation in alkenes, having alternate double
bonds. : '

Use the IUPAC Naming system for alkenes.

Explain the shape of benzene molecule (MOT).

Define res.dnance, resonance energy and relative stability.
Compare the reactivity of benzene w:th alkanes and alkenes.

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

Describe addition reactions of benzene and toluens.
Describe the mechanism of electronphilic substitution in benzene.

Discuss the chemistry of benzene and toiuene by nitration,
suiphanation, halogenations, Friedel —Craft's alkylation and acylation.

Apply the knowledge of positions of substituents in the electrophilic
substitution of benzene.

Use the [UPAC naming system of alkynes.
Compgre the reactivity of alkynes with alkenes, alkenes and arenes.
Discuss the shape of alkynes in.terms of sigma and pi C—C bonds.
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introductian:

Hydrocarbons are the organic compounds which contain carbon and
hydrogen only. For example methane (CH,),benzens (C.H,)etc. These

compounds are thought to serve as basis for all other organic compounds.
‘That is, all other organic compounds are the derivatives of hydrocarbons
where one or more hydrogen atoms have been replaced by ancther atom
or group of atoms. Petroleum, natural gas and coal are the main natural
sources of hydrocarbons. These sources are frequently found in under
ground deposits. The significance of hydrocarbons can be realized by their
uses in daily life and in industries and power generation as fuel and as raw
materials. for synthesis of many other organic compounds. If the fossil
juels are simply bound to produce heat, which is then used to produce
power and heat up our homes, we need not be concerned with the
molecular make up of these substances. But to appreciate the treatments
these gas, liquid and solid materials receive and the roles, the products
from these play, you must know about their molecular make up and their

chemical reactions.

Hydracarbons are divided into two major categories i.e.

(A) Aliphatic hydrocarbons  (B) Aromatic hydrocarbons.

RS el
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A. Aliphatic Hydrocarbons:
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In these hydrocarbons, the carbon atoms are linked together in the
form of chains which may either be: :

In this case no carbon atom is linked directly to more than
two carbons atoms.

In this case, at least one carbon atom is linked directly to
three or four carbon atoms. For example.

These are also called alkanes and in these compounds all the
carbon atoms are bonded to each other by single bonds and
hence each carbon is bonded to four other atoms. They are called
saturated because their valencies are fully satisfied e.g.




T -

They can be represented by the general formula C H,,,,, where n
is the number of carbon atoms.

~b. Unsaturated hydrocarbons:

In these hydrocarbons, the chain contains carbon—carbon multiple
bonds.

CHj ~— CH=CH} CH, —C=C—CH, |
Propene : Beityne

Unsaturated hydrocarbons, having carbon—carbon double bond
are called alkenes, represented by general formula C H,,, while those

having carbon-carbon triple bond are called alkynes, represented by
generai formula C H,, .

"I Closed Chainior Cyclic Hydrocarbons:

In these hydrocarbons the carbon atoms are bohded together in such
a way that they form a ring or cyclic structure. Like open chain
hydrocarbons, they may also be classified as

i. Saturated
il,  Unsaturated
For example,
C 5 i
e T e
| e
Hzc_'—_-CHz HC=— IH - \:,C{/ " ki
Cyclobutane Cyclopentene' : HEH
{(saturated) {unsaturated) Cyclohexyne:

(Unsaturated)




Saturated cyclic hydrocarbon are called cycloalkanes, unsaturated are
cailed cycloalkenes and cycloalkynes.

Benzene (C,H,)is the parent member of this class and hence

aromatic is the term used for benzene and all those compounds that
resemble benzene in their chemical properties e.g.

| m Alkanes andlCycloalkanes:t

Alkanes are open chain saturated hydrocarbons, which can be
represented by the general formula C H,,,, (where “n” is the number of

carbon atoms), whis cycloalkanes are cyclic saturated hydrocarbons
represented by the general formula C.H, ( n is the number of carbon
atoms; and n=>3). It is to be noted that cyclo alkanes are two H—atoms
less than the corrasponding alkanes, in their formula.

¥




The systematic process of naming 'a compound Is called
nomenclature. At the beginning of organic chemistry, each new compound
was given an individual name, which was based on its source, some
property or other trivial reason. For example, the compound “HCOOH"
was given the name formic acid because it was obtained from red ants.
(Latin, formica = ants). Similarly the compound “CH,COOH" was named as

acetic acid (Greek, Acstum = vinegar). These names, which are based on
the source of the compounds are called common names or trivial names.

With the increase in the number of organic compounds tt became
impossible to give names to such a large number of organic compounds.
Moreover trivial names do not give any information about the structure of
the compounds. Need was, therefore, felt to name organic.compounds in
a systematic way. Thus, the “International Union of pure and Applied
chemistry” (IUPAC) in .1957, set rules for giving systematic names to
organic compounds on the basis of structure. This is known as the IUPAC
system of nomenclature. :

el ...|.

Alkanes are named by the following two systems.

(A) Common System (B} IJPAC System.

The first four members of the series {C, to C,)are named as methane
(CH,), ethane (C,H,), propane (C;H)and butane (C,H;,)while the
rest are named by using the Greek prefixes that indicate number of
carbon atoms in the molecule. Thus the prefix penta (5) is used for the
compound having five carbon atoms, hexa (8) for six, hepta (7) for
seven, octa (8) for eight, nona (9} for nine and deca {10} for ten
carbon atoms (see table 16.1) the prefix is foliowed by the ending
“ane”. i
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i. The prefix n — is used for those alkanes in which all the carbon
atoms are in one continuous chain (straight chain or normal

alkanes)

il. The prefix iso is used for those alkanes which have a methyl
group (-CH,)attached to the second last carbon atom of the

continuous chain.

CH,—CH—¢C

ill. The prefix neo is used for those alkanes which have two mathyl
groups aftached to the second last carbon atom of the continuous
chain.

in this system the parent names of the alkanes are retained such as
methane, ethane, propane, butane, pentane, hexane and so on while
the branching (if any) is treated as substitutuent, attached o the main

continuous carbon chain.

Rules for naming alkanes are:




1.

Select the longest continuous chains of carbon atoms and consider it
as a parent compound.

Number the longest chain from one end or the other, so as to give the
carbon carrying the substituent (alkyl group), the lowest possible
number. . B NSNS

i
i i

Name the substitutuant along with its position by indicating -the
number of the carbon atom to which it is attached, before the parent
name.

When two of more different substituents are attached, they are named
in alphabetical order along with their positions before the parent name.

When the same substituent is present more than once, a prefix di, tri,
tetra etc is used before the substitutent name and position of each
substituent is indicated by a separate number.
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6. When two substitutents (same or different} are attached to the same
carbon atom, the number of that carbon atom is repeated.

7. When there are more than one longest chains, select the chain which
carries more substituents.

_ Cycloalkanes:

1. Cycloalkanes are named by pilacing the prefix “cyclo - to the
name of alkane having the same number of carbon atoms as in
3 the ring. ! -

For convenience, cylocalkanes are represented by geometric figurés. Each
comer represents a -CH, group.

¢ Cyclopropane is represented by a triangle (A }




» Cyclopentane by a pentagon (Q] |

e Cyclohexane by a hexagon ( O)
2. Substituted cycloalkanes are named as atkyicycloalkanes e.g.

3. The ring is taken as substitutuants, if the side chain contains
greater number of carbon atoms than the ring.

1 First four members (C,-C,)of the alkane series methane,

ethane, propane and butane are colourless gases. Next
_thirteen members (C;-C,;}are colourless liquids. Higher

‘alkanes are wabx like {soft) solids.




5.

Alkanes, being non polar, are soluble in nonpolar solvents like
CCl,and C.H,but they are insoluble in polar solvents such as

water.

The bailing points of normal alkanes increase with the increase
in molecular weight. Moreover, straight chain alkanes have
higher boiling points than the isomeric branched alkanes.

!;'il'L .r-—-il'ar,!.

The metting points of alkanes also increase with increasing
molecular weight. However, there is no regularity in the change
in melting point with the number of carbon atoms in a molecule.

The specific gravities of alkanes, in general , increase with
increasing molecular weight.

Viscosity also increases with increase in the number of carbon
atoms in the molecule.




1. First two members i.e. Cyclopropane and cyclobutane are
gases at room temperature and atmospheric pressure, while
remaining cycloalkanes are liquids.

2.  They are insoluble in water but dissolve in gthanol and ether.

3 Their melting and beiling points show a gradual increase with
the increases the molecular weight.

(A) Let us consider ethane (CH,-CH,}for illustrating the orbital
structure of alkanes. In ethane, each carbon atom is bonded to four
other atoms, so it uses sp® hybrid orbitals to form these bonds.
There are six C—-Hcovalent bonds and one C-Ccovalent bond.
Each of the C—Hbonds, is the result of linear overlap of an sp®
hybrid orbital of carbon and an ‘s’ orbital of hydrogen. The C-C
bond is formed due to the overlap of sp® orbitals, one from each

carbon atom (Fig.16.1}. All the C—Hand C-C bonds are sigma

(8) bonds. All the bond angles are 109.5° (tetrahedral geometry). The
C-Cbond length is 1.54°A and sach C-Hbond length is 1 09°A -




(B)

In cyclopropane (Cakiﬂ) , each carbon atom, like alkanes, is bonded

to four other atoms, so it uses sp® hybrid orbitals to form these

bonds. However, in this case, the sp® —sp’ overlap of C-C bond is
not maximum as in the case of alkanes. This is due to the fact that in
cyclopropane the C-C-Cbond angle i1s 80°and not 109.5°(true
tetrahadred angle) due to which orbitais do not overlap exactly along
their axes (Fig. 16.2). Thus the small bond angles of cyclopropane
indicate .that the overlap of sp’orbitals of carbon is less than the
overlap of sp®- orbitals of carbon in alkanes (e.g. propane).

In cylopropane the three carbon atoms occupy the corners of an
equilateral triangle, which results in the C-C-Cbond angles to be
of 60°. This compression {deviation) from the normal tetrahedral
angle of 109-5°10 60°is called the “Angle Strain”.

Vi = )
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Fig 16.2 Overlap between sp orbitals in (a) Propane (b)
Cyclopropane: Maxiri'uim overlap occurs in propane.




The carbon atoms in alkanes are fully saturated due to which
alkanes are quite. inert. Moveover, due to comparable electronegativities

of carbon (2.5)and hydrogen (2.1)the electrons in the C-Hbonds are

_practically shared equally between them, and the bond is almost non
polar. Consequently polar reagents do not react with alkanes under
normal conditions. Furthermore the C—-Hand C-C bonds are strong
bonds and hence alkanes are relatively stable to common reagents such
as acids, alkalies and oxidizing agents at room temperature. That is why
they are also called paraffins (latin Parum = Little, affins = affinity or
reactivity. -

for eyclopropane and cyclobutane. The strength of bond. and hence the
stability, depends on the extent of overiap of orbitals. In the case of
cyclopropane and cyclobutane, the extent of overlap of orbitals is not
maximum due to greater angle strains and are unstable Cyclopropane
undergoes ring opening reactions with Ha/Ni and HBr to give open —chain
addition products. Cyciobutane, having less angle strain than that of
cyclopropane, is more stable and hence it undergoes ring opening
reaction only under severe conditions. Higher members are even more
stable, They do not undergo ring opening reactions. Instead, they
resemble open chain alkanes in reactivity and undergo substitution.
reactions.

Substitution reactions are those reactions in which an atom or group of
aloms, directly attached to the-carbon in the substrate molecule is
replaced by another atom or group of atoms. (The term substrate is used
for the reactant molecule, undergoing chemical change).




A hydrogen atom of the methane moleculs is replaced by a chlorine
atom. ;

A substitution reaction may be initiated by 'nuclebphile, electraphiie or
free radical.

mic process. [f sufficient
amount of energy is available, a covalent bond (5-bond)can
undergo fission in two ways.

e _..-.—.—u-..-.-..._....._..-_.........q.._.._!_
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In Homolysis when a chemical bond breaks in such a way
that each of the two bonded atoms acquires one of the
bonding electrons.
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The products A*and A*are cailed the free radicals, which

are electricaily neutral species and have one unpaired
- electron. i

R

In Heterolysis when a chemical bond breaks in such a way
that one of the bonded atoms acquires both of the bonded
electrons. The atom with high electronegativity, usuaily,
acquires both the bonding electrons. The arrow in the
following general example indicates that the sigma electrons
are leaving A and becoming a property of the B.

A

The produci in this case are the ions.
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le: (Electron|loving)
A reagent which can accept an electron pair in a reaction is
called an electrophile. An electrophile may be positive ion or
neutral molecule with an electron—deficient centre. Examples

A reagent which can donate an electron —pair in a reaction, is
called a nucleophite. A nucleophile may be negative ion or
neutral molecule with lone pair of electrons. Examples are,

- pr—_——

The step wise description of a chemical reaction, showing the
_breaking of older bonds and making of new bonds in the substrate leading
" 1o the formation of the final product, through transitory intermediates (if
_any) is calied mechanism of the reaction.

Substitution reactions, which are initiated by a free radical are called the
free radical substitution reactions. One of the examples of such reactions
is the chicrination of methane and ethans in the presence of ultraviolet
(u.v.) light. .

The mechanism involve the following steps:

Step 1. {nitiation: A chlorine molecule undergoes homolytic fission in the
presence of u.v. light to glve chlorine free radicals.

s x sy R




Step 2. Propagatlon' {(a) A chiorine free radical attacks the methane
molecule to gwe methyl free radicals and HC¢-

(b) The methyl free radical (CH;),thus produced attacks a chlorine
molecule to form methyl chloride and chilorine free radical.

-I-_ @"rﬂ,}.@g:{: —-{5{%
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These propagation steps are repeated again and again.

Step 3. Termination: The above chain reaction comes to an end, when
any two free radicals combine to form stable products A

In actual practice the above reaction does not stop at CH, —C¢stage. The
remaining three hydrogen atoms of methyl chloride ¢an be successively
replaced by chlorine _atoms.

s o grremad oot LY

rp —AL‘-L -OTL_ —
-

= e e w4 -

"‘5"‘ -—Itﬁ l--!L_;‘r —




Thus a mixture of all the four substitution products
(CH,C), CH, Cl,, CHCl, and CCl,) is obtained. The extent of their
concentration in the mixture depends on the relative amounts of chiorine
and methane. If Ctf,is taken in excess, the reaction goes to the final

substitution product and carbon tetrachloride is the major product. On the
contrary, when C¢,is limited (or CH, is taken in excess), the major product

of the reaction is CH,C¢-

Alkanes like all other hydrocarbons, bumn in air to produce carbon
dioxide and water. The reaction is highly exothermic and large quantity of
heat is evolved. For example

The reaction Is of high significance, as it provides basis for their use as
fuels to get heat and power. When there is an insufficient supply of
oxygen, alkanes on combustion, form carbon monoxide and water or
carbon soot and water.




Alkenes are the unsaturated l"iydrocarbons which contain a
carbon—carbon double bond. They can be represented by the general

formula CH,,.They are also known as olefins because their lower
members form oily products on treatment with chlorine or bromine.

There are two systems for naming alkenes.
(A} Common System  (B) IUPAC System

eltalurlets

1.  The common names of fist four members are derived from

those of the corresponding alkanes by replacing the ending
“ane” with "—ylene".

2. Greek letlers, o.B, y etc are used to distinguish isomers having
double bonds at different positions.

The IUPAC rules for naming alkenes are same as those for alkanes
except the following.

1. The longest continuous carbon chain must include the double
bond.



2, The name given to the longest chain will act as parent name,
whereby the ending “ane” of the corresponding alkane is
replaced by “ene".

3. Number the chain from that end that will confer upon atom
holding the —C = C,~the smallest possible number. :

4. Since double bond appears beiween twe carbon atoms,
therefore its position is indicated by the number of that carbon
atom, bearing lower number and this number is written before —
ene.

5. |f there are more than one double bonds in the molecule, these
are indicated by the prefixes di, tri, tetra etc before —ene.

For example:

T Ty ik r'}f"’;‘rbf"-ﬂf" r;ﬂ-J-!."‘A.?""*-‘
ST bitity of 4 Alkenes: "\
Various alkenes differ in stability. The extent of stability of alkenes

depends upen the foliowing factors.

i.  Position of the double bond in the molecule.




fi. Number and nature of substituents, attached.

iil. Relative positions of the substituents on the doubly bonded
carbon atoms.

Moeasurment and comparison of the heats of hydrogenation of different |
alkenes, give us a clue about the relative stability of these alkenes. The
stabilities of alkenes, which give the same products on combustion can be

compared as follows.

ke, rﬁ— 1

Comparison of the heats of combustion of butenes show that
1-butene evolves the largest amount of heat of combustion. In other
words, 1-butene possess the highest energy and is thus the loast stable
of the butenes. Similarly isobutylene is the most stable of the four isomers.
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However, it has been observed that the stabilizing effect increases with
increasing the number of substitutions in the molecules. In general, the
greater the number of alkyi groups attached to the double bonded
carbons, the greater is the stability of alkene.

Consider ethene (CH, =CH,)to illustrate the structure of alkenes. In
ethene, each carbon atom has three sp®- hybridized orbitals which are
coplanar. One of the sp?hybrid orbitals of one carbon atom overiaps
linearly with that of another carbon atom to form a sigma (8)}bond. The

other two sp® hybrid orbitals of each carbon atom overlap with “s” orbitals
of hydrogen atoms to form sigma bonds. The unhybridized p —orbitals of

the two carbon atoms, which remain perpendicular to the plane of
hybridized orbitals, overlap in a side wise (parallel) fashion to form a

pi(r)bond between the two carbon atoms. (Fig.186.3).

The overall structure of ethene is planar in which H-C-Cand
H-C-Hbond angles are approximately equal to 120°. The
carbon-carbon double bond length is 1.34A°and the C—-Hbond lengths
are 1.09A°each.
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When an alcohol is heated at 170°C,in the presence of sulphuric
acid, a water molecule is eliminated, resutting in the formation of
an alkene.

alkyl halide is heated with alcoholic solution of KOH or

NaOH, a molecule of hydrogen halide (HX)is eliminated which
results in the formation of an alkene.

Alkenes are more reactive than alkanes due the presence of x-bond
in the alkene molacules. The electron density of pi {x} bond lies
above and below the bond axis. it is therefore, more exposed and
easily accessible to an external electrophilic {electron seeking)
reagent, commonly known as electrophile. Secondly, the overlap of
atomic orbitals forming the = bond is not as effective as that in
5 —bonds. Thus = bond is weaker than a sigma bond and more easily
broken. It is, therefore, favourable for alkenes to add an electrophile




across the double bond by breaking the weak n bond and to produce
a saturated compound. Such reactions in which unsaturated

hydrocarbons (alkenes) are converted into saturated compounds, are
called addition reactions.

Alkenes readily react with hydrogen to form aikanes in the presence of
catalyst such as nickel, platinum or palladium at a temperature of

200-250°C,under pressure (1-1.5 atm). This is called catalytic
.. hydrogenation.

The hydrogenation of alkenes is industrially used for the conversion
of vegetable oils into ghee.
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Alkenes react with halogen acids (HC?, HBr, or HI) to form alkyl halides.




 Mechanism:

The order of reactivity of halogen acids is Hl> HBr > HCl > HF- When

the alkene is symmetrical (as in the case of ethene), the product formed
fs the same, no matter which way H—Xbecomes atlached to the
alkene. But if the alkene Is unsymmetrical, two different isomeric
products are possible. For example, propene can react with H—Brin
the following two ways.

- ~_1-Bromopropane
However, experimentally it has been found that 2—Bromopropane is

the major product. In fact this is in accordance with the Markovnikov's
rule. ,

Markovnikoy's Rule: It states that when an unsymmetrical {or Polar)
reagent is added to an unsymmetrical alkene, the positive part of the
reagent attaches itself to that carbon atom involved in the double bond,
holding greater number of hydrogen atoms.

16.3.6.3  Hydration (Addition of Water):

Alkenes react with sulphuric acid to produce alkyl hydrogen
sulphates, which on hydrolysis yield alcohols, at 100°C -
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The overall resuit of the above reaction appears to be the addition of
H,O (hydration} to the double bond.

In case of unsymmetrical alkenes, the reaction follows the
Markovnikov's rule. .

¥ A : Erpt YR e : | -,;- I
CH, — CH=CH, + H& G80,H ——> CH,CHCH, + 680

s P THL O
1,50, + Gy~ CH = CHy ﬁ—: CH,CHCH,
' OH AT OSOzH
~ Isopropy! alcohol

Alkenes react with halogens (G, or Br,}in the presence of an inert
solvent (CCl) to form dihaloalkanes (vicinal dihalides).

The bromination of alkenes provides a useful test for the presence of a
double bond in the molecules. The colour of bromine rapidly discharges




as the coloriess dibromo compound is formed. The order of reactivity of
various halogens with alkenes is F, >Cl, > Br, > |, -

: PP Yt S Y
on: (Addition of | Hypohalou

Alkenes react with hypohalous acids (X-OH)to form halohydrins.

Halohydrins are the organic compounds having hydroxyl group and
halogen at the adjacent carbon atoms. The Markovinkov's rule js
followed in case of unsymmetrical alkenes.

a2l
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Alkeﬁes react with oxygen in the presence of silver (Ag) catalyst at
temperature 300C° to form epoxides.

-
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(Epoxide)

The epoxides are very important compounds. They on acid
hydrolysis produce glycols. :
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When ozone (O, }is passed through an alkene in an inert solvent, it
adds by rupturing the double bond, to form an ozonide.

Ozonides, being explosive compounds, cannot be isolated. They on
warming with Zn and water (hydrolyzed) undergo cleavage at the
. position of the double bond to form carbonyl compounds.

S A0 OO+
+2n 02 2H-CHO+Zn0

This reaction can be used for locating the position of the double
bond in the unknown alkenes. :

The process by which simple molecules {molecules of low molecular
weight) chemically join together to form large molecules with high
molecutar weight, is called polymetization. The simple molecules that
undergo the process are called monomers and the bigger molecule
is called the polymer. Simple alkenes when subjected to high
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temperature (100-300°C)and pressure (1000-—2000 atm)in the

presence of a catalyst, form long chain addition polymers, (Molecular
weight approximately 20,000 or more).

H H

s . 10D0-300°C Bl
H-C =G H 00 = 2000 atm { e ?}
H H H H

Polyethene

A —————

Polysthylene is commercially known as “polyethene” and is used as
plastic tnaterial in the industries. It is used in the manufacture of buckets,
dustbins, carpet backing, packing materials and cable insulation.

637, | Gonlugation in Alkenes:
Conjugated compounds are those compounds in which the carbon

atoms are linked altematively by single and double bonds. For example,

1,3 —butadiene.

e 1 . ---2. a.. ‘ .‘
; X CH, =CH-CH=CH,
_f ~ 1,3-butadiene

|

All the four carbon atoms in this compound are sp? hybridized. The
C-Cand C-Hsigma bonds are the result of the overlap of sp® hybrid

orbitals with each other and with “s” orbitals of the hydrogen atoms. All the
carbon and hydrogen atoms lie in the same plane.

Each of the four carbon atom alsoc possess an unhybridized p —orbital,
which are perpendicular to the plane of §—bonds. The p—orbitals of the
second and third carbon atoms can overlap on either side. Thus all four
p —orbitals overlap to form a large = molecular orbital (MO) (Fig 16.4).
Each pair of nelectrons is thus attracted not by two, but alt four carbons.
We can say that the rn electrons are delocalized. The delocalization of =
electrons is responsible for greater stability of 1,3—-butadiene. The C-C

single bonds in 1,3 —butadiene are shorter (1.48;&) than the normal
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(1.54K)C-Csingle bonds, while the C-Cdouble bonds are longer
(1.37 &) than nommal (1.33A )isolated G - Cdouble bonds.

P

Many of the organic compounds contain equal number of like atoms
and thus have the same molecular formula but they different from each
other in their structure, physical and chemical properties. Such

l compounds are called isomers and this phenomenon is called isomerism.
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carbon atom which is bonded to four different groups is called a
chiral carbon atom or asymmetric carbon atom. For example,
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The chirality of lactic acid (described in optical Isomerism) is due
to the presence of a chiral carbon atom in the molecule. Howsver, a
chiral atom is not necessary condition for chiralty. A molecule may
not have a chiral atom but still be chiral. On the other hand a
molecule may have more than one chiral atoms but still be achiral,

Ordinary light is an electromagnetic radiation composed of waves
vibrating in many different planes. The oscillating waves are of different
wave lengths in all possible planes perpendicular to the direction of
propagation. It bacomes monochromatic (light of a single wave length)
when it is passed through a monochromator but it still has waves in all the
planes. When it is passed through a polarizer such ae Nicol prism {made
of calcite, CaCO, ), the light is ‘found to vibrate only in one plane, and is

said to be plane —polarized or simply polarized light. (Fig 16.5).

Solutions of some organic compounds have the ability to rotate the
plane of polarized light. These compounds are said to be optically active,
and this property of a compound is called optical activity. Opticai activity-of
a compound is measured by an instrument called polarimeter.

An optically active compound can exist in two isomeric forms, which rotate
the plane of polarized light in opposite directions. These are called optical
isomers. The isomer which rotates the plane of polarized light to the right
(clockwise direction) is said to be dextrorotatory isomer or (+) isomer and
the isomer which rotates the plane of polarized light to the left

(anticlockwise direction) is said to be levorotatory isomer or (-} isomer.




Lactic acid (2-Hydroxy Propanocic acid) is an example of a
compound which shows optical isomerism. It conlains one asymmetric
carbon atom, shown by asteric in the following structure.

Asymmetric or chiral carbon atom.
The following three —dimensional structures are possible for Lactic acid.
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These structures are not identical because they can not be supserimposed
on each other. They are the mirror images of each other. Such non
superimposable mirror images constitute optical isomers and are called
enantiomers of each other.

When isomerism is caused by different arrangement of atoms or
groups in space, the phenomenon is called sterecisomerism. Thus the
stereoisomers have the same structural formula (and of course the same
molecular formula) but differ in the arrangement of atoms or groups in
space. In other words, the isomers have different configuration (Three
dimensional arrangement of atoms is space is called configuration).

Stereoisomerism is of two types.

i. Geometric of cis —trans isomerism.

i Optical isomerism.

The type of isomerism, where isomers possesé the same structural
formula containing double bond and differ only in respect of
arrangement of atoms or groups about the double bond.

These isomers occur when there is restriction to the rotation
somawhere in the molecule. For example, 2-butene can be written in
two isomeric form.

These are two different compounds, as they have different boiling
points. These two compounds are referred to as the geometric isomer.
The isomers in which the two similar groups are on the same side of
the double bond is called the cis isomer, while trans isomer has got



them on the opposite sides of the double bond. Consequently this type
of isomerism is also called cis —trans isomerism.

Geometric isomerism in alkenes is possible only when each double
honded carbon atom is attached to two different atoms or groups, thus
propene does not have geometric isomers.

In this type of isomerism, the isomers (compounds) have the same
molecular formula but different structural formula i.e. the arrangement of
atoms is different in different isomers without any reference to space.
Structural isomerism is of five types.

Compounds which have same molecular formula but different
carbon chains or skeletons are said to be chain isomers and the
phenomenon is called chain isomerism. For example;

- - = B e gt s .y

Position isomers have the same molecular formula but differ in
the position of a functional group or the position of double or
triple bound. For example,
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| Functiona group somerism: |

Functional group isomerism involves compounds, having the
same molecular formula but different functional groups. For
example,

This type of isomerism is exhibited due to the unequal
distribution of carbon atoms or (alkyl groups) on either side of
the functional group. Isomers belong to the same homologous
series. For exampie,

It is a special type of functional group isomerism, in which the
isomers are in dynamic equilibrium with each other. For example

Alkynes:;

Alkynes are unsaturated hydrocarbons which contain a carbon —
carbon triple bond. They can be represented by the general formula
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CH,, ,. The first and most important member of this series is acetylene
(CH=CH) and hence these are generally called acetylenes.

There are two systems for naming alkynes.

1. The first member of the alkyne series is named as acetylene.

2. The higher alkynes are regarded as the alky! derivatives of
acetylene. For example,

The IUPAC rules for naming akynes are the same as those for
alkanes, except the following.

1. The longest continuous carbon chain must inciude the triple bond.

2. The name given to the longest chain acis as parent name,
whereby the ending “~ane” of the corresponding alkane is
replaced by “—yne”".

3. Number the chain in such a way that triply bonded carbon atom
(~-C =C-) gets the smallest number. :

4. The position of the triple bond is indicated by the number of that
triply bonded carbon atom which bears lower number and this
number is written before” ~yne"
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5. For more than one triple bonds in the molecule, the prefix di, tri,
tetra etc are used before “—yne™

The following examples will illustrate the above rules.

Like alkenes, the alkynes also exhibit stability to varying degree.
The stability of alkynes, also depends on the following factors.

i. Position of the triple bond in the molecule.
ii. Number and nature of the substitutuents, attached.

The stabilities of various isomers of an alkyne (having same
molecular mass), can be compared, by measuring their heats of
hydrogenation or heats of combustion.

11
’ |

in acetylene each carbon atorn has two sp hybrid orbitals which lie
on the same line .Each carbon atom also has two unhybridized
p —orbitals, which are perpendicuiar to each other and to the plane of
sp—hybrid orbitals. One sp-hybrid orbital of one carbon atom linearly
overlaps with the sp hybrid orbital of the other carbon atom to form
d—bond between the two carbon atoms. The other sp—hybrid orbitals of
both the carbon atoms overlaps with the “s” orbitals of the two hydrogen
atoms to foormtwo C—-H o bonds.




The two p —orbitals (unhybridized) of both the carbon atoms
approach each other in a sidewise manner [pv—p,‘_ and pzmpz)to form

two pi(n)bonds. (Fig 16.6)

Py-Orbital /8 Pz—rhltal
Nl =

: ’ Stgma bond

-orl:ntal C el |

Thus the carbon —carbon triple bond is made up of one sigma (§) and two

pi(r)bonds. The acetylene molecules has linear geometry with

C-C-Hbond angle of 180°. The carbon —carbon triple bond length is
1.19A and that of C~Hbond is 1 09A

1. The first three members {ethyne, propyne and bulynes) are gases, next
sight (C,—-C,,)are liquids and higher alkynes are solids at room

temperature and prassure.

2. With the exception of acetylene which has garlic like odour, all other
alkynes are odouriess and colourless.

3. They are soluble in organic solvents such as acetone, benzene, ethanol
etc but only slightly soluble in water.

4. The boiling points of alkynes are slightly hlgher than the corresponding
alkenes, and increase regularly with increase in the number of carbon
atoms in the alkynes. However, their melting points do not follow a
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regular sequence. Instead, they change irregularly with increase in the
number of carbon atoms (Table 16.4).

5. They are slightly more denser than the corresponding alkanes and
alkenes.

Elimination reactions involve the removal of atoms or groups from
two adjacent carbon atoms. These reactions result in the formation of
unsaturated compounds. Alkyne can be prepared by the following
glimination reactions.

Compounds having two halogen atoms on adjacent carbon atoms
are called vicinal dihalides.
These compounds, when treated with alcoholic KOH followed by

sodium amide (NaNH, )in liquid ammonia form alkynes. 1t is a two

step reaction. The elimination product of the first step (vinyl halide),
being unreactive, is treated with stronger base (NaNH,)to remove

another HX molecule.




When tetrahalides are heated with zinc dust in alcohol, alkynes are
formed.

Alkynes are unsaturated hydrocarbons like alkenes. Thus they
resemble alkenes in most of their reactions. For example, alkyne add
hydrogen, halogens, and halogen acids much fike the addition of these
reagents to alkenes. However, unlike alkenes which add one molecules of
these reagents, alkynes add two molecules in a step-wise manner.

It is to be noted that a carbon—carbon tripie bond (alkynes), in general, is
less reactive than a carbon-carbon double bond (alkenes) towards
electrophillic reagents. This is due to the following two reasons.

. In alkynes, there are two m-bonds, the four lobes of which merge to
form a single electron cloud. This cloud is cylindrically symmetrical
about the intemuciear axis and occupies a big volume. (Fig 16.7).
Thus electron —density per unit volume becomes low.

Due to decrease in the electron density, r—electrons are not easily
available to an electrophile. Hence alkynes are less reactive towards
electrophilic addition reactions.
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ii. The carbon atom in alkynes are sp - hybridized while in alkenes are
sp®hybridized. Greater the s—character of an omital, the more
highly the electrons in that orbital are held by the nucleus. Thus
melectrons in alkynes (50% s— character)are more strongly heid
by the carbon atom than in case of alkenes (33%s - character)and

are less easily available for reactions with electrophile. This makes
alkynes less reactive than atkenes in electrophilic reactions.

( R

2 suts of w bonds encircling o bond
=

Alkynes in which the triple bond is at the end of the chain, are
refered to as terminal or 1- alkynes.

Terminal alkynes and acetylene are acidic in nature. They readily
donate proton to a strong base. Thus if acetylene or a terminal alkyne is
treated with a solution of sodium amide (NaNH, }in liquid ammonia,

sodium acetylide is obtained.




In ethyns and other terminal alkynes, ihe hydrogen atom is
bonded to the carbon atom with sp-s overlap. An sp hybrid orbital has
50% s character in it and renders the carbon atom more electronegative
than sp? and sp® hybridized carbons. As a result, the sp hybridized carbon
atom of a terminal alkyne pulls the electrons more strongly making the
attached hydrogen atom slightly acidic.

Because of acidic nature, acetylene and 1-alkynes react with
ammoniacal solutions of cuprous chloride and silver nitrate to form
acetylides and alkynides of these metals.

Copper and silver acetylides are highly explosive in dry condition. They
can however, be decomposed by acids such as HNO,to regenerate

acetylene,

Since other alkynes (non—terminal) do not form acetylides
(alkynides), this reaction can be used as a test to distinguish 1-alkynes
from non —terminal alkynes.




1. Hydrogenation (Addition of Hydrogen):

Two molecules of hydrogen are added to alkynes stepwise, initially
forming the corresponding alkenes and finally alkanes. This

reaction takes place in the presence of catalysts such as Pt, Pd or
Ni .

The reaction can be stopped at the alkene stage by poisoning Pd
catalyst with BaSO, + quinoline (Lindlar's catalyst).

2. Reduction by Dissolving Metal (Saft Formation):

1—alkynes and acetylene, react with metals in liquid ammonia such
as sodium, to form salts called alkynides or acetylides, however
non-terminal alkynes give trans alkenes under this condition.

3. Hydrohalogenation (Addition of Halogen Acids):

Two molecules of halogen acids are added to alkynes in two steps.
In case of symmetric alkyne, the second step follows ths
Markovnikov’s rule. However addition of halogen acids, HX to
unsymmetrical alkynes follows Markovnikov's rule in both the steps.
For symmetrical alkyne:




4. Hydration (Addition of Water):

Alkynes react with water in the presence of mercuric sulphate
(HgSO,)and sulphuric acid (H,SO,)to form a carbonyl compound

(aldehyde or ketone).

5. Halogenaticn (Chlorinationy:.

Bromine adds to alkynes in two steps, forming dihalides
(dihaloalkene) and then tetra halides (tetrahaloalkanes).




6. Ozonolysis (addition of ozone, O;):

Alkynes react with ozone (Oj) to form ozonides. The ozonides may
be decomposed with water to give ketones, which are finally
oxidized to acids by H,0,produced in the reaction, resulting in
formation of carboxylic acid.

m BenzenelandfSubtituted|Benzenes:

. Benzene is an aromatic hydrocarbon. its molecular formula is CH,.

The following ring structure is usually written for benzene, where each
corner reprasents a carbon atom.




It is understood that one hydrogen atom is bonded to each carbon atom.
Mono substituted, disubstituted and polysubstituted benzene derivatives
are formed by the replacement of one, two ar more hydrogen atoms
respactively.

Benzene and its substituted compounds are named by common
names which are also accepted by the IUPAC System.

1. a. Mono substituted benzene derivatives are named by putting the
name of the substituent before the word benzene. For example,

b. Some Mono subslituted benzene derivatives have been given
“Special names". They must be remembered as such. For
examples,




2. In disubstituted benzene derivates, the relative substitutions are
mentioned by using numbers (1,2){1,3)(1,4) or by using the prefixes

ortho {G-), meta (m-)and para (p-).

a. For similar substituents, the prefix di is also used before the
name of the substituents. For example




| 58 CREEE

b. If the substituents are different, they are named in
alphabatical order the last named substituent is understood
to be at position 1. 8.g;

c. |f one of the substiuent is such that it gives special name to
the molecuie then the special name Is used as the parent
name. The other substituent, alongwith its position, is
mentioned before the parent name. For example,
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CH, OH NH,
[ h !
6 5 6 2 6 2
5 3 5 Spgr 3
4 4 4
2-Chioratoluens 3-Bromopheno} |
{a-Chirorotoluena) {m-Bromophenai) NO,
- : _ 4-Nitroaniline
{p-Nlitroaniline)

d. Some disubstituted benzene derivatives are given special
names. For example,

ca-l3
_CH,

CH,

o-xylene ﬂ
3 {
or or xylene |
1,2-Dimethyl 1,3- Dimethyl or 1,4-Dimethyl |
benzene benzene benzene |
?H OH "i
|
/OH If
i
—OH
Catechol Resorcinol

Hydroquinone |
(Quinol)



3. Polysubstituted benzene derivatives, are invariably assigned
systematic names.

a. For similar atoms / groups ;the prefix tri, tetra etc are, used
before the substitutents.

b. If the groups attached, are different, ihey are named in
alphabetical order. The last one in the order will be
understood to be at position number one.

