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BRI S

Differentiate beryllium from other members of its group.
Describe reactions of Group IV elements with water.
Discuss the chlorides and oxides of group IV elements,

Explain the relative behaviour of halogens &as oxidizing agents ang
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.

‘s Analyze acidic and basic lons using various tests.

Describe 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.

Relate the properties of the halogaﬂs to their important Gﬂmmﬂmﬂ
uses.

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

‘ 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 IIIA, IVA, VA, VIA, VIIA and VIIIA (noble gases or
zero group) are known as p-block elements. These elements have outer

electronic configuration of np'™®. s-block elements consist of only metals,
but p-block elements include both metals and non-metals.

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

In third period of the periodic 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.

+sNa [Ne] 3s'

12Mg [Ne] 3s°

13Al [Ne] 3s® 3p'
14Si [Ne] 3s® 3p°
15P [Ne] 3s® 3p*
165 [Ne] 3s% 3p*
17Cl [Ne] 3s® 3p °
i8Ar [Ne] 3s° 3p°
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The diagram 'shaws how the atomic radius changes as yg 5
across the third period.

The figure is based on
"« Metaliic radii for Na, Mg and Al

« covalent radii for Si, P, S and Cl
e The Van der Waals radius for Ar because it does not fo
chemical bond.

It is fair to compare metallic and covalent raqii because they g(r; Eaﬂg
measured in strictly bonded circumstances. It IS not suitable tlc- B
these with Van der Waals radius, though, the Van der Waals

larger than covalent radii.

The first ionization energy is the energy required to mmnm-mg_nﬂﬁnw
held electron from one mole of gaseous atoms to produce monopositive B
Xl:g} > x+iﬂ}+ e

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

m any

od is give"

U % I : E -
(kJ/mole)

5
:
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Notice that general trend is upward, but this is broken by fall between Mg
and Al and between P and S.

Explaining the pattern:
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.
e 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 to Ar. As a result, the grealer atiraction between
the nucleus and the valence electrons gradually increases the |.E.

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:

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 fo the next across the peried. 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
©lectron atiracting power and therefore an increasing electronegativity
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i__151 1.5 : '.:I'!"B;'I-ﬁ'.":-}'l"l- electrical conductivity:
v ,- sm:iiLurn, magnesium and aluminium are all good conductorg o
electricity. Conductivity increases as you go from sodium 1

aluminium.
s Silicon is semi conductor

» Phosphorous to Argon are non-conductors.

The metals conduct electricity because the de!acaliged_ electrons (in the
electron sea) are free to move throughout the solid or liquid metals.

Silicon is semiconductor, while the rest do not conduct glectn‘cinr because
they are simple molecular substances. These have no mobile electron.

e T e T T e S — — —_—

13.1.1.6 | | Trends in melting and boiling points:

T e e e e e - e

element change

The chart shows how melting and boiling points of ,
to avold

across the period. The values are plotted in Kelvin instead of °C
negative value.

B M)
B 8R(X

Temperature
(K)

cind
08S exothermic reaction with cold water prodV

Sodium underg

hyd
yarogen and a colourless solution of sodium hydroxide.

2Na + 2H,0 —— 5 oNaOH + Ho
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Mggneafum reacts slowly with cold water but bums 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 +2H.0 —> Mg (OH) .+ He

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

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.

AL o, Ny AP
e | T a-g P . : e
2A At —“.—_l"_ﬁ[gﬁg-%ﬁ]?ﬁr :

Silicon will react with steam at red heat to produce silicon dioxide and
hydrogen.

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).

In presence of sunlight, chloric (I) acid slowly decomposes to produce
more hydrochloric acid, releasing oxygen gas.
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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 -

Magnaéiu’m burns in oxygen with“an intense flame to give white sold
magnesium oxide. -

Aluminium will bumn in oxygen. If it is powdered, otherwise the strond f’l_:fud;
layer on Aluminium tends to inhibit the reaction. If you sprinkle alu™

'?nwedﬂr into a Bunsen flame, white sparkles and white aluminium %%
formed: £ & .

Silicon will burn in oxygen if he ' flicon d!
pmﬁmﬁi e me‘an if heated strongly enough. Silicon di

White phosphorus Gﬁlﬁﬁes 'ﬁrﬂ-

oxide ;

flame and producing clouds of . spontaneously in air, burning (l
: uds of white . mi - of phosP
oxide and phosphorys (V) oxide is fo r;rggke. A mixture of ph

For phosphorus (11l) oxide

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

T

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 chlorine 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 burns in chlorine to produce a mixture of two chiorides,
phosphorus (Ill) chloride and phosphorus (v) chloride (phosphorus
trichloride and phosphorus pentachloride).
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Phosphorus (I1) chloride is colourless fuming liquid

Py+6Cl; ——> 4FCls.

Phosphorus (v) chloride is @ straw coloured solid.

© Pe+i0Ch—> 4PCl

- -

ssed over some heated sulphur, it reacts fo

ine is pa :
If a steam of chlorin p liquid disulphur dichloride SzClz

form an orange, foul smelling

to talk about chlorine reacting with tséf

— o

It obviously does not make sense
and Argon.

= 3‘.
of peri®®
ir phys®

physical properties of oxide
) and their structures. Argo
he oxides and the

This topic is related to

elements (sodium to chlorine _
omitted because it does not form any oxide. 17

properties are:
------ i a1t

: : ment
The oxides in the top row are the oxides where period 3 ele oloctr0

: 1
their highest oxidation state. In these oxides, all the ﬂut:;i sod
period 3 elements are being involved in bonding from just
all seven outer electrons of chlorine in Cl205.

B1a1 Stuctwre ?
@5

The trend in structure is from metallic oxides containing giant & .,
lons on the left of the period via a giant covalent oxide (silicon
the middle to molecular oxides on right.
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The giant structures (the metal oxides and silicon oxide) will have high
melting and I::-_t:;:.tli_n;g points because a lot 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 simple, others polymeric. The attractive 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 wealker than the ionic or

covalent bonds required in a giant structure, These oxides are gases,
liquids or low-melting solids.

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.
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Across the perio
structure of oxides

d from left to right there is a steady change in thg
from ionic through giant mnlemélis o simple
lles. Thi ! ' found difference in the
_This change in the structure leads to pro f 1
E;?lzshich these ﬂ?:ides react with water, acids anc{ glkalfas, The ionic
oxides contain 0% ions in the crystal lattice. These 0% ions in Na;O reac

vigorously with H;O to form an alkaline solution.