¢. To indicate the position of the substituents, the ring is
" numbered in such a way that all the numbers used in the
name, give the lowest sum. For example,

ST | B

4. Some polycyclic aromatic hydrocarbons are:
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Naphthailene Anthracene '
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16.6.2 = Physical Properties of Benzene:

At room temperature and atmospheric pressure, benzene is a
colourless liquid. It has a peculiar smell and burning taste. The specific
gravity of benzene is 0.8788. Benzene melts at 5.5°Cand boils at
80-2°C. It is highly inflammable. Benzene is insoluble in water but soluble
in ether, alcohol and petrol. It is used as solvent for many fats and resins.

16.6.3 | Structure:

Molecular Orbital Aspects:

The structure of benzene can best be described in terms of the
modem Molecular Orbital Theory (MOT). Each carbon atom of the ring is
linked to others by sp®hybrid orbitals and with s orbitals of the six

hydrogen atoms, forming six C—Cand six C—H sigma bonds (fig 16.8)

- ——
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Fig. 16.8 L2

Since the 5-bond resullsﬁunﬂ\eoveﬂap of planar sp? hybrid orbitals,
all carbon and hydrogen atoms in benzene He in the same plane. All §—bonds
in benzene lie in one plane and all the bond angles are 120°.

Each carbon atom also possesses an unhybridized p orbital (containing
one selectron), which are perpendicular to the plane of 5 bonds. The lateral




(side wise) overlap of these p otbitals produces a = molecular orbital
containing six electrons. (fig 16.9). one half of this = molecular orbital lies
above and the other half lies below the plane of the 5 bonds.

[ Fig. 169 Unhybridized p-p orbitals overiap to form x bonds =

The six electrons of the p orbitals are associated with all the six
carbon atoms and are said to be delocalized. Hence a stronger = bond
and a more stable molecule of benzene is formed. It is this extensive n—
electron delocalization which is responsible for the special chemical
behavior of benzene. There are three ways in which benzene can be
represented. .

| H
! |
77\ _
[BiH-=C C—H :
1 | I . or or
H-—C C—H | -

| Ne” :

0 Kekule Short hand

H structure representation |

Expanded form
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' 1_5.6-.4 Reaonanoe, Resonance Energy and Stabillza;ion ™

Resonance:
Generally, if the properties of compound are known, we can

predict/draw its Lewis structure or if the lewis structure of a compound is
known, we can guess its chemical properties. For example a compound

b a
with structure CH, -CH=C H-CH,-OHshould have the following
properties.

It will react with carboxylic acids to form esters, by virtue of the
presence of ~OHgroup.

It will add molecule of H,or Br,by virtue of the presence of double
bond.

The bond length of bonds “a® and “b”™ will be 1.54°Aand
1.33°A respectively.

But this is not true for a compound, having a delocalized melectron
system. For example, the following structure {which is in fact 1,3,5
-cyclohexatriene) commonly known as benzene is expected to add
readily three molecules of Br,but in actual practice it dees not do

so. .
a : -1

.

Similarly the bond lengths of bonds “a” and “b" are not equal to
1.54A”and 1.33A°. Thus it can be said that the above structure is
not the actual structure of benzene. In such a case we write more
than one structures to represent the actual structure of the
molecule. These struclures together may explain the properties of
the compound but none of them is the real structure of the
compound. Thus for benzene the following structures (including the
one written above) are suggested io better explain the behaviour of

benzene.
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The reat structure of the compound (benzene in this case) is considered to
be a weighted average of all the contributing structures.

“The representation of a real structure as a weighted average of .
two or more contributing structures is called resonance”.

The contributing structures are called canonical forms and the real
structure (which is actually not known) is called the resonance hybrid. It
should be noted that all the canonical {contributing) forms do not have
aqual contribution and thus they are not of equal importance. For
example, the contribution of structure 1 and Ii fo the actual structure has
been calculated to be 39% each, where as that of structures ill, IV and V
is 7.3% each. It should further be noted that the resonance concept of
describing a molecule (as shown above in the case of benzene) doss not
mean that the structure rapidly shifts between the canonical forms, neither
it means that some molecules are like one canonical form and other like
another form. In fact, all the molecules of a substance have the same
structure all the time, in which the electrons are delocalized over the whole
system involved in the resonance.

. l Resonance Energy and stabliity of benzene:

“The resonance energy of & molecules is the difference between the
energy of the most stable canonical form and that of the actual molecule”.
For benzene it can be calculated by measuring its heat of hydrogenation
and comparing it with that of the most stable canonical from.
Hydrogenation of cyclohexene (having one double bond) evolves 120 kd/
mole heat energy to form cyclohexane.

#
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Hydrogenation of 1 3—cyclohexadiene (having two double bonds)
evolves 232 kJ/mol {o from cyclohexane, whlch is almost double of the
value 120 k. for cyclohexene

;-%M@
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The molecule 1,3,5—cyclohexatriene (kekule structurs) normally written
for benzene and having three double bonds, should release energy
three times that of cyclohexane (ie. 120x3=2360 kJ/mol,on

hydrogenation).

/{l

o ~—
;} ﬁ‘ ,H% L O + ’K&,Jﬁqri"a k] im
2 ;

o~

1,3,5-C r:*.* hexatriene cyclohexane

But hydrogenation of benzene actually evolves only 208-0kJ/mal

+ 208/kd/mel
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Thus the measured (experimental) heat of hydrogenation of benzene
(208kJ/mol) is less than the expectad value {360 kJ/mol)of the most
stable canonical form by an amount of 152kl/mol. Benzene is,

therefore, is said to .be resonance stabillzed by an amount of
152 kJ/mol which is known as its resonance energy.

116.6.5 | Reactivity and Reactions:

. Due to unusual stabillity (resonance stabllized), benzene does not
give addition reactions like those of alkenes. In alkenes the = electronic
cloud is localized between the two carbon atoms and thus they readily
undergo addition reactions. In benzene the = electronic cloud makes a
continuous sheet above and below all the six nuclei and the n—electrons
are thus delocalized, which give benzene more stability. Benzene,
therefore, prefers to undergo electrophilic substitution reactions rather
than addition reactions. It is, thus, said that benzene is less reactive than
alkenes during electrophilic addition reactions.

The main types of reactions of benzene are:

A.  Addition Reactions.

"B Electrophill Substiution Reactions.

" C. Oxidation Reactions.

We will discuss a few reactions from the first two types.
{.1 6.6.5.1 Addluémﬂucﬂma.
1. Addition of Hydrogen:

Benzene reacts with hydrogen in the presence of Ni or Pt catalyst
at 150°C, undsr high pressure to form cyclohexane.
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HH
H \ H
H— Ly
+ 3Ha —PL,
15000 H7 TH
H H
HH
Cyclohexane

2. Addition of Halogens:

Benzene reacts with chlorine or bromine in the presence of
ultraviolet light to form benzene hexachloride:

i
H /
o+ 3‘C|2 _l.l'\f__’

H

. Benzenshexachlaride
(1,2,3,4,5,6 hexachloracyclo hexane)

16.6.5.2 | Electrophillic Aromatic Substitution Reactions:),

Reactions in which hydrogen atom of the aromatic ring is replaced by
electrophiles are called electrophilic aromatic substitution reactions.
Benzene ring with its delocalized = electrons is an electron rich

system. It is attacked by electrophiles (electron—loving species),
giving substituted products.

General Mechanism:

Mechanism of electrophilic aromatic substitution reaction involves the
following three steps.



E~-Nu+catalyst»E* +Nu— Catalyst

| 'Formation of carbonium ion: The electropile attacks the aromatic
ring to produce carbonium lon (phenonlum |on)

@ Ll '-l".{ l: A

The intermediate carbonium ion is resonance st'abllizad and is a hybrid of
the following three structures.

Step 3. Loss of proton to give substitution procluct The intermediate
carbonium fon Is non aromatic species and is unstable. It loses a proton to
form a stable aromatic substitution product

Now let us take a few electrophilic substitution reactions of benzene as an
example.
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1. Nitration:

Benzene reacts with concentrated nitric acid in the presence of
concentrated sulphuric acid at 60°C to form nitrobenzene.

NO,

+HNO, 2SO, +H,0
60°C
In this case the electrbphile (Nog)is produced by reactidh of
H,S0O,and HNO, -
HNO, +2H, 50, ——NO, +2HSO; +H, O
2, Sulphonation:

Benzene reacts with concentrated H,SO, at 120°C or fuming H,SO, at

room temperature, {0 give benzene sulphonic acid. Fuming sulphuric
acid is concentrated sulphuric acid in which SO, has been dissolved.

oo |
Omzsq 100°C O/ Fi

Benzene sulphonic Acid

+ S0, Fuming (H S{)4
25°C
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3. Halogenation:

Benzene is halogenated on treatment with molecular halogen in the
presence of FeCl,or AICI; (Lewis catalyst) at room temperature to
form halobenzene.

‘ : i c
| eCly or‘AlCl, il
25°C

Chlorobenzene

4. Friedel —Craft's Alkylation:

Benzene reacts with alkyl halides in the presence of AICl,to form alkyl
benzenes.

AEE |
|

| |

l& +R—m_‘ﬂ> ©+Hx 1.
| |
| | |

L : Alkyibanzene

Feridel —Crafis alkylation is less useful due to two serious objections,
given below.

i The reaction is not limited to monoalkylation. Usually di or tri alkylated
benzene is formed.

ii. The alkyl groups often rearrange. For example, treatment of benzene
with n —propyl chloride, gives isopropyl benzene rather than the
expected n —proply benzene.
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+ CH3— CHa—CHz— 1 __AICh | +HCl
CHy—— CI>H
CH,

isopropyl benzehe

This is because the reaction involves formation of carbonium ion which
can undergo rearrangement before attacking the benzene ring.

Thus the possibility of rearrangement brings uncertainty about the actual
products, formed.

(0]
!
5. Fridel —Crafts Acylation: (Substitution of acyl (—C—R) group).

Benzene reacts with acid halides (or anhydrides) in the presence of a
Lewis acid catalyst (Al Cl, )to give aromatic ketones. For example,

0
I
»—CHs
I
+CHs—C—Cl _AClh + HC
Acety| Choride
Acetophenone
(Methylphenyl ketone)

16.6.5.3 | Substituent Effects:

An electrophilic Substitution reaction of benzene results in the
formation of only one monosubstituled product. It is because all the
hydrogen atoms of benzene ring are equivalent and thersfore the
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substituent group may occupy any of the six available positions on the
ring. -

E+ E,

+E1 e _..E—-) { E2

However, a second substituent, can och"py any of the remaining five
positions to yield three isomeric disubstituted benzenes depending on
whether the second group occupies ortho, meta or para position with
respect to the first (already attached) group.

E1 E'l [ E1
| I |
@’Ez £ -
Eo -
ortho meta |
; E 2
para

Types of effects of Substituents:

Effect of a substituent already present on the benzene ring on further
substitution can be divided into two categories.

(A} Directive or orientation Effect.
(B) Effect on reactivity of benzene ring.
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| {A) Directive or Orientation Effect:

The first substitutent (X) may direct the incoming substituent (Y) to
ortho, meta or para position, depending on the nature of the first
substituent. This is called the directive or orientation effect. It has been
experimentally observed that some groups, when attached o the
benzene ring, direct the second incoming substituent to either ortho and

para positions or to the meta position. Thus the substituents (groups)
can be divided into two classes.

| L Ortho/Para Directing/substituents

Substituents which direct the second substituent to the ortho and
para positions simultansously are called the ortho/para directing
substituents. For example, when phenol is nitrated, the reaction
yields only the o-Nitrophenol and p-Nitrophenol (in the ratio 53% :
47%) and no meta isomer is produced.

",

OH

| or
+ HN03 —— + HZO

" 4

l o-Nitrophenal 53%

OH " OH

| |
| -

+ HNO; ———» +H,0
I

NG,
p-Nitropheol 47%
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Thus the substituent -OH which has directed the second
substituent -NO,to ortho and para positions, is designated as

ortho/para directing. Some common ortho/para directing groups
are —Ci,—-Br,—,-OH,—NH, — CH,,-C,H; (Table 16.5).

The ortho/para directing effect can be explained in terms of (a)
charge distribution and (b) Relative stability of arenium ion.

“a. Charge Distribution:

Consider, for example, the various resonance forms of phenol.

=04 O'H "OH O'I-.t
G I e
=) A (5
: T

As can be seen that one of the non —bonding electron pairs of
oxygen of the —OHgroup is delocalized over the ring, making the
ortho and para positions more electron rich than the meta position.
The electrophile would naturally prefer to attack at these electron rich
centras, to give orthc and para disubstituted products.

b. Relative Stability of Arenlum lon:

Studies of the attack of sacond substituent shows that the
intermediate arenium (Phenconium) ion is more stable when the second
substituent is at ortho/para position than when it is at meta position.

OH

OH OH OH

o
s 3
\H or >
+

H X



The substituents which direct the second incoming substituent to meta
position, are called meta—directing substituents. For exampie, nitration of
nitrobenzene gives mainly meta dinitrobenzene (94%).

Thus the substituent -NO,group, which has directed the second
—NQO, group to the meta —position, is meta-Directing. Some common meta
directing groups are. -NO,,~CN,—-CHO,-COOHetc. (Table 16.5)

The meta —directing effect of a group may also be due to the following two
reasons.

{(a) Meta position of the ring has relatively more electronic density than
ortho and para positions.

(b} Secondly, the arenium ion (Phenonium ion) with the second
substituent at meta position is more stable than when the
second subtituent is at ortho or para position.

Effect of Substituent on the reactivity of the Ring

The substituent attached to the benzene ring also affects the
reactivity of benzene ring in comparison with the unsubstituted
benzens.

The ortho/para directing groups release electrons to the ring by
resonance making it electron rich. Thus the aftack of a second
electrophile would be faster as compared io the benzene ring itself.
That is the ortho/para directing species increase the reactivity of the-
benzene ring. They are ring activators and are referred to as activating
groups. Halogens are the exceptions to this. it has besn observed that
halogens, though ortho/para directing, are ring deactivators.

Onthe other hand, the meta—directing groups withdraw electrons from
the ring making it electron deficient. Thus in the presence of meta=
directing species, the attack of a second electrophile would be slower
as compared to the benzene ring i.e. the meta—directing species




decreases the reactivity of the benzene ring. These are ring
deactivators and are referred to as deactivating groups. (Tabel 16.5).

Polysubstituted benzenes are the derivatives of benzene in which two
or more hydrogen atoms have been substituted by other atoms or
group of atoms. These can be made under different conditions. The
position of second, third etc substituents on the ring, relative to the first,
depends on the nature of the first and successive substitutions already
attached to the ring. Moreover, the reactivity of the ring also increases
or decreases by the presence of preceding substituents attached to the
ring. For example, using nitrating mixture (conc HNO, +conc H,50,),

benzene can be nitrated at 60°C,to form nitrobenzene.




Nitrabenzens;

Nitro group being deactivator, deactivaies the benzene ring and further
substitution becomes, difficult. Dinitrobenzene in obtained only if the
reaction is carried out at higher temperature.

The second -NO,group further deactivates the ring. Thus

trinitrobenzene is obtained only by using a mixture of fuming nitric acid
and sulphuric acids.

Similariy 2,4,6 —Trinitrotoluene (TNT) may be prepared by the nitration
of toluena. TNT is widely used as a powerful explosive.




Society, Technology and Science

Hydrocarbons are a primary energy source for current civilizations. The
predominant use of hydrocarbons is as a combustible fus! source. In their
solid form, hydrocarbons take the form of asphalt used in road construction.
Mixtures of volatile hydrocarbons are now used in preference to the
chlorofluorocarbons as a propellant for aerosol sprays, due to negative
impact of CFC’s on ozone layer.

Methane and ethane are gaseous at ambient temperatures and cannot be
readily liquefied. Propane is however easily liquefied, and exists in “propane
bottles” mostty as a liquid.

Butane Is so easlly liquetied that it provides a safe, volatile fuel for small
pocket lighters. Pentane Is a clear liquid at room temperature, commonly
used as solvent of waxes and greasas. Hexane is also a solvent as well as a
significant fraction of common gasoline.

The 8C to 10C alkanes, alkenes and cycloalkanes are the top components of

gasoline, naphtha, jet fue! and specialized industrial solvent mixtures. The
long chain hydrocarbons obtained from crude oil are used as lubricants,
roofing compounds, pavement composition, wood preservatives, etc.




Aliphatic hydrocarbons include the open chain (acyclic) and those
cyclic compound which resemble the open chain in their chemical
propetties (Alicyclic).

Aromatic hydrocarbons inciude benzene and those compounds
which resemble benzene.

Acyclic hydrocarbons contain saturated and unsaturated open chain
hydrocarbons.

Alkanes are open chain saturated hydrocarbons, which can be
represented by general formula Cy, Hzq + 2.

The general formuia of cycloalkanes is C, Hzn,.

Homolysis is the chemical bend dissociation of a neutral molecule
generating two free radicals.

Heterolysis is chemical bond cleavage of a neutral molecuie
generating cation and anion.

Electrophile is a reagent which can accept electron pair in a reaction.
Nucleophile is a reagent which can donate electron pair in a reaction.

Alkenes are unsaturated hydrocarbons which contain carbon—carbon
double bond. They can be represented by general formula C, Han.

Alkenes undergo electrophilic addition reactions. .

Polymerization is the process by which small molecules chemically
join together to form large molecules.

In conjugated compounds carbon atoms are linked alternatively by
single and double bonds.




Compounds having the same molecular formula but different
structural formula are known as ‘isomers’ and this phenomenon is
called “Isocmerism’”.

Tautomerism is a special type of functional group isomerism, in which
isomers are in equilibrium with each other.

e  Stereoisomerism is caused by different arrangements of atoms or
groups in space.

« Carbon atom which is bonded to four different group is called chiral
carbon.

e Alkynes contain carbon—carbon triple bond. They can be
represented by general formula Cp Han-2.

e Benzene is aromatic hydrocarbon. Its molecular formula is CeHe.

» The representation of a real structure as a weighted average of two
or more contributing structure is called rescnance.

« The contributing structures are calied canonical forms and real
structure is called resonance hybrid. -

o Electrophilic aromatic substitution reactions are those ‘in which
hydrogen is replaced by an electrophile.

e Carbonium ion is a positively charge organic ion in which most of
positive charge is localized on carbon atom.

e Substituents which direct the second substituent to ortho and para
position simultaneously are called ortho/para directing.

e The substituents which direct the second incoming substituent to
meta position are called meta-directing.



Exercise

Q1. Select the correct option.

4

(i) Which one of the following deactivates benzene ring and is o/p-
directing?

(8) -NH; (b)) -OH () -OCH; (d) -Cl

Which one of the following compounds is expected to exhibit
geometrical isomerism.

(a) 1-butene (b} 2-butene  (c) 2-methyl propane
(d} 2-butyne

The overlapping of orbitals in benzene is of the type of
(@) sp-—sp (b) sp*-sp?

(©) sp®—sp° (d) s-s

When acetylene is treated with HBr, we get.

{a) Methyl bromide {b} Methyl chloride

{c) Ethyl bromide (dy Ethylene bromide
The general formula of cycloalkanes is

(@ CiHzn.z (by CiHan

(c} CnHenss (d) CoHznz

How many isomers are possibie for CszO

(@) 2 (b) 4 (c} 8 d 5

Dehydrohalogenation of alkylhalide is carried out in presence of

(a) Zn dust (b) H80, (c) Alcoholic KOH
(d) aqueous KOH




The marsh gas mainly consists of

(a) CaoHs by CHy () HS (d) SC:
Ethene and Ethyne can be distinguished by

(a) Anh. AICI; (b) Brain CCls

(c) Cold. HaS0, (d}y AgNQj;in NHsOH

The homolytic fission of C-C bond in ethane give an
intermediate in which “C" is hybiridized.

(@) sp’ ) sp® (&) sp  (d) sp’d
Which one of the following compound has planar structure?
(a) Alkane (b) Alkene {(c) Alkyne (d) Cycloalkane

When carbon undergoes sp® hybridization then H-C-H bond
angles are:

(a) 120° (b) 180° {cy 109.5° (d) 107.5°

In the following reaction CgHg+Cl,—222—CgH,Cl+HC!, what
type of reaction has taken? )

(a) Electrophilic substitution (b) Electrophilic addition
(6) Friedel-craft's alkylation (d) Non of these

Nitrobenzene reacts with chiorine in presence of AlCla. The
preduct obtained is.

(a) o-chloro nitrobenzene (b) m-chloronitrobenzene

(¢) p-chloro nitrobenzene (d) Al of them

2. Write short answers of the following questions.

(i) What is the difference between aliphatic and aromatic
hydrocarbons?




What is meant by resonance?

(i}  How do you detect the unsaturation in Alkenes?

(ivy Why benzene is less reactive than ethene but more reactive
than ethane?

Why halogens are deactivating groups although they are
ortho/para directing?

(vi) Why ethyne is less reactive towards electrophilic addition
reaction than ethene.

{vii) What is meant by chirality?

(viii) Why there are no geometrical isomers of but-1 -ene
(1-butene)?

(ix) Why cyclopropane is more reactive than propane?

(x) Differentiate between Homolytic and heterolytic fission.

{xi) Write down the resonance structure of benzene.

(xi) Write down the two reasons of meta-directing effect.

(xiif) How can you distinguish 1-alkyne from other non-terminal
atkynes?

{(xvi} Why Lindiar's catalyst is used in hydrogenation of alkynes?

(xv)] What is the main difference between tautomerism and
metamerism?

Q3 Long questions:
(i) Describe the mechanism of chlorination of methane in detait.
(i)  (a) Explain the structure and reactivity of cycloalkanes.

{b) Mention at least four physical properties of alkynes.
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(a) What are hydrocarbons? How will you classify them?
Give an example of each class.

(b} Write down the physical properties of alkanes and cyclo
alkanes.

(a) Give methods of preparation of ethene from
(@ An alcohol (b) An alkylhalide
{b) Explain the relative stabilities of different alkenes.
(c) Starting from alkene how would you prepare the following
compounds.
(a) Vicinal dihalide (b) Alcohol
(c) Ozonide (d). Epoxide
(a) Describe any two methods of preparation of alkynes.

(b} Mention at least four physical properties of alkynes

(a) Describe the structure of benzene on the basis of MOT.

(a) How would you prepare the following compounds from
Benzene?
(a) Acetophenone (b) Toiuene
(b) Trinitrobenzene (d) Benzenesulphonic acid

(a) Describe mechanism of electrophilic substitution reaction in
benzene.

(b) Explain the directive and activitating effect in mono
* substituted benzene.

Write notes on the following.

(a) Conjugation in alkenes




{b) Polymerization
{c) Resonance
(d) Structure of alkyne

Names the following compounds.

CH, CH,




Draw the structural formula of the following compounds.
(i) Anthracene

(i)  Naphthalene

(i) 3-Phenyl pentane

(iv) Isobutylene

(v} 2,3,4-Trimethyl hexane

{vi) 2,5-Heptadiene

(vii) 2- Methyl-2-pentene

(vili) 2-Hexyne

(ix} 3-Hexen -1-yne
(xii) 2,2-Dimethyl butane

Give IUPAC names to the following Hydrocarbons.
() CH,—CH=CH(CH,),CH,
() (CH).C
g

(i) CHy(CHy), GHCH, CCH, . CH,CH (CHy),

CHs ChH,
(V)  CH;—C=C-CH(CHj),

CH,CH,




cl

(vii)  (C4Hs). CH
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Discuss nomenciature, structure and basicity of amines.
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@ "AlkyliHalides:

Monohaloalkanes are usually called alkylhalides. Alkyl halides are
the compounds of carbon, hydrogen and halogen. The functional group of .
these compounds is halogen. These are the derivatives of alkanes in
which one hydrogen atom is replaced by a halogen atom.

They are represented by R-X, where Ris an alkyl group and “X” is
functional group. The general formula of alkylahlides is C H,,,, Xwhere n
represents the number of carbon atoms.

Alkyl halides are classified as primary, secondary and tertiary alkylhalides
depending upon whether the halogen atom is directly bonded to a primary,
secondary or tertiary carbon atom in the molecule. For example.

Tar altrdbnlic
i%,‘ -ainyniandec

Alkyl halides are the most suitable organic compounds used to.incorporate
alkyl groups into other molecules.




m According to this system the names of alkylhalides are

two word names. In this two word names, the alkyl group ot alkylhatide is
named first followed by the name of halogen group as halide.

In case of primary, secondary and tertiary alkyl halides, the words pri, sec,
and ter are writien before the names of atkyl halides.

L
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e name of alkane from ! the alkythalide been

_‘ o .a - Ty, i
anveao ]r\l.‘vrll .r. IC N8

Lower alkyl halides CH,C¢, CH.C/ and CH,Fare gases at room
temperature. Alkyl halides upto C,, are colorless liguids while those beyond
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C, are colourless solids. They are usually insoluble in water due to their

inability to form hydrogen bonding with water. They are soluble in organic
solvents. Alkyl chlorides and alkylflourides are lighter than water while alkyl
iodides and alkyl bromides are denser than water. They have higher boiling
points than the coiresponding alkanes. For a given alkyl group the boiling
points of alkyl halides increase with increasing size of the halogen atom
while for a given halogen atom the boiling points of alkylhalides increase
with the increasing size of the alkyl group.

Table 7.1: Bolling Points of Alkyl halides: 00
Name Structure Bolling Point°C |
Methyl chloride CH,-C¢ -24 |
Methyl bromide CH; —Br 5
Methyl lodide CH, -1 40
Ethyl chloride CH, -CH, -C¢ 13
Ethyl bromide CH,-CH,-Br 38
Ethyl iodide CH, -CH, -1 _ 72

17.1.3 | Structure of Aliyl Halides:

To understand the structure of alkyl halides, let us consider methyl
chloride {CH,C¢). in this molecules all the bonds of carbon are single,

therefore, carbon atom is sp’ - hybridized. During the process of bond

formation, one sp’orbital of carbon atom overlaps with the half filled p—
orbital of chlorine atom and forms a single “3"covalent bond. In the

meantime the remaining three sp® orbitals of this carbon atom overlap

with three haif filled s-orbitals of hydrogen atoms and forms single



"§"ecovalent bonds. The H-C-H and H-C-X bond angles are

approximately equal to 109.5 °.

Alkyl halides can be prepared by different methods. Some of these
are given as under.

Alcohols readily react with HBr and HI to form alkylbromides and
alkyliodides. HCl is least reactive towards alcohols, therefore,
anhydrous ZnClis used as catalyst while treating alcohol with HCI

to produce alkyl chlorides (ZnCL/HCI is called Lucas reagent).

R—OH+H—X — R—X+ HO0

Halogen acid  Alkyihalide

H, ~CH, —OH+H-Br — CH,~CH,-Br+H;0

Ethylaicohol Ethylbromide
2 - - - - — — J -

T
—> CHy-CH,-I1+H,0
Ethyichoride




CH,—CH, - OH+H—-Ce_
{g_[i]': ‘F E r.'r' [ | L'ﬂ

Alcohals react with phosphorous trihalides (PC¢,,PBr,)and form
the corresponding alkyl halides.

3R~-0H+PX,—~—3R-X+H,PO,

Alcohol Alkylhalide

VLA i ianue

Methyialcohol

3CH, —CH, — OH+ P, —»3CH, — CH, —1+H,PO,

Ethyialcohol Ethyliodide

3CH, - CH, - OH+ PBr,—3CH, —CH, —Br+ H,PO,

P Tl Tl T Tt [ e TRt T
Ethyialcohol Ethylbromide

Phosphorous trihalides are produced in situ by the action of red
phosphorous on halegen.
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Alcohols react with thionylchioride (SOC,)in the presence of
pyridine to yield the corresponding alkyl halides. Pyridine being a
base absorbs HCe just after its preduction in the reaction mixture,

Alkanes react with halogens in the presence of ultraviolet (uv) light

or at high temperature of about 400°C to yield alkyl haiides. In
this process one or more hydrogen atoms of alkanes are replaced
by halogens giving a mixture of different alkyl halides. That is why
it is nat a good method for preparation of pure alkylhalides.

This reaction occurs through free radical mechanism.
The bond between carbon and halogen of alkyl halides is reactive

due to its polar nature (C'*-X"). The polarity is due 1o higher
electronegativity of haiogen than carbon atom. Due to this polarity the




carbon atom of alky! halide is a good and attractive target for the attack of
a nucleophile. That is why allyl halides are considered as a reactive group
of organic compounds. These are widely used for the synthesis of a large
variety of organic compounds.

The strength of carbon -halogen bond {C-X)decreases down the group

from fluorine to iodine. This can be explained on the basis of their bond
energies that are given in the table.

This shows that iodo compounds are most reactive while floro compounds
are least reactive. Therefore, the order of reactivity of alkyl halides is
R-1>R-Br>R-Cé>R-F.

17.1.6.1 General introduction: Alkyl halides undergo nucleophilic
substitution reaction in which a stronger attacking nuclecphile replaces the
halogen of alkyl halide as halide ion (i). A general example of such a
reaction is given as

Nu

Attacking

g 5P
Nucleophile




When halooen atom detachas from the carbon atom of an alkvl

halide as halide ion (X),the substrate is converted into a positively
charged ion. This ion in which carbon atom bears positive charge is known
as carbocation or carbonium ion.

{R);C-Br —» (R);C"+Br” AH =149keal/mol

(R); CH-Br —» (R), CH* +Br~ AH =163kcal/mol
el = R=CH? tBrgall =182kcal/mo

There are three types of carbocatlons. Primary alkyl halides produce
primary carbocations while secondary and tertiary alkyl halides yield
secondary and tertiary carbocations.

Tertiary carbocations are more stable than secondary and secondary are
more stable than primary ones. This stabilization comes from the
stabilization of the positive charge of carbocation by the electron donating
alkyl groups directly attached. Greater the number of alkyl groups, greater
is the stability of the carbocation.




t1 7.16. 24 | Nucleophile and Base: ,D-.\
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Nucleophile means nucleus lover. It is a species which donates a
pair of electrons in a chemical reaction.
It attacks the regions of low electron density e.g. positive centre in the
molecule of substrates. They may be negative ions or neutral species with

lone pair of electrons.

A nucleophile is generally represented by Nii. Any species neutral or
negatively charged with a lone pair of electrons can act both as a base
and a nuclecphile. But a base is a species which has affinity for proton
whereas a nucleophile has the ability to form bond with carbon atom. A
base aftacks a hydrogen atom in the elimination reaction while a
nucleophile attacks carbon atom in the substitution reactions.

Mechanisms of Nucleophilic substitution Reactions or (SN Reaction):

Alkyl halides undergo nucleophilic substitution (SN) reactions by two
different types of mechanisms. The type of mechanism depends upon the
nature of alky halides. Tertiary alkyl halides undergo unimolecular
nucleophilic substitution (SN') while primary alkyl halides undergo

bimolecular nucleophilic substitution (SN?).

17.1.6.2.3 hSuhstratamnd Ieavlng|group-;, “"'\.s

| T r= W]

The molecule which undergoes nucleophilic substitution reaction is
called substrate. In this case alkyl halides are substrates.
The group or species which leaves the substrate or which is being
replaced by the incoming entering group is called leaving group. It is also
called nucleofuge. In this reaction halogen leaves the substrate as
halide ion (i)
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SN' stands for unimolecular nucleophilic substitution reaction. SN*

reactions are defined as those nucleophilic substitution reactions in which
only one molecule is involved in the rate determing or slow step of the
reaction. These reactions are generally followed by tertiary alky! halides in
polar solvents. These reactions complete in two steps. In first step, the
substrate undergoes ionization and yields a carbocation. The halogen
atom completely detaches from the substrate as halide ion (X)-

[ RIS R

| ' siow or L. =
R=G=Xiamreesaal SR o G4 X

! I rate-

| R  determining R

R slep Carbocation .
This is the slow or rate detennlnlng step of the reaction because it
involves dissociation of substrate. Since only one molecule (substrate) is
involved in this rate determining step this reaction is called unimolecular
nucleophilic substitution reaction {(SN').
In the second step the entering nucleophile attacks the carbocation to

produce the end product.
P — _—

= . —
Ra

|
, R CRE RV I C =Y
A Nuclsophile REH
This is the fast step of the reaction because it involves the ions. The
kinetic studies have shown that reactions proceeding through

SN' —mechanism follow the first order kinetics. The rate of reaction

depends only upon the concentratlon of substrate The rate equatlon is
i —

' Rate= K[(R],c x]

— — e — Y — = e s
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SN2 stands for bimolecular nucleophilic substitution reaction. SN2
reactions are defined as those nucleophilic substitution reactions in which
two species are involved in the rate determing or slow step of the reaction.
This mechanism is generally followed by primary alkyl halides in non —
polar solvents. These reactions are completed in one step only.

The attacking nucleophile attacks the electrophilic carbon atom of
the substrate before the leaving group departs. The entering group can
attack only from the back side because the front side is blocked by the
halogen atom. As the reaction proceeds the bond between the entering
group and substrate starts to form and the bond between the leaving
group and subsirate weakens. A transition state is formed in which both

the entering and leaving groups are pantially bonded to the carbon atom of
the substrate. In other words, the extent of bond formation on one side is
equal to the extent of bond breaking on the other side.

@ ™
' Transition/state )

Finally, the bond between the leaving group and substrate is completely
broken while the bond between the entering group and substrate is formed
completely.

Primary alkyl halides undergo SN2 and tertiary alkyl halides undergo SN!
mechanism. The type of mechanism followed by the secondary alkyl
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halides is governed by the nature of the solvent. If polar solvent is present,

they follow SN' mechanism while in non polar solvents they follow SN 2
mechanism.
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Elimination reactions are those reactions which involve the
elimination or removal of atoms or group of atoms from two adjacent
carbon atoms in the substrate molecule to form a multiple bond. These are
the raverse of addition reactions. During efimination reactions two strong

sigma (8)bonds are broken down and a new weaker Pi(x)bond is
formed. The saturated compounds are converted to unsaturated
compounds. In the molecules of alkyl halides, during elimination, a

hydrogen and halogen are removed from adjacent carbon atorns resulting
in the conversion of alkyl halide to alkene. For example

@ H H

[ b R e Sl
x—(i-:-—cl:—H —_— H/CEC\H + H + x
H H : '
Alkene

The reaction takes place in the presence of base. Alkyl halides undergo
elimination reactions by two different types of mechanisms. These are:

EI RS =,

_-:17*117 2] |I E1 —ﬂllechanism.

i i
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E' stands for unimolecular elimination reactions. In these reactions
only one molecule e.g. substrate is involved in the rate determining or
slow step. These reactions, therefore, follows first order kinetics. These

=T —— i L e —— i ————



reactions are usually followed by tertiary alkyl halides which are completed

in two steps, like SN' reactions.
In the first step, substrate ionizes and forms a tertiary carbocation.

Halogen leaves as halides ion (f)

This step involves the breaking of bond, therefore, it is the slow step or
rate determining step of the reaction. In the second step, the base
removes a hydrogen atom from the B—carbon atom of the carbocation as
proton. This results in the formation of a double bond bstween
a and p carbon atoms. The end product is an alkene

-

E® —Mechanism:

E? stands for bimolecular elimination reaction. Two species i.e.
substrate and base are involved in the rate determining step of these
reactions. These reactions follow second order kinetics therefore, their
molecuiarity is two. E? reactions are generally followed by primary alkyl
halides and are completed in one step like SN? reactions.
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The removal of proton from the p-carbon atom by a base and the
removal of halide ion (i) from the o—carbon atém of the substrate takes

place simultaneously. For example

As all the bases are also nucleophiles, the competition between

substitution and elimination reactions is determined by the fact whether it
is a better base or a better nucleophile. A stronger base will favour in
elimination while a stronger nucleophile will favour substitution in the same
substrate. For example 2-bromopropane on reaction with ethoxide
undergoes elimination and produces alkene as the major product because
ethoxide is a strong base. On the other hand the same 2-bromopropane
on reaction with an anion of the corresponding thioalcohol {(C2HsS™)
undergoes substitution reaction because C,HsS™ is more nuclecphilic and
less basic than CoHsO™.

Crowding within the molecule of substrate also generally favours
elimination over substitution reaction. This is due to the grealer steric
hindrance when the nucleophile approaches towards o carbon atom of
the substrate. The greater number of alkyl groups on the subsirate favours
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elimination over substitution because these alkyl group stabilize alkene
more than the substitution product.