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

:IEG?' 's amphoteric oxide. It does not react with water but it will réa s
oth dilute acid (H") and dilute Alkali (OH").

Si0; does not react u.;al'r?

: act wi A ; a
forming silicates (g p;}:ﬂ‘ Water, but it reacts with cunﬂan‘lratﬂ'd

. .

reacts wi - '
ith Water to furm a mhﬂﬂ[’a of two acids HNO» Eﬂd HNU!

NO,
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The oxides of phosphorus, Sul : 3) T '
Redan ; phur and chiorine except (ClO.) react
readily with water to form a strongly acidic solution. e
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The above table shows that there is a change from strongly basic oy,
left side to strongly acidic oxide on right side while amphoteric Oxides i
the middle of third period.

The normal oxides of most metals e.g. Na,O, CaO etc. cumbine with acids
to form salts.

Such oxides are called basic oxides.

Acidic oxides are oxides of nun-matals e.g. CO5, SO, etc. which react wih
bases to form salts and combine with water to form acids.

Some amdes like BeO, AL,O; ete. react with buth acids and alkalies t0 o
salts. These are aallad amphoteric oxides which are usually water if
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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 simple molecular structure composed of small
discrete molecules atlracted to each other by relatively weak
intermolecular forces. So, the melting & boiling points of these compounds
are low and they will not conduct electricity in liquid state.

The word® Hydroxide” refers to anything which contains either a hydroxide
ion (OH") or an —OH group covalently bounded to the element in guestion.
Hydroxides containing OH™ ion are basic hydroxides e.g. NaOH, Ca(OH)..
Aiuminium 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 to these elements e.g. Si (OH)s, HaPOq,
H.SO4 and HCIO.. These are all acids.

These are white solids having soapy touch. Strong solutions 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 evolving a considerable amount of heat due
to the formation of a number of hydrates e.g. NaOH. 2H,0.
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Sodium hydroxide (NaOH) Is used in soap industry, petroleum "efining ang

reclaiming of rubber. _ | . =
Magnesium Hydroxide, Ma(OH); is obtained as a white precipitate ypg,
caustic potash (KOH) solution is added to a soluble magnesium satt,

Solubility of Mg(OH)2 is enhanced tremendously by the addition of NH.C!

More Mg(OH), therefore, dissolves to provide a further supply of OH T

order to replace those fixed in the form of NH,OH.

When an alkali is added to an aqueous solution of aluminium &
Aluminium hydroxide Al(OH)s gets precipitated.

solu : : e ; o el y Ium]ﬂa
in the later. ble in acids and caustic alkalies forming &

The AOH); can afen i
"¢ AlOH)a can also be optaineq by hydrolysis of AICI3 in €Xces" 3
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The precipitated hydroxide has o eabas d
i : ity of absorbin
forming colouring matter known as “Eakeg:' ity g various dyes

Silicon hydroxide is a mulac:u!e ‘with
by the following chemical reactiar. formula Si(OH)y. It is produced

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

The characterishc feature of the sub-group IA is the s' arrangement
in the outermast shell,

ElectimmiciEenfigliratian
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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.

ey T e e sl L Wi By
- - Nl =1 i a e
| = 1] F 4 ¥ »
TSI B K
e -

The elements in a group behave in similar way, but they also show trends

of variations in properties as given below:

- . & el L ' e == ER Lt
I Fi % 3 ® T =1 5 . -
. ' | 1 [l i !
2 i AL R L ! d
F el E ,
2 -

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

The fonization energies of these elements are relatively low and first
:E :;1;] these elarlnar?’ts decreases on moving from Li to Cs. Due to their low
.E, these metals have a greater tendency to lose = ctron 10
change into M™ ions, 2 Inevelence Hle

Since these highly troposit ‘
?aluﬂa:are. . I:l:taiﬁ are J'wghly E-‘iﬂﬂt!'ﬂpﬂﬁﬁwa, __=t]71Ei:.l'- .E‘E’E'ft}'ﬂn'agatt\fw
As their electropositive ﬂhﬂl‘ﬁlﬁﬁi‘:“ih

negativities decrease in mﬂmﬂﬁm‘:‘_ﬂms from Li to Cs, their elect
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The forces binding the atoms in crystal lattices of these me

relatively weak. Consequently these metals are soft and possess low
melting and boiling points which decrease down the group. '

 Density increase in moving from Li tacs,—Puiassium Is, however,

lighter than sodium.

Group S are Valy gaos
with water reducing it to hydmg gaﬂ

| elements are very good reducing agents. They all react vigorously

- =W .cts slower than all the other elements of
Exeludingﬂlaltﬂ'l ﬂmmu?gxusly, fizzing and skating about on the water
group-l. e l..".’ sium reacts even more Vigorously. It cracks and pops as
,?;:i!aaa. 2 gxplﬁdEE Rb and Cs explode violently in contact with water.

S : Gmupl ,eiamanta with water closely follows the values of
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Tace are all very reactive metals and have to be stored witho
canta;ﬁiﬁ girrﬂt'gl 'I:nrevrgnt their oxidation. Reactivity increases down fhe
group. ' _

Li, Na and K are stored in oil, Cs and Rb are normally stored in a sealed
glass tubes fo prevent air contact.

Alkali metals react with air or oxygen 1o form various types d
oxides. Some of the reactions are given below.

Sometimes ‘L reacts with nitrogen in the air to give LisN.

For peroxide, the reaction is

For the super oxide, the reaction s

Scanned with CamSeannar
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“Rb" and “Cs" catch fire in air and produce superoxide such as RbO2 ﬁrﬂ;l
CsO; respectively.

Reactions of oxides with water :-

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

Reactions of oxides with dllute acids:-

Normal oxides react with dilute aclds fﬁll‘l‘l‘lﬂ'—lg aalta and water. While per-
oxides and superoxide also give other pmducts. :

Scanned with CamSeannar
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: i lorine in exact
: se orange flame in ch ACllY the
Eedium.::lg:]r;ssﬂfnnguarg "SEEIE”- Other alkali metals behave similary
same way as

id chlorides of these metals.