17421 [l (OrganometalliclCompoundsi(Grignard|Reagents):

All those organic compounds which contain at least one carbon-
metal bond in their structures are known as organometallic compounds.

Where M=Mg,Li,Pb,Znetc.
They are named simply by adding the name of the metal to the organic
group bonded directly to the metal. For example,

(CH, ]i Pb

hylmagnessium iodide Tetram “‘3‘*“"-"“’3

Alkyl or aryi magnesium halides are commonly known as Grignard
reagents. They were discovered, prepared and studied by victor Grignard,
therefore, they were named after him as Grignard reagents. They are
highly reactive organic compounds. They are used in the synthesis of a
large number of alkanes, alkynes, alcohols, aldehydes, ketones,
carboxylic acids etc. Due to this great achievement Grignard was awarded
with Noble Prize in 1912. The general formula of Grignard reagents is
R—MgX where R represent Alkyl group and X represent Halogen atom

(CLBr,I)-

CH, —Mg—Br
Examples are = e

GH,— CH, —Mg—Cl




Grignard reagents are prepared in the laboratory by the action of
alkyl or aryl halides on freshly prepared magnesium metal in the presence
of anhydrous or dry ether.

a‘?ﬂ‘ﬁ"& R. Jti 4

This reaction takes place in two steps. In the first step alkyl halide reacts

with magnesium and yieids alkyl radical and an MgXtype of species.

+ rvr%;}_ + | 'f

Allyl Rad
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Diethyl ether used in the preparation of Grignard reagent plays two
important roles. At one hand it provides a medium (Soivent) for the
reaction, at the other hand it dissolves the Grignard reagent by the
process of solvation. '

Grignard reagent cannot be isolated, therefore, its “ethareal solution Is
directly used in the synthetic reactions. The ease of formation of Grighard
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reagent depends upon the nature of both alky or ary! group and the nature
of halogen group. Increasing size of the alkyl group makes the formation
of Grignard reagent difficult. For the same alkyl group, the ease of
formation follows the order for halogens asl>Br>CE. Alkyl or aryl
magnesium fluorides are not known. Alkyl bromides are the most suitable
for preparation of Grignard reagents because alkyliodides are expensive.

(7723 | [ oty o Grigrad Rager

The carbon magnesium bond of Grignard reagent is polar in nature.
This is due to higher electronegativity of carbon than magnesium. So the
electronic density is lying close to carbon than magnesium. As a result of
this electronegativity difference, the carbon atom has a partial negative

while magnesium has a partial positive charge.

l iR R-ﬁ _Mg-l-ﬁx

L

The alkyl group being an electron rich centre, acis as carbanion or
nucleophile. It would attack polarized molecules at the point of low
electronic density. Therefore, the characteristic reactions of Grignard's
reagents are nucleophilic substitution and nucleophilic addition reactions.

E "I-T_-.z.sﬂ'] [ Fieactions_ of Grlgl_'lqrd Heageni_;_s; \
Grignard reagents are highly reactive compounds. Therefore, they

react with many organic and inorganic compounds 10 produce a large
number of valuable products. Some of these reactions are as follows.
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Grignard reagents react with aldehydes and ketones to yield addition

products. Addition products upon their acid hydrolysis yield alcohols.
Formaldehydes produce primary alcohaol,
secondary,

higher aldehydes produce'

while ketones produce tertiary alcohols on treatment with
Grignard reagents.
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2-Alcohal

Grignard reagents react with esters to yield carbonyl compounds.
These carbonyl compounds react with more of the Grignard reagent in the
same reaction mixture and yield alcohols as the final products.




Reaction With Ethyl formate:

Ethyl formate reacts with Grignard reagent yielding an addition
product, Addition product undergoes elimination and forms aldehyde.
This aldehyde further reacts with another molecule of the Grignard

reagent and yields secondary aicohol.

Ethyl acetate reacts in the same way as ethyl formate but the end
product of this reaction is a tertiary aicohol.

Reaction With CO.:

Grignard reagents react with CO, forming an addition product.
Addition product undergoes acid hydrolysis and yields carboxylic acids.
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Society, Technology and Science

Alkylhalides are precursors for many organic compounds such as
as teflon, alcohol, phencbareton (used in sleeping pills), Grignard
reagent, Amines etc.

Several oyganometalic compounds are under study as
candidates for diverse therapies. Much work as investigated by
the success of cisplatin in chemotheuapy (CzHs)z Ti Cly display
anticancer activities. .

Human Blood
Hemoglobin

Chlorophyll contains oxygen, carbon, nitrogen, oxygen,
hydrogen and magnesium while haemoglobin from the blood
contains iron in place of magnesium.

Heamoglobin is a red pigment in blood that is capable of
transporting oxygen.

Chlorophyll is the green pigment in plants and certain organism
that is capable of trapping energy from the sun to snhance the
process of photosynthesis.




Amines are important nitrogen containing organic compounds. These
are the derivatives of NH3 in which one or more hydrogen atoms have
been replaced by one or more similar or different alkyl groups. The
functional group of amines may be

On the basis of the number of alkyl groups directly bonded to nitrogen
atom, amines have been classified into primary, secondary and tertiary

amines.

CHa— N—H
|
CHy

A resbon
ST 'L..Ei

s Primary amines are named by naming the alkyl group attached to
nitrogen first followed by the word amine. Names are written as one

word.

@'.‘;_U_—_ I@;fkﬁi Qtnr}' — NH,

» In case of secondary and tertiary amines when two or three identical
alkyl groups are attached to nitrogen the prefix “di” and “ri” are added
to the name of amine. -




e If different alkyl groups are attached to the nitrogen, then they are
named separaiely in alphabetical order.

¢ In case of complicated amines, IUPAC system is used for naming.
According to this system, the amino group is considered as
subsfituent in the chain is represented by the lowest possible number
of that carbon atom to which —NH, group is attached.

Low molecular weight amines are generally gases or low boiling
liquids at room temperature. They possess a characteristic ammonia like
smell. Amines have higher boiling points than alkanes of similar molecular
weight due to the presence of intermolecular hydrogen bondings. The
molecules of primary and secondary amines have high boiling points
because they are able to form hydrogen bondings among their molecules.




Molecules of tertiary amines cannot form hydrogen bondings among
themselves, thus having lower boiling points than primary and secondary
amines of the same molecular weight. However, all the primary,
secondary and tertiary amines can form hydregen bondings with water
and are soluble in water.

Amines are derivatives of Ammonia (NHs) molecule where one or
more H atoms have been replaced by alkyl groups (R). Since NHjg
molecule has a trigonal pyramidal shape, the resulting amines also have
the same geometry. In these amines R—-N-H or R-N-R angles is tloseto

tetrahederal angle. I




(17:34] | Basicty ot Amines: )

Due o the presence of a lone pair of electrons on the nitrogen atoms
(R—ﬁH ) amines are capable of accepting a proton and are basic in

nature. Aminas react wuth ac:ds to form salts

R—NHy + 1”'"? *E

Amines are weak bases and, therefore, partially jonize in aqueous solution
with the followlng equlllbriurn '

Aliphatic amines are stronger bases than NI—I3 - Thls is due to the electron

—donating aliyl group which increases the electronic density of nitrogen
thereby increasing its power of accepting a proton from an acid. The
greater the number of alkyl groups, the greater will be the electronic
" density on nitrogen and, therefore, greater will be the power of nitrogen to
accept proton and vice versa.

= B
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Amines can be prepared by a number of different methods. Some of
these are given below.

When an alkyl halide is heated with alcoholic NH, , it vields a mixture
of primary, secondary, tertiary amines and quaternary ammonium Salt.




During this reaction the hydrogen atoms of NH,are replaced by alkyl
groups of alkyl halide, therefore, this reaction is also known as alkylation
of ammonia.

Primary amines are prepared by the reduction of nitroalkanes with
H,in the prasence of “Pt/Pd” or “Ni" catalyst. They can also be reduced by

lithium aluminum hydride in ether.

Nitromethane

CH, - CH, —NO,+6[H}
Nitrosthane

When nitriles or alkyl cyanides are reduced they yield the
corresponding primary-amines. This reduction can be brought about by

H, in the presence of Ni catalyst or by lithium aluminum hydride in ether.




b pduction of An

Primary amines are obtained when simple amides are reduced by
lithium aluminum hydride in ether.

The chemistry of amines is mainly due to the lone pair of electfon on

nitrogen atom. This lone pair of electrons is available to the electron
deficient reagents called electrophiles. On the basis of this lone pair of
electrons amines act as nuclcophilic reagents.

Amines are important and reactive organic compounds. These react

with a number of different substances to produce valuable organic
compounds. Some of their reactions are:




When amines, specially primary amines are treated with alkyl halide,
they produce a mixture of secondary, tertiary amines and quaternary
ammonium salt. In this process the hydrogen atoms in the amine are
successively replaced by the alkyl groups of alkyl halide.

>R -NH-R+HX
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Primary amines react with aldehydes and Kketones vyielding
condensation products called imines. These imines are also known as
schiff’s bases. )



Primary amines react with acid chioride or acid anhydride to produce

N —substituted amides.

Secondary amines react with acid chiorides o produce N, N —disubtituted

amides.
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As tertiary amines have no hydrogen atom directly attached to the
nitrogen, therefore, they don't react with acid chlorides to produce amides.

When primary aliphatic amines are treated with nitrous acid they
yield highly unstable salts known as diazonium salts. This reaction is
termed as diazotization reaction. Nitrous acid being an unstable acid is

prepared in situ by the reaction of NaNQ, and dil HCL

' CH, —CH, —CH, ~NH, +NaNO, +2HCl — | CH; - CH, - CH,—N* =N |G +2H,0 +Na

L
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Diazonium

Diazonium salt prepared from aliphatic amines are less important
synthetically however the process could be useful analytically. Diazonium
salts of aromatic primary amines are of considerable synthetic importance
because they serve as intermediates in a variety of synthetic organic
reactions, in which the diazonium group = N, is replaced as Ny by
various other functional groups. Aryl bromides, Arylchlorides phenol, Aryl
cyanide, benzeﬁe are best prepared from diazonium salts.




General formuia of alkyl halide is R-X.

Each carbon atom in alkyl halide is sp® hybridized.

The molecule which undergoes substitution reaction is called
‘substrate’.

The group or species which leaves the substrate is called “leaving
group”.

The end product of substitution is known as reaction product.

SN*! Mechanism is defined as that nuclecphilic substitution reaction
in which only one molecule is involved in rate determing or slow
step.

Those nucleophilic substitution reactions where two species are
involved in the rate determing or slow step.

The primary alkyi halides undergo SN* mechanism while tertiary
alkyl halides undergo SN' Mechanism.

In polar solvent secondary aikylhalides follow SN*-mechanism while
in non-polar solvents follow SNZ-mechanism.

During elimination reaction two strong sigma bonds are broken and
a new weaker pi bond is formed.

E' stands for unimolecular elimination while E? stands for
bimolecular elimination reaction.

Those organic compound which contain at least one carbon—metal
bond in their structure are known as organo—metallic compounds.
Amines are derivatives of NHsg in which one or more hydrogen atom
have been repiaced by one or more similar or different alkyl group.

: 1
The functional group of amines may be -NH;.—I?IH. or N
Due to presence of lone pair of ‘electrons on nitrogen atoms
(R—NH,) amines are basic in nature.




Exercise

Choose the correct option.
The reaction of CHsMgl with acetone followed by hydrolysis

1.

gives. e

(a) ter-butanol (b) sec-butanol

(c) n-butanol (d) none of these

Which one of the following halide is most reactive towards
nucleophilic substitution reaction?

(@) CzHsBr {b) CoHsl

(c) CzHsF (d) C:zHsCl

All electron deficient species are classified as.

(a) Nucleophiles (b) Electrophiles

(c) Bases {d} All of these

R-CH:~X is an example of

(a) Primary alkyl halide (b) Secondary alky! halide
(c) Isopropyl halide (d) Both (a) and (b}

The carbon atom carrying positive charge and attached to
three other atoms or groups is called.

(a) Carbonium ion (b) Carbon ion

{c) Oxonium ion (d) Carbanion

Grignard reagent can be represented by general formuta

(a) R—Mg- N ' () R-Mg-O

(c) R-Mg-OH (d) R-Mg-X




The end product of reaction of Grignard reagent with Ethyl
acetate is
(@) primary alcohol (b) secondary alcohol

(c) tertiary alcohol " {d) none of these

An electron pair donor is classified as

(a) Lewis acid {b) Lewis base

{(c) Bronsted acid (d) Bronsted base

In primary alkyt halides the carbon atom 1o which the halo
group is attached is in tum bonded directly to

(a) one other carbon (b) two other carbons

(c) three other carbons (d) four other carbons

Short questions.

What is the importance of Grignard reagent?

Compare nucleophilic substitution reaction and electrophilic
substitution reaction.

Why tertiary carbocation is more stable?

In reaction between chlorosthane and aqueous sodium
hydroxide identify the attacking nucleophile and atom in the
chloro-ethane molecule being attacked.

What is the importance of diazonium sait?

Define the following terms.

(a) substrates . {b) leaving group

(c) carbocation




Q.
1.

2.
3.
4

Long questions

Discuss various methods of preparation of alkyl halides.
Explain elimination reaction in alkyl halides.

Discuss the mechanism of SN' and SN? reactions.

(a) How can you prepare Grignard reagent.

{b) Discuss the reaction of Grignard reagent with.

(iy aldehydes (il ketones

(ili)y esters (iv) carbon dioxide

How amines are prepared? Discuss its structure and acidity.
Write down different reactions of amines.
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. After carefully sludying this  unit: and working the exerci_safrsf?‘i;?;ﬂ%{
~ will'be able to. TR
| » Explain nomenciature, structure and acidity of aicohols as examplﬂi,.éd_} :
by sthanol. i

o2t UL
~ e Describe the preparation of alcohols by reduction of al;_lehyda_'?, Ao

' ketones, carboxyiic acids and esters.

.« Explain reactivity of alcohols.

. o Describe the chemistry of aldohols by preparation of ethers and
p esters, oxidative cleavage of 1, 2 —diols.

. = Discuss thiols (RSH).

.« Explain the nomenclature, structure and acidity of phenots. ,
. ‘Describe the preparation of phenol from benzene sulphonic acid,

chlorobenzene, acidic oxidation of cumene and hydrolysis of
diazonium salts.

« Discuss the reactivity of phenol and their chemistry by electrophilic
aromatic substitution, reaction with sodium metal and oxidation.

e Differentiate betwaen alcohol and phenol.

o Describe isomerism in alcohols and phenols.

» Identify ethers from their formuia.




C ALCOHOLS

introductions

Alcohols, phenols and ethers are derivatives of water. In alcohol one H
of H,O has been replaced by an alkyl group. in phenol one H is replaced
by an aromatic ring, whereas in ether both H have been replaced by two

alkyl groups.

Alcohols are ofganic compounds, in which a hydroxyl group (-OH)is

attached to an aliphatic carbon atom. Hydroxyt group is the functional
group of alcohols. The general formula of alcohols is R-OHor CH,,. ,OH

e.g methyl alcohol (CHaoH)

Alcohols may be monohydric, dihydric, trinydric or polyhydric,
depending upon the number of —OH groups in a molecuie




Dihydric alcohols (dicls) are usually called glycols because of their sweet
taste. (Greek glycys= Sweet).

Monohydric alcohols may be primary, secondary or tertiary. When the
hydroxyl Qroup is attached to the primary carbon atom, it is classified as
primary alcohol but when the hydroxyl group is attached to the secondary
or tertiary carbon atom, thq alcohol is accordingly ciassified as secondary
or tertiary alcohol. = |

1 ' B
Y [y g i
IGTLETY &00TCH




Aicohols are named by the following two systems.

a. Common System.  b. IUPAC System.

In this system, alcohols (R ~OH)are named “Alkyl Alcohols”. That is

alkyl group (R} of the alcohol is named first, which is followed by
the word alcohol. For example,

For higher members in the series, it becomes necessary to
indicate, whether a particular alcohol is priﬁ1ary (pri.), secondary
(sec.) or tertiary (ter.) For example,

n TI

-Butyl aicohol
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In this system alcohols are named as “alkanols”, That is, the final “e”

JUPAC System:

of the corresponding alkane is replaced by “-of”.

Er'{hi !l:IBAC_l'uiéé are: _.; = T

1. Select the longest continuous carbon chain containing the
—OH group.

2. Name this chain as “alkanol”. That is, drop the ending “e" of the
corresponding alkane and add “of” as suffix. This will serve as the
parent name or stem name of the aicohol,

3. Number the chain from one end or the other, so as to give the
carbon carrying the ~OH group, the lowest possible number.

4. Mention the position of the hydroxyl group by putting Its number
before the parant name or before the “-ol".

5. Indicate the positions of the other substituents {if any) using the
numbers of the carbon atoms, io which they are attached.

6. The substituents, along with their positions, are named in
alphabetical order before the parent name.

7. |f the number of carbon atoms carrying the hydroxyl group is the
same from sither side, then number the chain from the end which
is heavily substituted.

8. In case of dihydric, trihydric and polyhydric aicohols, the prefix di,
tri, tetra etc 13 used before “—of”, alongwith the numbers of the
carbon atoms to which these hydroxyl groups are attached.

9. Ii more than one hydroxyl groups are attached to the same carbon

\

o S

atorn, the number of that carbon atom is repeatad




The following examples will illustrate the above rules.

3. IGH, - 2CH, - 'GH, —OH
£ :i.:-r'l"'! anol X

1 —Propano 2 —Propanol
Prop-2-ol

@ :
|

s
- “CH-°CH




LLower alcohols are colourless, toxic liguids. They have characteristic
sweet smell. The boiling points of alcohols are much higher than those of
corresponding alkanes. It is due to hydrogen bonding among the aicoho!

molecules. .

Boiling points of alcohols increase regularly' with the increase in the
number of carbon atoms. '

However, among the isomeric alcohols, as the branching increases, the

boiling points decreass.




For Example:

Lower alcohols (C, -C, ) are completely soluble in water in any proportion.

However the solubility of higher aicohols in water falls rapidty.

| Alcohol are alkyl derivatives of water m_oleculesl. Water molecule has
an angular structure with H-O-H bond angle slightly smaller than
tetrahedral angle (109.5°). Alcohols molecule have a similar geometry

where R—-O-H angle is 105°.

Alcohols are acidic in nature. It is becauss the O-H bond in
alcohols is polar due to difference in electronegativities of the two atoms.




Thie allows the release of hydrogen atom as proton (H*). Due to this
acidic behaviour, alcohols react with sodium or potassium to form alkoxide

with the liberation of hydrogen gas.

The alkyl group in alcohols reieases electrons {(electron donating group)
towards the oxygen atom, increasing its partial negative charge and hence
the release of proton becomes difficult. That is why the alcchols are less
acidic than water. Tertiary alcbhols are less acidic than secondary
alcohols and secondary alcohols are less acidic than primary alcohols.




It is to be noted that alcohols are not acidic enough to react with aqueous
NaOHor KOH.
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Alkenes react with cold concentrated sulphuric acid to produce alkyi

hydrogen sulphates, which on hydrotyéis yield alcohols. Unsymmetrical

alkenes follow the Markovnikov's ruie. '
10{5?“ .H

@%=@Fl‘=@na dH}{r* —0° SO,H—CH, - 4oa H—CH.
o _‘E’:_.‘*'&'-& ;".‘k:j 7 isopropy 1
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Alcohols can be prepared by the hydrolys:s of alkyl halides by means
of water or an agueous alkali. .




Grignard reagent (R—Mg- X)adds to the carbon —Oxygen double bond
0O
Il
(-C-) of the carbonyl compound to form an addition compound

which on acid hydrolysis gives alcohol.

Formaldehyde reacts with Grignard 'reagants to produce primary
alcohols. Other aidshydes give secondary alcohols, Ketones on
reaction with Grignard reagent produce tertiary alcohols.

For Example:




Carbonyl compounds can easily be reduced io alcohols under
different conditions. Aldehydes produce primary alcohols while
ketones produce secondary alcohols. Reduction (Hydrogenation) is
carried out in the presence of metal catalyst such as Ni, Pt or Pd at

elevated temperatures (200°C) and pressure (10atmosphere)

Formate esters on reaction with Grignard reagent producs secondary
alcohols while other esters form tertiary alcohols.




M*TH ion of R- M -1_?

steps.

ngard reagent to form an unstable addition product which on

hydrolysis gives rise to a secondary alcohol.

In this case a tertiary alcohol Is formed whlch also involves two

steps.

with Grignard reagent.




another Grignard reagent molecule to give an unstable addition
product which on hydrolysis forms & tertiary alcohol.

oMl
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18.1.5.6 Reduction of Carboxylic Acids and Esters:
Both carboxylic acids and esters can be reduced to Primary alcohols
with LiAéH, .

L2

RO L o il _r 11 AcH 1 ‘ i _
CH, -C-OCH,+4[H] 4, CH, CH, ~OH+CH, —OH
Aethyl e £thanol Methanal

L

Carboxylic acids cannot be reduced with H, /Ni or Na+C,H; —OH.
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Alcohols are reactive compounds, They readily react with poiar or
ionic reagents. This reactivity can be attributed to:

Polarity of C-0and O-Hbonds since oxygen is highily

electronegative. _
The oxygen atom of alcohols has two unshared pairs of
electrons and hence is an electron rich centre.

o ™ e

Generally, the reactions of alcohols (__(I;_ﬁ...ﬂ) involve the
k

fission of either the ©—H bond or the C ~ O band. Cleavages of

either of the two bonds may involve a substitution reaction or an

elimination reaction.

1, ~CH, — OHHBr——CH, - CH, ~Br+HO
TG, - TR '.'F}

g




The order of reactivity of different hydrogen halides with a particular
alcohol is:

HClreacts only in the presence of a catalyst (anhydrous 2nCl, ), while
HBrand Hirequire no catalyst. The order of reactivity of various
alcohols with a particular hydrogen halide is:

Terliary alcohol > Secondary alcohol> Primary alcohol.

Lucas Test: This lest is used to distinguish between primary,
secondary and tertiary alcohols. In this test alcohols are treated with a
solution of HCland 2nCl, (Lucas reagent) to form alkyl halides

(R—X), ZnCl, acts as a catalyst

---.-.-.._._.--- — -..-...
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The three types of alcohols undergo this reaction at different rates,
Tertiary alcohols react with Lucas reagent immediately. Secondary
alcohols react some what slower. Primary alcohals react even more.

slowly.
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Phosphorous Trihalides (sz)also form alkyl halides with alcohols.
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Alcohols, when treated with concentrated sulphuric acid at
170°Cundergo dehydration to form alkenes. In case of ethyl alcohol,

ethyléne is formed.

m, 7 .‘]T

Ethylene

The order of rate of dehydration of different alcohols is
tertiary alcohols> secondary alcohols> Primary alcohols.

Alcohols react with carboxylic acids to form esters. Concentrated

H,S0, is used as catalyst.

The redction is reversible. The equilibrium can be shifted in the

forward direction by removing water as soon as it is formed.




Using strong oxidizing conditions such as "Na,Cr,0,+H,80," or
"KMnQ, +H,S0, ", alcohols can be oxidized to carbonyl compounds,

and finaily to acids.
Primary alcohols are first oxidized to aldehydes and then to acids.

Luqr»f@‘“h r?}%

Secondary alcohols are first oxidized to corresponding ketones,
whose further oxidation to carboxylic acids needs even more drastic
conditions. i

Tertiary alcohols are stable to oxidation under normal conditions.

@LWW% No Reaction

Ter-Buty l“"l *"""‘v‘r*]

leavage of 1, 2 diols (Giycois):
1, 2 —diols (glycols), for example, ethylene glycol when freated with
acidic KMnO,or K,Gr,0,,results in the formation of formic acid by

cleavage of C-Cbond.




But when treated with periodic acid or lead tetra acetate, ethylene

giycol gives formaldehyde.

Both oxygen and sulphur belong to the same group Vi of the periodic
table. Thus, there are sulphur analogies of alcohols and ethers.

The Sulphur analogues of alcohols are called Thiols or alkyl hydragen
suiphides or Mercaptans. The functional group of thiols is ~SH. It is called
sulphydryl or Marcapto or thiol group. These compounds react with
mercuric ions to form insoluble salts, and hence the name Mercaptans
(Latin, mercurium captans = mercury catching). Methanthiol (CH,SH}is a

gas. Ethanthiol {C,H,SH)and higher members are colouress, volatile

liguids at STP. Lower members have strong repulsive odours. For
example, methanthiol and ethanthiol are added to natural gas in minute
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amounts to make gas leakage detectable by smell. Thiols have lower
boiling points than the corresponding alcohols, due to lack of hydrogen
bonding. They are insoluble in water but soluble in ethanol and ether.

IBhenols)

Introduction: |Phenols are organic compounds in which -OHgroup is
attached directly to an aromatic ring. Just like alcohols, they may also be
monohydric, dihydric or polyhydric, depending upon the number of
~OHgroups attached per molecule. The word “phencl” is also used as the
name of a specific compound “hydroxyl benzene”. Some examples are.

Phenols are usually named as derivatives of the parent phenol

(CBH!OH) '




In phenol molecule hydroxyl group (-OH) is attached to a benzene

ring. The molecule is planar, with a C-O-H bond angle of 109°, almost the
Cc-O-H

same as tetrahedral angle and not much different from the 108.5°
angle of methanol.

In phenol the six carbon &toms are sp® hybridized forming & hexagonal
ring with internal angles of 120°. Since the bonds formed by sp® hybridized
carbon, are shorter than those formed by sp® hybridized carbon, therefore
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the C-O bond length is slighlly less than the C-O bond length in
methanol.

@ Phenols are colourless liquids or low melting crystalline solids at
room temperature and pressure.

@ They have a characteristic odour.

The vapours of phenol itself is highly toxic.

The boiling peints of phenols are slightly higher than the aliphatic
alcohols of comparable molecular weights, due to the presence of
stronger hydrogen bonding in phenols than in alcohols.

@ Due to stronger hydrogen bonding, phenols are more soluble in
water than alcohols of comparable molecular mass. Above
65°C both phenols and water are miscible in all proportions.

The liquid phenol, containing 5% of water is known as carbolic
acid and is used as disinfectant and germicide.

Phenols are much more acidic than alcohols but are less.acidic than
carboxylic acids or even water and carbonic acid. This is clear from
the pKa values of these compounds.

SN —
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The acidic nalure of phenols as compared to aloohols can be attnbuted
1o the formation of stable phenoxide ions after loss of proton,

The negative charge spreads throughout the benzene ring and is thereby
dispersed. This delocalization of the charge accounts for the stability of
the phenoxide ion.

Being acidic, phenol reacts with NaOHor Nametal to form salt.




This method involves the fusion of sodium-benzene suiphonate with
solid NaOH at 300-350°C-

The resultant sodium phenoxide Is then treated with dilute HC¢ to form
phenol.

Sodium Phenoxide

In this methed, chlorobenzene is hydrolysed with aqueous NaOHat

high temperature and pressure. This process was developed by Dow
Chemical Company of USA in 1928.

Chiorebenzane




This method involves air oxidation of cumene (isopropyl benzene) to
cumene hydroperoxide, which on treatment with dilute HCliforms

phenol alongwith acetone.
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This is a simple laboratory method in which a solution of
benzenediazonium chloride is warmed on a water bath at 50°C.

Benzenediazonium chloride is prepared from aniline.

+—ﬁ




Benzene dlazonium
Chioride

Phenol is recovered by steam distillation and extracted with diethyl

]

ether.

Generally phenols exhibit two types of reactions. (1) reactions due to
hydroxyl group and (2) reactions due to the aromatic ring.

In the first type of reactions, usually the O—Hbond is broken to form
salts, ethers, esters etc. In the second type of reactions, the benzene
ring of phenol undergoes electrophilic substitution reactions which are
characteristic of most of the aromatic compounds.

The presence of hydroxyl group on the benzene ring in phenol
increases electron density of the ring at ortho and para positions by
giving its electron pair to the ring and hence increases the reactivity of
the ring relative to benzene itself, for electrophilic substitution

reactions.




In these reactions an electrophile is infroduced into the aromatic ring
and the hydroxyl group remains intact. Some electrophilic substitution
reactions are given below.
i. Halogenations:
Phenol reacts with bromine water (aqueous broming) to give a
precipitate of 2,4,6 tribromophenol.

Chlorine reacts in the same way. In the presence of a non—polar
solvent like CCl, or CS,, a mixture of ortho and para—bromophenols is

formed.
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li. Nitration:
With dilute HNO;, phenol reacts to form ortho and para nitrophenol.
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In both alcohols and phenols hvdroxyl aroup is the functional aroup. In
phenols hydroxyl group is attached to an aromatic carbon while in alcohol
the hydroxyl group is attached to carbon atom other than aromatic carbon.

For Example,

._-{ _\qaf. i
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1 as L -
are alcohols; anc

OH

are phenols
Compounds which contain a hydroxyl group in a side chain attached to an
aromatic ring are not phenols. They are called aromatic alcohols.

For example:




Society, Teci*.nolog_ﬁ and Science

The common home disinfectant is chlorine bleach (a 5% solution
of sodium  hypochlorite}, which is effective against most
common pathogens, such as tuberculosis , hepatitis B and C, fungi etc.

The negative effect of disinfectant is that it is caustic to the skin, lungs,
and eyes (especially at higher concentratjons), it degrades in the presence
of organic substances, it has a strong odor and extreme caution must be
taken not to combine it with ammonia or any acid (such as vinegar), as
this can cause noxious gases to be formed.

To use chlorine bleach effectively, the surface of item to be disinfected
must be clean. In the bathreom special caution must be taken to wipe up
urine first, before applying chlorine, to avoid reaction with the ammonia in
urine, causing toxic gaseous by-products. Extreme caution must be taken
to avoid contact with eyes and mucous membranes. Protective goggles
and good ventilation are mandatory when applying concentrated bleach.

All disinfectants kill bacteria (called bactericidal). Some also Kill fungi
(fungicidal), bacterial spores (sporicidal) and/or viruses (virucidal).

The term biocide is a broad term for a substance that kills, inactivates or
otherwise controls living organisms. It includes antiseplics and disinfectants,
which combat micro-organisms, and also includes pesticides.

Antiseptics are antimicrobial substances that are applied to living tissue/
skinto reduce the possibility ofinfection, sepsis, or putrefaction.
Antiseptics are generally distinguished from antibiotics by the latter's
ability to be transported through the lymphatic systemio destroy
bacteria within the body, and from disinfectants, which destroy
microorganisms found on non-living objects.

The first person to demonstrate ether's use as anesthetic was Dr. Morton in
1848. '




Introduction:
Ethers are a class of compounds in which the oxygen atom is linked
to two alkyl groups or‘two aryl groups or one alkyl and one aryl group.
They can be represented by the general formula R-O-R’where R and
R’may be the same or different. Thus the functional group of ethers is
C-0-C. Examples of ethers are:

=

The two alkyl or aryl groups that are attached to the oxygen atom are
named in alphabetical order and the word ether is added. If the two groups

are the same, the prefix “di” is used.




In this system, ethers are generally named as alkoxy derivatives of
hydrocarbons. The larger alkyl group is taken for parent name and the

smaller alky! group along with oxygen atom is named as alkoxy before the
parent name.

Ethers can be prepared by the following methods.
1. Dehydration of alcohols:
Symmetrical ethers (ethers with identical groups) are prepared by
heating an excess of alcohol with concentrated H,SO, at 140°C-
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The reaction conditions (Temp.=140°C)must be well controlled

otherwise at temperature higher than this the formation of alkenes is

favoured.

2. Wil J"T‘”’* lh},un_,lﬂi
In this methods, sodium alkoxlde is treated W|th an alkyl halide.
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1. Dimethyl ether and ethyl methyl ether are gases at STP, while
others are colourless volatile liquids with pleasant odours.
Ethers are highly inflammable.

3. They have much lower boiling points than those of alcohols of
comparable molecular weights.

4. Low molecular weight ethers are soluble in water as they form
hydrogen bonding with water.

5. Ethers are generally less denser than water.

6. They are readily soluble in organic solvents.

Ethers are quite stable compounds. They do not react with bases,
active metals, oxidising agents and reducing agents. They are also
stable to .dilute acids. However, they form oxoniurn salts with strong
concentrated acids.




Ethers react wath cold concentrated Hthr H,S0,to form oxonium

salts. -Ethers donate a palr of electrons to hydrogen ion to form
these salts.

Ethers react with hot concentrated HI or HBr to form an alcohol
and alkyl halide.

Ethers react with acetyl chlcrid in the presence of anhydrous
ZnCl,,on heating, to form alkyl chioride and ethyl acetate.




Key Points:

Alcohols are aliphatic compounds, in which a tydroxyl group (-OH) is
attached to aliphatic carbon atom.

Lucas fest is used to distinguish between primary, secondary and
tertiary alcohols. '
The formation of ester from alcohol and carboxylic acid is called
‘gsterification’.

Each carbon atom in phenol is sp? hybridized.

The liquid phenol containing 5% of water is known as carbolic acid.
Dow process is used for preparation of phenol from chlorobenzense and
aquous NaOH at high pressure and temperature.

Ethers are class of compounds In which, with oxygen atorn two alkyl
groups, two ary! groups or one alkyl and one aryl group are attached.
General formula of ether Is R—-O-R.

Ethers reaci with cold conc.HCI or HzS0, to form oxomium salt.

In Williamson's synthesls, sodium alkoxide is treated with an alkyl
halide to p'roduce ether. '

In case of alcohols, phenols and ether oxygen atom undergoes sp®
hybridization and has two lone pairs.

Hydrogen bonding in alcohols results in relatively high boiling points
and good miscibility with water. '




Exercise

01. Choose the correct option.
1. The reaction of alcohol with sodium produces
(a) Ethane (b) Ethene (c) Alkoxide (d) Aldehyde
2. Oxidation of secondary alcohol gives
(a) Organic acid (b) Ether
(b} Aldehyde (d) Ketone
3. The compound X' when heéated with dry silver oxide forms an
ether identify ‘X’
{a) Alcohol (b) Phenol (c) Alkyl halide (d} Ether
4. Phenol on hydrogenation with Hz in presence of Ni catalyst gives
(a) Benzene (b) Toluene
(c) Cyclohexanol (d) Aldehyde
5. Diethyl ether is prepared by passing vapours of ethanol over a
| catalyst under high pressure and temperature. The catalyst is
! (a) $0, (b} CuO () AgO (d} AlLOs
5 6. Denatured alcohal is known as
| (a) Absolute alcohal (b) Wood spirit
{(b) Methylated spirit (d) Rectifled spirit
7. A compound “x" is formed when the vapours of phenol are
passed over red hot zinc dust. The compound “x” is called
{(a) Toluene (b) xylene (c) Benzene (d) Benzol
8. Ethoxyethane react with Con.H2S0, to give
{(a) Oxonium ion (b) Oxoanion
(c) Aliyl free radical (d) Zwitter lon

S, i

L



9. The secondary alcohols undergo nucleophilic substituion

_ Teaction by . : '
- (&) SN’ (b) SN?
{c) Both SN'and SN2 (d) Neither SN' and SN?
10. The appearance of cloudiress in the Lucas test for alcohol is
_due to formation of: ~
() Alkyle chloride (b) Acid chiorides
{c) Aldehydes" (d) Ketones

Short questions:

What is the functionali grénip of alcohols?
indicate some physical properties of alcohol. ‘ ‘
What is Luéas test?
Why phenol is more acidic than aleohols?
What is mieant by primary, sec_ﬁqndary and fertiary alcohols? -
' Why alcohol is easily protonated unlike phenol?
Differentiate between alcohol and phenc;l.

TE N k=D

Enlist the physical properties of ether.

-

QM. Long questions:
1. (a) Describe the method for preparation of diethyl ether from
alcohol and sodium methoxide.
(b) Wirite two chemical reactions of diethyl ether.
2. (a) What are phenols? Give method of preparation of phenol.

(b) Discuss the acidic behaviour of phenol.

Give detail description of chemical properties of phenol.




Discuss the structure of alcohol. ~

(a) How alcohol can be prepared from Grignard reagents.

(b) Mention the reaction for the formation of following compound
f;om an alcohol.
(2) Ethene (b) Ethiyacetate
(c) Acetonz_a (d) Formaldehyde
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UNIT §©

E:
Aldehydes

Learning Oulcomes:

After Studying this unit Students will be able to:
Explain nomenclature and structure of Aldehydes and ketones.
Discuss the preparation of aldehydes and ketonss.
Describe the reactivity of aldehydes and ketones and their
comparison.
Describe acid and base catalysed nucieophillic addition reactions of
aldehydes and ketones.
Discuss the chemistry of aldehydes and katones by their reduction to
hydrocarbons. Alcohols by using carbon nucieophiles, nitrogen
nucleophiles and oxygen nucicophites.
Describe oxidation reactions of aldehydes and ketones.
Identify aldehydes and ketones in the laboratory tesis.