S e

The reactions give white sol

¥ el

e
Compounds of Group-I A Elements are more .st.abie to hai'ﬁa’;m
corresponding compounds of group-ll elements with the ex
Lithium compounds. :

Most Nitrates tend to decompose on heating to produce meta oxide:
nitrogen dioxide (brown fumes) and oxygen. - -

Lithitum nitrate produces lithium oxide, nitrogen dioxide and 0XV9°"
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The rest of group-l carbonates do not 'dﬁcnmpnse _even at higher
temperature. AR e SIS H R

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

e

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 ion and decreasing the radius of the ion.

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

The alkali metals give characteristic colours o the Bunsen flame
because even the small amount of energy of the flame causes an
excitation of the cutermost electron which on gl;iﬁ?i:ig}g 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.

Groups/ll=IElements:=3

Name of elements in group-IA : it
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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* of Mg are sea water , underground brines, the miners|
gg;rﬁ?tfaﬁurrﬁ:znesiteg (MgCOs). Calcium compounds are obtained frop
sea shell e.g. CaCOq and gypsum (CaSOs-2H,0) which is one of the
important minerals of calcium. Other alkaline earth metals are much lesg
common than magnesium and Calcium. .

Elements of grbup 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.

=

: . - o | P el o I e it
All alkaline earth metals except Be are white in colour. They are ®
reactive and tarnish in air.

air . el
The values of their densities, melting points and boiling points aré M
than those of alkali metals. ' gp{n L .

— 46
Due to the successive addition of eyt ch &leC
om ~-=SSIVe addition of extra shell of electrons to €aC"
have highzrrai:::il:i&ggman those of alkali metals. These eleme”> "

el and higher melting points than the co
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The first fﬂﬂlzahﬂﬂ energy of these eiaments da‘creasm with increase of
atomic radii from Be to Ba. Huwever the valu& of LEof Rais higherthan |.E of Ba.

The electronegativity values of these elements are small and denrease'
from Be to Ba

Meiting and boiling points do not show any regular trend. These are,
however, higher than those of alkali metals.

These metals react slﬂwfy with water |¥b5fﬂﬂﬂg h¥dmﬁﬂn and forming
hydmmuas The reaction becomes increasingly vigorous with an increase
in atomic number. Hawavér Beryllium does not react with watar or steam
atred heat. Mg burns in staam to pmdum wmta Mﬁ@ anti Hz gas. :

Group-l| elements bc‘n me more reactive towards water as we go down
|ll'IE'__gr|:1|_[_|:;.+
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metals of group |l react with oxygen and form simple oxides. Itis
almﬁgﬁnﬁpn;gts?b?é tugﬁndpany trend in the way the metal react with oxygen;
2Cay + 0oy —* 2Ca0g
Be is reluctant to bum unless it is in the form of dust or powder. Be has
very strong layer of BeO on its surface which‘prwents any more oxygen
reaching the underlying beryllium to react with it.

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. =

The nitri_dt?s of alkaline earth me .Ilc -c] .snici intu excef!
tha_lt_ I?f Be which is covalent and unpredictable. : s
__'he reaction of alkaline earth metals with air rather than 0xyge"
complicated by the fact that they all react with nitrogen to produce nitride

In each case we get a mixture of metal oxide and nitride.

The ity of 0
Ba(OH), it:llﬂ::gatg bHF'dm:ﬂd;?E in water .increase from BE(QH}E
Yincreasing values of their solubilty Prod*®"
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The solubility 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 medium, 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.

—_— : e ore HarmBlly: S1aDe s: Weign:
Both carbonates and nitrates become more thermally stabie as we go
down the group. The ones at lower position have to be heated more
strongly than those at the top bﬁfﬂ_{&_—ﬂfﬂ_y=,,dgmqsa e :

um differs from other alkaline earth metals in many respects.

——

?Bgﬂaaﬁmike other alkaline earth metal is not easily affected by dry air,

' + decompose even in boiling water.
2- gﬁdﬂﬁiﬁ%&s- s’ulgiil&g, chlorides etc. of Group |l elements are

ey e are covalent. o .
3 _g:ri;.. ::_i.‘_lgae ﬂ&gﬁsﬂ?iiﬁlﬂﬂ any colour to the flame unlike its family

members.

4- Beryllium oxide is insoluble in water unlike oxides of other members
~ of its family.
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The polari

Zing power of Be™2 on is high and polarizability of CI" jon |

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.

because it can neutralize both.

GroupsIVielements:;

Beryllium hydroxide can act both as an acid and as a base

The Group-IV A of the perin:dig_-_taﬁhia-;=;iqﬁai515 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 1A

and more electronegative elements of ?erﬁup'-'\?ﬁ-ﬁiﬁ._Tha.--_ﬁlememﬁ of

group IVA evidently exhibit an intermediate character.

The decrease in melting point from silicon downwards is due 10 Y

presence of weak bonds which become weaker due to increase in 2
size. Moreover, Tin and Lead do not use all the four electrons for mé

the

tallic

bond. The extremely high boiling points of Carbon and Silicon are due 't

very stable arrangement of diamond type lattice.
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The change from non-metallic to metalii_c character with thg
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 character.

Oxidation state is defined as the apparent charge positive or

' ' i lecule or ion.
tive on an atom of an element in a moiec :
ke Carbon and Silicon show +4 oxidation state In carbonates and

silicates. The remaining members can show +2 as wgil as +4 cx?ahml
states. Since, the electronegativity of these ?!aments is low, they ;: no
have a:uch a high tendency to form negative lons. However, carbon forms

C~ and C,2 ions in certain compounds. 2
EE:C (C=—4, Be=+2), Na,Cs (Co =—2, Na = +1) ;
itive or negative
idati ate of group-IV elements may be positive or |
de En!;:i,:i dﬁgﬂﬂ fhte naturg of the compounds. The typical _l_:lxldatlt:;n ;I:%tiﬂ
shgwn bygalemants of group-1V is +4, found in compounds like CCls, I} ;
and SnO,. However, down the group there are more and more exampie

where the oxidation state is

| v : lence electronic structure of ns®,
All the elements in group-IV have va ture
np?, where ‘n’ varies from 2 (for carbon) to 6 (for lead). The oOxidation state

of +4 is found where all these outer electrons are involved in bonding. But

+2, such as SnClz and PbCls.
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at the bottom of the group there is tendency for the s* pair not to be useq
in bonding. This is called inert pair effect which dominates in lead.

If the elements of gmup-l"u" form M(+2) ions they will lose the ‘p
electrons, leaving the s° pair unused e.g. In the formation Pb™ ions, Py
will lose the two '6p’ electrons, but the ‘6s’ electrons will be left unchanged
(inert pair effect). Therefore, the compounds of Pb™ are ionic in nature.