Introcduclion:

Some important classes of organic compounds like aldehydes, ketones,
carboxylic acid, esters, amides, acid halides, acid anhydrides etc contain a
functional group called carbonyl group are called carbonyl compounds. Many
of these compounds are important commercially and in biological processes.
A carbonyl group is a functional group composed of a carbon atom doubly
bonded to an oxygen atom.

Aldehydes and ketones are two different classes of organic compounds
containing a carbonyl group. Aldehydes have at least one hydrogen atom

attached to the carbonyl carbon. The other group may be an alkyl group (or
H atom in case of formaldehyde). Thus the functional group of aldehyde is

-C-H called formyl group.

In ketones the carbonyl carbon atom is connected to two other carbon
atoms. The ketone functional group is called keto group and is represented
as —CO -. The two groups attached to it may be both alkyl groups (same or
different) an alkyl and aryl group or both aryl groups.




Two types of naming systems are used for naming aldehydes and
ketones. Common naming system and IUPAC system.

Common Naming System:

Common names of Aldehydes are derived from the common names of
carboxylic acids containing the same number of carborr atoms. While
naming aldehydes in this system, the ending “ic acid” in the common
name of corresponding carboxylic acid is replaced by the word
“aldehyde”.




The positions of other groups on the chain are indicated by Greek letters
(c.Bv.8etc). Lettering starts from the carbon atom adjacent to formyl group.

In this system, following rules are used for naming aldehydes.
a. Chain Selection:
Locate the longest chain of carbon atoms containing formy! group
to get the stem name. In IUPAC system, the ending “-e" of the
corresponding alkane is replaced by “al”.

h. Numbe| ’F"-! -fl the Selected Chain:
Carbon atoms of the selectied chain are numbered from the carbon
of formyl group (-CHC j because it is always at the terminal position
It is not necessary to mention the position of aldehydic group during

naming as it always one.

The rules for naming branches are same as in case of alkanes.



In this system ketones are named by writing first the name for
the alk'yl groups attached to the carbonyl carbon followed by
the word “Ketone”. For similar groups prefix “di” is used before
their name. In case of different groups attached to the carbonyl
carbon, alphabetical order Is followed for writing their names.
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If the two alkyl groups attached to carbonyi carbon are the same
the ketone Is called symmetricai and il different, it is called
- unsymmetrical ketone.




b IUPAC System:
While naming ketones in IUPAC system following steps are taken

Chain Selection: Select the longest chain as stem name for ketone,
which is then named by replacing the ending “-e” of corresponding alkane
by “-one”. No numbering is necessary for propanone and butanone.

[
159)
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CH, ~CH, ~C~CH
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].;;I_[},,,... Numbering the Chain: The carbons of the selected chain are numbered
" to mention the position of the carbonyl carbon before stem name because
in ketones carbonyl group may occur at various positions on the carbon
chain. Numbering is done from that end at which the carbonyl carbon has
the lowest possible number.

It one or more branches are attached to the selected chain then the sameg
rules are obeyed as mentioned for [UPAC names of alkanas.
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. Lower aldehydes like formaldehyde and acetaldehyde have very
sharp pungent edour whereas higher members of aldehydes,




. aromatic aldehydes as well as most of the ketones have pleasant

smeill. .
Formaldehyde is a Qas at room temperature while aldehydes are
colourless liquids. Acetone, the simplest ketene, is a liquids at room
temperature with pleasant odour. All the other members of ketone
series are also coiourless liquids with characteristic odour.
Low molecular weight aldehydes and ketones (up to C,) are water

soluble. Water solubility decreases as the size of the molecules
increases. Higher members of aldehydes and ketones (C, onward)

are usualiy insoluble in water, while formaldehyde is highly soluble in
water. Carbonyl compounds cannot form hydrogen bonds with
themselves as there is no hydrogen on the carbonyl oxygen.
However, their solubility in water is due to hydrogen bond formation
of carbonyl oxygen with water molecules

il

Aldehydes and ketones' are polar compounds due 1o high dipole
moment of their C = O bond. As a result they have high boiling
points than the corresponding alkanes and non-polar compounds
- like ethers but lower than alcohols. The-bolling point of methanal is
-21°Cwhereas ethanal boils at 21°C, close to room temperature.
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Acstone has boiling point of 56°C. The boiling point of aldehydes
and ketones increase with the increase in the molecular weights.

Strucmré

The carbon and oxygen in the carbonyl group, present in aldehydes
and ketones, consists of a sigma bond and a pi bond. Both carbon as
well as oxygen of the cart:ionyl group are sp® — hybridized.

The three atoms attached to carbonyl carbon lie in a plane with bond
angles of approximately 120°. The pi bond is formed by the overlap of a
p—orbital of carbon with p—orbital of oxygen atom. There are two
unshared electron pairs on exygen atom of the carbonyl group. The
C=0Obond, distance is 1.23A,shorter than C-Obond distance in
alcohols and ether (1.43A).

Ozane, an allotropic form of oxygen, reacts vigorously with alkenes to
form an unstable intermediate compound called ozonide. The ozonide
is reduced directly to aldehydes and ketones by zinc and water. This
reaction is called ozonolysis.
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Water adds to alkynes in the presence of mercuric suiphate and
sulphuric acid to form an unstable intermediate, unsaturated alcohol
(enol). The encl intermediate then undergoes rearrangement to form
aldehyde or ketone depending on the starting alkyne used.

-Ta i =y ‘b H
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In case of unsymmetric alkynes H,0addition takes place according to

Markdvinkoff’s rule.

' CH,~CH,—C=CH {b{@‘*%—%@ Eﬂ; foi#s'r! =CH.




Aldehydes are also prepared by the oxidation of primary alcohols.
When a primary alcohol is treated with oxidizing agents‘ like acidified

potassium dichromate or potassium permanganate it is oxidized to an
aldehyde. -

Il :
The introduction of acyl group (R-C-)into the aromatic ring (benzene
ring) in the presence of acyl halide and anhydrous AIC|, catalyst is

called Friedel ~Cralts acylation or simply acylatioﬁ.
When benzene is treated in the presence of Lewis acid, AICI, with acid

halide, an aromatic ketone is produced.
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In carbonyl g oup ( C=0) oxygen is much more electronegative than
carbon. Therefore, the r-electrons in C=0bond are strongly attracted
by the oxygen atom. As a result, the carbc‘myl group becomes highly
poiar with a partial negative charge on the oxygen atom and a partial
positive charge on the carbon atom. |
As a result of this polarization, most carbonyl reactions involve
nucleophillic attacks at the carbonyl carbon often accompanied by
addition of a proton 1o the oxygen. The aldehydes and ketones usually
undergo nucleophillic addition reactions as compared to alkenes where
C=C are not polarized and hence they usually involve electrophillic
addition. The nucleophillic addition in aldehydes and ketones is
generaliy shown as:

In these reactions, the nucleophillic end {(negative parn) of the reagent
combines with the electrophillic carbon of carbonyl group, wherease the
electrophiliic end (positive part) of the reagent, .usuaily a proton, goes to
the oxygen. These reactions are catalysed either by an acid or by a
base. The presence of base increase the nucleophillic character of the
reagent while the presence of acid increase the electrophillic character

of the carbonyl carhon atom.
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l.l. Aldehydes x,

Aldehydes and ketones are very reactive substances mostly undergoing
addition reaction across C= O bond. These can also be oxidized as well
as reduced. Thus they undergo a very large variety of reactions. Some of
their reactions are.

' 19.61  |Nucleophllic Addition reactions: (Acid and Basa catalyzed) -

Aldehydes and ketones mainly undergo nucleophillic additions
reactions. These reactions may be either acid catalyzed or base
catalyzed.

“a. " Acid ~Catatyzed Addition Reactions:

Because of the unshared electron pair on oxygen atom, carbonyl
compounds are weak Lewis bases and can be protonated. Acid can
catalyze the addition of weak nucleophiles to carbonyi compounds by
protonating the carbonyl oxygen atom. In acid catalyzed addition
reaction the addition process is initiated by the proton (H*)of the acid

which combines with the carbonyl oxygen atom to form oxonium ion.
This increases the electrophillic nature of the carbonyl carbon by
inducing more positive charge on it and thus enhances its ability to be
attacked by weak nucleophiles.
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The carbonyl carbon, which is trigonal and sp®-hybridized in the
starting aldehyde and ketones becomes tetrahedral and
sp® - hybridized in the reaction product.

b. Base -Cafalysed Addition Reactions: |

A base catalyzed nucleophillic addition will take place with a strong
nucleophile. The base reacts with the reagent and generates
the nucleophile. This nucleophile attacks st the carbon atom of the
carbon—oxygen double bond because that carbon has a partial
positive charge and Pi electrons of C = O bond move to the oxygen
atom, which, because of ils electronegativity, can easily
accommodate the negative charge. The reaction is completed by
addition of proton to the negative oxygen.

. = ...._"‘ﬂ\/ ‘Hﬁ«__
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119.6.2 | Relative Fleactlvlty' R
Generally, Ketones are somewhat less reactive than aldehydes
towards nucleophiles. There are two main reasons for this reactivity
difference. '

j- I; Sterlc Hindrance |The carbonyl carbon is more crowded in ketones
as comparad to aldehydes In nuclecphilic addition, the attached

groups come even closer because in the product the hybridization




changes from sp*to ép“and the bond angles decrease from 120°to
1095°. |

campared to hydren. They, therefore, tend to neutralize the partial
positive charge on the carbonyl carbon decreasing its reactivity
towards nucleophiles. Ketones have two such alkyl groups; aldehydes
have only one.

Addition of hydrogen to aldehydes and ketones is called reduction.
Following are some important reactions of aldehydes and ketones that
involve reduction.

1. Reduction of carbonyl compounds tg Hydrocarbons:

Aldehydes and ketones can be reduced to saturated hydrocarbons
either by Clemmensen reduction or by Wolf — Kishner reduction.

are reduced to alkanes in the presence of Zinc amalgam and HCI as

reducing ageni.
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When an aldehyde or ketone is freated with hydrazine a
corresponding hydrazone is obtained which on heating with KOH
in boullng ethylane glycol gives corresponding alkane.

2. Reduction Using Hydrides to give Alcohols:

Aldehydes and ketones are easily reduced to primary and secondary
alcohols respectively by using metal hydrides as reducing agents.
The most common metal hydrides used to reduce carbonyl
compounds are fithium aluminum hydride (LiAH,)and sodium

borohydride (NaBH,).




3. Reduction -Using Carbon Nucleophlles:

In organometallic compounds (e.g Grignard reagent) and hydrogen
“cyanide (HCN), the carbon acts as nucleophile and can reduce aldehydes
and ketones by nuc|eophillc addition. '
ion —Using Grignard Reagent:
Gngnard reagents act as carbon nucleophiles toward carbonyi
compounds. The R group of the Grignard reagent adds irreversibly to
the carbonyl carbon, forming a new carbon —carbon bond that gives
an intermediate alkoxide. The alkoxide can be protonated by dilute

HClI to give alcohol.

The type of carbonyl compound chosen, determines the class of
alcohol produced e.g. formaldehyde gives primary alcohols.
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il. Reduction-Using HCN:
The carbon in hydrocyanic acid also acts as carbon nucleophile
and undergoes nucleophillic addition to aldehydes and ketones in
the presence of base 1o yield cyanohydrins, compounds with a
hydroxyl and a cyano group attached to the same carbon. The |
reaction is carried out in basic medium. *

0 .
il \ /OH |
"H~-C-H+HCN ——
H~ \CN
Formaidshyde cyanohydrin |

i
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Acstophenone Acebphenme cayamlydﬁn . |

4. Reduction -Using Nitrogen Nucleophlles:
Ammonia, amines and some other related compounds have an
unshared electron pair on nitrogen atom and therefore act as
nucleophiles toward the carbonyl carbon atom.

a. Roactioh with Ammonia: Aldehydes react with ammonia to form

solid aldehyde ammonia.



.
'__.'-I-_':-'ﬂ
—H;0

Elimination product

Ketones do not form addition product when treated with ammonia,
rather it gives condénsation groducts.

b. Reaction I’S 'rl am onia {'i:ﬂ&,ﬁh“,} Some importanl ammonia

denvatlves are alkyl amines, hydroxyl amines (NH,OH), hydrazine
(NH,NH, }, phenyl hydrazine etc. (C;H,NHNH, )

lh leaction with alkyl Ar “‘II.‘E Primary amines react with
aldehyde and ketones to torm an unstable addition product
which loses water to form a product with é carbon nitrogen
double bond, called imines.
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. Reaction with Hydrazine NHNH,: | Aldehydes and ketones
reacts with hydrazine to form hydrazone.

| NNH,

1l i
.‘ CH;~- C—H +NHNH, —— CH-C~-H +H,0
Ethanat Hydrazine Ethanal hydrazone

5. Reduction —Using Oxygen Nucleophiles:

Alcohols are oxygen nucleophiles as alcohols are weak acids having
O-Hbond. The oxygen of the alkoxy group attacks the carbonyl carbon of
aidehydes and ketones, resulting in additnon to the C=0Obond. Since

alcohols are weak nucleophiles, an acid catalyst (H,S0, }is required.

R‘é%* RQH —'-"-.'2"\"'“0'/QR _*'i_.:a.\C/OR _ROH ~. - OR
= g T e
2 W 70 ZNOH S-HP ~ NOR

Hemiacetal Acetal

The addition process is reversibie and the product obtained is called
hemiacetal, which contains both alcohol and ether functional groups on the
same carbon. In the presence of axcess alcohol, hemiacetal reacts further to
form acetal, which has two ether functional groups (a gem-—ether) at the
same carbon.

| 196.; Oxidation Reactions of Carbonyl compounds |
Both aidehydes and ketones undergo oxidation in the presence of

oxidizing agents, however, aldehydes are more easily oxidized than
ketones.
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a. Oxidation of Mehﬁm: ' Oxidation of an aldehyde, in the presence
of strong oxidizing é.gants like acidified KMnOQ, or acidified sodium /
potassium dichromate, or Ag20 gives an acid with the same number
of carbon atoms. Actually, in the oxidation of aldehyde, the hydrogen
atom attached to the carbonyl group in aidehydes is oxidized to OH
group.

RCHO + [0]XM™C4_, rRecooH

Aldehyde Carboxylic acid

Since aldehydes can be oxidized by much milder oxidizing agents such
as Tollen’s reagent, Fehling's solution and Benedict's solution. These
three reactants can be used fo distinguish aldehydes from ketones as
ketones are not oxidized by these reagents.

. Oxication by Tollen's Reagent: | If an aldehyde is treated with
Tollen's reagent, the silver ion present in Tollen's reagent is
reduced to metallic silver which is deposited on the wall of test
tube to form a silver mirror. Therefore, it is also known as silver
mirror test.

0
" " -+ X
R-C—H +2 Ag(NH,),0H—— R—C—ONH, +2 Ag+H,0+3NH,

(Ammonical sitver nitrate)  Ammonium  Silver
Carboxylate  mirror
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il. Oxidation by Fehling’s Solution: If aldehyde is treated with
Fehling's solution, the deep blue colour of cupric ion is reduced to
red precipltates of cuprous oxide. Ketones do not given this reaction.

0
[l | -+
~C—H-+2Cu,(0H), +NaOH—>R—C—ONa +Cu,0 L+3H,0

(Red ppt)

R~

This test is widely used for the estimation of glucose in blood and

urine.

b. Oxidatlons of Ketones: In aldehydes, oxidation invelve hydrogen
that is attached to carbonyl carbon but in case of ketones no such
hydrogen exists. Ketones having o- hydrogen can be oxidized in
the presence of strong oxidizing agents such as
K,Cr,0, /H,50,,KMnO, /H,50, or concentrated HNO, etc which involves

breaking of C—C bond.

CH, :
c:Ha:c=c> +[0] % CH,GOOH +CO, + HO

In case of unsymmetrical’ ketones, the carbonyl group remain with
smaller alkyl group as oxidation takes place at this site.
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Formaidehyde is a common precursor o more complex compounds and
materiais. In approximate order of decreasing consumption, products
generated from formaldehyde include urea formaldehyde resin, melamine
resin, phenol formaldehyde resin, polyoxymethylene plastics, 1,4-butanediol,
and methylene diphenyl diisocyanate. The textile industry uses
jormaldehyde-based resins asfinishersto make fabrics crease-
resistant, Formaldehyde-based materiais are key to the manufacture of
automobiles, and used to make components for the transmission, electrical
system, engine block, doar panels, axles and brake shoes.

When treated with phenol, urea, or melamine, formaldehyde produces,
respectively, hard thermoset phenol formaldehyde resin, urea formaidehyde
resin. and melamine resin. These polymers are common permanent
adhesives usad in plywood and carpeting. It is used as the wet-strength resin
added to sanitary paper products such as facial tissue, table napkins, and roll
towels. They are also foamed to make insulation, orcastinto moulded
products. Production of formaidehyde resins accounts for more than half of
formaldehyde consumption.

Formaldehyde is aiso a precursor to polyfunctional alcohols such
as pentaerythritol, which is used to make paints and explosives. Other
formaidehyde derivatives include methylene diphenyl diisocyanate, an
important component in polyurethane paints and foams, and hexamine,
which is used in phenol-formaldehyde resins as well as the explosive RDX.
Since 2006, formaldehyde (methylene glycol) is alsa used in hair smoothing
treatments in order fo straighten wavy/curly hair and make hair less prone to
frizz under high humid weather.



Key Points:

Aldehydes and ketones are two different classes of organic
compounds containing carbonyl functional group.

Oxidation of primary alcohols gives aldehydes and that of secondary
aicohol gives ketones.

The C=0 bond in aldehydes and ketones is highly polar and hence
they are very reactive compounds.

Both aldehydes and ketonss undergo nucieophillic addition reactions.
Generally, ketones are somewhat less reactive than aldghydes

towards nucteaphiles.

Aldehydes and ketones undergo condensation reactions with
ammonia and its derivatives to form compaunds containing ~C =N -
linkage.,

Aldehydes are oxidized 1o alcohols in the presence of oxidizing agents
like KCr0.in H,S0,, KMnO, in H.S0; Howevere, ketones usually rasist

oxidation.

Aldehydes form silver mirror with Tollen's reagent and gives red
precipitates with Fehling's solution on heating. Whereas ketones do
not undergo these reactions.

|
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Exercise

Q.1 Choose the correct answer.
I. The carbon of the carbonyl group is

a. Sp’ —hybridized b. trigonal planar

¢. Pyramidal in geometry d. tetrahedral in geometry
{i. The reduction of >C = O to >CH, is carried out with

a. Catalytic reduction b. Zn-Hg and cone. HCI

c. Wolff Kishner reduction d. LiAlH,
iil. A compound C,H,O yields a compound CH,O on oxidation. The

compound CH,,0ls.

a. An aldehyde : b. An alcohol
c. A kefone d. An acid
v. Formaldehyde gives an additive product with methyl magnesium iodide
which on hydrolysis gives,
a. n—Propyl alcohol b. Iso propyl alcohol
c. Methyi alcohol d. Ethyl alcohol

v. Which of the following compounds can react with ammonical silver
nitrate solution to form silver mirror?
a. Acetone b. Ethanol
c. Ether d. Ethanal

vl. Which of the following compounds precipitates Cu,0 from Fehling's
reagent but does not react with sodium metal?
a. C,H,OH b. C,H,CHO
c. CH,CH(OH)CH, d. CH,COCH,
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vil. When propanal is heated with Fehling’s solution there is.
a. A colour change from green to orange.
b. A colour change from blue to red.
¢. A negative test with Tollen’s reagent
d. No colour change.

Q.2 Explain briefly. .
i. Aldehyde contains the carbonyl group. ketones, carboxylic acids and

esters also contain carbonyl group. What distinguishes these later
compounds from an aldehyde?

jii. The mechanism of nucleophilic addition to a carbonyt compound.

lil. Aldehydes and ketones undergo nucleophilic addition while alkenes
undergo electrophilic addition.

iv. Aldehydes are oxidized easily than ketones.

v. Ketones are somewhat less reactive than aldehydes towards
nucleophile.

vi. Which test can be used for the identification of aldehydes from ketones
in labaratory?

Q.3 Write the structural formulae and give iIUPAC names for all aldehyde and
ketone isomers of the molecular formula CsHio0.

Q.4 Explain the structure and reactivity of carbonyl compounds.

Q.5 Name each of the following compounds accordin% to IUPAC system.

[
(1) CHy— ?H —CHO (3) CHy— CH2— C —CHz— CHs
CH,

0 0
(2) CH;— CH; — tI:H — g— H (4 CHy— !1, — (CH)—CH,
CHa



Q.6 Write structural formula for each of the following.

i. 2-0Octanone ii. Di-n-propyt ketone
iii. 4—Methyl pentanal iv. 2,2 -Dibromohexanal
v. 3-Ethylpentanal vi. Hexane-2 4-dione
Q.7 Give a reaction to prepare each of the following.
i. Cyanohydrin ii. Oxime jii. Imine
iv. Hydrazone v. Acetal
Q.8 Using Grignard reagent and the appropriate aidehyde or ketone how each
of the following can be prepared?
i. 1- Butanol ii. Ethyl alcohol
iii. 2~ Butanol iv. 2—Methyl -2 - butanol

v. 3 -Methyi -3 —pentanol
Q.9 (a) Write any three methods for preparation of acstaldehyde.
(b) How does ethanal react with the following reagents?
i. Ethyl magnecium iodide ii. Zinc - mercury amaigam and HCI

jii. Lithium Aluminium hydride iv. Acidified K,Cr,O,

¥ ) ~ Q. 10 (a) How aromatic ketones are prepared by Friedel-craft acylation?

(b} Starting from acetone, how will you prepare each of the following.
i. Propane ii. 2~Propanol i, Acetone cyanohydrin
iv. Acetone hydrazone v, Hemiketal  vi. Acetic acid
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Learning Outcomes:

After Studying this unit Students will be abie to:

= Describe Nomenciature, physical properties and structure of
carboxylic acids.

» Discuss proparation of carboxylic acids by carbonation of
Grignard's reagent, hydrolysis of nitriles, oxidation of primary
alcohois, oxidation of aldehydes and oxidation of alkyl benzene.

» Discuss reactivity of carboxylic acids.

» Describe the chemistry of carboxylic acids by conversion to
carboxylic acid i.e. acylhalides, acid'anhydrides, esters, amides and
reaction involving inter conversion of these.

o Describe reactions of carboxylic acid derivates.

¢ Describe isomerism In carboxylic acids.

e |dentify carboxylic acid in the laboratory.
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Carboxylic acids are organic acids containing the carboxyl group
O
H

—C—-OH or -COOH) as a functional group. The carboxy! group [tself

N :
consists of a carbony! group (/c_o) and a hydroxyl group (-OH)i.e. carb

from carbonyl and oxyl from hydroxyl. Acids containing one such
functional group are known as mono carboxylic acids, while those
containing two carboxyl groups are called dicarboxylic acids. Carboxylic
aclds may be aliphatic or aromatic depénding upon whether carboxyl

|
group (_(I;_OH; is attached to an alkyl group or an aryl group.
The general formula of an aliphatic carboxylic acid is RCOOH whereas
that of aromatic carboxylic acid is ArCOOH.

Aliphatic carboxylic acids are also commonly called fatty acids because
esters of several of their higher members are fats,

Carboxylic acids have many derivatives in which the —-OH of an acid Is
replaced by other functional groups. This results in other classes of
organic compounds. There derivatives alongwith their functional groups
and general formulas are mentioned in the table 20.1 below;




Following two types of naming is employed in case of carboxylic acids.

Many of the acids have common names. These names usually come
from some Latin or Greek words that indicate the original source of the

acid. Following table 20.2 lists some common aliphatic carboxylic acids,
with their common names.




In case of branched acids, the common name of the acid is used.
Substituents are located with Greek letters o,p,yetc. as given below.

Aliphatic monocarboxylic acids are named as alkanolc acids. These
are obtained by replacing the ending ‘e’ of the corresponding alkane with

the suftix “oic acid”. e.g.
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In case of branched acids, the cham is numbered startlng from the

il
carboxyl carbon atom i.e. (lc_oH) and substituents are located in the

usual way e.g.

Carboxylic acids contamml two carboxyl groups are called dlcarboxyllc
acids or dioic acids (IUPAC). '

wj} ic :I sichs:




The lower members of the aliphatic acids C, —-C,,are liquids with

distinctive penstrating odours. Acetic acid (ethancic acid), which
constitutes about 4 to 5 % of vinegar, has a characteristic smell which is
recognizable in vinegar. Butyric acid (Butanoic acid) is the substance that
can ba smelled in rancid butter. Higher members of acid homologous
series are wax-like solids. Anhydrous ethanoic acid (acetic acid) freezes at
17°Cto form a solid which look like ica. It is, therefore, known as glacial
acetic acid, (glacial means ice —like). |

Carboxylic acids are more polar than alcohols. They form hydregen bonds
with themselves or with their own molecules. That is why they have high
melting and boiling points.

Hydrogen bonding also explains the water solubility of lower —molecular
weight carboxylic acids which form hydrogen bond with water molecule.
Solubility of these acids in water decrease as their relative molecular mass

el e Y.

The Structural features of the carboxyl group are most apparent in
formic acid. It is planar, with one of its carbon—oxygen bonds shorter than
the other, and with bond angles at carbon close to 120°-

incraases.




N —
The bond lengths between C = O is 120 pm and C — O is 134 pm.
Similarly, the bond angles of H-C =0 is 124°, H-C=0is 111°and
O-C=0is 125°.

This suggest sp® .hybridization at carbon, and a carbon oxygen double

bond similar to that of aldehydes and ketones.

Additionally, sp® hybridization of hydroxyl c;xygen allows one of its
unshared electron pair to be delocalized by orbital overlap with the
nsystem of the carbonyl carbon i.e.

Lone —pair donation from hydroxyl oxygen makes the carbonyl group
less electrophillic than that of aldehyde and ketones.

YACidity:

Carboxylic acids are the most acidic class of organic compounds.
They are much stronger acids than water, alcohols and phenols but
weaker than mineral acids.
Carboxylic acids dissociate in water, yielding carboxylate anion and a
hydronium' ion. The withdrawal of electrons away from the carboxyl
hydrogen atom weakens the O—Hbond. As a result the carboxyl group




can lose a proton in aqueous medium. Mono carboxylic acids are thus
monobasic acids. The following equilibsium is established.

Carboxylic acids are much more acidic than aicohols and phenols as
evident from their Ka values. . "




The ionization of ethanol yields an alkoxide (ethoxide) ion in which the
negative charge is localized on oxygen. However, the carboxylate ion is
stabilized by the delocalization of negative charge on two 'oxygen atoms.
The acidities of the carboxylic acids vary considerably with the nature of
the substituents present in the molecule. Any electron withdrawing
substituent {e.g. Cl, NO; etc.) will tend to stabilize the carboxylate ion by
dispersing its negative charge and thus increase the acidity of acid.
Whereas an electron donating substituent (e.g alkyl group) will tend to
destabilize the carboxylate ion and thus decrease the acidity of the acid.

 20.4 increasing order of

= I o R 5 . ] =
and ionization constants of some:

Following methods of preparations are used for carboxylic acids.




Carboxylic acids can be prepared by the action of Grignard reagent
(RMgX) with carbondioxide. This reaction is known as carbonation or
carboxylation of Grignard reagent.

Grignard reagent reacts with carbon dioxide to give initially an
intermediate magnesium salt of carboxylic acid which on hydrolysis in the

prasence of mineral acid (H¢ ¢ ) gives a carboxylic acid.

The acid obtained by the carboxylation of Grignard reagent has one more
carbon atom than alkyl or.aryl halide from which Grignard reagent is
prepared, so the reaction provides a way to extend the length of a carbon
chain.

Compounds having a cyanide (—CEN}_o,'roup are called alkyl nitriles

or alkyl cyanides. The carbon —nitrogen triple bond of alkyl nitriles can be
hydrolyzed to a carboxylic acid in aqueous acid medium.
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Primary alcohols {R-CH, —OH) can be oxidized to carboxylic acids

by oxidizing agents like acidified potassium permangnate or potassium
dichromate etc. r

Primary alcohol on oxidation, gives aldehyde which on further oxidation
converts to carboxylic acid.

H.S0O,




As mentioned earier oxidation of aldehyde in the presence of
oxidizing agents like acidified KMnO,,K,Cr,0, or Ag,0 gives carboxylic

acid with the same number of carbon atoms.

¥
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Aromatic carboxylic acids can be prepared by the oxidation of
aliphatic side chain (alkyl group) present on the benzene ring, with
oxidizing agent like KMnO,, K:Cr:O;. Any side chain is converted to

carboxyl group.

CYH |

ffffff
..........




The reaction illustrates the striking stability of aromatic rings towards .
oxidizing agents, it is methyl group, not the aromatic ring that is oxidized. ;

The carboxylic group is so named bacause it contains a carboxyl
group and a hydroxyl group. The two groups influence each other to such
an extent that the reactivity of carboxylic acids shows little resemblance to
those of carbonyl compounds (aldehydes and ketones) on one hand and
alcohols on the other hand.

Although the carboxylic group contain the carbonyi group (—C —)carboxylic
acids do not exhibit the characteristic reactions of aldehyde and ketones.
For example, they do not undergo addition or condensation reactions. This
is because the carbon atom of the carboxyl group is Jess positive than in
the aldehyde or ketone. The carboxylic group is given below.

|2 AR "
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S =c =0 —H

The polar {=C=0) group atiracts the electrons away from the -O—H
bond, and make it easier for the hydrogen atom to ionize than in the case
in the O-H bond in alcohols. Hence carboxylic acids show different
chemical reactivity than alcohols. Similarly, the flow of the electrons from
the ~O —Hgroup towards, the carbonyl carbon reduces the partial positive
charge on the carbonyl carbon of carboxylic group. As a result it is not
attacked by nucleophiles as compared to aldehyde or ketones.




[N ReactionslofiCarboxyliciAcids:

Following are some of the reactions of carboxylic acids that invoive
the conversion of the carboxylic acids to their derivatives as well as
synthesis of some other compounds.

Acyl halides or acid halides are the derivatives of carboxylic acids
that are obtained by replacing the —-OHof carboxylic acid by halogen
atoms (X =F,CLBr,]).

Acyl halides are the most reactive of carboxylic acid derivatives. Acyl
‘chloride are more common and less expensive than bromides and iddicles.
They are usually prepared by the reaction of acids with thionyl chloride
(SOCI,) or phosphorous pentachloride (PCl,) . '




Acid anhydrides are derived from acids By remeving water from two
carboxylic acid molecules.

As the name Iindicates, thése are anhydrous carboxylic acids. The name
of anhydride is obtained by naming the acid from which it is derived and
replacing the word acid with anhydnde The most important and
commerclally available anhydride Is aoet;c anhydride or ethanoic
anhydride. It is prepared by heating acetic acid at high temperature in the

presence of dehydrating agent, phosphorous pentoxide (P,0, }-




Esters are a class of organic compounds that are derived from acids

by replacing the —OH group by an alkoxy (-OR) group. While naming ester
the R part of the ~OR group is named first, followed by the name of the

acid, whereby “Ic acid” is replaced by “ate.”

When a carboxylic acld and an alcohol are heated in the presence of an
acid catalyst (usually H,SO, or HC! ) , an equillbrium is established with

the formation of ester and water.

The process is called Fischer ssterification after the name of Emil Fischer.
Ethyl acetate is an important aester which can be prepared by this method
by the reaction of acetic acid with ethanol. '

Esters can aiso be prepared by the reaction of an alcohol with acid halide
or acid anhydride.




Amides are the least reactive of the darivatives of carboxylic acid
derivatives. These are obtained by replacing —-OHof the acid with

~NH, group.

They are named by replacing “ic acid” or "Oic acid” of corresponding acid

by word “amide”.

Amides can be prepared by the reaction of ammeonia with carboxylic acid
to form first ammonium salts which on heating produce acid amides.




Amides can also be prepared by the reaction of ammonia with ester or
acetyl chlorides.

A summary of the reactions of different derivatives of carboxylic
acids with certain nucleophiles, have been listed in table 20.5.




The different acids derivatives are listed at the left of the chart in
order of decreasing reactivities towards nucleophiles. The 6ommon
nucleophiles are listed across the top. In case of hydrolysis corresponding
acid is obtained, we either start with an acyl halides, acid anhydride, ester,
amide or nitrite. Similarly alcoholysis gives an ester and ammonolysis
gives an amide. All of the reactions in table 20.5 take place-via attack of
the nucleophile on the carbonyl carbon of the acid derivative.

| R-C-OH+HCr¢
PR e S ek




Carboxylic acids can be reduced to the corresponding alcohols using
fithium aluminum hydride in dry ethoxy ethane.

The removal of carbon dioxide from a carboxylic acid is known as

decarboxylation. Decarboxylation of carboxylic acid takes place when its

sodium salt is heated with soda lime (dry mixture of caustic soda,
NaOHand quick lime CaQ) to form alkanes.
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Ascorbic acid occur naturally in fruit, used as preservatives. it
inhibits fungal growth but allow bacterial activity, hence it is
usseful for cheese. Benzoic acid and sodium benzoate have
inhibitory effect on the growth of yeast, a major cause of food
spoilage. You may have noticed the sharp sour taste of the
lemonade. This tartness is a result of carboxylic acid. This is an
organic acid found in variety of fruits including grapes, lemon,
oranges (citric acid). This acid gives tangy taste. Acetic acud
present in vinegar is responsible for giving its sour taste. Malic
acid found in unripe fruit gives these fruit a sour or tart taste.

Acyl halides react with benzene in the presence of Lewis acid
AIC¢, to form aromatic ketones. The reaction invoives the introduction of

acyl group (Fl—ﬂ-—) to the ring and is known as Friedel-Crafts acylation
reaction.
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20.7.52 |Reactions of Acid Anhydrides:

Acid Anhydrides are more reactive than esters, but less reactive than
acid halides, toward nucleophiles.

I 8 Hydro!ys_-i_s:_'f On hydrolysis, anhydrides form corresponding

P e -

Earboxylic acids.

D) Q -3 &-
6C

B , 1l
’ CH—C —-0 —C —CH, + H -+ OH ——»2 CH, —C—OH

| (Acetic Bnljrdride)v ' (Acetic acid)
ok

-
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20.7.5.3 lﬁeactlﬁns of Esters:
Following are some of the important reactions of esters.

I. Hydrolysls: (Saponification of Esters)

Esters are com.m"c;niy hydrolyzed with bases. The reaction is called
saponification (from the latin sapon, means soap) because this type of

reaction is used to make soaps from fats. This reaction is given as;

0 Q

H & B Hem g =t
| CH,~C-0CH,+ NaOH —i_lz.#)-'m!3 —-C—-ONa+C,H.OH
|
k-EmyI,aceiaie bage Sodiurn acetate  ethyl alchol




Ester can be reduced to primary alcohols in the presence of reducing
agent (fithium aluminum hydride) in ether which is used as solvent.

L OH ;_—J:_gg_‘i‘l‘;’_}
hyl.alcohol  Mathyl alcohol

FLUTICA I..i.u.'.l_

Esters react with two equivalents of Grignard reagent to give tertiary
alcohols. This involves two steps. In first step esler reacts with a
molecule of Grignard reagent to form intermediate product, ketone. In
second step, ketone reacts with another molecules of Grignard reagent
to form tertiary alcohol. The reaction mechanism is given below.
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Amides are the least reactive of the common carboxylic acid derivatives.
Like other acid derivatives, amides reacts with nucleophiles like water.

il. F on: | Amides can be reduced to primary amines in prese;noe
of lithium aluminium hydride.




Alkyl nitriles or simply nitriles (R-CN)are also considered as

derivatives of carboxylic acid because they can be obtained from
carboxylic acids, though they do not contain acyl group. The foliowing
are some of the important reactions of nitriles.

I mm On boiling with a diluite minerals acid or diitde alkali,
nitriles are hydrolysed forming carboxylic acid.

CH, ~C=N+2H,0 + HCl—— CH,COOH +NFL CI

CH, ~C =N+H,0 +NaOH— CH,COONa+NH,

1l. Reduction: |When treated with a reducing agent such as sodium
and ethanol or lithium aluminium hydride (lithium tetra hydridoaluminate
(111} in ethoxyethane, nitriles are reduced to primary amines.

mlm 41 ’jﬁwm Nitrites on reaction with Grignard




¢ Carboxylic acids are organic acids having carboxyi group

(R—C-OH}) as the functional group (“carb” from carbonyl and “oxyl”
from hydroxyl).
Acyl halides, acid anhydrides, esters, amides etc. are the
derivatives of acids obtained by replacing the OH of carboxyl group

(~COOH)by other functional groups.

. Some members of carboxylic acids have penetrating smells. They
are water soluble and their solubility decreases with the increase in
molecular mass. _
carboxylic acids, due to strong hydrogen bonds, have high boiling

points than corresponding alcohols.
The carbon atom of the carboxyl group is sp? hybridized.

Carboxylic acids are the strongest organic acids, stronger than
phenol, alcohols and water.

Substituents in a carboxylic acid molecu!es strongly influence the
strength of the acid.due to the inductive effect of the substituent.
Carboxylic acids can be prepared from Grignard reagent, by
oxidation of alcohols and aidehydes and by hydrolysis of nitriles.
Although the carboxyiic group contains the carbonyl group, yet
carboxylic acid do not exhibit some of the characteristic reactions of
aldehydes and ketones.

Carboxylic acids, on reaction with different species, can be converted
to their derivatives.

Among the derivatives of carboxylic acids, acyl halides are the most
reactive. .

All of the acid derivatives can be converted back into the
cofresponding carboxylic acids on hydrolysis.




Exercise

Q.1 Multiple Choice question. Choose the correct answer from the

given choices.

Which of the following represents the formula of an aromatic
carboxylic acids?
a. HCOOH b. C;H,OH

¢. C,H,COOH d. C,H,CH,0OH

Which of the following acids is found in rancid butter?
a. C,H,0, b. C,H,0O,
c. C,H,0, d. C,H,0O,

The compound with highest boiling point is.
a. Acetic acid b. Water
c. Ethyl aleohol d. Ether

In which of the following compounds, the central atom does not show

sp” hybridization?
a. Methanal b. Methanol
¢. Methanoic acid d. Acelone

Which is the strongest acid?
a. Ethanol b. Acetic acid
c. chloroacstic acid d. Flouroacetic acid




Acetic acid can be prepared by the hydrolysis of;
a. Methyl cyanide b. Methylmagnecium chioride
c. Ethanal d. Ethanol

Esterification is the reaction between.
a. An acid and ester b. An acid and alcohol
c. An acid halide and ester d. An ester and Sodium hydroxide

Acyl chioride can be prepared by the reaction of a carboxylic acid
a. Phosphorous pentoxide b. Soda lime
¢. Hydrochloric acid d. Thionyl chloride .

The hydrolysis of an ester in presence of alkali (NaOH)is known as;

a. Saponification b. Decarboxylation
¢. Esterification d. Transesterfication .

Al the acid derivatives can be converted back inte the
corresponding acid by one common reaction.
a. Ammonolysis b. Alcoholysis
c. Reduction d. Hydrolysis

Q.2 Explain Briefly. :
i. Acetic acid is sometimes known as glacial acetic acid.
fi. Carboxylic acids have high boiling points than corresponding

alcohols.




Why carboxytic aclds are stronger acids than phenol, alcohols and
water but weaker than mineral acids?

Methanoic acid is stronger acid than ethanoic acid.

Chloroacetic acid is stronger acid than acstic acid.

Carboxylic acids can be obtained.readily by the oxidation of primary

alcohols.

Carboxylic acids do not undergo addition reactions as compared to
aldehydes.

Acid halide are most reactive of all acid derivatives towards
nucleophiles.

Q.3 Write Structural formula for each of the following.
i. 3—methylpentanoic acid ii. 2,2—dichlorobutanoic acid

fli. 2,2 —dimethyt -3 —butenoic acid  iv. Ethan,1, 2-dioic acid
v. Buta,1, 4-dioic acid vi. Acetamide

vii. Methanamide viii. Ethanoic anhydride
ix. Methyl Methanoate x. Ethylnitrile |

Q.4 Write IUPAC names of the following.
i. HCOOH ii. CH,COOH
il. GH,CH(CI)COOH iv. HOOG CH,COOH
v. CH, = CHCOOH vi. CH,CF,COOH
vil. HC = C CH,COH viii, (CH, ), CCOOH
xi. CH, - (CH,), ~COOH x. HCONH,
xi. HCOCI xii. HCOOCH,
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Q.5 Explain the acidity of carboxylic acids. How their acid strength is
affected by substitution?

Q.6 How will you prepare propanoic acid by using.
a. an alkyl nitrile b. a Grignard reagent
c. an alcoho! d. an aldehyde

Q.7 (a) Is there any method used for the preparation of formic acid? If yes
explain with exampie.
(b) How benzoic acid can be praepared from toiuene {methyl
benzene)?

0.8 Write an equation for.
a. Hydrolysis of acetyl chloride
b. Reaction of benzoyi chloride with methanot.
c. Esterification of But,1-ol with acstic anhydride.

- d. Ammolysis of butanoyl chloride.

e. Fischer esterfication of pentanoic acid with ethanol.
f. Reaction of formic acid with ammonia.
g. Hydrolysis of ethanoic propanoic anhydride.
h. Reduction of ethyl cyanide.

Q. 3 Complete the following reactions. _
i. CH,CH,CH,COOH+PCl,—— ; L
o ii. CH,CH,COOH+S0Cl,—— I




iii. CH, CH, CONH, +LIAIH, ——»
iv. 2CH, CH, COOH +F,0, ——
v. CH,CO OCOCH, +NH, ——»

vi. CH, CH, COOCH, +NaOH et

vit. CH, CH, COONa + NaOH—=2—,
vili. CH, CH, COOC,H, +Li Al H, ——>
ix. CH, CH, MgBr+CH, CH, CN— >

Q. 10 Starting from acetic acid, how will you prepare each of the
following.

i. Ethanoyl chioride ii. Ethanoic anhydride iti. Ethanamide

iv. Ethyl ethanoate v. Ethanol
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' Learning Outcomes:

After Studying this unit Studénis will be able to:

» Explain the basis of classification and structure —function relationship
of carbohydrates.
Explain the role of various carbohydrates in various diseases.
identify the nutritional importance and their role as energy storage.
Explain the basis of ciassification and structure functional refationship
of proteins.

» Describe the role of various proteins in maintaining body functions and
their nutritional importance.

e Describe the role of energy as biocatalyst and relate this role to
various functions such as digestion of food.

. Idenﬁix factors that affect energy activity such as effect of temperature
and P".

s Explain the role of inhibitors of energy catalysed reactions.

o Describe the basis of classification and structure function relationship
of liptds.
Identify the nutritional and biologicat importance of iipids.
Identify the structural components of DNA and RNA.
Recognize the structural differences between DNA potymer (double
strand) and RNA (single strand).

: « Relate DNA sequence to its function as storage of genetic information.
s Relate ANA sequence (transcript) to its role in transfer of information

to protein (transiation).
» Identify the source of minerals such as iron, calcium, phosphorous
and zinc.

| « Describe the role of iron, calcium, phosphorus and Zinc in nutrition.



Carbohydrates form an importent class of naturally occuring organic
eompounds, They are widely distributed in plants and animais. Plants are
the major sources of carbohydrates which comprise upto 80% of their dry
weight. In contrast animals containg very small amount of carbohydrates
e.g about 1%. Carbohydrates include glucose (grape sugar), fructose
(honey), starch (potatoes), cellulose (wood) and glycogen (liver) ete.
Plants uge these carbohydrates both as energy sources and as supporting
raterials while animals, use them for production of energy.

Carbohydrates are the organic compounds of carbon, hydrogen and
oxygen. Most of them can be representsd by a general formula

C, (H,0), ,theretore, they wers for the first time defined as the hydrates of

carbon. For exampie glucose, (C,H,,0,) can be written as G, (H,0),. But,
however, thers are some compounds which are carbohydrates but they do
hot conform to this general formula for example 2-deoxyribose having
mofecular formula CgH,,0, cannot be represented by C,(H,O) formula.
On the other hand, there are also some compounds which foliow this
G,(H,0) formula but they are not carbohydrates, for example
formaldehyde, GH,0 and acstic acid G,H,0,

On the basis of the above facts, the name carbohydrates is not a

correst name t© be used for this class of compounds. But this name stil
persists because it is firmly rooted in the chemical nomenciature. Now

carbohydrates are precisely defined as, the poly, hydroxy aldehydes or
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poly hydroxyketones or the molecules which yield these compounds on
hydrolysis.

2131 | Classification of Carbohydrates:

On the basis of the number of simple sugar units present per
molecules carbohydrates are divided into three major classes. These are,
'1. Monosaccharides

They are also called simple sugars. They contain only one sugar

unit per molecule. They cannot be broken down into more simpler

carbohydrates on hydrolysis. For example, glucose, fructose etc,

C CHZOH

-clz-—OH OH/\\| / NH

I
I H OH

Glucose Gtlucose
(open chain form) ] {cyslic form})

O
CHz0H H

By - 0 CH2CH

Fructose




The monosaccharides are again subdivided on the basis of the type
of functional group and the number of carbon atoms in the molecule.
On the basis of type of functional group monosaccharides may be

classified as aldoses or ketoses,
Similarly on the basis of number of carbon atom in a molecule
" monosaccharides may be trioses, tetroses, pentoses, hexoses.

These are those carbohydrates which contain 2-—10units of
monosaccharides or simple sugars per molecule. They are

hydrolysable carbohydrates. They are broken down into two to ten
simpler carbohydrates or monosaccharides upon acid hydrolysis.
Those oligosaccharides which contain two monosaccharide units
per molecule are called disaccharides while those containing
three and four units of monosaccharides per molecule are called
trisaccharides and tetrasaccharides respectively. Upon hydrolysis
they may yield similar or different types of monosaccharides. For
example maltose yields the same kind of two glucose units upon

hydrolysis.

While sucrose yields two different types of monosaccharides e.g
glucose and fructose upon hydrolysis.
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These are ehief souress of enaray and, WHerefgrs spare proleins and ligids
IeF ether lmpertant funetions ef ihe bedy. Seme impgriant yses are given
below.
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Glkease js ysed as an immedialg souree of energy fer the sick and
spartsmen- It is alsg used in the manufacture of jams and sweets.
Frugigse je yssd gs 2 sweelgning agent In confectionary. in
medicina] syryp- It is alsg ysed le pravent sandiness in jce =creams-
It Is aisp used as 2 substitule of table sugar (sucrose) for the cbess
and the diabelic.

Sucrese Is ysed 2s 2 feed apd as jngradient of jams. jeflies,
eonfectionarigs. syrup- i is alsg used jn the preparation of sucress
oetaaceiale whieh is used for the denaturetion of alcohols and fer
making anhydreus aghgsiyes.

Staren Is principally used 2s 2 food. Jt s Jndustrialy used fer
manufaciuring of ethangl by the prosess of fermentation: It is 3lse
wsed as a sfiffening agent in tsxtile industry and in laundry- It is alss
used as an adhesiyg 19 faslen paper-

Celuiose has ng foad yalye- But it is ysed 35 3 roughags m gur dist
fer promating the peristaktic metion of digestive tract. It is used for the
manufagtyring of paper.

Shgosacoharides a1e Involved in the formation of sscieied proteins
#ike antibodies and blood ciotting factors.

THE fesspiors on e celil membrangs g the complsxes of
coohydraies wih ceraln proteins. The recspiors are nvalved in
molecisar t2rgeiing or molecylar recogniion-




@ The derivatives of carbohydrates such as protein glycol heparin
sulfate are involved in the attachment or adhesion of neurons to one
another during the development of nervous system.
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There are different types of carbohydrates which are involved in the
healith and diseases of living beings. Some of these are given as under.

Sucrose is a disaccharide. Since long, it has been used as a
sweetening agent and as a source of production of energy for living
organism. But the use of sucrose is the primary cause of tooth decay"
and obesity.

The material known as “plaque™ which sticks to our teeth is caused

by sucrose.

It is adisaccaride of glucose and galactose. If is also called milk
sugar. It is found in the milk of mammals. Human milk contains about
6.8% while cow milk contains about 4.8% lactose. Lactose is
digested by a special type of enzyme called lactase. Lactase is
secreted by the intestinal mucasal celis of young mammals. Although
milk is a universal food of new born mammals and one of the maosl
complete human diet, stil many human adults are unable to digest
milk due to deficiency of lactase-intolerance. The general symptoms
of this disease are abdominal bloating, cramps, flatulence, colic
pains, abnormal intestinal flow, nausea and watery diarrhea. These
symptoms appear within 30 — 90 minutes after the ingestion of milk.
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To avoid this disease fermented milk products such as yogurt and
cheese should be consumed.

Glucose:

it is the most common and popuiar monosaccharide that can be
found in sweet fruits such as grapes, which contains 20 — 30 %
glucose. It is mainiy used by the living bodies for the production of
instant energy. It is an important constituent of human blood. Human
blood contains normally about 65 -110 mg of glucose per 100ml. The
surplus glucose is converted to a polymer called glycogen in human
beings. Glycogen. is then stored in the liver and muscies. When the
body is deficient in glucose, this liver and muscle glycogen is
hydrolyzed to glucosé according to the body requirement.

Human pancreas secretes a hormons known as insulin. Insulin helps
in the metabolism of glucose to produce energy. In some cases
defects in the metabolism of glucose occurs due ta which biood
glucose level rises from the normnal level. This condition resulis in a
disease known as diabetes mellitus.

The consequences of unchecked diabetes include hardening of
blood vessels, dysfunction of kidneys, diabetic coma which cause

pre—mature death.

2114 Nutritional importance:

Carbohydrates are the most important energy containing nutrients for

living organisms. Plant contains stored carbohydrates called starch while
animals contain stored carbohydrates called giycogen. Both these




polymers are broken down into the simplest mon?saochaﬂde unite known
as glucose before oxidation. Then glucose Is oxidized In the body cells by
different lypes of pathways (series of enzymatic chemical reactions) to
release energy. This energy is stored in the form of molacules known ae

ATP (adenosine triphosphata) in the different parts of the hody.

One mole of glucose on complete oxidation by crlic acid cycle preduces
36 ATPs.

This term protein is derived from the Greek word proteios which
means “first, prime or chief*, as proteins are of primary importance as food
source, in the tremendous variety of physiological functions thay nerferm
and as the object of genetically controlied synthesis, ‘

Proteins are complex nitrogenous organic compounds which grs
associated with the concept of lifg itself.

By chemical composition, proteing are composesl of carbon, hydrogen,
oxygen and nitrogen. Percentage of pitrogen Is fairly constant and is about
16% of the molecular weight of protein. Some proteins also coniain
smaller quantities of sulphur and phosphorous, Proteins are lgrgs
molecules which are made up of smaller basic units called amino agcids.
There are about 20 different amins acids which combine in different
sequence and different numbers and produce an infinite number of




different types of pr@telns lt is anglegeus to the infinite AUmMber of wards
which ean be formed with 28 letters of the alphabets.

The besterium, Esahorighia eoli (E. soll) has been estimaled e
centain abeut 8000 different types ef pretains. Bimilary human erganism
containg abeut 100,000 different kinds ef preieins. But nene of the
protalng @f E. goli is identigal with gny of Ihe human preteins.

F*'"‘"*“"}’“ ﬁ-..-a-,-d ) ok

1. Proteins are the mest abundant intra —eellular magremelesules and
form mere than E0% of the dry weight ef mest erganisms. They are
present in ell animals, plants, basisria and viruges.

2. They ast as eatalysts in the shape of enzymes, as barriers sueh as skin
and bastenal esll wells, as protestive agenis in immune sysiem, as
storage depets such as ferritin fer iren storage in bleed, as transpering
agent such as hemeglebin as exygen cerrier.

8. They elso act as recepters of chemisally transmitted informations as
well as the earrier ef these infermatien in the form of substanees
known as pheremones.

4. They ere also invelved in the aelivities of mussles (contragtion and
relexetion) end in the transmissien ef heredity characters from parents
{e 9ﬁ§pnng§ (in the form @f genes)




These are proteins which upon hydrolysis produce only simple amino
acids or their derivatives. Examples of such proteins are Albumins,
Globulins, Legumin, Collagen, Globins, Histones etc.

The proteins of this group are bonded or conjugated to some non
proteins known as prosthetic groups. These are sub divided into the

rhactl tbdvetpe YN,
These are proteins which are produced by the partial digestion of
simple or conjugated proteins. They ni:ay be proteins, meta proteins,

coagulated proteins etc.

Proteins being very complicated macromolecules have very
complicated structures. In short all the proteins appear in any of the
following four different structures.




This structure shows the sequence and number of different

amino acid units along the peptide chain. it also shows
whether the polypeptide chain is open, branched or cyclic.

Rt Rt |

X —ray diffraction experiments have shown that long running
polypeptide chains tend to twist or coill upon themselves in a
special pattern. Secondary structure shows this folding of the
polypeptide chain to form a specific coiled structure held
together by strong hydrogen bondings. Secondary structure
may assume any of the following two different forms.

The long pelypeptide chain of protein molecule undergo
folding and re —folding on itself and gives rise to a definite
three dimensional structure, This is called tertiary structure,
This structure makes proteins rounded and some what rigid

molecule.

This structure shows the association of many individual
protein sub —units, each with its own tertiary structure into a
complex functional unit. Examples are myoglobin (oxygen
storage) and hemoglobin (oxygen carrier)







They are camplex heavy melssular welght srganie eempaunds.
They are amphsiare IR nalure becauss they eeRtaIA beth aeidie
(-O0OH) and basie (amine) graup. They reast with Bath aeids
and bases.

They &an Be precipiated from thelr salutien by saits of Reawy
Fgtals; Heat and alsehais eis.

WHhen pratains are strangly heated 6F trealed with e8rain reagents
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carrier of oxygen, ceruloplasmin acts as carrier of copper in the
blood plasma.

®

Some proteins contribute to the structure of tissues for example
collagen, elastin and keratin.

=

Proteins play vital role jn the immune system of living organisms.

The catalysis of biological reactions is probably the most important
task assigned to proteins by nature. Hundreds of biological reactions are
taking place every minute in different parts of the body for obtaining
energy, synthesizing the protoplasmic and other structural materials,
digestion, absorption and assimilation of food etc. These and so many
other biological reactions are catalyzed by certain special proteins known
as enzymes, The word enzyme was originated from a Greek word “en”
means “in” and ‘zyme' means yeast after studying the catalytic properties
of yeast. Enzyme is defined as a complex organic substance which alter
the rate of an already initiated biochemical reaction without itself being
altered permanently during the reaction. Enzymes are soluble, colicidal
organic catalysts produced by living cells but they are capable of acting
independently of the celts. Most of the enzymes are protein in nalure and
show all the properties of proteins. They are precipitated by the usual
protein pracipitating agents. They are non-hydrolysable with nitrogen
contents of about 16%. They are de—activated by extreme alteration of pH
and high temperature..Enzymes are highly specific in nature. It means that




an enzyme can work only for one type of reaction in the body. The
substance upon which an enzyme acts is called substrata of that enzyme.

f21 3, 1 ' Flole of Enzymesa&_ _
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Enzymes are playing the decisive role in the digestion of food in
different parts of the alimentary canal. For example

T e s o e

rn the Dlgastion of Carbahydrates. ates:

After ingestion focod meets saliva. Saliva contains an enzyme calied
salivary amylase or ptyalin. This enzyme catalyses the hydrolysis of
carbohydrates of food without affecting proteins and fats, When food
reaches stomach, the action of amylase comes to an and dus to acidic pH
of the stomach. When food enters the intestine, pancreatic juice Is
secreted. This juice contains pancreatic amylase which has the same

action as salivary amylase.

Fln the Digestion of Fats. G

e

There is only slight hydrolysls of fats in the mouth and stomach
because no lipase is secreted by the salivary glands while the lipase of the
gastric juice is weak and can hydrolyse only small fat molecules. The
fingual lipase enzyme secreted by the Ebner's glands on the dorsum of
the tongue remains active in stomach and can hydrolyse or digest about
30% of the ingested fats. When the fats reaches the intestine, they face
pancreatic juice. This juice contains a pancrbatic lipase enzyme also
known as steapsin. This enzyme completely hydrolyses or digests all the
fats of the food.




Digaatieﬁ ef proteins stame in atamaeh besause the saliva centaina
A6 eREyFes foF the digestion ef pratelns. Tha first efZyme that aete upen
the prateiRs of the ingested feed is ealled pepein present in ihe gastrie
juige of stomaeh. It is best aetive in acidie pH of 1-2range. Pepein has
alsa miik eurdling properiss.

When feetl entars the intestine, panereatic julse aemes intd astion.
Thig Juige eBRtaiRg RUMBoUS efizymes fof the digesiion of preteins. Thesa
BRzyMes ineluda trypsin, ehemetrypein. These enZymes are sesreted In
their inaetive ferme whieh are then astivated by the aetien of other
enzymes. For example the iRastive ifypeinegen ia aetivated to active
trypein By the aetien of enzyme enterokinase. Beeldes, ifypsin and
ehymetrypsin panereatie juice eentains, earboxypeptidase's A and B,
glasiase, esliagenase ele.

Terﬂpefaturé I& &fi ifﬁﬁéﬁéﬁt ia@t@r in bath for enzymatie and non
=BAZymatia reactions. Thia 18 beeause iemperature inareases or
decreases the kinetie enargy and hanee ehanges the numbar of
friltful ealiisiond afmbng reaetante. Enzymatic reactions, being
ehemieal A Rature, their raies inerdase with inerease in
temiperature. But i helde poed upto a cerain lncrease in
tefnperalure. Abeve ihat tefiperaturd the enzymes undergo
denaturatien and thewr aetivity deersases rapldly. On the other
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hand, decreasing the temperaturs, the activity of the enzyme is
decreased. An enzymes becomes less active when cooled and is
altogether inactive at 0°C. But their activity can be restored by
raising the temperature. Enzymes can be stored for years in
frozen state.

The temperature at which the enzymes shows maximum aclivity is
called optimum temperature. For most animal enzymes optimum

temperature is around body temperature (37°C). Some plants

enzymes such as urease has optimum temperature even upto
60°C. If we plot a graph between temperature and rate or velocity
of enzymatic reaction we get the curve as shown in the figure21.1

“:- mia inceasas as / £

razcion rae tis
\ - picly afir
\ about 40°C

Some enzymes work best in an alkaline pH while others in acidic
pH. For every enzyme there is a pH at which it shows the
maximum activity, This pH is called optimum pH. For example the
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optimum pH of pepsin is around 2.0 while that of trypsin varies
from 8-9 pH. There is a pH below which the enzyme loses its
activity and at which the enzymes shows the lowest abtivity. This
pH is called minimum pH. Most of the enzymes have optimum
activities in the range between 5-9. Pepsin is an exception to
this rule Plotting a graph between enzyme activity and pH, we get
a curve as shown in the figure 21.2.

inhibited by the addition of certain substances to the reaction is called
enzyme inhibition. The different substances which inhibit the activity of
enzymes are known as inhibitors. There are two major types of
enzyme inhibition. These are




~Irreversible lnhibi{ibr}
.....s._._d..__.._..._

When the inhibitor reacts and fmm a strong covalent bond with
the active site of the enzyme this is termed as irreversible
inhibition. The inhibitors forms a stable and irreversible complex
with the enzyme. This complex con not be broken down by
physical or chemical methods to restore the active form of the

enzyme.

T ——r gty = A

| ii ----- Rever:slb!e Inhibition:
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Itis a temporary type of |nhabmon That is the activity of the
inhibited enzyme can be restored or the inactive form of the
enzyme can be converted back to the same active form. [t is sub
~divided into.

chﬂ_nw_pm:ltl'\fe lnhibltlon i ?

The inhibitor competes wnh the substrate for the active sites of the
enzyme. The inhibitor binds to the same active sites of enzymes
to which the actual substrate binds. By this way the active sites of
the enzyme are blocked and then the substrate is unable to bind

to the enzyme.

The inhlbltor has no structural resemblance with the substrate of
the enzyme and, therefore, does not compete with the substrate
for the active sites of the enzyme. The inhibitor does not bind fo
the active sites of enzyme. Inhibitor binds to the site other than
active sites of the enzyme therefore, two complexes the enzyme —
substrate and enzyme — substrate inhibitor are formed.




Enzymes are used in the chemical industry and other industrial
applications when extremely specific catalysts are required.

Useful enzymes are obtained from both plants and ammals, but most
enzymes are obtained from microorganisms, mainly bacteria and fungi.
Some applications of enzymes are given below: '

1 ,;'ﬁlali (,‘:'“Zv Most of the enzymes for washing come from
bacteria adapted to live in hot springs. The enzymes are used for presoak

condition and direct liquid applications helping removal of protein and
starch stains. They are also able to digest fat, oil and grease stains.

3| During the manufacture of fruit juice the cells

of the fruits have to be broken down befare the bulk of the juice can be
extracted. Plant cell wall is built of cellulose fibres which are held together
by pectins and hemicelluloses and they are extremely tough. When very
high temperatures are used to break down the fruit tissues, this will aifect
colour and flavor of the juice. Instead, the fruit is crushed and enzymes
preparation containing cellulases and hemicellulases are added. These
cause cell wall break up and most of the liquid is released.



ifiEthanol:| In Biofuel industry, cellulase are used to break
down cellulose into sugar and which can then be fermented to produce
ethanol.

High' Fructose syrup: | A sweetner that is widely used in food and
drinks is high fructose corn syrup. It is manufactured from starch in corn
fruit. The grains are milled to a starch slury and the enzyme amylase is
added. Finally the syrup is passed down a column of immobilized
glucose isomerase enzymes. This converts much of glucose to
fructose. It is added to sweeten foods without adding too many calories.

p-PaperIndustry:iiin paper industry enzymes like amylases, xylanases,
cellulases and ligninase are used. Amylases degrade starch to lower
viscosity, aiding sizing and coating of paper. Xylanases produce bleach
required for decolourizing. Cellulases smoothen fibers, enhance water
drainage and promote ink removal. Lipases raduce pitch and lignin
degrading enzymes remove lignin to soften paper.

Lipids are a heterogeneous class of organic compounds. They are
greasy substances which are relatively insoluble in water but
considerably soluble in organic solvents like ether, chioruform
benzene etc. Lipids perform several important functions in living
organisms. They act as storehouses of metabolic energy, as structural
components of membranes, as protective and insulating coatings.
Nervous tissues are rich in lipids where they play important role in
their functions. The sub—cutaneous fat serves the role of insuiating




against atmospheric heat and cold. Lipids may be saponifiable or
unsaponifiable. Fats, oils and and waxes are saponifiable while

terpenes and steroids are unsaponifiable lipids.

These are the esters of fatty acids with different types of alcohols.

1. Simple Lipids: |

These include.

' i FatsandOils:

s

These are the esters of fatty acids with trihydroxy alcohol called giycerol

Fat is solid at room temperature while oil is liguid at room temperature.
Oils contain more unsaturation in the alkyl part of fatty acids than fats.
These are also known as triglycerides or triacylglycerols.

Fatty acids are long chain carboxylic acids containing usually
12 -18 carbon atoms per molecuie.
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These are the esters of fatty acids with high molecular weight
monohydroxy alcohols. For example bee wax camauba wax etc.

L.._ “Compoum:l L!plds

B

These are the esters of fatty acids with alcohols containing some
additional groups, as well. They are further divided into

Rl Phoaphollpids
These lipids contains fatty acids, phosphoaric acid, nitrogenous
bases alongwith some other constituents. They are also called

phosphatide.

i, Giycoliplds:
They contain fatty acid, alcohol and carbohydrate. They are
present in large amount in the white matter of the brain and in the

myelin sheaths of nerves.

i, Sulpholipids:
They contains a sulphate group in addition to fatty acids, alcohol
and carbohydrate.

These are the complexes of lipids with proteins.

E3 Derived Lipids: 1

e S ——imm

These are the substances derived by the hydrolysis of simple and
compound lipids. These include fatty acids, alcohols, mono and

triglycerides, steroids, terpenes and arytenoids.
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21.4.2 | Structure:

Lipid has no common structure. The most common occurring lipids
are triglycerides and phospholipids.
Triglycerides are fats and oils. Triglycerides have a glycerol backbone
bonded to three fatty acids. If the three fatty acids are similar, the fats are
called simple triglycerides. if the faity acids are not similar, they are known
as mixed triglycerides.
The second most common lipids are phospholipids. They are found in cell
membrane of animals and piants. Phospholipids contain glycerol and fatty
acids as well as phosphoric acid and low molecular weight alcohol.
Some lipids and their structures are given in table.

Name of Lipid/ _
Fatty acids Structure
CH3(CHz) wCOOH
Stearic acid (saturated)
Oleic acid CHa(CHalr (CH,)y COOH
Al
H H
Wax (From bee 9
hive) o CH3{CHg)2s CHy — O — C (CH,)14CH3
Phospholipids —
"lc—n‘l'u""!"‘n"'“'!
=~ iy, = GaaC —(EHy —C -0 —E—H
g | 1)l P
oyt e Si oY "Q%"E
. . lﬂlﬂm oot )
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Cholesterol -

2:3 %-CHZ—CHZ—CHICH 3

HO
Cholasterol

B-cafoiene . S ' =
ca,j:j i
CH, II
CH; beta-Carotee I

21.43  Physical Properties:
1. Natural fats are colourless, odourless and tasteless.
2. They are insoluble in water but are highly soluble in organic solvents
like benzene, ether, chloroform etc.
3. They have well defined meiting and solidifying points.
4. They have low specific gravity and, therefore, float on the surface of
water.
2144 Chemical Properties:
1. Hydrolysis:
Natural fats undergo hydrolysis with acids or bases in boiling
water where they produce free acids and glycerol.

]
H,C—0—C-R CHg — OH

S ] 0 J
H—C—0-C-R + 3HO—*CH—OH+3HO—C—R |
' |
e C— CER CHp— OH |
Triacylglycerol Giycerol fatty acid. rj
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In case of base hydrolysis, the base reacts with free fatty acids and

produce salts of fatty acids ca!lscl soaps This process IS called saponlﬁcatlon

_..I|..- .

Unsaturated fatty acids of fats and oils undergo addition reactions at the

points of unsaturation and produce addition products. The oils which
contain more unsaturation are hydrogenated to produce solid ghee. By
this way inedible and cheap oils such as cotton seed oils are
hydrogenated and converted to solid and edible ghee.

Fats rich in unsaturatad fatly acids (linseed oil) undergo spontaneous
oxidation at their double bonds and produce aldehydes, ketones and
resins. They form a thin fransparent coating on the surface to which the oil
is applied. These are known as drying oils. They are used in manufacture

of paints and vamnishes.

Natural and specially animal fats contains lipase enzyme. By the action of
atmaspheric 'oxygen, in the presence of lipase the fats undergo partial
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hydrolysis and oxidation at their double bonds. This produces volatile
carboxylic acids of sour taste and unpleasant smell. This process is called
rancidification and the fat is said to have become rancid.

Somegyﬂ '

|
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Insuhn is peptide hormone secreted by the Beta cell of
pancreatic islets of Langer Hans and maintain biood glucose
level by facilitating cellular glucose uptake, reguiating
carbohydrate and lipid and protein metabolism.

Diabetes miletus is the group of metabolic disease in which
patient has high blood sugar level which is either due to the fact
that pancreas does not produce enough insuiin or cells do not
respond to the insulin that is produced.

Cholesterol is the precursor of five major classes of steroid
hormones, progesterone, glucocorticoids, mineralocorticoids,
androgen and estrogen. These hormones are powerful signal
molecules. While aminoacid derivalives hormones are
commonly derived from tyrosine and tryptophan. The tyrosine
derived hormones are thyroid harmones and catecholamines.



Lipid perform a number of different functions in living organisms.

Some of these are listed below.

Lipids provide food which is highly rich in calorific value. One gram
of lipid on complete oxidation produces 9.3 kcal of heat which is
about double the amount produced by carbohydrates and proteins.
Lipids are insoluble in water and, therefore, they can be stored
easily in the body as food reserves. These food reserve are then
used by the organisms during hibernation periods.

Lipids in association with different proteins form the important
constituents of cell membranes.

Fats have high insulating capacity. Great quantities of fats are
deposited in the sub—cutaneous layers in aquatic mammals such as
whale and in animals of cold climates. These fat deposits protect
these animals from severe cald and severe temperature changes.
Some lipids specially phospholipids play & key role in the
absorpticn and transportation of fatty acids in the body.

Sex harmones, adrenocorticoids, cholic acids are synthesized from
a steroidal lipid known as cholesterol.

Lipids serve as carrier of fat soluble vitamins such as vitamin AD
and E in the body.

Squealing, a steroid present in the blood of shark has antibiotic and
antifungal properties. This explains why sharks rarely contract
infections and almost never get cancer.




Friedrich Miescher a 25 year old Swiss chemist isolated nuclei from
pus cells (white blood corpuscles). He found that these nuclei contained
an unknown phosphate rich substance. He named it as nuclein. This
newly discovered substance was quite different in properties from
carbohydrates, proteins and fats. He also isolated a nucleoprotein
complex from ripe salmon sperm. It was a basic protein which he named
protamine. it was Altmann who for the first time used the word nucleic acid
in 1889. He also discovered the existence of two different types of nucleic
acids namely DNA (deoxyribonucleic acid) and RNA (ribonucleic acid).
Later on Watson and Crick determined the structure of nucleic acids. They
are present in every living organism as well as in viruses. They have been
found to be the essential substance of the genes and the apparatus by
which the genes act or express themselves. They contain in their structure
the blueprints for the normal growth and development of each and every
organism. They are responsible for storing, expressing and transmitting
genetic information and mutation in living organisms.

There are two different types of nucieic acids. DNA (deoxy ribonucleic
acid) it is present in nuclei and in some viruses. It is the main

constituent of chromosome.
RNA (Ribonucleic acid) is present in the cytoplasm and in some

viruses.




Both DNA and RNA are formed by the polymerization of large number
of units known as nucleotides. That is why DNA and RNA are
polynucleotides. A nuclectide is composed of a nitrogenous base, a sugar
and a phosphate group. DNA differs from RNA in the type of nitrogenous
base and type of sugar unit. The nitrogenous bases are of two types,
purine and pyrimidine.

There are two different types of purine derivatives. These are adenine and
guanine.

Similarly there are three derivatives of pyrimidine. These are cytosine,
thymine and uracil.
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DNA and RNA contain two different types of sugars. One is deoxyribose -
and the other is ribose sugar. Both these sugars are in cyclic furanose
form.

1. The DNA differs from RNA in the sense that the pyrimidine bases of

DNA are cytosine and thymine while the pyrimidine bases of RNA are



cytosine and uracil. On the other hand both DNA and RNA contain the
same types of purine bases called adenine and guanine.

2. The pentose sugar of DNA is deoxyribose while that of RNA is ribose.

3. DNA is a double stranded molecule while RNA is a single stranded
molecule.

4. DNA is mainly present in the nucleus while RNA is mainly present in the
cytoplasm of the cells.

Both DNA and RNA are polynucleotide molecules. A nucleotide is
formed by the combination of nitrogenous base (Purine and Pyrimidine),
ribose sugar { ribose or deoxyribose) and phosphoric acid.

Nucleotide = Nitrogenous Base + Sugar + Phosphoric acid. DNA is made
up of repeating units of deoxyribonucleotides while RNA is a polyribo

nucleotide.
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A DNA moleculs is formed By two antiparallel long polyde
oxyribonucleotide chains which wind on each other. These two chains are
held together throughout the whole length by hydrogen bondings present
between their nitrogenous bases. Aderine joins only to thymine while
guanine joins only to cylosine. Adenine joins to thymine by two while
cytosine joins to guanine by three hydrogen bondings. This pairing of
bases is highly specific. Adenine will never join cytosine and guanine
never joins thymine.

hLlI"I[j" ltl H.—)l “VT{J

Monomer means one unit, while polymer means many units. In
chemistry many compounds are polymers (large molecules) that consist of
repeating, identical or very similar units.

Nuclelc acid polymers are DNA or ANA. The polymer DNA has
deoxyribonucleotides as its monomer. While polymer RNA has ribo
nucleotides as its monomers.
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2155 | Storage of Genetic Information:

.

DNA is the ultimate carrier of heredity in all the living organisms.
Genes are composed of DNA which contains genetic information in the
form of codes. A sequence of three nitrogenous bases on DNA strands
contains cods for one amino acid synthesis of proteins which occurs
inside ribosomes present in the cytoplasm of living cells. The information
stored In the form of genes which are parts of DNA are transmitted to the
cytoplasm in the form of messenger RANA or mRNA. There is another type
of RNA called transfer RNA (tRNA) which reads out the message of
mRANA and brings the amino acids to the ribosome in the form of amino
acid tRNA complexes. Then these amino acids are incorporated into the
peptide chain. This process is called translation.




Mmerals essentlai for Ilfe are the inorganic nutrients, which are needed
by living organism for vital functions but cannot be synthesized by them.
They are naturally present in the soil and river water. Plants take up
minerals from the soil. Animals get their minerals jn drinking water and
eating plants as food. We receive these inorganic substances from both
animals' and plants in our diet. Sometimes drinking water also supplies
appreciable quantity of minerals. Purified salts such as NaCl is used in
food preparation is also good source of minerals for human consumption.

Minerals are mainly classified as macronutrients (calcium, phosphorus,
magnesium and sulphur etc) and micronutrients (Iron, zinc, lodine, cupper

and manganese).