= o
] e TR T e e e
[ =Ziretiect and! s TOrmaiior oy COvaile

Although the most stable electronic configuration of a carbqn_atum
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 Tttt

t| 2P2m2p: —> 28 2Px 2Py 2P:

25
Ground state (C) Excited state (C*)

It is obvious from the electronic configuration (C*) that it can form four ¢o-
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 0
valent compounds depending upon the size of cation. The naturé %
compounds M** and M* cations can be predicted by Fajan's rule €.9. SN :
is smaller than Sn*? so the compounds of Sn™ are covalent, while thosé ®
Sn*? are ionic.

T
41 ot stonton, alonsaiends

All these elements give tetrachlorides (MCI,) which are covalent @ 7
tetra-hedral due to sp™ hybrid orbitals. MCl, are fuming liquids at r-::,% ;
temperature. The stability of MCl, decreases from CCls to PbCls: P
decomposes to give PbCls and Cl, gas.

[ PbClse— Pnciz+c_|EJ

.
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At the top of group-IV A the most stable oxidation state sho an

! | 1own by an

element is +4. This oxidation state is shown by carbon and silicon in ECI.;.

and _550_14. These have no tendency to form dichloride. However, the

relative stability of +4 oxidation state falls down the group and +2 oxidation
state becomes the most stable at lead,

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. SiCls 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
soluble in hot water. The solubility in water involves break up of the ionic

lattice and the hydration of Pb* and CI” ions:

The elements of group-IV 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 CO,
Si0,, SnOs and PbO.. The oxides of carbon and srlicur} are non-metal
oxides and are covalent in nature, whereas, oxides of tin and lead are

metal oxides and are ionic in nature.
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Carbon dioxide and silicon dioxides are formed by the direct Cﬁmk?inatinn
of these elements with oxygen. However, CO: is & gas whereas s.og is g
hard, high melting solid. The other oxides of -;|rr:ml.,lp-l‘:.'F are also sr::-h::ilsn The
fact that CO; is a gas suggests that it must consist of simple discrete
molecules, with double bonds between carbon and oxygen atoms.

Q=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'
orbitals on carbon atom which do not participate in hybridization process
form two "A" bonds with two oxygen atoms.

i 1 BT O\
| en atom in
l mmunﬁ sta!ta 5 / A ‘

Excited carbon
atom in Sp T T

hybridized state Sp S 2p |2p

8 FiN
Oxygen in the
ground state Tl Tl l l

Fig: 13.3

g

Silicon atoms are bigger than carbon atoms, which means that sifco”

oxygen bond will be long as co The
orbital on the silicon and the o Pared 1o carbon-oxygen bond.

. € oxygen are ‘ ugh t0g¢
to allow enough side wise overlap to gizgt quite clns:} E:‘:;L gan d Thus
silmun;nxygm bond is a single sigma bond ot M
The SiO; molecule is a giant covalent Structure’ inawii oh silicon 2%
is bonded to four oxygen at ré in which ea red

oms i
each oxygen atom is bonded tg MEE#E;HE;E:;W&[E”I bonds W

y
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The acidity of group-1V oxides decreases as we move down the group.
Thus CO- and SiO; are acidic and GeO;, snO; and PbO; 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.

Group VIIA 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.

Scanned with CamSeannar



- —— —MDCATBY-FUTUREDBOCTORS (TOUSEEF AHMAD) T—

The electronic configuration of the atoms gf 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
(Fa. Cly, etc). These discrete molecules are held together by weak Van der
Waals forces which explain 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.

3 : .
Atomic Radius .
(A)
0 4

R - RS 1 i
\ Fig. 13.4
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: ! | aLI"I']g malej on w!-l' : 1HRa e Hha rcek
electronegative element having E.N value of 4.0 I‘?hhe?emvg il
gradually from F to 1. el ues decrease

The tr

end down the group is not regular. The electr ini
_ gro . ; on affinity of

halilqﬁens dacreasasp down the group with the exception of fluorine {F):
e electron affinity is the measure of the attraction between the

incoming electrons and the nucleus. The higher the attractio )
the electron affinity. 9 action the higher

B "y - - "\ | =% J . L = i ] = [
= 3 b I | 3 | : = E: d
L | 'y ' R o ] -

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

| € ) le of

1d enthalpy is the amount of heat needed to break one mole
mvaié?n?ngo?ms- tgyfunn individual atoms. It begins with the original
substance in a gaseous state and ending with gaseous atoms.

-—

o = _a-'}l
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Bond enthalpy is the energy required to break a chemical bond. The EXant
bond enthalpy of a particular chemical bond depends upon the molecyg,
environment in which the bond exists. Bond breaking is an endothem;,
process and bond enthalpy involved is given +ive sign.

The following table illustrates the Halogen-Halogen bond enthalpies,

: = 3 e T

The abnormal behaviour in F - F bond is due to its smaller size and high
repulsion between nuclei of fluorine atoms. =

As the halogen atoms get bigger down the ar: yonding par
et bigger down the group, the bonding pé
electrons get more and more distant from thg m.?claus so attraction
becomes less and the bond becomes weaker. The bond enthalpy

imporiant in the thermal stability of Hydrogen halides
- | is easily decomposed into its components by ﬁlu”ging a red hot wiré

into a test tube of the gas.H-Br may c S . o
the exact temperature of the wire. Y Or may not decompose depending

H -~ F and H — Cl are very stable ta haa - :
Bond enthalpies of hali_qaggm gwlgnlﬁ_l?;;;’aﬂd they do not decompos®

Bend | ond rifalpes kymoles) _
T
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When halogens combine with a metal or non-metal they normaly act as
nxldjzinq agents. The element with which they react has +ive oxidation
number in resultant compounds e.g. when halogens combine with a metal
to form ionic compounds, they gain electron from metal to form —ive halide

ions.

Bk e — T e

z e e = —m———
2 =, I 4 f A ! 1
. #ﬁ%_d' Sk gl’ '_a:'i‘:'. b
iyl - = - e T
2] . ] - [ = = o
- T R B 5 = R e fa i, TS

e e e

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

oxidizing agent.

The order of decreasing power as oxidizing agent is Fz > Cl.> Bra> 1o

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

“= and “CI" are such powerful oxidizing agents that they can oxidize
coloured dyes to colourless substances acting as oxidizing agents for

bleaching.
When chiorine water is added to Kl solution, the solution becomes brown.

This is due to formation of lodine.

The “Cl” acts as oxidizing agent accepting electrons from “l," forming
CI” lons.

Chlorine can oxidize I to |, and Br 1o Br..
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nsted and Lowery definition acid is a proton donor. HC|

According to Bro ubstances HCI, HBr and Hi arg
: ives proton to other s ! :
Is an amd*l;*:ﬁ:ﬁgen EllF Esp:waaker acid. HCI is soluble in water and
strong aclds, :

produce HsO* and CI” ions.

y dissociates in water and is &

shows that HCI completel

This reaqtion
strong acid. s

nd HI dissolve in water in exactly 1=
:l?hra?.lgh'HF dissolves freely in water yet it is

As reducing agents hali
strength: :

actly the same way &s HCI. By contras!
' ‘a weak acid.

reducing

de ions show the following trend in

. .’

Araer the size of the halide ion, the stronger, it is as rec as0 0
;ﬁ;?:;;te, Br — reduces sulphufic acid to SO.. Trfarg is a decre
oxidation state of sulphur from “+6" in H2SO4 to “14” in SO2.

T is stronger reducing agent than ‘Br ™.
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Society, Technology and Science

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 two electrons from the substance undergoing oxidation. :

CaOCl, + H;80; — CaCl, + CaSO; + 2HCIO
HCIO —— HCI + [O]
Coloured matter [O] — 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 results in impaired thyroid hormone synthesis or
thyroid gland enlargement (goiter).
lodine is chemical element. It 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 European Alps and Andes.
ici As di d below, nutrient
r nutrition enhances the toxicity of fluorides. As discusse , U
:g;}iciancles have been specifically linked to fncr_aasv_ed _s._us-:_eptmjlrty to
fluoride induced tooth damage, bone damage. Fluoride deficiency may lead
to increased cavities, weak bones and teeth. 5
¢ 1 g s formation, glass ing,
Haloaens are commercially used in halogen I&m_ps i
ﬂiuﬂ%m of ‘iodine, water fluorination, fluorides in toothpaste, dry cleaning,
refrigerants, agriculture fumigant. ,: e
in comi i -toxic, resistant to
i used in coming because it is light, non . resiste
:&mam éimgf is wonderfully hydenic and durable alloy, which is the
material of choice in industries as diverse as processing of milk and dairy

products confectionary and cooked meat elc.
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Key Points:

» group IA and group IIA elements belong to s-block.

e group IlIA = 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.

s electrical conductivity increases from Na to Al.

* phosphorus and sulphur do not react with water.

s Phosphorous react with oxygen and produces mixture of phosphorous
(111) oxide and phosphorous (V) oxide.

s 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.

e 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 di}:’ux’iﬂe and oxygen.

e Group I-A bicarbonates are solid which easily decompose on heatind:

» The electronegativity of group II-A elements decrease from Be t0 Ba.

o Group II-A metals ‘react slowly with water liberating hydrogen and
forming hydroxides.

o All the metals of group II-A react with oxygen and form simple oxidé:

The solubility of hydroxide in water increase from Be(OH), to Ba(OH)”
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Exercise

It

Q.1 Choose the correct answer from the given choices in e-anh case.

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

(c)B (d) Na =

(i) The word Alkali means

BRAG  ETT A ]

(a) Base (b) Basic salt R
(c JAshes (d) spirit 7
(iii) The elements which are most abundant in earth crust. 2
(a) Si & Al (b) Caé& Mg
(c)B & Ar (d) Al

(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 8-
water? : 5
(a) Na;SO, (b) KoSOq =
(b) BaSO4 (d) ZnSO0O, { '
& e
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(vii) Which one of following alkali metal forms only normal oxide with

0.7
(a) Li b) K
(c) Na (d) Rb

(viii)  Strongest reducing agent among the halogens is
(a) Cl (b) Fz
(c) Brz (d) Iz

(ix) Which one of the following has lowest electron affinity?
(a) F (b) |
(c) ClI (d) Br

(x) Which is the highest melting 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

(xii) The dry ice is =
(a) Solid ice without water (b) Solid CO»
(c) Solid SOz (d) Solid CeHs

(xii) Which one of the following Is acidic in nature?
(a) Al Oa (b) CO»
(c) CO (d) Ca0
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(xiv) Thilfd peripd element that initially reacts rapidly with oxygen to
form a protective oxide coating that prevents further reaction is. 2
(a) Na (b) Al
© si @ Mg ‘
(xv) Tha.l yellow flame shown by sodium in Bunsen flame is due to
excitation of electron.
(a) 2p to 3s (b) 3ptois
(c) 4p to 4s : (d) 5pto4ds “

(xvi) When sodium is heated with excess of Os, which of the
following is formed? :

(a) NaO (b) NaO:

(c) NaO _ (d) None of these
(xvii) Which of the following has a greater affinity for oxygen?

(a) B (b) Na

(c) K (d) Mg

(xviii) Which of the following is the strongest base?

(a) Si(OH)4 (b) Be(OH):
(c) Mg (OH)2 (d) Al(OH)
(xix) The inert pair effect dominates in
(a) Pb (b) Sn
" (e)C (d) Si
(xx) Those elements of group IV-A which have no tendency to form
a dichloride are
(a) C and Si (b) PandSn
(c) Gaand C (d) SnandSi
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Q2- Short questions:
(i) Explain reaction of magnesium with .Ha'i_f? foaph 2
'(i'i] Why the NaCl does not conduct electricity in Lsuhd St.ate,'
(iii) Rubidium is below potassium in Group |I-A. Predict how it will react with,
(a) Water
(b) Chlorine
And describe the products.
(iv) Why halogens are so reactive?
(v)  What is flame test? _
(vi)  Write down any four characteristics of group I-A elemgnts.
(vi)  Explain the thermal stability of nitrates and carbonates of group
II-A elements.
(viiy Why carbonates of group I-A elements are more thermally
stable than those of group II-A7 :
(ix) Why Beryllium is differs from the members of its group?
(x)  Explain the structure and stability of chiorides of group IV-A
elements. A
(xi)  Why Fluorine is stronger oxidizing agent than chlorine?
(xiiy Why BeClz is covalent and not ionic?
(xii) Explain the amphoteric nature of Be (OH)z. 4
(xiv) Why the atomic radius of Argon is larger than all the member
third period? _ -
(xv) Why fall in ionization energy occurs at Al and S in same PEZEE
(xvi) Why the compounds of Sn** are covalent in nature while th
of Sn** are ionic?