:_;ﬂ; Zinc'

Iron is one of the important slement because it is a part of
haemoglobin, a carrier of oxygen in the body. An adult man requires
about 10mg of iron in his daily diet. Growing children, pregnant and
lactating women require greater concentrations of iron due to the loss
of blood in menstruation. Liver, heart, kidney, egg yolk, green leafy
vegetables, wheat etc. are good sources of iron. The daily synthesis of
haemoglobin, requires about 27mg of iron but the same quantity of
iron Is liberated by the break down of body hasmogiobin, therefore,
only a small quantity of iron is required unless there is a loss of blood
from the body. About 300 mg of iron is transferred to the fetus in




uterus. Since there is no loss by excretion, therefore, this amount is
sufficient during uterine life.

Deficiency of iron produces a disease called anemia. This may be due
to the lack of iron in the diet or a deficiency in its absorption by the
body.

Excess of iron is stored in the form of hemosiderin in the skin,
pancreas, liver, spleen etc. This leads to bronzed appearance of the
skin, diabstes melltus and cinhosis. This state s called
hemochromatosis or hemosiderosis.

Calcium is present in largest quantity on account of being the main

constituent of bones and testh. About 1 kg of calcium is present in man,
99% of which is present in bones in the form of hydroxyapatite crystals.
Small amount of calcium is alse present in blood. The main sources of
calcium are milk, and milk products, egg yolk, legumes, nuts and green
leafy vegetables.
Calcium is required for the regulation of a large number of cellular
activities, muscle and nerve functions, hormonal action, blood coagulation
and cell motility. Increase in the concentration of cakium in plasma leads
to a condition known as hyperparathyroidism. Decrease in plasma calcium
level leads to a candition known as hypocalcaemia.

Phosphorous is also the major constituent of bones and teeth, It is
present in all the body cells in association with proteins, lipids and
carbohydrates in the form of phosphoproteins, phospholipids and similar




compounds. It has a unique role in the storage and transformation of
energy in the body.

An adult requires about 800mg per day of phosphorous. It is present in
association with calcium in its sources. Protsins of food also provide good
amount of phosphorous to the body. An increase in the plasma phosphate
level due a decrease in its excretion leads to kidney dysfunction. But a
decrease in the plasma phosphate level due to an increase in its excretion

leads to renal rickets.

Zinc is an important element for the normal growth, reproduction and
longevity of animals. It is a constituent of several types of enzymes such
as alkaline phosphatase, carbonic anhydrase etc. It also forms a complex
with insulin and helps in its storage and release according to the nead of
the body. It is also required for maintaining the plasma concentration of
vitamin A, ' ‘

The different sources of zinc include, meat, liver, eggs, fish, milk and
cereals. -

Deficiency of zinc results in delayed wound healing and impairment of
acuity of taste.




Biochemistry studies the chemistry of life.

Carbohydrates, proteins, lipids, nuclic acids and enzymes are called
biomolecules.

Carbohydrates are organic compounds of carbon, hydrogen and
oxygen and have general formula Cn(H:0)y.

Carbohydrates are classified into monosaccharide, oligosaccharide and
polysaccharide.

Glucose is known as “aldose” and has a aldehyde structure at carbon
atom number 1.

Fructose is known as ketose and has a “keto” structure at carbon atom
number 2.

Monosaccharides and oligosaccharides are collectively called sugars.
Polysaccharides are known as non-sugars.

When two monosaccharide units combine together by an oxygen atom
with elimination of one water molecule, this type of linkage is called
glycosidic linkage or glycoside bond.

Amino acids are monomers of proteins and they are connected by
peptide bond. .

The structure of protein is considered at four levels: primary, secondary
tertiary and quaternary.

Lipids are heterogenous class of organic compounds. They may be
saponifiable or non-saponifiable.

The oile which contain more unsaturation are hydrogenated to produce
solid ghese.
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DNA and RNA are two examples of nucleic acids and their function is
replication and protein synthesis.

Enzymes are protein in nature which can speed up a chemical reaction.

Enzyme inhibition may be irreversible or reversible.
Minerals essential for life are the inorganic nutrients that are needed by
living organism for vital function, but cannot be synthesized by them.

Th most abundant carbohydrate in nature is

(a) Cellulose (b) Glycogen

{c) Pectin {d) Chitin

The glycosidic linkage is present between the molecules of
(a) Glucose (b) Glycine

(c) Fatty acid (d) Non of these
Steriods belong to family of

(a) Carbohydrates (b) Protein

(¢} Lipid (d) Enzymes

Protein present in haemoglobin has the structure known as

: ()] Secondary
(d) Quatemnary




The optimum p" of pepsin is

(a) 1.5 - (b) 1

) 25 . (d . 20

Which carbohydrate does not conform the general formula Cri{H20)n,
(a) Deoxyribose (b) Ribose

{¢) Glucose (d) Fructose

Ethanol is produced from starch by the process of

{a) Hydrolysis (b} Hydregenation

{c) Decomposition (d) Fermentation
Human are unable to digest _

' (a) Glucose (b) Celiulose

(¢) starch “(d) . Denatured protein
Which one of the following term is not related to term aldohexose?
(a) Aldehyde ' (b) Ketone

() Six {d) Sugar

Synthasis of DNA is also known as

{a) Transcription (b) replication

(¢} Translation {d) Transmutation
RNA is primarily seen in

{a) Nucleus (b) Cytoplasm

() Cellwall (d  Gall membrane
Specificity of enzymes depend upon

{a) Active site 1 (b) linear sequence
{¢) Tum over number {d) Non of these




14.

15.

16.

17.

18.

The best source of iro_n is

(a) Organ meat (0) Milk

(¢) Tomato (d) Potato .
In which of following disaccharides both the basic structura! units are
the same?

(a) Maltose (b} Lactose

(¢) Sucrose (d) Allof these

In competitive inhibition, the inhibitor

(@) Competes with enzyme

(b) Irreversibly binds with the enzyme

(c) Binds with substrate

(d) Competes with substrate
In DNA, adenine forms a complementary pair with what other
nitrogen base?

(a) Uracil (b) Cytosine

(c} Thymine (d) Guanine

The primary structure of protein represents

(a) Linear sequence of amino acids joined together by peptide bonds
(b) 3-dimensional structure of protein

(c) Helical structure of protein

(d) Sub units structure of protein.

Liquid forms of triglycerides at room temperature are called

(a) OQils {(b) Fats

(c) Solid {d) None of these




Q I, Short questions

1.
2.

Why vegstable oil is sensitive to rancidity?

Give brief reason why melting point of saturated fatty acid is higher

than unsaturated fatty acid.

Draw the open and cyclic structure of the following compounds
(@) Glucose (b) Fructose (c) Mannose (d) Galactose
Differentiate between

(a) Aldose and ketose

{b) Sugar and non sugar

(c) Competitive and non-competitive inhibition.

(d) DNA and RNA

What is meant by the term “fuel of life”.

What happens when protein is denatured?

What are chemical entities that compose the nuclic acid?

Describe briefly the primary, secondary, Tertiary and quaternary
structure of protein.

What is the importance of protein in our daily life?

Why zinc is important for human being?

State the medical problem that may relate to calcium and
phosphorus.




Q lli. Long question

ks

(a) What are carbohydrate? Describe the properties of each kind
of carbohydrates with example.

(b) Explain the role and nutritional importance of carbohydrates.

(a) Describe various classes of protein along with example.

(b) Enlist the properties of protein.

(a) What are lipids? Describe the classification and role in human
body.

(b) Write down at least three chemical properties of lipids.

(a) Define enzymes. Describe thé role of enzymes in digestion of
fat, carbohydrates and proteip.

(b) What are the factors affecting enzyme activity?

Write notes on

" {a) Nucleic acid

(b) Biological significance of minerals.




Industrial chemistry is concemed with chemical processing of raw
materials to useable and profitable products. Certain of these marketable
products will be consumer goods and enter directly into ecanomic life of
the country. Others will be intermediates chemicals for the manufacture
of consumer's items. Manufacturers of chemicals utilize some twenty
percent of the total chemical ouiput. In as much as the products of one
become raw materials for further fabrication in anothar. Thus, the industry
as a whole is its own best customer.

The chemical industry today is a very diverse sector of manufacturing
industry with in which it plays a central role. It makes thousand of different
chemicals which the general public only usually encounter as end or
consumer products. These products are purchased because they have the
required praperties which make them suitable for particular applications
e.g non stick coating for pans or weed killer. Thus chemicals are
uftimately sold for the effact they produce.

Chemical processing may be defined as the industria pracessing of the
chemical raw materials leading to the products of enhanced industrial
value. Generally this involve the chemical conversion, as in manufacture
of sulphuric Acid from sulphur by oxidation and hydration, buf the
production of fibers from chemicals is also included such as nylon from
hexamsthylene diamine and adipic acid by more complicated chemical
reactions. In all these chemical changes physical operations are initmately
involved such as heat transfer and temperature control which are
necessary to secure good vield required by competitive industry as for
example the oxidation of SO, to SO;.
|Econemy of Pakisan.

Chemical sector plays a fundamental role in economic development of
any nation. The giobalization forms the struciure of the modern worid. It
converts the essential raw materials into more than seventy thousand
variety products for indursty as well as the goods of consumers, that
people depend upon their daily lives.
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Pakistan trades in chemicals with other countries to eam foreign
exchange in the field of chemical industry such as a fetilizers, plastics,
rubber, medicine, dyes and pigments, scaps and detergents.

The increase in imports is from 760 miilion US § in 2002-2003 to 5160
million US $ in 2008-2009. The increment in export was shown from 118
million US $ in 2002-2003 to 411 million US § in 2008-2009.

Chemical industry supply the farmers the fertilizers and pesticides
which are essential for the crop growing and other agriculture products.
Chemical industry also produces fibers and dyes which are used in textile
industry and supply synthetic sweeteners and synthetic flavours which
ars used by food manufacturing companies.

The provision of essential chemicals to the phamaceutical industry and
health care industry is aiso a major role of chemical industry.

Artificia! rubber requirement of Pakistan industry are also met by the
very same chemical industry. :

Chemical industry contributes indirectly to almost every sector of economy.

The following safety consideration in the process of industry must be
kept in view before launching any industrial activity.

» To keep away the factory itself from corroding away, proper material
of construction should be selected by the designing chemical
engineers.

« To avoid harmful impurities in raw materials, to follow the course of
chemical reactions and to secure the requisite yield and purity of
products, careful process control by periodic anylysis is required as
well as modem instrumentation and automatic control.

e To transmit goods in a clean and economical manner from the
manufacturer to the customer, suitable containers must be
provided.

» To affect the safety of workmen and the plant all procedures, must
be carried on in a non-hazardous mannef.

i — =
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¢ To secure the processes from excessive competition and to ensure
an adequate retum for a large sums spent on the research and
plant.

» To guarantee prograss to continue profits and to replace obsclescent
processes and equipments much attention and money must be
spent upon continuing research and development.

* To prevent the contamination of water and air, factories must avoid
discharge of toxic material inta the air and water of their localities.
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A dye is a substanca whrch adds value to products for their cost. In most
of the cases the colour of a product is the reason for its sale. The purpose
of a dye is usually to help the purchaser sell his product to his customer.

A dye must be coloured, but it must also be able to impart colour to
something else on a reasonably permanent base before it can be
considered as a dve.

rChemlcal COmpositlon of a dye

A dye consists of a colour produclng structure called “The chromogen”
(electron acceptor) and a part to reguiate the solubilify and dying
propertias callad the auxochrome (electron donor). Without both parts, the
material is simply a coloured body.

The chromogen is an aromatic body containing a colour giving group,
commonly called the “chromophore”. Chromophores groups cause colour
by aitering absorption bands in the visible spectrum. Some common
chromospheres are given in the table 22.1 Dyes are usually classified on
the basis of chromophore groups.

Table 22.1 Some common chromophore groups.

S. No Chromophore Structure

1  Nitrosogroup —No(or N- OH)
2 ' Nitro group !' —NO, {or NOOH)
3. | Azo group N=N- _!
4. |Ethylenegroup ) =C=Cl=r
|

5.

| Carbonyl group e -g 3]




‘ B. ! Carbon—nitrogen group ‘ E
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|7 | Carbon-sulphur groups | CHy—SH

The auxochrome, the pant of the dye which causes it to adhere to the
material which it colours (usually textiles) are —NH,,—OH,~NR,,-COOH

and ~SO,H of these groups. —NH, and ~NR, cause solubllity in acids while
-OH,~COOH and —SO,H cause solubility in basic solutions.

Classification of Dyes:

Dyes are of many types. They may be classified into the following
classes. The basis of classification being the “use” or “application” of the
dye.

1. Acid dyes:

They are used for dyeing protein fibers such as wool, sikk, nylon; also
leather and paper. They contain one or more sulfuric acid substituents or
other acidic groups. An example of the class is acid yellow 36 (Metanil

yellow).

{2. Basic Dyes: |

These dyes can be used to dye wool or cotton with a mordant but are
usually used for duplicator inks, carbon paper and typewriter ribbons. in
solvents other than water, they form writing and printing inks. Basic dyes
are mostly amino compounds soluble in acids and made insoluble by the
solution being made basic.

Basic dyes were the first dye class made synthefically; “mauve” was a
basic dye. Examples of the basic dyes are basic brown 1 (bismark brown),
basic violet 3 (crystal violet) etc.

3. Az&dyei W

These are brilliant and long —lasting dyes and are used primarily for
printing on cotton. These ‘ice colours” are made right on the fiber by
coupling diazotized materials while in contact with the fibers.

These are used to dye cotton directly i.e. without the addition of a
mordant. They are also used to dye union goods (mixed cotton and wool
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or silk). These are generally azo dyes and their solubility in the dyes bath
is often reduced by adding salt. Direct orange 26 and direct black 22 are

typical direct dyes.

Some fibers such as plastics, cellulose acetate, polyesters, nylon fibers,
are difficult to dye. Disperse dyes are applied as very finely divided
materials which are absorbed on to these fibers with which they then form
a solid solution. The dye dissolves into the fiber at or near the glass
transition temperature of the polymer. Some typical examples of the
disperse dyes are disperse red 4, disperse red 77, disperse orange 25,
disperse blue 27 etc.

These dyes react with the substrate, usually cellulose to form a
covalent link (bond) between the dye and the fiber. Cotton, rayon and
some nylons are dyed by these dyes. Examples of this type include vinyl
sulfone (sulfatoethyl sulfone) :

Some dyes combine with metallic salts to form highly insoluble coloured
materials, called lakes. Lakes are usually used as pigments. if a cloth
made of cotton, wool or other protein fiber is impregnated with an Al, Cr or
Fe salt and then contacted with a lake forming dye, the metallic precipitate
forms in the fiber and the colours become far more resistant to light and
washing. The azo and anthraquinone nuclei, having attached the groups
like ~OH and —COOH, can ac¢t as mordant dyes.

These dyes have been used for a long time. They are large low costing
group of dyes which produce dull shades on cotton. The chromophore is
complex and not well defined. Sulphur dyes are usually colourless when in
the reduced form in a sodium sulfide bath but gain colour on oxidation.

Solvent dyes, sometimes called the spirit —soluble dyes are usually azo,
triaryimethane or anthraguinones. They are used to colour oil, waxes,
varnishes, shoe polishas and gasolines.




Vat-dyes are water insoluble organic pigments that become water —
soluble when mixed with powerlul reducing agents in the dyeing process.
The reducing operation formerly was carried in wooden vats and hence
the name vat —dyes. These have highly complex chemical structures and
mostly are derivalives of anthraguinone or indanthrone. Vat —dyes ars
quite expensive and are most often used on cotton fabrics that are to be
subjected to severe conditions of washing and bleaching, such as men's
shirts. Some vats are supplied as pastes for printing. The best known dyes
of this class is indigo, which is one of the most popular colours in the
world.

m quhc:des.

The use of chemical pesticides has been a major feature of modem
agriculture. Our modern system of agriculture depends not only on our
ability to stimulate plant growth, but also on our ability to control various
insects or more generally, “pests” that would eat or destroy the crops in
the fields or the harvest in the storage sheds.

It is not difficult to kill all the troublesome creatures that we include as

pests. Poisons such as lead arsenate, Pb,(AsO,), have been in use for a

long time. Both lead and arsenic are damaging to a wide variety of living
systems. Another traditional insecticide is nicotine sulphate, which is
obtained from plants but is extremely poisonous to most pests and to man.
Pesticides such as these general poisons are not really salisfactory. We
would prefer a substanco that destroys specific pasts without injuring other
insects, wild life, or man. Secondly a peslicide that breaks down in nature
into harmless products is preferred.

Modemn insecticides were ushered in by DDT in 1943. Its remarkable
effectiveness against mosquitoes, which carry malaria and lice was
immediately demonstrated in the world war |li campaigns in Italy and the
pacific. DDT has the formula.
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and the name “dichiorodipheny trichloroethane”. It is good in specificity in
that it acts directly on insects and not on mammais. But it does not
distinguish between bad insects that destroy our crops and good insects,
like bees, that assist them.

Unfortunately DOT fails to meet the second criterion i.e it, does not
readily break down in nature to give harmiess substances. DDT is a very
stable chemical. lis half life is estimated to be 10 -15 years. It means that
half of any DDT applied in any year still exists, somewhere, 10 or 15 years
later. The persistence of DDT is more troublesome by its tendency to
become concentrated in all forms of animal life. (The process is some
times referred to as biological magnification). As is ciear from its struciure,
DDT can not become involved in hydrogen bonding to water molecules, so
it is water —insoluble. Further more the DDT molecule is non — polar. If a
sample of DDT is shaken up with a two layer oil —and —water system,
almost all the DDT will be found in the ail layer. In nature this distribution
occurs and DDT accumulates in animals and in patticular in their faity
tissues. Thus, although DDT can be used in very small guantities to
control insects, it accumulates in the fatty tissues of each’ successive
member of the food chain. An area may be sprayed with DDT so that the
concentration of the DDT in the waters of the area might be much less
than 1 ppm. But the food chain that proceeds from insects througn fish to
fish—eating birds can concentrate the DDT undil it is at the 100 or 1000
ppm level. Even man is not immune from this DDT accumulation and our
faity tissues now contain something over 10 ppm of DDT more than wouid
be tolerated in the foods we eat.

Generally, it has been found, that almost all chlorinated pesticides
including DDT appear to have a variety of undesirable effects. That is why
pressure from environmentalists has lead to the nearly total ban of the




use of DDT in the U.S and all over the world. However, there are stil

some chlorinated pesticides that are used for more specific targets than

was DDT. They include mirex, chlordane, heptachlor, aldrin and dieldrin.
The controversy over DDT and other chlorinated hydrocarbons spurs

attempts to find pesticides of a different chemical type. One of the
important alternatives is parathion.

i
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This compound breaks down fairly readily to products that appear to
cause no bioiogical damage. It is, however, toxic to man and other
animals as well as to insects. Thus it avoids long term damage but unless
handled carfully it can make for that by short term effects.

in short, the ideal pesticide is clearly not yet available. In fact, chemical
poisons will probably turn out to be only one route to the control of the
pests that compete with us for our craops.

Potrochemicals;

Formerly, it was easy to define petrochemicals. They were relatively
pure identifiable substances derived from petroleum and used in the
chemical trade. But now the original products, separated from petroleum
are converted into more desirable sometimes complex, products. That is
the oll companies are entering the chemical business; chemical
companies are entering the oil business, and the whole group is
expanding greatly. So most organic chemical substances could be
considered petrochemicals.

The first organic chemical made on large scale from a petroleum base
was isopropy! alcohol (isopropanol), first produced by Standard Oil of New
Jersey in 1920. By 1925 Standard Oil of New Jersey was making 75 tons
per year of isopropy! alcohol and the emergence of petrochemical industry
was established in many minds. Currently well over 80 per cent of all
organic chemicals are petrochemicals.

While separating individual species from petroleum, the processes
involve well refined engineering methods. The most important of these
methods are (i} distillation and (ii) selective adsorption. Once separated,



however, most materials then undergo chemical conversion into more
desirable products. Alkylations involving propenes and butenes yield C to
C, hydrocarbons for high octane gasoline. Propylene becomes poly
propylene, polyamines or propylene glycol and cthers. Likewise 98 percent
of the raw material, for aromatic compounds, is obtained from petroleum.

The most basic raw materials (table 22.2) supplied by petroleum
refineries or natural gas companies are LPG, natural gas from cracking

operations, liquid distillate(C, 1o C;), distillate from special cracking

processes and selected or isomerized cyclic fractions for aromatics. Most
of these substance are of high value for fuel use.

Paraffins Olefins, Various Inorganic

And cyclics diolefins, inorggnics and | And organics
Acetylene, organics,
Natural gas aromatics | ' '
Sulfides S, H,§ synthesis Carbon black
Hydrogen H,S gas 1,50,
Methane -
Methanol
Refinery gases e
Acetylene Acetic acid Formaldehyde
Ethane ’ Isobutene Acetic anhydride A-cetates
Propane Ethylene Isoprene Fibers
N —butane Propylene Ethylene —oxide | Bubber
Hexane n —butanes etc Rubber & fiber
Heptanes Butadiene Rubber
He:ne Adipic acid Fibers
naphthg*s Ethyl benzene Styrene
Styrene Rubber




Naphthalene Cumene Phenol, acetone
Benzene Cyclohexadiena | Alkyl benzene Nylons
Toluene Toluene Pheno! Plastics
Xylems Toluene Benzoic acid Phenol
Methyl O - m- p - |Pthalic Plastics
naphthalene’s xylene , toluene |anhydride

naphthalene

The lower members of the paraffine and olefin series have been the
preferred and most economical. sources of organic raw materials for
conversion. So tables are shown concerning the derivations from methane
(Table 22.3) and ethylene (table 22.4)

Ammonia

Fertilizers (80%) plastics and fibers {10 %) explosives
(5%)

Carbon bilack

Tyres (65%) other rubber {25%) colorant and fillers
(10%).

Methanol Polymers (50%), solvents (10%), derivatives
(HCHO,CH,COOH }(40%)

Methyl chloride | Silicones (57%),tetramethyl lead (19%)

(CH,CE)

Methylene Paint remover (30%) aeroscol propellant (20%)

chloride degreaser (10%)

(CH,CE,)

Chloroform Fluorocarbons (90%;)

(CHCE,) '

Carbon Fluorocarbons (95%) degreasing, fumigant etc (5%)

tetrachioride

(cct,)

Acetylene - VCM (37%), 14, - butanediol {25%) v . acetate (14%),
v_fluoride and acetylene black (5%)

Hydrogen MMA (58%), cyanuric chioride (17%), chelating

| Cyanide agents (13%), NaCN (9%,).




Ethyl Benzene

Styrene (99%) , solvent (1%)

Ethyi chloride

TEL (90%), ethyl cellulose of pharmaceuticals {5%)

Ethylene
| dichloride

VCM (84%) solvent {7%)

Ethylene glycol

Antifreez (38%), polyester fibers and films {(49%)

Ethylene oxide

Glycol (60%) Rthoxylates (10%) glycol ethers (10%)

Perchloro
ethylene

Low

Textile cleaning (40%) metal cleaning (21%)

chemical intermediates (6%).

Film. sheet, molding and extrusion plastics.

- e i PR 1T 3 }
Fractional Dist. jation of Pelr

Petroleum in the unrefined from is
called crude oil. It is a naturally occurring
thick viscous brown or greenish black
liquid which is obtained from earth crust.
It consists of mostly hydrocarbons along
with some other elements, mainly
sulphur, nitrogen and oxygen. Crude oil is
first treated to remove sulphur or sulphur
compounds that may be present. The
cleaned hydrocarbon material is then
distilled, and fractions with various boiling
ranges are collected. (figure 22.1). The
principal goal of refinery operations is the
production of gasoline.

| High density Film sheet molding and extrusion plastics i

Styrene Polystyrene {52%) ABS (9%), SBR (7%) polyester
resins (6%) SB latex (6%)

1,1,1 — | Cold cleaning (40% Vapour degreasing (22%)

trichlorgethane

Adhesives (12%), aerosols (10x), electronics (6%)

Fig: 22.1 Fractional distillation

The principal fractions and some of the principal routes in the treatment
of crude il in an oil refinery during fractional distillation are :




Refinerygas: it is a mixture of hydrocarbons containing
methane, ethane, propane, and butane, le, C, 1o C,atoms per
molecule, It is obtained at a temperature below 20°C, and is used
as “fuel” and for making other organic compounds.

Petroleum ether: It is obtained in the oiling range
20°-60°C, contains pentane and hexane (C,-C,)and is used as

solvent. )
Light naphtha: It is obtained in+ the boiling range
60-100°C, contains hexane and heptane (C;-C,)and is used as

solvent.

Gasoline: This is the most important fraction containing
hydrocarbons from C, 16 C,. It is obtained in the boiling range
80°-180°Cand is used as motor fuel,

Kerosine (Paraffin oil): It is obtained in the boiling range
160°~300°C and contains hydrocarbons from C,to C,, It is used
as jet fuel, and for oil -fired domestic heating. It can also be used
for cracking to produce gasoline (motor fuel).

Heavy oll (Diesel oil, fuel, oil, gas oif): This fraction is obtained in
the boiling range 300°to 400°Cand contains hydrocarbon from
Csto Cy. Itis used as industrial fuel and as fuel for diesel engines.
Lubricating oil: It is a mixture of non-volatile liquids which is
obtained at a temperature above 400°C. It contains hydrogcarbons
from C, -C,,. Itis used for lubricating heavy machinery.

The residue (solid mass) is still a mixturg of higher hydrocarbons which is
used for making greases, Vaseline, waxed paper and candles. The final
residue (with more than C,)) is a black coal tar and is called asphalt, pitch

or bitumen. It is used for metalling roads.

m Synthetic polymers (PVC and Nyion:)':

A polymer is a macromolecule (sometimes with a very high molecular

weight) formed as a result of a process known as polymerization wheteby
small organic molecules combine together to form large molecules
(polymers). The small molecules which under go polymerization are called
“the monomers.” Thus a polymer is a large molecule built up from many
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hundreds or thousands of monomer units joined together. The well known
plastic polyethylene or polythene is composed of large molecules formed
by the repeated combination of ethene molecules,

Polymers are classified as either “addition polymers” or “condensation
polymers” depending on their method of formation.

In these polymers, the repeating unit (monomer) keeps on adding to
itself or to the growing polymer so that a long chain polymer is produced.
That is to say addition polymer results from the self —combination of many
monomer units into a substance with a molecular weight which is a
muitiple of the monomer. The empirical formula of the addition polymer is
the same as that of the monomer. For example, when ethylene is heated
under pressure, a transparent solid polymer, poly (ethylene) is obtained.

H H Iil ]i'
\ /
C=C e |—C — C—
H H |n
Ethylene Polyethylene

An endless chain is built up by successive addition of the C,H,units. The
product has an average molecular weight of 2000-20,000, depending on

the temperature and pressure. Acetylene forms an addition product with
HC¢ called vinyl chloride in the presence of Hg C¢,or CuCt.

(H—C =C-H+ HCI—-‘-E—E—E':L»HzC = CH ~ Cl (Vinyl chlorideD

Vinyl chloride molecules combine with themselves to produce molecules
of very high molecular weight, called pely {vinyl chloride) or PVC.

nCH=CHCl ————»| CHz2 - C!:H —‘ (Potyvinyl chloride)
Cl n

Lhie & 1§ MG RGd clilae) O

The largest branch of the vinyl family is polyvinyl chloride (PVC). The
popularity of PVC is due to its excellent physical properties, its ability to be
compounded for a wide range of applications, its ease of processing and




its relatively low cost. The liquid monomer is formed into tiny globules by
vigorous stirring in water containing a suspending agent. A typical recipe
lists 100 parts of water, 100 parts of liquid vinyl chloride, 1 part of a
persulphate catalyst and 1.5 parts of an emulsifier such as sodium [auryl
sulphate. The autoclave operates at approximately 50°C for 72 hours to
give a yield of 90 percent of polymer with a particle size of 0.1 to 1.0 um.

Recovery of these particles may be accompanied by spraying or by
coagulation by acid addition. A PVC compound can be tailer -made to
achieve whatever balance of properties is desired by using plasticizers,
stabilizers, lubricants and fillers.

In the chemistry of carbon there are many reactions where the
combination ot two or more substances is accompanied by the elimination
of small simple molecules such as water (H,0), hydrogen chioride

(HC¢), ammonia (NH,)or methano! (CH,0H). Such reactions are often

called condensation reactions. if the carbon —chain back bone has two
functional groups attached to it, & condensation reaction can occur
involving polymerization. And the polymer produced in such a case is
called condensation polymer. For example, Nylon is a condensation
polymer, produced by the reaction between a diamine and a dibasic
organic carboxylic acid. If the diamine is hexamthyiene diamine (1,6 -
diaminohexane) and the dibasic acid is adipic acid (hexanedioic acid) then
the condensation polymer is nylon (B, 8) (six carbon atom in each
monomer)

' 0 0
[—NH — (CHa)s NH _& (CHz)s — C—NH — (CHy)—NH —J

50 cm® of a 2% (by volume) solution of decanedioyl dichloride (sebacoyl

chloride) in CC¢,is measured into a 100 cm’ tall —form beaker 25 o’ of an
aqueous solution containing 2.2¢ of 1,8 —diamino hexane (hexamethylene
diamine) is added carfully to the beaker so that the aqueous solutions
floats on top of the CC#, solution, without mixing. A thread of the nylon is

drawn from the interface between the two liquids, using a pair of forceps
and wound around thick glass rod. (Figure 22.2)



——— mylon‘mope’

Fig: 22.2

1. PVC or poly vinyl chloride is widely used in imitation leathers,
floor coverings, corrugated roofing material, drainage pipes,
electrical pipes, gramophone records efc.

2. Nylon is well known as synthetic fiber in carpets, fabrics, rope,
stockings and other clothings. Because of its mechanical
strength, nylon is also used in moulded machine parts such as
gears and bearings.
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Lipsticks in their modern form were introduced after world war |.
Lipstick is the cosmetic which is generally formulated to provide both
protection (for the delicate tissues of the lips) and colour (for appearance).
They are made to be neutral in taste, stable under normal fluctuation of
temperature, moisture and air flow and lacking major toxicity and irritancy.

The chemical composition of lipsticks varies greatly. It may include a
mixture of oils, waxes, pigments, antioxidants and preservatives. Usually
perfumes are also added in minute quantity to combat the unpleasant fatty
adour of the oil. -

Lipstick is mainly composed of a mixture of non-volatile oil (e.g.
castor, vegetable, mineral or wool fat, lanolin oil) and solid wax (e.g; bees
wax or carnauba). The addition of oil makes the wax-based product to be
softened and easily applied. To reduce the “stickiness”, usually, esters of
fatty acids (like 2-propyl myristate) is also added.

The most important characteristic of a lipstick is considered to be its
colouration. The colours and dyes of lipsticks include many water-soluble
(also fat soluble) products, such as erythrosine (redish pink synthetic dye),
amaranth (dark red to purple azodyes), brilliant blue eosin or tetrabromo
fluorescein.

The dyes must be water-insoluble, otherwise, the colour would quickly
fade or be removed in a short time by the consumer through the
movement of the saliva-scaked tongue across the lips. Water-soluble dyes
such as green or blue food dyes can be used to provide lipstick
colouration, but they are, usually, first combined with metal oxides such as

aluminum hydroxide [Al (OH):;] to form an insoluble precipitate that is then
suspended in the oil base of the lipstick.

i. Nail Varnish
Nail varnish or Nail Polish is a lacquer applied to human finger nails or
toe nails to decorate or protect the nail plate.
Nail polish started traditionally in clear red, pink and brown colour.
Since that time, many new colours and techniques have been developed,
resulting in nail polish that is found in an extremely diverse variety of




— — -
— ]

colours. Beyond solid colours, nail polish has also developed an array of
other designs and colours. Such as nail polish stamps, crackled, magnetic,
nail polish strips and stickers. Some nail polishes are used to cause nail
growth, make nails stronger, prevent nails from breaking, ¢racking and
shitting and to stop nail biting. Nail polish may be applied as one of several
components in manicure.

Most of nail polishes are made up of nitrocellulose dissolved in a
solvent (e.g; butyl acetate or ethyl acetate) and either left clear or coloured
with various pigments. Basic components included are: film forming
agents, resins and plasticizers, solvents and colouring agents. Adhesive
poiymers (e.g; tosylamide-formaldehyde resin) are added to make sure
that the nitrocellulose adheres to the nail surface. Plasticizers (e.g.
camphor) or chemicals that link between polymer chains, spacing them to
make the film sufficiently flexible after drying. Pigments and sparkling
particles (e.g; mica} add desired colour and reflecting properties.
Thickening agents (e.g; stearalkonium hectorite) are added to maintain the
sparkling particies in suspension within the bottle. Ultraviolet stabilizers
{e.g; benzophenone-I) resist colour changes when the dry film is exposed
to direct sunlight.

Nail polish ingredients often include tofuene, formalin etc. Solvents
such as toluene and xylene and petroleum based products have been
linked to cancer. Formaldehyde (formalin) may cause allergic reactions
and is unsafe for use by asthmatic peopie. It is a carcinogen. However,
the nail polish industries (makers) are under pressure and are now trying
to reduce or eliminate toxic ingredients, including phthalates, toluene and
formaldehyde. _

Water based nail polish is based on acrylic polymer emulsion (e.g;
styrene-acrylate copolymer) and pigments similar to those used in water
colour paints. This is marketed as environmentally conscious products,
since nail poiish is considered a hazardous waste by some regulatory
authorities. When applied, the solvent (water) does not completely
evaporate as in the case of the traditional nail polish; part of water is
absorbed through the fingernail.

il. Nalil Polish Remover
Nail polish is removed with nail polish remover or nail pads which is an
_organic solvent, but may also include oils, scents and colouring. The most
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common type of nail polish remover contains acetone Ctl, - 'L! cH, Lltis
powerful and effeclive but is harsh on skin and nails which can even make
them more brittle. Acetone is a volatile organic compound which can also
be used to remove artificial nails, that are usually made of acrylic. Therse
are many different types of nail polish removers in the market and different
brands may have different chemical compositions. However, the principal
ingredients in most of them are acetone, ethyl acetate or butyi acetate and
alcohol. The “non-acetone nail polish remover’ usually coniains ethyl
acetate which is less aggressive solvent and can therefore, be used to
remove nail polish from artificial nails. These chemicalis used are known ta
dehydrate the skin, cause irritation to eyes and make nails dry and brittle.
They also have a distinct chemical smeil and are highly inflammable. To
counter the dehydration and brittleness effects, many removers also
contain conditioning ingredients like castor oil, ethyl palmitate or lanolin.

i g e it
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With liquid removers, the remover is taken on a cotton bali or tissue and
wiped over the nail to strip away the finger nail polish on it. Depending
upon the type of finger nail polish, the number of applied coats and the
type of remover, one application may suffice for removal or several
application may be necessary.

To understand how nail polish remover works, it is necessary 1o know
that a finger nail polish remover and a finger nail polish both contain
similar organic solvents; the nail polish also contains drying agents,
thickeners, hardening agenls and colouring agenls. The organic solvent in
a nail polish keeps them in a liquid siate, while the soivent present in
remover, dissolve the hardened polish and transforms it back into its
original liquid form. When the nail polish remover is applied to the nail
polish that is to be removed, the solvent molecules of the remover
interrupt, loosen and break the polymer chains of the polish. This
dissolves the hardened polish and transforms it back into its original liquid
form. It can then be wiped off from the nail.

St N et 5 1

Hair dyes ara tho dyes, used for hair colouting. The purpose of this
practice is to change the hair colour to a colour regarded as more
fashionable or desirable and or o restore the original hair colour after it
has been discoloured by hair dressing processes or sun bleaching.
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Hair dyes, also called hair colouring are commonly classified into four
groups.

1.Permanent hair dyes.

2.Semi-permanent hair dyes.

3.Demi-permanent hair dyes.

4, Temporary hair dyes.

These are bricfly discussed here.

P e T e ———
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Permanent hair colouring is usually carried out with oxidation dyes.
The ingredients of these products include an oxidizing agent (usually
hydrogen peroxide), coupling agents or couples (which are meta-
substituted derivatives of aniline} and the primary intermediate (which are
aromatic para-compounds such 1,4-diaminobenzene or 4-aminophenol or
2 5-diaminotoluene). The process is essentially performed under basic
conditions, for which ammonia is usually used.

The combination of H:0O, and the primary intermodiate causes the
nalural hair to be lightened which provides a blank canvas for the dye.
Ammonia opens the hair shaft so that the dye can actually bond with the
hair and ammonia speeds up the reaction of the dye with the hair.

The couplers {meta-substituted derivatives of aniline) are the chemical
compounds that define the colour of the hair dye. Various combinations of
primary intermediates and couplers provide diiferent shades of hair

colours.

These dyes have smaller molecules than temporary and are lherefore,
able to partially penetrato the hair shait. That is why these cofours can
survive washing with typically 4-5 shampoos. Semi-permanent hair dyes
contain no or very low levels of developers, peroxide or ammcnia and are
thus, safer for damaged or fragile hair. Howaver, they may still contain the
toxic compound p-phenylenediamine or olher such ingrodicnts.

The final colour of each strand of hair depends on its original colour
and porosily, so there will be a large variations in shade across the whole
head. This gives a more natural result than that of a solid permanent
golour. Semi-permanent colour ¢an lighten the hair.



These are in fact, permanent hair colours that contain an alkaline agent
other than ammonia (e.Q; ethanolamine, sodium carbonate) and the
concentration of HO, in the developer may be lower than used in a
permanent hair colour. Since the alkaline agents employed in these
colours are less sffective in removing the natural pigment of hair than
ammonia, these products provide no lightening of hair colour during
dyeing. §

As a result, they can not colour hair to a lighter shade than it was before
dyeing and are less damaging to hair then permanent counterpart.

Temporary hair dyes are most oftenly used to colour hairs for special
occasions such as weddings, costume parties etc. They are available in
various forms, such as resins, shampoos, gels, sprays and foams. A
temporary hair colour is typically brighter and more vibrant than semi-
permanent and permanent hair colour. The dye molecules in temporary
hair colour are large and can not penetrate the cuticle layer. The colour
particles remain absorbed (closely adherent) to the hair shaft and are
easily removed with a single shampooing.

2R Wi Sl A IES] VrL';'S it
Adhesives are the materials, usually in liquid or semi-liquid states, that
adhere or bond items together. They come from either natural or synthetic
sources. Although a large number of materials can be bonded by means
of adhesives, they are specially useful for bonding thin materials.
Adhesives cure (harden) by either evaporating a solvent or by chemical
reactions that occur between two or more constituents.

|

With the passage of time and during their development, adhesives have
gained an important position in an increasing number of production
processes. There.is hardly any product in our surroundings that does not
contain at least one adhesive in it. For example the label on a beverage
bottle, protective coating, on automobiles, profiles on window frames,
bonding formica to wooden counters or attaching out soles to uppers in
foot wear.




TYPES OF ADHESIVES

Adhesives are mainly classified into two classes.
1.Non-reactive adhesives.
2.Reactive adhesives.

The basis of classification is their method of adhesion.

NON-REACTIVE ADHESIVES:

These adhesives may be either of natural or synthetic origin. Drying
adhesives, pressure sensitive adhesives, contact adhesives and hot
adhesives are some examples of this class.

Which are a mixture of ingrediets (pically polymers) dissolved in a
solvent. White glue, contact adhesives and rubber cements are the
members of the drying adhesive family.

These are also known as emulsion adhesives and are mitky white
dispersions often based on polyvinyl acetate (PVAc). They are extensively
used in the wood working and packing industries; also used in fabries and
fabric based components and in the engineered products such as
loudspeaker cones.

These adhesives form a bond by the application of light pressure to
adhere the adhesive with the adherent. Once the adhesive and the
adherent are in close proximity, molecular interactions, such as “Van der
Waals forces” become involved in the bond, contributing significantly to its
ultimate strength. Major raw materials for PSA’s are acrylate based
polymers.

These are used in strong bonds with high “shear-resistance” like
laminates, such as bonding formica to a wooden counter and in footwear,
as in attaching outsoles to uppers. Examples of contact adhesives are
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natural rubber and polychloroprene (Neoprene). It must be remembered
that contact adhesives must be applied to both surfaces and allowed for
some time to dry before the two surfaces are pushed together. Once the
surfaces are pushed together, the bond forms very quickly.

These are also known as hot melt adhesives or thermoplastics and are
applied in molten form (65°C — 180°C range) which solidify on cooling to
form strong bonds between a wide range of materials. Hot adhesives
containing “ethylene vinyl acetate”, are particularly popular for crafis
because of their ease of use and the wide range of common materials
they can join. A glue-gun is one method of applying hot adhesive. The
glue-gun melts the solid adhesive, then aliows the liquid to pass through
its barrel onto the material where it solidifies. Thermoplastic glue may
have been invented around 1940 by “Proctor & Gamble” as a solution to
water based adhesives commonly used in packing at that time failing in
humid climates, causing packages to open.

 Reactive Adhesives:
These adhesives chemically react with the material, when harden.
They may be;

() Muitiparts Adhesives
(i) One Parts Adhesives

These adhesives harden by mixing two or more components which
chemically react. This reaction causes polymers to cross link into acrylics,
urethanes and epoxies. Commercially, there are several combinations of
multi-component adhesives that are used in the industry. Some of these
combinations are:

a)Polyester resin-Polyurethane resin.

b)Polyols-Polyurethane resins.

c)Acrylic Polymers-Polyurethane resins.

The individual components of these adhesives do act as adhesive by
nature, These components, however, react with each other after being
mixed and show full adhesion only on curing.




(il. One Part Adhesives:

These adhesives harden via a chemical reaction with an extemal
energy source such as radiation heat or moisture. Light curing adhesives
are generally acrylic based, and due to their rapid action, they are
significantly used in electronics, telecommunications, medical, aerospace,
glass and in optics.

Heat curing adhesives include epoxies, urethanes and polyimides,
while moisture curing adhesives cure when they react with moisture
present on the substrate surface or in the air. This type of adhesives
include cyanoacrylates and urethanes.




Key Points:

Dye is a substances which adds value to product for {heir cost.
Pesticides are chemical substances used for destroying insect and
other organisms harmful to cuitivated plants or to animals.
Petrochemicals are relatively pure identifiable substances derived from
petroleum and used in the chemical trade.

A polymer is a macromolecule formed as a result of a process known
as polymerization.

Addition polymer are long chain giant organic compounds which are
assembled from many smaller molecules.

Condensation polymer formed through a condensation reaction,
releasing small molecules as by-products.

Industrial Chemistry is the study of fundamental chemical processes
used in industry for transferring raw material to useful commercial
products for society.

Lipstick is mainly composed of a mixture of non-volatile oil and solid
wax.
Nail varnish or nali polishes is a lacquer applied o human finger nails or

toe nails to decorate or protect the nail plate.

The most commen type of nail polish remover contains acetone.
Permanent hair colouring is usually carried out with oxidation dyes.
Adhesive are the material usually in liquid or semi-liquid state, that
adhere or bond items together.

Adhesives are of two lypes non-reaclive adhesive and reactive
adhesives.

Non-reactive adhesives may be of natural or synthetic origin.

Reactive adhesives chemically react with material, when harden.
Cosmetic products apply to body, especially the face, to improve its
appearance.

Hair dye is usually soluble substance for staining or colouring.




Exercise

Q1. Choose the correct one.

(i} “Mauve” is an example of dye.
a) Acidic b) Basic
c) Direct d) Azo

(i) Which is true for DDT? Itis

a) Not a poliutant b} an antibiotic
¢) an antiseptic d) a non-degradable pollutant

(iii)y Which one of following is not petrochemicals?

a) Naphthalene b} Mineral oils
c) Wax d) table sait

(iv) What is called “black gold™?

a) Petroleum b) Coal
c) Coal Tar d) Natural gas

(v} Petrochemicals are used in the manufacture of

a) Polythene b) Detergents
¢) Fibers d) All of these

{vi} Which one of the following is synthetic polymer?

a) Celiulose b) Protein
¢} Rubber d) Polythene
(vii) Which ane of the following is condensation polymer?
a) PVC b) Polythene
c) Nylon d) None of these

Q2. Short questions.
(i) Differentiate between reactive and non-reactive adhesives. N
(i) How nail-polish remover removes the nail-polish?

Why temporary hair dyes are removed with single shampooing?



{(iv) What are the uses of PVC and nylon?

(v) Write down the four applications of pesticides.

(vi) How DDT reaches to animals fatty tissues?

(vii) Differentiate between addition and condensation polymers.

Long guestian

Q.

Q2.
Q3.
Q4.
Q5.
Q6.

(a) Define Dyes. What is its chemical composition?

(b) How dyes are classified.

Explain the fractional distillation of petroleum.

What is meant by hair dyes. Classily it into different groups?
What are adhesives. Discuss its importance in our daily life?
Explain the types of adhesive.

Write a note on following:

a) Petrochemicals b) Synthetic polymers
c) Lipsticks d) Nail polish and itsTemovers




Learning Ouifcomes:

After carefully studying this unit  students will be abie to:
* Recognize various reactions, occurring in the atmosphere.

* Recognize that the release CO,, SO, NO, VOC, are associated
with the combustion of hydrocarhon fuels.

» Outline problems associated with release of poliutants, including acid
rain and the formation by free radical reactions of hazardous
inorganic and organic compounds e.qg PAN.

» Describe causes and impacts of urban smog.

* Explain greenhouse effect and global warming as resulting in climate
change.

» Explain the build up to and recognize the adverse effects of ozone in
the atmosphers.

» Describe the role of CFC's in destroying ozone in the atmosphere.

» Describe the role of ozone in the stratosphere in reducing the
intensity of harmful UV radiation reaching the earth.

» List possible alternatives to the use of CFC's.

» Recognize and describe alternatives to the use CFC'c.J
* Recognize and describe various water pollutants.

‘s Explain the various parameters of water analysis.

e List some major products of the petrochemicals industry, togsther
with their uses.
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In this chapter, we will tum our attention to environmentai issues,
associated with earth’s atmosphere. Air and water pollutions are the major
problems’ in.mpst of;the world's cities- and they often-take on regional
dimensions. The atmosphere, a part of the environment, acts as repository
for emissions from combustion and from many othet human activities. The
air can be ecleansed by natural mechanisms but these can be
overwhelmed ﬁ)y the amount of pollutanis being produced. Human
activities are irg:reasing the atmosphere concentration of carbon dioxide
and other greenhouse gases. In addition, the stratospheric ozone shield,
which protects us from the ultraviolet rays, is threatened by the emission
of azone destroying chemicals.

Likewise, water quality is as important issue as water quantity. Although
most of the water supply is returned to the stream ftow after use, its quality
is inevitably degraded. The quality of surface and ground water is of
concern due to two distinct points of view that is human health and welfare
and the health of aquatic ecosystems. Both aspecls of water quality are
enhanced by minimizing the impacts of human activities, but the specific
issues and control measures are different.

Atmosphere is one of the four spheres of our environment. The other
three being lithosphere, hydrosphere and biosphere. Atmosphere is the
envelop of gases, surrounding the earths surface. It plays a key role to
sustain life on earth and save it from the hazardous envircnment of the
outer space. The atmosphere absorbs most of the cosmic rays from the

outer space and harmful radiation such as U:V through ozone (Oa) layer.

-
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In addition, the atmosphere maintains the heat balance of the earth
through absorption of energy from the sun and re-emitted.
The atmosphere can be divided into:
i. Troposphere ii. Siratosphere
Hi. Mesosphere iv, Thermosphere and

v. Exasphere

Np,Oz, CO,H:O, Ar

1. | Troposphere 0-11 1510 -56

2. | Stralosphere 11-50 -56 to -2 O; (ozone), Nz, O2
3. | Mesosphere 50-85 -210-92 NO*, Oz"

4. § Thermosphere | 85-500 | -92 to 1200 0,7 NO™,0, 07

Fig: 23.1 The atmospheric division

m CHEMISTRY. OFTHE TROROSRHERE:

Troposphere extends from the surface of the earth upto 11 kilometers.
It constitutes about 10% of the atmosphere's height but contains 80% of
its mass. The temperature in this sphere ranges from 158°C 1o -56°C.
(Table, 23.1). The important chemicals that exist in this sphere are Na,
0,,C0- and H0. It is alsc a region of much turbulence, due to the global

energy flow that results from the imbalances of heating and cooling rates
between the equator and the poles. The temperature in troposphere falls
off uniformly with increase in altitude. That is why the air it contains is

mixed rapidly by convection.

As mentioned earlier, atmosphere can be divided into four
spheresfzones (Table 23.1). The main chemical species in the




atmosphere are Nz, Oz, H:O, Oz NO™ and Op+ etc. in some areas
(particularly the industries zones), the atmosphere (troposphere) may also
contain SOy and NO, gases which are the gases responsible for the acid
rain.

4NO, +2H,0+0, = 4HNO,

SO, +H20+§1—0, - H.S0,

The concentration of the acid thus formed can be quite higher, which
ultimately reduce the pH of rain water substantially. This results in
producing what is called acid rain (Topic 23.2.7). The CO. present in the
atmosphere (0.036%) also reacts with the rain water, making it slightly
acidic (pH=5.6).

H,0+C0, —H,CO,
Carbonic acid

The lightening in air and also in combustion engine of motor vehicles

may also ignite reaction between stable molecules of N» and Oy,
producing NO.

[ N,+0,—2NO ]

Incomplete combustion of the carbonaceous compounds

(hydrocarbohs, coal etc) result in the formation of carbon monoyide. e.g
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Hydrocarbon +0, - CO+H,0+Energy
(limited)

CO, like other pollutants such as SO,, NO,, eic poilute the fresh air. At
concentration higher than 750 ppm {0.1% of the air), CO may cause loss
of consciousness and death occurs quickly.

Many more chemical reactions, occurring in the atmosphere, are
involved in the formation of industrial and photochemical smog
(Topic 23.2.4 and 23.2.5) similarly the main reaction occuring in the
stratosphere (11-50 km) are due to the production and destruction of

ozone.

The term air poliution generally refers to substances that on local
and regional scales directly harm animals, plants and people and their
artifacts. Clean and dry air contains 78.09% nitrogen, 20.94% oxygen by
volume. The remaining 0.97% is comprised of gaseous mixture of COs,
He, Ar, Kr, Xe and nitrous oxide (N.O). A wide range of chemicals can
pollute the air. They include carbon monoxide, sulphure dioxide, toxic
organics, nitrogen oxides and volatile organic compound (VOC’s).
» Carbon Monoxide

Carbon monoxide mainly results from the incomplete combustion of
carbonaceous compounds. It is termed as asphyxiating poliution because
it can displace (O») bound to hemoglobin (Hb).

HbO, + CO - COHD + 0,

Oxyhaemoglobin Carboxyhaemoglobin
complex complex
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The Fe binding sites in hemoglobin bind CO 320 times more tightly

than O, The main source of CO to the environment are the vehicles,
which emit the exhaust gases containing CO. When the concentration of
the CO inhaled, reaches 100 ppm particularly in the closed spaces like
tunnels, parking garages etc. it may result in headaches and shortness of
breath. The severity of the effects depends on the durati;:m of the
exposure and level of exertion. At a concentration higher than 750 ppm
(0.1% of the air molecules), loss of consciousness and death occurs

quickly.

« Sulphur Dioxide (SO5):

The main sources of sulphur dioxide (SOz) emission to contaminate
air, are combustion of coal and the smelting of metals (metallurgy)
particularly copper. The sulphur content of the refined petroleum is
generally quite low but the sulphur content of coal is quite high. The
sulphur in coal is converted to SOy at high temperaiures of combustion.
SO, itself is a lung iritant and is harmful to people suffering from
respiratory diseases. However, the most damaging health effects in urban
atmosphere are not by SO; but by the sulphuric acid aerosol formed from
its oxidation. Sulphuric acid not only irritates the fine vessels of the
pulmonary region, causing them to swell and biock the passages, but is
also the major contributor to the acid rain (see 23.2.7).

« Nitrogen oxides NOx and Volatile Organic Compound (VOC’s):

Nitrogen oxide {NO,) and volatile organic compounds (VOC's) are
not the direct air pollutants in that they rarely affect health directly. Rather,
they are the main ingredients in the formation of photochemical smog (see
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23.2.5) which is a brown blanket, covering many cities world wide.
Although most damage from smog results from the action of ozone (Og)
and other oxidants, these oxidants can not build up without the combined
action of NO, and VOC's. Controlling smog formation requires reducing
emission of NO, and VOC's. Almost all NOy emissions are due to fossil
fuel combustion, whereas the major sources of VOC's emissions arc the
industrial processes, - solvent utilization and on-road and non-road

vehicles.

* Ozone (O3) as Pollutant:

While anthropogenic emissions or man made aclivities ara
destroying ozone in the stratosphere {Fig: 23.1 of table 23.1), they are
helping to create ozone in the troposphere through the phenomenon of
photochemical smog. While ozone in the stratosphere protects us from the
harmful effects of U.V rays, ozone at ground level is quite harmful.
Producing cracks in rubber, destroying plants, and causing respiratory
distress and eye irritation in humans. These effects set in at quite low

concentrations, around 100 ppb.
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The major pollutants, present in the exhaust gascs emitted by
automobiles, are carbon monoxide (CO), nitric oxide (NO) and ihe
hydrocarbons (HC's). These gases disturb the stoichiometric ratio of the
clean air and thus cause air pollution. When present in sufficient amount,
they cause damage to human hoalth and plants life.

Onc way of reducing emissions is to remove the pollutants from tho:

exhaust gases. In automobiles, this is accomplished with a threo-way



catalytic converler, so named because it reduces emissions of
hydrocarbons (HC's), carbon monoxide (CO) and nitric oxide (NO). In
order to deal with both NO and unburned gases, the converer has two
chambers in succession (Fig: 23.4).

In the reducing chamber NO is reduced to N, by hydrogen. Hydrogen is
generated at the surface of a rhodium (Rh) catalyst by the action of water
on unburned fuel molecules.

[ HC's +H,0— H,+ CO }

2NO+2H, >N, +2H,0

In the oxidation chamber, air is added and the CO and unburned
hydrocarbons are oxidized to CO» and Hz0 at the surface of pt/pd catalyst.

pt! pd
2C0+0, = 2C02

ptlpd
HCs+20, — CO, +2H,0

The catalytic converter is quite effective in reducing automobile emission

of poliutants, Chodizing-raducing



Fig: 23.4: The three-way catalytic remover for HC’s, NO and CO, from

automobile exhaust.
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Smog, in simple words, is the combination of smoke and fog. Smog
causes a brownish coloration in the atmosphere, and thus reduces the
visibility in the area. This situation uitimately leads to an increased death
rates, particularly in large cities such as Los Angeles, Tokyo, Chicago,
Lahore, Faisal Abad and Jslamabad eic.

Industrial smog Is formed, when exhaust pipes throw $moke and other
materials into the air, produced by burning of the fossil fuels such as coal,
oil and natural gas. The major products are €Oy, H20 and smoke (carbon)
particles.

The fossil fuel, coal, contributes large amounts of combustion products
to the atmosphere. Coal is a complex substance made up primarily of
carbon containing materials. lts burning produces mostly CO,.

[ C+0, = CO, ]

COz and H:0 In some ways may be considered poliutants. They
cause relatively little trouble. Other minor combustion products are the
major pollutants. For instance, most of the fossil fuels contain small
amounts of sulphur compounds. These, on combustions, form sulphur
dioxide, SO,

[ 5+0,-50, ]

The tremendous quantities of coal that are bumed for power
production and in the blast furnace for making steel release a sizeabls
50: to the atmosphere which causes to pollute the clean air. SO, Is an
obnoxious pollutant primarily because it gradually reacts further to form
sulphur trioxide SO;. Then in the presence of water or water vapours,




droplets of HSO, are formed as a result of this reaction.
([ s0,+H,0=HSO, )|

H.SO4 is corrosive to such diverse materials as building stones and the
human respiratory tract.

Another coal-burning power station pollutant is soot, {primarily particles
of carbon) which gives smoke its persistent dark colour. The soot also
plays its role in the industrial smog. Incomplete combustion of the coal and
natural gas may result in the formation of carbon monoxide gas or socot. CO
is a lethal gas and at a concentration of 750 ppm in air, it may kill a
parson, if inhaled. At a level of above 100 ppm, carbon monoxide causes
nausea, headache and shoriness of breath. If exposed for a bit longer
period, it causes loss of consciousness. CO plays vital role in the
formation of smog. It is evident, that indusirial activilies are now so great
that they can seriously modify the earths atmosphere, and thus can affect
the earths average iemperature and our climates.

Air poliution can be divided into iwo lypes. In one type, malerials
produced from the combustion of coal, oil and gasoline direclly create
trouble. In the other type, sunlight acts on air poliutants to praduce
photochemical smog. Pholochemical smog can form wherever large
quantities of automobile and industrial exhausts are trapped by an
inversion layer over a locality that is exposed to sunshine. Photochemical
smog is characterized by an accumulation of brown, hazy fumes,
containing ozone (Os) and other oxidanis. Nitrogen oxides (NO,) and
volatile hydrocarbons (HC's), photochemical smog, a condition that affoct
an increasing number of cities and their surroundings.
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Nitrogen dioxide, NQ; is the only common atmospheric molecule
capable of absorbing visible light near the ground level. Its spectrurﬁ
(Fig: 23.3) has maximum absorption at about 400 nm, in the blue region. it
is this absorption that gives smoggy air its brown tint. The unstable photo
exited NO; dissociates to NO and O atoms.,
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i Fig. 23.3

<400
[ NO, + hv —» NO, +0 ]

The oxygen atoms (O) react immediately with the surrounding O

molecules to produce ozone {Os).

[ 0,+0-=0, ]

The O3 can react with NO to regenerate NO, A photochemical cycle is
thus, established in these reactions. Hydrocarbons are also needed for
smog formation. They produce carboxyl radicais by the reaction of Qg with

hydrocarbon. [

0, +NO — NO, +0, J

The organic radical react with O, and produce acylperoxy radical which
react with NC, and produce PAN.




HEs=, .
R-C-0+0;—> R-C-00

(5 I
E CH;~C- 00 +NO,—> CH,;~ C-OONO,
__ Fiei2sr L) 3

Peroxy acetyl nitrate (PAN) formed from the peroxy acetyl radical,

which is relatively common smog constituent.

Because the initiation of the cycle depends on the formation of organic
radicals, the extent of smog formation depends on the reactivity of
hydrocarbons (HC's) with the (Os) radical. Some HC's produce few
raclicals others many more.

/—’NO'I'O
0O
1] O

NO; Photochemxcal 10} .1 NG P —-2-+R--E—0{5
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Several climatic changes are atiributed to the large emissions of

pollutants into the atmosphere. Generally, the globai climate changes are
studies from two aspects.




i. Globalnwarming or the greenhouse effect.

i. Destruction of the ozone layer in the stratosphere. The later will be
discussed at length in “the chemistry of stratosphere” (topic 23.3).

Scientists believe that the earth maintains its long-term average

temperature as a result of a balance between the heat received from the
sun and the heat emitted to space by the earth. The sun like a high-
temperature electric light bulb, emits ultraviolet (U.V) and visible radiation.

The earth like a cool radiant heater, emiis mostly infrared (IR) radiation.
. T A TR

(Fig. 23.8).
Carbon dioxide gas is colourless and, like all the other colourless matter, it
does not absorb visible radiation. Conéequenﬁy it doesn't absorb much of
the sunlight, which is mostly in the visible region, that penetrates the outer
atmosphere. However, atmosphere richer in COz would capture a larger
proportion of the radiation being emitted by the earth’s surface. As a result




the temperature of the' atmosphere and of the earth's surface would
gradually increase. Like the glass, in a green houss, CO; lets sunlight
enter, but prevents the |.R radiation from escaping.

The increase in the temperature of the earth’s surface that is expected
ta resuit from an increase in CO; in the atmosphere is said to be a “green
house effect”. The major gas contributing 50% to green house effect is
CO,. Other gases (CHs, CFC's, SO, and NOx) together contribute the
rest of 50%.

Human activities are increasing the atmospheric concentration of CO:
and other green house gases, thereby altering the way the sun's heat is
distributed on the earth’s surface and in the atmosphere. In addition, the
stratospheric ozone shield, which protects us from the sun’s U.V radiation,
is threatened by the emission of ozone destroying chemicals. The earth's
average temperature is being increased (global warming) which uitimately
changes our climates. Human health will also be affected due to spread of
infectious diseases, such as yellow fever, dengue and maiaria. The most
serious outcome would be rise in sea level, floods and pattern of rain fall.

The concept of acid rain is also associated with polluted air. The term
acid rain is referred to all precipitation (rain, dew and snow) which is more
acidic then natural water with pH = 7.0. Rain water is generally, slightly
acidic (pH = 5.8). it is due 1o the varying amounts of the dissolved CO»

which is a common constituent (0.036%) of the earth’s atmosphere.




H20+C02 - H2C03

Carbonic acid

Therefore, any precipitation having a pH of less than 5.6, would be
classified as acid rain. To the acidifying effect of CO,, must be added the
contribution other than acidic constituents of the atmosphere, particularly
HNO; and H,S0s. These acids can both be formed naturally. HNO3
derives from NO produced in lightening and forest fires, while H.SO,
derives from volcanoes and from biogenic sulphur compounds. The oxides
of nitrogen and sulphur emitted within the atmosphere react with the
moisture in the air or rain water to form nitric acid and sulphuric acid.

4NO, +2H ,0+0, — 4HNO,
SOZ+H:0+—;—01 — H,S80,

In polluted areas, the concentrations of these acids can be much
higher and can reduce the pH of rain water substantially over extended
regions, producing what is known as “acid rain”. Acid rain can fall quite far
from the sources of pollution, due to long-range atmospheric transport. [n
particular, acid rain is a serious problem for areas down-wind of coal-fired

power plants.
Acid rain, on one hand, is a serious threat to the human life as it

contaminates the drinking water and on the other hand is a pressing
problem for plants, animals aqdatic life and building material. Heavy
metals e.g. Cu, Hg and Pb are also dissolved by acid rain producing

various toxic effect.



Acidic streams and lakes or rivers affects the aquatic life. High acidity
may result in killing of fish, reduces their growth and causes their
reproductive failure. Hatching of fish eggs is prevented due fo change in

pH of water. Mareover, green algae and many forms of beneficial bacteria,
which are essentlal to aquatic life, are also killed as a result of acidity in
water. Plant growth is seriously inhibited due to acid rain. In addition, the
acid rain also corrades buildings monuments, statues and metals.

[Cacos{,} +H, 80, ,,, — CaS0,,, +CO, +H,0 ]

V 252 | cCHEMISTRY. OF THE STRATOSPHERE:

As mentioned earlier in this chapter (Table 23.1) stratosphere is the
part of atmosphere which extends from 11-50 km. The temperature of the
stratosphere ranges from -56°C to -2°C. The important chemical species
that exists in this sphere is ozone (Oa), which acts as a protective shield
(layer) for the survival of life on the earth from the harmful effects of sun's
U.V radiation. The temperature of this sphere increases with increasing

altitude.

The formation of ozone requires' both oxygen atoms and oxygen
moiecules. Ozone is formed in the stratosphere when O, molecules
ahsorb solar energy (radiation). The U.V photons of the sun have enough
energy to split O, molecules into oxygen atoms high in the atmosphere.

A< 242nm
02+hn-—)2{}




{The symbol "hv" is used for photon and A<242nmindicates the wave

length range in which photons can induce the reaction).

The oxygen atoms produced in the reaction, then combine with oxygen
molecules to forr ozone.

[ 0+0,=0; ]

In the atmosphere ozone layer occurs as a band at intemediate
altitudes, between 25 and 30 km. At low altitudes, there are ample oxygen
molecules but few unattached oxygen atoms. At high altitudes free oxygen
atoms are more prevalent but there are few oxygen molecules. Conditions
most suitable for ozone formation are found ai intermediate altitudes,
where both oxygen molecules and free oxygen atoms are present.

Ozone is aiso destroyed by solar radiation. When O; absorbs a solar U.V
photons it dissociates into Oz and O.

[ 0, +hv—0,+0 ]

Also when Oz encounters a free oxygen atom (O}, the two .can
combine to form two O; molecules.
[ 0,+0-20, J
The concentration of O3 depends on the relative rates of the
formation and destruction reactions.

' De epletion of Ozor ’”}Lh_f i :

Certain man-made organic compounds such as chiorofluro carbons,
CFC's (Freon) and the bromine-containing halons are used for many
purposes. GFC’s have been widely used as refrigerants, blowing agents for
plastic foams, propellants for aerosol sprays and solvents for cleansing




micro electronic components. The halons have used as fire extinguishers.
The heavy bromine-containing molecules provide a blanket of the gas that
effectively smothers fiames. The CFC's and halons have been enormously
useful in these applications because they are nontoxic and nonflammable.
Moreover they are not subject to oxidation, either in flame or biachemical.
CFC's and halons au;e, therefore, not destroyed in the troposphere when
released. They are only destroyed in the stratosphere by the action of U.V
photons. The result of absorbing U.V photons is to break the weakest bond
in the molecules either C — Cl or C-Br.

[ RX+ ho->R+X ]

Once released, chiorine and bromine destroy ozone via the following reactions.
X+0, 5 X0+0,
X0+0— X +0,
or 0, + 0 — 20,

Scientists have noted a big hole in the ozone layer due to ozone depletion
over Antarctica, for which they believe the CFC’s are mostly responsible.
Others have put a great deal of effort to find substitutes for CFC’s. The
main strategy has been to explore the suitability of hydro chlorofluro
carbons (HCFC's) and hydrotiuoric carbons (HFC's). These molecuies
have hydrogen as well as chlorine and fiuorine substitutions on the
carbon. The presence of C-H bonds allows the HCFC’s and HFC's to be
attacked by the OH radicals and thereby destroyed in the troposphere. At
the same time the Cl and/or F substituent’s lend these chemicals some of
the desirable properties of CFC's, such as low reactivity and fire
suppression, good insulating and solvent characteristics and boiling points

suitable for use in refrigerator.
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Chlorofiuorocarbons (CFCs) are anthropogenic compounds that have
been released into the atmosphere since the 1930s in various applications
such as in air-conditioning, refrigeration, blowing agents in foams,
insulations and packing materials, propeilants in aerosol ¢ans, and as

salvents.

CFCs play a major role in ozone depletion. However, the atmospheric
impacts of CFCs are not limited to its role as an active ozone reducer.
This anthropogenic compound is also a greenhouse gas, with a much
higher potential to enhance the greenhouse effect than CO5.

Smogis a kind of air pollution. Classic smog results from large amounts of
coal burning in an area caused by a mixture of smoke and sulfur dioxide.
Modern smog does not usually come from coal but from vehicuiar and
industrial emissions that are acted on in the atmosphere by ultraviolet light
from the sun to form secondary pollutants that also combine with the
primary emissions to form photochemical smog.

The effect of radiation poliution can include increase risk of developing
cancer. Such as iung cancer, skin cancer and thyroid cancer etc and skin
bums, genetic changes mutation, change in physical characteristics in

animals and human.

The water is purified naturally by distillations, sand filtration, charcoal

filtration, reverse osmosis and also by ultraviolet light.




The quality of surface and ground water is of great concern from two

Water Pollution .and Watgf__Trea'tmen:t.'

but distinct points of view:
1)Human health and welfare
2)Aquatic ecosystem.
Although most of the water is returned to the stream flow, yet its quality
is inevitably degraded. Industrial and mining activities contaminate
water with a variety of toxic materials. Agriculture can foul surface and
ground waters with excess nutrients and can lead to salinization of soil
when irrigation water evaporates, leaving salts behind. The cooling of
power plants by circulating water raises the temperature (thermal
pollution), with adverse effects on the biota of the receiving waters.
Discharge of sewage from homes and commercial establishments,
reduces the dissolved oxygen contents, again upsetting the biological
balance of surface waters.
All such activities and many more, make water unfit for drinking and
public use. Such water is said fo be poliuted water which needs treatment
before it is made fit for public use.

Water that we either use or discard generally contains the following
categories of undesirable substances (pollutants).

Two sub-categories of the undissolved solid material present in
water can be recognized. One consists of particles large enough to be
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removed by running the water through a filter paper or any other filtering
apparatus. The second, consists of particles so small that ihey can not be
removed by such treatments. Those in the second category are called
colloids, which are too small o be seen, even with a microscope. They
can, however, be detected, because they give water a turbid or cloudy
appearance. They are most easily detected by passing a beam of light
thraugh the water and observing the scattering of light they produce like a
beam of light passing through smoky or foggy air.

The dissolved solid material, present in water, may either be
organic or inorganic. The dissolved organic compounds, acting as
impurities, enter into water as a result of the growth and the death of
aquatic plants, such as algae. Others are contributed by sewage from
domestic sewage systems and l:gy' industrial wastes. The total amount of
organic substances can be estimated from the amount of oxygen or any
other chemical (oxidiiing agent) needed to oxidize these substances to
CO; and HO. v

The dissolved inorganic materials present in water are mostly salis.
These on one hand, are essential for human body, but on the other hand,
if their concentrations are greater than about 500 ppm, they make water
unfit for drinking, and such water is considered to be poliuted. The most
common salts present in water are carbonates, bicarbonates, sulphates
and sulphides of calcium and magnesium. Hardness of water depends
primarily on the Ca*? and Mg*? ion contents. '



Industrial effluents, domestic consumption and agricultural wastes

contaminate the surface and ground waters making it unfit for drinking.

Industrial Effluents:

Industries like paper industry, metal industry and petrochemical

industries discharge pollutanis such as non-degradable organic

substances, metals, mineral oils, benzene, toluene, xylene and phenols

etc, which contaminate water. Textile industries, tanneries and slaughter

houses also contribute towards water poliution. Metals that are released

by various industries to pollute water, mainly inciude arsenic, mercury,

lead and cadmium.

a)

b)

Smelting of gold, lead, copper, iron and nickel ores can be a
source of arsenic pollution. Arsenic in drinking water is a slow
poison. It decolorizes the skin (keratoses) which leads to cancer.

Mercury's toxicity is associated with almost entirely with eating fish.
Sulphate reducing bacteria in sediments generate methyl mercury
and release it into the water above, where it is absorbed by fish
from the waters passing across their gills or from their food supply.
The poisoning of mercury causes numbness of limbs, blurting and
aven loss of vision and loss of hearing and muscle coordination.

Leaded paints, leaded gasoline and lead solder (to seal food and
drinks in cans) are the main sources of lead poilution. Lead poisons
many thousands of people yearly. Once absorbed in the body, lead
enters the blood stream and moves from there to soft tissues.




Higher exposures produce anemia. It also inhibits the enzymes

involved in the biosynthesis of haemoglobin.

d) Cadmium inputs to soils and ultimately to surface waters, are
mainly from airborne deposition.{wet plus dry) and-from commercial
phosphate fertilizers which contain cadmium as a natural
constituent of phosphate ore. Chronic exposure to cadmium causes
heart and lung diseases (including lung cancer at high levels),
immune system suppression and liver and kidney diseases. ‘

» Domestic Activities:

Domestic water contains mainly soaps and detergents. Phosphates,
used in the detergent formulation, affects the water quality. Likewise
the use of synthetic washing powdér has a drastic sffect on fresh water,
when domestic sewers are discharged into river. In general the domestic
pollutants, make water turbid, increase the growth of pathogen causing
diseases, impart bad and fouf smell to fresh water (eutrophication) and
may affect the aquatic life by screening off the sun’s light due to the
presence of suspended matter.

¢ Agricuitural Wastes:

Agricultural areas can have water problems associated with the
wide spread application of fertilizers, herbicides and pesticides. Drainage
from pouliry farms creates an extremely high potential for water pollution.
Some herbicides and pesticides can accumulate in the ground water,
occasionally threatening farm wells. Ferilizers, used by farmers to
increase their yield, can increase the level of nitrate ions in the ground
water. The main nitrate hazard is “blue baby syndrome”, a condition of
respiratory failure in babies having excessive nitrate in their diet.
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The heavy machinery and power plants get heated when frequently
and continuously used for making various industrial products. Some parts
of the plants are heated due to friction when they are in contact with each
other while manufacturing the industrial products. For high efficiency and
to elongate their life time, these parts (components) must be cooled. This
is done with cold water. The cooling of power plants and other machinery
by circulating water, raises the temperature of the water. This is called
“thermal peliution”.

Thermal poliution has adverse effects on the biota of the receiving
waters. The high-temperature water, when mixed with cold water,
increases the solubility of many poliutants (organic and inorganic), salts,
ions, causing the water to be more easily polluted, thus affecting the
quality of water and make it unfit for drinking and public use.

» Parameters of Water Analysis:
Drinking water should qualify the following qualities or parameters.
That is it should be.
1. Odorless tasteless and colourless.
2, Free from turbidity causing agents such as suspended solids,
dissolved solids, excess of chlorides, sulphates, phosphates efc.
3. Turbidity, not more than 10 ppm.
4, Free from bacteria causing diseases.
5. Slightly alkaline (pH = 7.0 — 8.5).

Water quality is consistently monitored. Many water quality
parameters are used to decide weather or not, the given sample of water
is fit for drinking. These include the biological oxygen demand (BOD) and
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chemical oxygen demand (COD). In BOD, the amount of dissolved oxygen
is determined by adding bacteria to the water while in COD it is done by
adding chemical oxidizing agents, to the water.

Other parameters, used to check the quality of water, include the

determination of total organic carbon (TOC), total dissolved solids (TDS),
total suspended solids (TSS), pH and alkalinity, colour and odour etc.

Water from a lake or river, that must mest the qualities of drinking
water, undergoes a purifying treatment, involving several steps.
1. First, the undissolved (floating and visible) solid materials, if present
in water, are removed. Coarse objects are removed by running the
water through screens/filters.