Q3 Long Questions = - :
(i) Explain halide ions as reducing agents and discuss their tr |
reducing strength. |
(i) Discuss the atomic and physical properties of halogens. e .
(iiiy What is meant by bond enthalpy? Explain the bond enthalp
halogens and hydrogen halides.
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(iv) Discuss physical properties of Group-IVA elements.
(v) Discuss oxides of carbon family and explain inert pair effect in
formation of ionic and covalent bond.
(vi) Discuss in detail acid base behavior of Group IV-A oxides.
(vii) What are the trends in thermal stability of nitrates and carbonates
of Group II-A elements?
(viii) Write down atomic and physical properties of group I-A and group
lI-A elements. ‘ : ;
(ix) How peroxides, simple acids and nitrates of Group lI-A elemenis
are formed? )
(x) Explain the reaction of Group II-A elements with oxygen.
(xiy Explain trends in reactivity.of Group |-A elements with water.
(i) 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 effect in
formation of ionic and covalent bond.
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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, fhﬂ_mﬂl.ﬂ’ﬁﬂnﬁﬁianlaimnanta*nrthe 'd’ blogiealemgnt_s:

_b. The ' block elements (Inner transition elements)

We 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.

@) The first transition series: This includes the elements from

scandium(2'Sc) to copper (**Cu).These elements have partially

filled 3d orbitals.

G The second transition series: This includes nine elements
starting from Yttriun-; (**Y)to silver (*'Ag).These elements have
partially filled 4d orbitals.

@J 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 incomplete transition series.
It includes elements Actinium (**Ac) and Rutherfordium
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("“Rf) to Meitnerium (®*Mt).These elements have partially
filled 6d Orbitals.

- General Features

. They are all hard metals and have high melting 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 o

electrons can take part in bond formation leading to variable valencies:
@ Their compounds are mostly coloured in solid state and in solution, Colour &
due to the incomplete “d" orbitals in which electronic transition is possible:
@ Some of these elements form paramagnetic compounds because of "¢
presence of unpaired electrons,

@ They have the ability to form complexes because of the involvement ©
vacant d- orbitals. |
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. They form alloys with the d and f- 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 filling 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' 4s®,
Addition of elecitrons 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

2 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 metal series correspond to the

filling of the 4d, 5d and 6d subshells respectively. The general valence

shell electronic configuration of atoms of d-block elements may be written

as

In the lanthenides (**Ce to °Yb) and Actinides (*Ac to "%Lw) series
“sf" orbitals respectively.

transition series (3-d block
d. This gradual

valence shell electron goes to “4f" and
The atomic and ionic radii of the first
elements) decrease slightly from left to right in a perio

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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hows 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 transition metals have

high density because they possess greater mass to volume ratio.

last member of the transition series, S

.......

A

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 pairind
takes place and the number of unpaired electrons goes on decreasi"?
until it becomes zero at group IIB. Therefore, binding energy increases '
to group VIB and then progressively decreases up to group IIB- F”
example in 3d series binding energy increases up to Vanadium and thef
decreases up to Zinc.

y
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Most of the transition metals show several oxidation states in their
compounds. The cause of showing different oxidation states is that in
addition 1o 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 cornmon 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.

Electron Configuration

—

o A e
e

ds

L]
ol
An Ih‘'\-—l-l-llrl-l-u—l-l".‘

34
wiel 4. 1 1.4
4= Rz ek
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The highest oxidation state from sc*® to Mn*’ corresponds to the
involvement of all the electrons outside the Argon core. After this the

increasing nuclear charge binds the d-electrons 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 c:t::m;ncm examples are Pt, Ni, Fe, Cr, V.05 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. finely divided lron is used as a catalyst in Haber Bosch
process for the synthesis of ammonia. The application of V:Os, in the
conversion of SO to 8O; for the manufacture of H.SO, 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 ol
unsaturated hydrocarbons and the use of Cu in the oxidation of ethanol ¥
acetaldehyde are examples of catalytic properties of transition elements:

Substances show two different types of behaviours when subjected 0 @'
external magnetic field. If a substance is weakly attracted by a stro™
magnetic field, it is called paramagnetic substance whereas a substan

Lo
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weakly repelled by magnetic field is called diamagnetic substance.
Paramagnetic 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 oppositely 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,

Transiiinn 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
rystal lattice. When two or more metals mix or replace one another, we

¥ -;'.F:"H

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 #
surrounded by groups of negative ions, or molecules for example if Yo
add ammonia to a solution containing Cu(ll) ions, a pale blue praﬂipitﬂtﬂ'af
Cu (Il) hydroxide forms. It dissolves again if you add more ammonid:
giving a deep blue solution, because a soluble complex ion forms.

In this complex, four ammonia molecules and two water moleculé®
surround Cu*? ion. Its formula is [Cu(Hz0)2(NHs),]*2

__

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

. < et
55 | 0 L pdeact
= RN [ e

1422 ' Nomenclature of coordination compounds

The coordination compounds are named according to the rules

formulated by IUPAC. The rules are stated below:

1.

The cation is named first, and then the anion, just like common salt as
sodium chloride.

er(NH, ), NO, ), " K, [Ptcl,] _
Hexaamminechromium () nitrate Potassium hexachloroplatinate (1V)

Nonionic complexes are given a one word name.
[CONH,), (NO, ), ]
Trinitrotriammine cobalt (111)

The names of neutral ligands are usually unchanged whereas names

-of negative ligands end in “o” and those of positive ligands end in

‘ium”. Ligands of the same type are named in alphabetical

CI  CH,coo- NH,NH; H,0
chioro _ai::étatn_ hydrazinium aqua

order.

. The ligands in a complex are named in order of negative, neutral ang

then positive without Separation by hyphens.

[Pt(NH,), (NO, ) ¢ |so, Chioronitrotetraammine Platinum (IV) sulphate

The number of individual ligands is indicated

tetra etc. The number of chelatin
tris, tetrakis etc.

by prefixes. mono, di, trj,
g ligands is named by prefixes bis,
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In cationic and nautral mmplexes tha 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 geometrical shapes because the |
bond formed between central metal atom and the ligands are directional ini
nature.