2. The finer, colloidal particles that make water turbid, can not be
removed by simple fiitration. So a flocculating agent that is a
substance that forms large gelatinous paricles, is added. The




common flocculating agent is aluminium sulphate, Alz (SO4)a, often
referred to as alum, some lime, Ca(OH),, is generally also added so
that precipitate of aluminium hydroxide, Ai{OH)s which has the
desired gelatinous form, is produced.

(A2 (504)5 + 3Ca(OH) - 2Al(OH)apn + 2CaSOs )
This precipitate traps both inorganic solid particles and bacteria in the
large curd like particles. These particles are then easily removed by

filtration through a sand-bed or charcoal.
3. After filtration through the sand-bed, the water is usually treated with

chiorine to kill remaining bacteria and other microbes. Chlorination is
the widely used method to disinfect water for longer duration of time.

The reactions involved are;
[ H:O + Cla — H?+CI+HOC! )

HOCI is weak acid and partially dissociates.

HOCI - H'+OCI
HOCI —» [O] + HCI

it is this nascent oxygen, [O], that gives taste and odour to the water. Thus
air is sometimes blown through the water, i.e. the water is aerated to
improve its odour and taste. A fluoride compound is added in some plants,
1o help fight tooth decay. The result of thorough water treatment operation

is water, that is as good as new.

@ Green Ch

The concept of green chemistry was coined by Paul Anestas of
America. He enunciated twelve principles of Green chemistry in 1994

emistny:




towards ideal synthetic methods to save natural resources. Green
Chemistry is the use of chemistry for pollution prevention by
environmentally conscious design of chemical products and processes
that reduce or eliminate the use or generation of hazardous substances.
Green chemistry, also called sustainable chemistry, is a philosophy of
chemical research and engineering that minimizes the use and generation

of hazardous substances,

Goals of Green Chemistry:

The goal of “"Green Chemistry” perspective include the following:

1.

[% Atom economy =

To reduce adverse environmental impacts by appropriate and
innovative choice of materials and their chemical transformations.
Develop processes based on renewable (plant-based) rather than
non-renewable (fossil carbon-derived) raw materials.

To develop processes that are less prone to obnoxious chemical
releases, fires and explosions.

To minimize byproducts in chemical transiormations through
redesign of reactions and reaction sequences. In other words, to
achieve better "Atom aconomy”.

Farmula weight of the product x 100
sumof theformula weights of allthe reac tants

(Good atom economy means most of the atoms of the reactants
are incorporated in the desired products and only small amounts of
unwanted byproducts are formed and hence lesser problems of

waste disposal or waste treatment).




5. To develop products that are less toxic or which require less toxic
raw materialsffeed stocks.

8. To develop products that degrade more readily in environment than
the current products.

7. To reduce the requirements for hazardous or environmentally
persistent solvents and extractants in chemical processes.

8. To improve energy efficiency by developing low temperature and
low pressure processes by using new/improved catalysts.

9. To develop efficient and reliable methods to monitor processes
(e.g. monitoring reactions and releases) for improved control.
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Key Points:

Environmental chemistry is the branch of chemistry which deals
with chemical and biochemical occurrence in nature.

Pollutant is any substance which contaminate our environment.
Atmosphere is a big tank of gases, surrounding the earth’s surface.
The term acid rain is referred to all precipitation {rain, snow or dew)
which is more acidic than natural water (pH = 7.0).

Smog is the combination of smoke and fog.

Water is an important natural resource on this planet.

An important aspect of water quality is the amount of dissolved
oxygen in it.

The term green chemistry is defined as the invention, design and
application of chemical product _and process to reduce or to
eliminate the use and generation of hazardous substances.

The smog consisting of high concentration of photochemical
oxidants is known as photochemical or oxidizing smog.

Increased concentration of CO. increase the earth’s temperature,
by greenhouse effect. This in tum result in climate changes and
global warming.




Exercise

1.Which one of the following is not a secondary poliutant?
a) Ozone b) H.CO3
C) H2304 d) Coz

2. Poliutants have adverse effect over
a) Biosphere b) ecosystem
¢) Hydrosphere d) All

3.0zone layer in upper aimosphere Is being destroyed by.
a)Chlorofluoro Carbons b) SO;
c)Smog d) Photochemical Oxidant.

4.Drained sewage has B.O.D.
ajMore than that of water b} Less than that of water
c)Equal to that of water d) Non of above

5.Photochemical smog is primarily caused by
a)Co b) CO2
c)Os ' d) NQ;

6.Result of ozone hole is
a)Acid rain b) Gilobal warming
c)Increased amount of CO, d) Greater exposure of earth to U.V

7.Which one of following substances is not present in acid rain?
a)H2804 b} HNOa
c)H:S0, d) CHsCOCH




8.Photochemical oxidant PAN is formed by

a)The action of oxide of nitrogen on hydrocarbons in presence if

sunlight.
b)Action of carbon dioxide on hydrocarbon in presence of sunlight

c)Action of hydrogen sulphide on hydro carbon in presence of sunlight

d)Action of SOz and hydro carbons.

9.Which compound is base for corrosion resistance paints
a)White lead b) Red lead | .
c)Lead chromate d) All of these

10.The temperature (C°®)range of troposphere is
ayt5 to -56 b) 56 to -2
c)-2 to -92 d) -92 to 1200

Short Questions:

1.Why is acid rain considered as a threat to historical monuments?
2.Define the following

a)Contaminants b) Pollutant
¢) Eutrophication d) Acid rain
f)B.0.D g) Smog

3.What is importance of dissolved oxygen in water?
4.What methods are employed for control of SOz pollution?
5.What are applications of Green Chemistry?

6.Name four major greenhouse gases.




'7.0ut of CFC's and CO, which one has higher potential fo cause
global warming and why?
8.Why does the rain water normally have pH of about 5.67 When does
"it become acid rain?

Long Questions: _
1. ‘Green Chemistry is a new route to the protection of environment'.

Comment on it.

. Whatis greenhouse effect? How Is it causing global warming?

. What is meant by atmosphere? Explain the various layers of
atmosphere.

. Define air pollutant and discuss its effect.

. A) What is role of ozone layer in upper atmosphere?
B) What wili happen if ozone is no more present in upper

atmosphere? )
. _Whal is water pollution? What are the main sources of water

poliution?
7. Write note on the following.
a} Acid rain b) Smog
c) Water treatment d) Chemistry of stratosphere




ol iy |
"ning UIComes.

After Studvin: 3*‘ IS Un ,1{:1 lae E {‘__ﬂ”"* y able to:
re the classical method of analysis with modem methods.
e procedure/pumpose of combustion analysis.
-ﬁ e spectroscopy and discuss its applications in anaiytical

uuwm‘ui';arrirr: mmgmmmmm d uv-

“‘f"“ F{m**—lrﬁ
{i‘@c‘“ﬂdﬂﬁﬁmﬂmmm
ir ermwmmmmgﬁw by
thi i ﬂ‘tﬁz::{ﬁm
predict whether a given mﬂmmﬂmmﬂhammw
region or not.
predict the @Md@w@mmﬁﬂm&ﬁm
spectra.
outiine ['nru-._.m Ehuﬂmmﬁﬁﬁﬁ[ﬁ@ﬁm
sxplain mnm@mﬁﬁmmm tic
fieid ﬂua:,@- ances and hence the absorption of energy at
resanance "““l"'i"‘iﬂﬁ

desc andard scales used in proton NMR.







[

Analytrcal Chemistry!

Analytical chemistry is a branch of chemistry which deals with the
identification of substances ancl finding therr we;ghts A sat of g
experiments used to know about the quality of a substanceus callad-

qualitative analysis. The methods used for finding the quantities of

substances are called quantitative analysis. Analytical chemistry

deals with both qualitative and quantitative analysis.

Identification of acidic and basic radicals in a salt involves

qualitative _éher_nieal analysis. On the other hand, volumetric

analysis (titrations) and gravimetric analysis are quantitative

chemical analysis.

Burning of a substance in the presence of oxygen is called combustion.
Combustion is an exothermic process in which heat energy is evolved.
Combustion analysis is carried out for finding the percentage composition
of an organic compounds cantaining C,H or C,H and O. If any other
element such as N,S,Cl etc. is present in the compound, combustion
analysis can not be used. In combustion analysis a known weight of an
organic compound is mixed with CuO and taken in a platinium boat, which
is placed in a furnace heated to about 850°C, and a stream of oxygen gas
is passed over the sample.




Organic compound on bumning produces CO; and H.O vapours which are
swept out of the furnace and traped in a pair of absorbers. The water is
absorbed in a sampie of Magnesium perchlorate [Mg(ClO.)z] of known
mass. The carbon dioxide is absorbed in a known mass of KOH.
Percentage of C and H are calculated by the following formulae.

Percentage of oxygen is calculated as %Q = 100 = (%C + %H). If

percentage of oxygen comes out to be zero, it means the organic

compound does not contain oxygen.

Empirical formula is the formula that gives the simplest whole number
ratio of the atoms of elements present in the compound.
In order to find the empirical formula of a compound, number of moles of
carbon, hydrogen and oxygen is caiculated by the following formulae.




In second step the simplest ratio between the number of moles is found
out by dividing the number of moles of each element by the smallest
number of moles. If the ratio is not in whole numbers then number of
moles of sach element is multiplied by a suitable small number to get the
whole number ratio. |

Finally the symbol of each element are written and their number of moles
ara written as subscripts. This gives the empirical formula of a compound.

_The combustion analysis of 0.003g of Aspirin produced

0.0066g of CO, and 0.0012g of HO. Calculate the empirical formula of
aspirin.
i Calculate the percentage of elements

mass of oroa.compounda
b LRI

o T. v o
0.0012 _ 2.02
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Let us find the number of moles of elements

.....

| 225 quj ihri
To convert the fractlonal number into whole numher each value tS
multiplied by 4.

A v 3 DR 4 v O
k!:‘!: X 2.25) {4 x 2.00]

900 : 800

Thus empirical formula of Aspirin is CoHaOs4. Empirical formula of a
compound shows the simplest ratio between different kinds of atoms
present in a compound. It does not show the exact number of atoms.
Molecular formula shows the actual number of atoms of each kind of
element in molecule of a compound. Molecular formula is either same to

empirical formula or integral multiple of the empirical formula.
Molecular formula = n X (empirical formula)



imple: | Empirical formula of a compound is CH,O. Molecular weight of
this compound as obtained from other experiments is 180.12 g/mol. Find
the molecular formula of the compound.

Thus Mem%mmem{cmmmm

=8 (CH:0)
=Cg Hi2 05

- @ ModernjmethodsioflAnalysis:

In inorganic chemistry, a molecular formula is informative enough to
distinguish one substance from another. However, this is not the case in
organic chemistry, where molecular formula may rapresent more than one
substance e.g. CaHgO is a molecular formula, the atom may be arranged
as:

CH; — CH; — OH CH3— O — CHy

Ethanol - Dimethyl ether
So in organic chemistry structural fon'nula is often used to represent a
particular organic substance. Previously, the structure of newly discovered
organic compounds was based almost entirely on its molecular formula
and chemical reactions. This way of finding the structure of organic
compounds was time consuming and not always 100% accurate.' Now a




days spectroscopic methods are used for analysis and structure

determinations.

Modern methods of analysis include infrared  spectrophotometry,

ultraviolet and visible spectrophotometry, Atomic abosption and emission

spectrophotometry and mass spectrometry. Modemn methods of analysis

are superior to classical methods because of the following reasons.

(i) Small amounts of chemical are required.

(il Chemicals are not wasted in large amounts.

(i) These methods are rapid and less time consuming.

(iv) They give more accurate results.

(v) These methods are simple and do not involve much chemistry as
compared to the classical methods.

After finding the molecutar formula of an organic compound, we need to
find its exact structural formula. For structural formula of a compound

mainly three aspects are considered;

Physical properties are dependent on the structure and provides
pnough information about the structure formula of the compound. For
example CzHsO is the molecular formula of both ethanol and diethyl ether.
Ethanol (CaHs—OH) at room temperature is liquid and its boiling point is
341K, while dimethyl ether (CHa— O — CHs) is gas at room temperature
having a boiling point of 248K.




Functional group is defined as “an atom or a group of atoms that gives
certain characteristic properties to the compound”. Different compounds -
having the same molecular formula but different functional groups
(structural formula) behave differently to the same reactants. For example
ethefiol reacts with sodium metal liberating hydrogen, while demethyl -

ether do not react with it.

Modem chemistry laboratories use instruments that help to identify
atoms/group of atoms in the organic compound to elucidate its structure.
Spectroscopy is one of these instrumental methods.

Organic compounds absorb energy on interaction with electromagnetic
radiations. The electromagnetic radiation (emr) extend from high-energy
cosmic rays to low-energy radio waves, according to the equation

The regions of electromagnetic spectrum of e.m.r is given in above figure.




During the interaction of organic compdunds with electromagnetic
radiations certain wavelengths are absorbed, which excites the
molecules/atoms to higher energy level. In atoms the transition results due
to changes in distribution of electrons, while in molecules along with
changes in electronic distribution, thanges in the molecular rotations and
bonds vibration (stretching, bending) also occurs.

The bond vibration and rotation of molecules need less energy, i.e. in IR
region, than the electronic excitation i.e. in uv/vis region.

The instrument used to record the wavelengths absorbed and the
concentration of the absorbing species is called spectrophotometer.
Spectrophotometry is a technique used to identify the different substances
as a result of their interactions with the electromagnetic radiations,
spectrophotometry is used both for qualitative as well as quantitative
analysis. Before discussing the different spectrophotometric techniques let
us study the electromagnetic spectrum.

The electromagnetic spectrum covers a wide range of wavelengths of
different radiations. Electromagnetic radiations are divided into different
regions, each reglon being defined by the limits of any of the four
parameters, i,e. frequency wavelength, wave number or energy. The
following table shows different spectral regions alongwith their
wavelength, frequencies, wave numbers and their energies.




Table 24.1: Gamma Rays and the Elet':tro|rna|gnilti|::¥;r p )
Name of Wave Waveiongth Frequency P Energy por Photon
[m =maters) {Hz) [oV)
AM Radlo 10? 10t 10°
FM, TV 1 10 107
Radar 10" 10 10*
Microwavea 10 10" 10
infrared 10° 10" 10?
Visible Light | 107 10% 1
Ultraviotet 10t 10" 10' '
XRays 10 10" 10°
Gamma Rays 10" 109 g b0

In IR spectroscopy organic compounds are exposed.to weak radiations
in the range 5000-667cm™" (wave number v}, which increases vibration of
bonds in its molecuies and also rotation of molecules.

Atoms in & molecule do not maintain fixed positions with respect to each
other, the bonds undergo stretching and bending vibrations about the
average valus of interatomic distance. Such vibrations are particularly
important with bonds involving H atoms, because of its low atomic mass.
Vibrations may be stretching or bending. in stretching vibrations the bond
angle does not change but only the distances between the atoms change.
Stretching vibrations may be symmetric or anti symmetric. Bending
vibrations do not change the interatomic distance but change the angles
between the atoms. The various stretching and bending vibrational modes
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for Ax. system, e.g, the methylene group in a hydrocarbon molecule are
shown below.

H\C‘i'ﬂ H‘\\C’(/H
/ ‘.."._ / .“'\.

Symmelric Anti symmelric
Stretehing Stretching
Stretching Vibrations
Hey H H=><H H A i H
A
S/ 7 N N
/ '.‘".I / 'Q"- / \'\. / \\
Rocking Seissonng Twisting Wagging
(Bending vibrations)

An infrared spectrum, commonly referred to as !R spectrum is usually
expressed in microns (p)or in the form of wave number (cm™'). Wave

number is plotted on x-axis and % transmittance on y-axis. Each dip in a
spectrum is called a band or peak. A 100% transmittance means no
absorption.

IR spectrum of an organic compound is characteristic of the structure of
the compound, and is of great assistance in establishing its identity. No
two different organic compounds would give rise to identical spectra.

IR region is divided into two. The region between 600 — 1500 em™ is
called finger print region because the absorption in this region is
characteristic of a compound. Two different compounds will give different
absorptions peaks in this region. This region is used to identify a
compound. The region between 1500 — 4000 cm™ is called functional
group region. Different functional groups show absorption at different
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frequencies. The following table shows the IR absorption frequencies of

different functional groups.

O -H allphatlc and aromat;c 3600 3000
N —H primary, secondary, tertiary amines 3600 - 3100
C - H aliphatic 3000 — 2850
C —H aromatic 2280 - 2200
C~C arens 1600
cC-0 1300 - 1000
O-H free 3670 — 3580
C=C alkynes - 2250 - 2070
COOR ester 1750 - 1700
COOH carboxylic acid 1740 — 1670
C = 0 aldehydes, ketones and esters 1750 - 1680
CONH> amides 1720 - 1640
100 k&

£

g

',g E“;ll-cihiaromatlc) | S :ng (1480)

P e e e Al
3500 3000 2500 2000 1800 16001400 1200 1000 800 600
Wava number {cni™)
IR spetrum of benzene )
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1. IR spectroscopy is helpful in identification of unknown compounds.

2. It is used for detection of impurities. The presence of absorption peak at
positions where the compound does not absorb indicates the presence

of impurities .g. the presence of cyclohexanone is readily detected in
cyclchexanol by the intense carbonyl band.

3. The progress of most reactions can be follewed by examining the infra-
red spectra of aliquots withdrawn from the reaction mixture. For
example, the oxidation of secondary alcohol to ketone is accompanied
by the disappearance of the O-H band near 3600cm™ and the
appearancs of C = O band near 171 sem™.

In uvivis spe
800nm are used. These are more energetic and therefore, can change the
distribution of loosely bonded (rm—-bond) and non-bonded electrons in

molecules/atbm S.
f 3
ultra violet
(n ear) visible
L g |
200nm 400nm BOONm
ke J

As all maiter contains electrons, almost all substances absorb certain
wavelength in this range.
The absorption is according to Beer-Lambert's law

A =Ecl




where A is the absorbance, ¢ is the concentration of solution in mole per
litre and | is the path length of the sample solufion in centimetres, E is
called molar absorptivity or molar extinction coefficient, a constant
characteristic of the solute at a given wavelength.

Uv-vis spectrophotometry is used both for qualitative and quantitative
analysis. For quaniitative analysis we use Beer Lambert law. The
absorption of uv-vis light by a solution kept in a quartz cell of known path
length is directly proportional to the concentration of solution. Solutions of
different concentration are prepared and are introduced into the uv-vis
spectrophotmeter in order to record their absorbances.

A graph is constructed by plotting the concentrations on x-asis and
absorbances on y-axis. This graph is called working curve. During this
axperiment a selected wavelength A (max} at which maximum absoption
occurs is used throughout the siudy. When a solution of unknown
concentration is placed in the spectrophotometer, its concentration is
displayed on the screen. UV light ranges from 10-400nm and visible light
from 400-800mn.

The elsctronic transition that are associated with the absorption of uv/vis

radiation, are of four types. e o— o saturated n—o*, A - A* and
n— A*

¢—¢ transition occur in a saturated hydrocarbon such as CHz — CHa
which contain only sigma bonds. g—o’ transition requires greater energy,
thus C-C bond absorbs 135nm and C — H bond absorbs at about 125nm.
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The n—o transition occurs in a saturated molecules containing hetere
atoms, such as oxygen, sulphur, nitrogen or halogens. This transition
requires slightly less energy than required for o— g transition.

The & — &* transitions occur in molecule, containing double or triple

bonds or aromatic rings. Ethylene absorbs at 171nm. However, a
conjugated system of unsaturated bonds absorbs at much longer
wavelength, e.g. butadiene absorbs at 217mn. (CHz = CH —CH = CH:z)

The n—s &* transitions occur in molecules that contain double or triple

bonds involving hetero atoms e.g. =0 :,—C =N: etc.

Transition metal complexes are usually coloured due to d-d transition.
.Such compounds absorb radiations in the visible region. When a
compound absorbs viclet light (400-435nm), it refects all the remaining
(six) colours which electively appear as a single colour (complementary
colour). Complementary colour of violet colour is yellow green. The
following table shows relationship between the colour of transition metal
complexes and the wavelangth of light absorption.

Colour of light absorbed | Wave lenath(nm) | Colour of complex |
; Violet | 400 - 435 Yellow green

1
|
[ Biue | 435-480 | Yeliow
- Bluegreen |  490-500 | Red
Gireen i 500 - 560 L __Purple
Yellow . 580 — 595 ; __Blue
Orange Ji 595 — 650 Green blue |

From the above discussion it is concluded that from the uv-vis spectrum of
transition metal complex, the colour of the compound can be predicted. A




schematic diagram of double beam uv-vis spectrophotometer is given

below.

’

Reference

cuvet ,

Detector Amp Recorder
Sample
cuvet

. A

Like electrons atomic nucleus also spin about an axis. Thus the atomic
nuclei behave like tiny magnets, as the spinning charged bodies
produce magnetic field. The nuclear spin is quantised, therefore, the
magnetic moment of nucieus is also quantised. in a proton (H) the spin
quantum number is = %. Other nuclei which contain odd number of
protons or neutrons or both also have a spin quantum number = % e.g.

TSC 15N 19': 31P.
Nuclei which have even number of protons and neutrons have zero

spin and zero magnetic moment e.g. ?C and'*0. Such nuclei are

invisible in NMR spectrometry.

The spin states of a nucleus have equal energies, in the absence of
applied magnetic field. If a magnetic field is applied, the spin states are
no longer of equal energy. Thus two nuclear spin states, one of lower
energy (+ ¥2) and other of high energy (— 72) are produced. Proton with
magnetic field aligned with the applied field is at a lower energy than
that which zaligns against the field.
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Nuciei with magnetic field aligned'wiih the applied field can absorb
energy and change their spin state (high energy state). The
phenomenon is called flipping. The quantity of energy absorbed
depends on the energy gap between the two states.

Eabsorbed = E ) — B+ 1),

In this case energy absorbed bslongs to radio fraquency region of the
electromagnetic spectrum. The absorption of energy s recorded an a
chart paper. When a sample is placed in NMR spectrophotometer, the
magnetic field is varied and energy of a specific frequency is ab_sorbed.
A schematic diagram of NMR spectrophotometer is shown in the
following figure.

[ A
Rediosignal_| o
genetator o
Recorder
:Sampla
\ NMR spectrometer J
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NMR Spectrophotometer-can dlfferentlate between protons of different
environments. Protons of the same environment are called equivalent
protons (represented by the same letter) while protons of the other
type are indicate by other letter. '

All the six protons of benzene are equivalent, therefore the NMR
spectrum of benzene shows a single peak.

Ethanol has three different types of protons and its spectrum contains

three peaks.
2 b

H H
e | \
H—C—C—0O-—H
o
Isopropyl chloride has six equivalent protons which give a single peak.
The remaining proton, gives a peak at a different position.

H CI H
a l ' | a
H—-C—C—C—H
A

The area under the peak is directly proportional to the number of

protons.
For taking the NMR spectrum of a substance a little amount of TMS

(Tetramethyl silane (CH,), Si) is added to it. It has been chosen as a

standard. NMR spectrum is a plot of absorption (y-axis) and chemical
shift on x-axis. For TMS the value of chemical shift (5) has been
chosen as zero arbitrarily. Chemical shifts of other compounds are
compared with this reference value. All other compounds have
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chemical shift (8) valus higher than zero. TMS has been chosen as a
standard because its all protons are equivalent and show absorption at
lowest § value. Moreover it is highly volatile and can be separated
from the compound after its spectrum has been recorded. Chemical
shift is expressed as deita (5) or Tau (t) scale. NMR spectrum IS
rectangular chart paper with a linear scale of 3 (delta) usually
arranging from 0 to 12 ppm, the TMS signal is takenas 8 = 0.

e T ———— T T T —— 5 L - =p— - —

|, g '_;Qbsewedshiﬂmmmmbin_'il_:i'i;)__. L 6
' = e e e e s e x10"ppm
i Operating frequency of spectrophotometer(Hz)

The relationship between & and Tau scale is © = 10— §. Usually ppm
scale is used, where TMS signal is at 10 ppm.

Different protons give peaks at different 5 value. Protons with greater
electron clouds are called {less deshielded protons) and they require
higher frequency for flipping from lower energy to higher energy states.
Such peaks appear as upfieid (lower § value). Protons in the vicinity of
higher electronegative atoms (like CI, F, O etc) have lower electron
densities around them and require little energy for flipping. Such
protons are called more deshielded protons. Such protons show peak
at higher & value (downfield). From the values of 3, the different

protons of a compound can be differentialed from one another.

from the metal when passed through a prison forms a continuous
spectrum (emission spectrum) ranging from violet to red.
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The emission spectra of atoms in the gas phase on the other hand, do not
show a continuvous spread of wavelength from red to violet, rather the
'atoms produce bright lines in different parts of the visible spectrum. Such
spectra are called line emission spectra. Each element has a
characteristic line spectrum,

When hydrogen gas is taken in a discharge tube under low pressure it
emits blue light. The light is emitted by atoms when they go from excited
to ground state. When this blue light is passed through a prism, four bright
lines against a dark background are produced. The colours and wave
lengths of these are red (656.2nm), blue green (486.1 nm), blue-violet
(434.0 nm) and violet (410.1 nm). This spectrum is called emission
spectrum of hydrogen. These lines of hydrogen spectrum are collectively
called Balmer series. In the invisible part of H-spectrum four more series
are also obtained; Lyman (uv-region), Paschen (IR-region), Brackett (IR

region) and P fund series (IR-region).

il §
rogen @ fhpue] &#E F PN
gas Iig.ht
Prism
"g‘ g 2 = biue green
85 ¢ e
N\ \\\\\\\ﬁ?ﬁl\\ﬁ%\\ AR
(Emission spectrum of hydrogen) )
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Wavelength of the different bright lines of Balmer series can be calculated

1 i 1
Pk [(27‘31_2]

Rw is called Rydberg constant. lts value is 2.18 x 107® J.

by the formula

Red, blue green, blue violet and violet lines of Balmer series actually
correspond to the electronic transition from 6", 5%, 4™ and 3™ orbit to o™

orbit respectively.
Emission spectrum of sodium can be obtained when sodium salt is

added to the Bunsen flame, yellow flame is produced. When this yellow
light is passed through a prism, two closely spaced yellow lines are
produced. These lines are called Dy (589 nm) and Dz (589.6nm).

For every element there is a unique emission or absorption spectrum.
Thus the emission or absorption atomic spectra are used as finger print to
identify the elements.

One of the widely psed emission spectroscopic techhique is flame
photometer. This technique is usually used to find the concentration of Ni,
Na, K etc in, biological samples. An agueous analyte is introduced into
flame. Waler evaporates and solid salt is left behind. The.salt breaks into
constituent atoms. The atoms go to vapour state. The gases atoms get
excited in the flame. The excited atoms loose energy of characteristic
wavelength, which is dispersed by a grating or prism and detected in the
spectrophotometer. The intensity of light emited by the atoms is directly
proportional to the concentration of analyte.

Atomic absomption spectrometry is used for the analysis of elements. The
sample solution is evaporated in a flame as in flame emission

e —
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spectirometry and the sample Is converted to atomic vapour. Some of the
atoms in the flame get excited but majority of them are in groﬁnd state.
When a light of particular wave length from the Hollow cathode lamp is
passed through these atoms, they absorb the light for excitation from
ground state to high energy state. The absorbance of light by atoms is
directly proportional to the concentration of atomic vapours in the flame.
For the analysis of different elements different types of [amps are used
which produce light of different wave lengths. Each element shows
absomtion of particular wave length. i )

Before introducing the sample of unknown concentration, solution of
known concentrations of that element are aspirated into the flame one by
one. Their absorbances are recorded and a working curve is constructed.
Then sample of unknown concentration is aspirated into the flame and its
concentration is read from instrument. The simple diagram of an atomic
absorption spectrometer is shown below.

o ™
iht Cho U mono chromater Deteclor
ight pper X
g — 0
Hallow
read out
Cathode lamp 3a n'1 B devico
. /

Atomic and molecular mass are determined by mass spectrometry.
Mass spectrometer is a very highly sensitive instrumental technique. The
following figure shows the design of a modern mass spectrometer.




Eleclromagnet

+vp lon of different ratio

LS % =
The sample is injected as a gas into the ionization chamber. Electrons,
come from the electron gun collide with the sample atoms or molecules.

As a result of these collisions electrons from the sample atoms or
molecules are knocked out and they become positive ions. Usually
oppositely charged ions are produced. The positive ions are accelerated
by the electric field and finally reach a region where an electromagnet is
applied. Different ions now separate on the basis of m/e ratio. In the
magnetic field the ions deflect in circular path. Lighter ions (low m/e)
deflect to large extent than heavier ions. At a time only one kind of ions
strikes the detector. Here electric signal is produced which is laler on
amplified by an ampilifier. In recorder the electric current operates a pen
which traces peaks on a chart. The intensity of the electric signal is
directly proportional to the number of ions striking the detector.

If the magnetic field is kept constant while the accelerating voltage is
co_ntinuously changed, one kind of ions after other will reach detector and
thus more peaks are produced on the chart.
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Mass spectrum is a chart in which m/e is taken on x-axis and relative
abundance is taken on y-axis. Higher is the peak of a species higher is its
abundance.

Mass spectrum helps in finding the number of isotopes of an element and
also their relative abundances. Following the mass spectrum of Neon.

' ™
90.92%
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The above spectrum shows three peaks with m/e equal to 20,21, and 22
which correspond to *Ne,?'Ne and Ne. Neon —20 is the most abundant
and Neon —21 is the least abundant isotope as clear from the heights of

their peaks.
Mass spectrum of chlorine (Cl) is shown in the following figure.
( 1001 h
3 75% 35 C|
3%
g —
2 37Cl
. § 25%
0 33 34 35 38 37 38 mle—
- J/

When a molecule is infroduced into mass spectrometer, the molecular ion
{M*) is produced due to loss of an electron. In addition to the molecular



ion, more ions are produced due to fragmentation of the molecule.
Fragmentation occurs due 1o rupture of chemical bonds.

The fragmentation pattern of a molecule gives an idea of the structure of

" the molecule. Thus mass spectrometry is very helpful in the identification
of molecular structures as well.

-"t Sclence, 'l’echnolngy“ and Sonlety

In Analytical Chemistry classical methcd use separations such as

of weight or volurne.

' Whereas instrumental method use an apparatus to measure physical

H quantities of the analyte such as light absorpiion fluorescence, or
conductivity. The separation of materials is accomplished using

chromatography, electrophoresis or Field Flow Fractionation methods.

| Analytical chemistry has applications inforensics, bioanalysis,
| clinicai analysis, environmental analysis, and materials analysis.

A method frequently used in forensic chemistry is that employing luminal,
| a derivative of phthalic acid, which reacts with metal cations and hence to

ig thought that there are remnants of blood.

Thus, the iron-shaped cation found in the heme group of hemogiobin

reacts with luminol observing a blue fuminescence of the reaction itseff is
carried out.

' In this process, the final product is the 3-aminophthalate anion which s in |

an exclited stata. Upon returning to the ground state {(or basal) releases
' energy in the form of light, which is known as blue luminescence.

- One particularly useful method for the simultaneous separation,

. unknown substance or mixture is the use of a gas chromatograph-mass
. spectrometer (GC-MS). A GC-MS is actually two instruments that are

. detect traces of blood. The process involves mixing luminol with a dilute
. sojution of hydrogen peroxide, which is spread carefully in places where it

E

e e

preclpataton extraction and distillation and qualitative analysis by color, |
. odor or melting point. Quantitative analysis is achiaved by measurement |

e T il e i

. identification, and quantitation of one or mere individual components of an
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attached together physically, and together cemprising one of the so-called
“andem® or “hyphenated" techniques. A combined GC-MS instruments
has a very high sensitivity and can analyse sample present at
concentration of 1ppb. MS uses high voltage to produce charged ions.

Gas lons or isotopes are separated in magnetic field according to their
masses.

The gas chromatograph (3C) is essentially a hot (150-350°C),
temperature-controlled oven hoiding a bent or colled, specially packed or
coated glass column between one and a few dozen meters long. A smali
volume of a drug sample is quickly Injected into the hot column.
Volatile components in the sample are vaporized by the heat of the oven
and are forced toward the end of the column by the flow of an inest “carrier
| gas" (typically helium). The speciai chemical component(s) within the
' column bind to substances contained in the moving vaporized sampie
' mixture with slightly different force. As a result, different subsiances
. aventually are "eluted" (i.e. emerge from the end of the column) in differing
| amounis of time, which is known as the “retention time”. In general the GC

. portion of the technigue is used as a separation and quantitation tool, not
an identification tool.
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Key Points:

A set of experiments used to know about the quality of a substance is
called quafitative analysis.

Methods used to find the quantities of subslances are gquantitative
analysis.

Burning of substances in the presence of oxygen is called combustion.
Most organic compounds on buming produce CO» and H:O.

Empirical formula shows the simplest ratio of atoms present in a
molecule of compound. -

Molecular formula gives the exact number of atoms present in a
molecule of a compound.

Two or more compaounds may have the same molecular formula.
Structural formula gives the arrangement of atoms in molecule of a
compound.

Spectroscopy helps us to identify atoms/functional groups in a substance by
the interaction of electromagnetic radiation with the substance.

In IR spectroscopy organic compounds are exposed to weak radiations
in the range of 5000—867¢m™ (v).

A 100% transmittance means no absorption.

In uvivis spectrescopy radiations having wavelengths in the range of
200—800nm are used.

These radiations are more energetic and can change the distribution of
losely bound electrons.

Like electrons, atomic nuclei also spin about an axis.

Spinning charged bodies produce magnetic fisld.
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2.

Exercise

A compound containing C,H and oxygen is found to contain C=32%
and Hydrogen = 4%. lts molecular weight is 150. Find its molecular
formula.

Ealculate the empirical formula of the compound that contains
C=27"9% and 0=72.7%.

What does EMR stand for?

Write the range and unit of IR radiations.

What is meant by stretching, bending vibrations.

if a compound shows 100% transmittance, what do we infer from
it?

What does A max mean to you?

Define and explain Bear-Lambert's Law.

Q.9 Why tetramethyl silance is used as a standard in nmr spectroscopy.
Q.10 Give units used in nmr spectroscopy.
Q.11 Explain the use of ionization chamber in mass spectrometer.

Q12 Multiple Cholce Questions.
1.Which one of the following is quantitative chemical analysis?

(a) Sait anaiysis (b) Titration

{c} Flame test (d) Borax Bead Test

- 2. CzHgO is the molecular formula of ?

() Ethanol (i) Methanol
(iiy Dimethyl ether  (iv) diethyl ether
(&) () & {ii) (b) (i) & (iii)
(c)

(i) & (i) (d ()& (v)
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9. Which one of the following technique is used for determination of
functional group in a compound?

(a) IR Spectroscopy (b) NMR
(¢) UV Spectroscopy (d) Mass spectroscopy
4. Two different compounds will give different absorption peaks in
region of IR ? - '
(a) 600-1500cm™ (b) 1500-4000cm™
() 3000-2500cm™ (d) 2500-3500cm™

5. Which one of the following methods would be best for finding the
identity of an organic compound.

(a) Mass spectroscopy b)) NMR
(c} IR (d) uVv

8. A mass spectrunm is shown below.

A
i
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Which one of the following gives complete mass specirum
illustrated?

(a) CO2 (b) N0
{c) CaHe (d) mixture of CHq and N2 -




7. UV ranges from
(a) 400nm-BOONmM (b) 800-1200 nm
(¢} 1200-16C0nm (d) 10-400nm

8. Which one of the following hydrocarbon produces an NMR
spectrum with more than one peak. \

(a) Methane (b) Ethane
(c) Butane (d) Cyclobutane

9. For the compound below, how many single peaks would you
expect in its NMR spectrum? :

H H
Ct (’J (') Cl

Cl H
(@ 2 by 4
) & d 8
10. How many types of “NMR" protons are there in butanoic acid?
{a) 8 (b) 2
(c) 6 d) 4

Q11 Short Questions
(i) Why magnesium perchlorate is used as H20 absorber?

! (i)  Acetic acid contains only C, H and O.A 5gm sample of acetic
acid is completely burnt. It gives 3.00gm of water and 7.33gm of
CO, is produced. What is the mass precentage of each elements
in acetic acid. Also calculate the empirical formula of acetic acid.

(i) )soprene is a liquid compound that can be polymerized to form
synthetic rubber. It is composed of 88.17% carbon and 11.83% .




hydrogen. its molar mass is 68.11g/mole. What are its empirical
and molecular formulae?

Why modern method of analysis is superior over classical
methods of analysis?

('v) Write down the main functions of IR, UV-visible and NMA
spectroscopy?

(vii) Why it is necéssory to use quariz cuvets in the U.V region, but
less expensive glass or plastic cuvets are acceptable in the visible
region.

Q12 Long Question

(0 Define mass spectroscopy. Explain the construction and working of
mass spectrometery.

(i)  Differentiate between Atomic emission and absorption spectra.
(i) What is meant by NMR. Explain chemical shift in different cases.
(iv) - Explain in detail spectroscopy. Write down its applications.
(v)  Write notes on the following.

{a} IR spectroscopy

{b)} uv visible spectrascopy