Hence, the ligands are arranged around central metal atom in a cle&'
spatial geometry. This geometry depends on the number of ligands
(coordination numher) and type of hybridization taking place in centrd
mstal atom. | |

Complexes with coordination number four and six are very commo’
The former exists in two geometrical shapes, tetrahedral and squa®
planar while those having coordination number six exist in nctaheﬂfajl
shape.

Complexes having coordination number five are less ﬁummnn. Thesé

complexes exist in two main possible geometries i.e. trigonal hip}:famﬁdﬂ'-
and square pyramidal shapes,
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These are complex ions in which the central metal ion is forming six co-
ordinate covalent bonds or in simple words the central metal on is
attached to six ligands.

These ions have an octahedral shape. Four of the ligands are in one
plane, while the fifth one lying above and the sixth one below the plane.
The diagram shows four fairly random examples of octahedral lons.

- 2 L S — 3 )

These are far less common, and they can take up one of two different

shapes.
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| ' Tetrahedral ions
| ) and cobalt(l) ions have four chloride fons bondeg i, .

The copper(l
are too big to fj any

rather than six, because the chloride ions

around the central metal ion.

frs = = = e

el ¢l |
| | | |
I cu cCo |
i .,.r"‘ﬁ m’\ - l-‘.‘# ﬁ"’ -
| ci* ,] L cl* = "Gl
i [ CuCls 12- [ CoClg I2-
\_____ | Fig14.2 Tehedral ion geometry

 Asquare planar complex
Dccasinnally_ a 4-co-ordinated complex turns out to be squaré pe®
There's no easy way of predicting that this is going to happen. Wﬂ?
one you might possibly come across at this level is cisplatin e
used as an anti-cancer drug.

—_—— — e
L e — e = - _-__-_'_-‘-r\i‘
LN

| :

= TN - n e r——
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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 — 7000A) and reflects the
s2maining light which has the colour complementary to that of the
absorbed light. This complementary colour which is actually the colour of

reflected light becomes the colour of the substance.
The ions which have completely filled or empty d-orbitals are colourless

e.g. Cu* (3d"), Zn*? (3d"% and Sc*® (3d°), Ti™* (3d°) are colourless.
Colours of hydrated cations of the elements of first transition series is

given in following table 14.5.
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!, Vanadium, symbol 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 Sefstrém.

The element was named after Vanadis, goddess of beauty and love in
i 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. Almost all the transition metals have
multiple 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 a%
| important. The compounds in the lower oxidation states are good reducing
, agents. They are also ionic in character and on account of incomplet¢
electron shell they are also coloured. The compounds in the highe'
oxidation states are generally colourless due to the empty electron shell
When a colourless compound of V** (3d° 4s% is reduced by sultab?
reducing agent, it first tumns blue VO™ (3d'4s", then green V* [gdids’l
and finally violet V** (3d°4s°). Vanadium also shows +1,0,~1 oxidati®”

N e

Scanned with CamSecannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

states in the compounds [V (dipy ]E]H,WGD)E ard  [V(CO),|"

respectively.

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 O, as the oxidizing agent e.g. conversion of SO; to SO; in the

manufacture of H-SO.,.

V205
[ 25024 O 2503&;1)
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 durable
and aftractive 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.
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Chromium is a common element; overall it ranks about 21st in natyr
abundance among the elements in earth crust. Chromium has an atomig
weight of 51.996: the element melts at 1907°C (3465°F), boils at 2672:¢
{4842°F), and has a specific gravity of 7.2,

Chromium is not found native. Its most common minerals are chromite or
chrome iron stone (FeO.Cr,0s). It is also found as chrome ochre (Cr,0;)
and crocite (PbCrOs). Large quantities of chrome iron stone are found in
Rhodesia, Transvaal, Turkey, Russia, India and Pakistan.

The important 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 reducind

agents while those of Cr(+6) are strong oxidizing agents.

With the increase in oxidation state of the element,

(@) The acidic character of oxides increases with increasing oxidati"
state.

(b) Similarly the covalent character of the compounds also iNGE*

Thus Cr(+2) compounds are ionic, Cr(+3) compounds lonize 10>
extent while those of Cr(+6) are covalent.
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The compounds in which chromium shows +6 oxidation state are
chromium trioxide (CrOs), potassium chromate  .2rOs) and
Potassium dichromate (KzCr20y).
Cr(+3) compounds are also called chromic compounds. These may
" be considered derived from chromic oxide, Cr.0s. 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 (CrCls), chromic sulphate (Crz(SOa)s. 18H:0).
Cr(+2) compounds are called chromous salts. These salts are

unstable and tend to oxidize on €
of chromous salts are,

xposure to air into corresponding
CrClz, CrS,

Cr(+3) compound. Someé
CrS0,4.7H20, CrCOs3 etc.

hromate Equillbrium

—_

When solid potassium chromate, K2CrOs is dissolved in

water it forms a yellow solution. When solid potassium
dichromate, KzCr207 is dissolved in water the resulting |
solution is orange. The colors come from the negative
ions: CrO4>(aq) and Cr,0,%(aq). However, in solution R
these ions are actually in equilibrium as indicated by =)

the equation:

A A 7. . ot m-‘.': ":-'-"._1'; = I.I': -
& Cr0s an + 20 (aq) = —@IM(H}*HEGN

) i.--_"la".-'n:" g rie T

sitive to the acidity and basicity of
the addition of acid to the

T

This is dynamic equilibrium and sen

solution. According to Le-Chatelier's principle,

1-
-l
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reactant shifts the equilibrium towards right and yields more dichromatg
(orange). On the other hand, the addition of base promotes the conversign
of dichromate to chromate.

2l -
Cr0y = Cr,07
yellow orange

can be reduced to Chromium (Ill) ions Chromium (Il) 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 +6 to +3

et — ..-'.I'II_ .— L o

b < -
L b B G &

For reduction from +3 to +2

Potassium dichromate (V1) solution acidified with dilute sulphuric acid
commonly used as an oxidising agent in organic chemistry, '
For example
It oxidise secondary alcohols to ketones
v 0
CHy~C~H +[0] G:’C’EO’ W=l
CHs
Eec?ndaw alcohol
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In case of primary alcohol

————
— e

0 %
CH3CHzOH + [O] K;fS"EDD?—;H—{I‘E—H+HEU |
Primary alcohol A Formaldehyde

Formaldehyde is further oxidized to formic acid, under the above
condition.

ﬁll" 0

K2Cr20; I
H-C-H+[D rH_C—

[O] H250. H-C-0H |
Formaldelyde Formic Acid ~ /

Tertiary alcohols are not oxidized by potassium dichromate.

In redox titration a standard solution of potassium dichromate (K2Cr205) is
used to determine the unknown concentration of a solution of Fe™,
Dichromate ion reduces to chromium(lll) ions.

—

i
F.
il

( Cr,02” +14H" +6e” —2Cr* +7H,0

Fe(ll) is oxidized to Fe(lll)

————
.

( 6Fe™ — BFe™ + 66" J)

Therefore, 1 mole of Cr,0; (the oxidizing agent) reacts with 6 moles of

Fe** (the reducing agent) to form 6 moles of Fe** and 2 moles of Cr.
Thus, in net ionic form:

Cr,07° +6Fe?* +14H" — 6Fe™ +2Cr™ +?HED\
orange green J
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The molecular form of the equation can be written as:

K,Cr,0, +6FeS0, +7H,S0, — K,S0,+C1,(S0,); +Fe;(S0.);+7H,0

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

14.3.3  Manganese:

Manganese, symbol Mn, is silvery white, britle 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 first isolated in 1774 by the Swedish chemist Johan
Gottlieb Gahn. Manganese metal corrodes in moist air and dissolves in
acid. The element melts at 1245°C (2271°F), poils at 2[}51“0"(3?42@,

and has a specific gravity of 7.4. lis 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 pyrolusité:
rhodochrosite, franklinite, psilomelane, angd manganite. The principal oré is
pyrolusite. The elements name comes from the Latin word magné*
‘magnet” and was chosen because pyrolusite i magnetic. Manganes®

ranks about 12th in abundance among elements in Earth's crust. Ukrainé: '

Georgia, and South Africa are important Producers of manganese
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i .31
.;;mrdance wﬂh elactmnlc c«nnirguratlnn of manganese (3d°45°). 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,O7 and compounds of intensely purple
permanganate ion (MnOs~ ") are powerful oxidizing agents.

Mn*® is present in MnOs in the salt of Manganic acid (HzMnQy). The free

acid is unknown. lts salts are called manganates e.g. KoMnO4. The

compounds ha\nng Mn*™* are very limited in number. The most familiar

compound n::-f Mn** is MnO,. The compound of Mn*® is called manganic
compound. In aque

reduced to Mn*? ions e.g.

ous solutinn Mn*‘3 ion is qurte unstahle since It is easily

Mn*2 is the most stable mddatlun state of Mn in neutral or acidic solution.
Mn*2 ion exist as pale pink hexaaqua [(Mn{H,0)s]** which is quite stable to

oxidation. The stability of Mn* is due to half filled 3d-ortital. The
compounds of Mn*? are called manganous compounds such as
MnO, MnCO3, MnSOy, MnCla.

under acidic or allc&l'm candﬁﬂﬁs.
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Manganate(VIl) ion is strong oxidising agent, and in the firsy inStangs

oxidise ethene to ethane-1,2-diol (old name: ethylene glycol).
Under acidic conditions, the permanganate (V) ions are reqyee i

manganese(ll) ions.

T
Gqu-cH1+zng+zmu4 +BHY — EcHg-c[:Hszﬁ.
OH OH

N S ="

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

green manganate(VI) ions . . . |

< =3 %
CHp=CHz + 2MACY" + 20—  CHzCH; + aIMNOs> ||
1
OH OH ‘

dark green E_EJILET’ l

. and then further to dark brown solid manganese{i'*.f} oNE |
(manganese dioxide). '

————l
dCH2=CH; + 2MnQ4" + 4H0 — EGHZ'GHE + 2“‘02 + 200 !
|
DH OH
tﬁf
N | dark brown predP®

o |

e o)
with intense dark purple colo nm '.
ion changes into colourtes®

KMnQOy is a strong Oxidizing agent w
reduction the purple PeManganate
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The solution turns from dark purple to faint pink colour at equivalence
point. The reduction of permanganate requires strong acidic conditions.

For example oxalate ion reduces permanganate ion in acidic conditions.

l oxidation 1 - w
MnO; + C,07 —2cidic | a2 4 oo,

e e

—_———e

No additional indicator is used in this titration because KMnQ4 acts itself

as an indicator.
KMnO, solution is also used to find the concentration of Fe(ll) ions in a

)

KMnO, + Fé2 ———— Mn“+ Fé® J

solution. The redox reaction is given as under.

acidic

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 variety of complex ions such as [Fe (H,0), I [Fe ((H,0), ]*°. It

has characteristically coloured compounds e.g. Iron (Il) salts (pale green),
Iron (11l 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

0res are red haematite (Fez20s), Brown haematite or limonite

{EF'EOEDa.SHEU}, magnetite FesOs etc. Iron ore is processed for the

s -
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following three varieties of lron which differ from each other mainly in thej,

carbon content i.e. cast iron or pig iron (2-3%), wrought or malleable Iron

(0.1-0.25%) steel (0.25-2%)-

'-,_14:.3.4.1 )
Most common oxida
exists in the form of Fe*", Fe®* and Fe®. Fe®

4
i e e Tal T

tion states uf Ir-:-n are +2 and +3 but it can als
is very rare oxidation state

of iron.
Iron in the +2 oxidation state is known as the Ferrous jon. This ionis

pale green in colour and is very easily oxidized to ferric ion. Even tracesd
dissolved oxygen in solution will accomplish this oxidation. Solution d
Ferrous ion is sometimes used as reducing agent. Complexes of the
ferrous ions usually have octahedral gac:-rnetry; such as; -

When ferrocynide added to solution containing Ferric ions, @ preaip‘rlﬂﬂf:
known as prussian blue Fey [Fe(CN)gl; is formed. This cnmpﬂun
in making blueprint and as a bluing agent in lau ndryr N i A TS

Iron in +3 oxidation state is kngwn as Femc ] nn M ost 9;_;Iuﬂ°'ir

containing ferric ions are usually yellow or yallnw—bmwn due'10 fﬂrmadﬁ
of [Fe(H20)s(OH)F.
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14.34.2 Iron as catalyst in Haber’s Process
In the Haber process hydrogen 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:
N, +H; — N.E H;

N.H, + H, — 2NH,

However breaking open the nitrogen triple bond to form NoH. is very
difficult and resulting compound is highly unstable and is likely to
dissociate almost as soon as it forms. The formation of NoH: 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 component atoms by sharing
or exci‘nange of electrons wlth the catal*,rst surface
Hz{m — 2Htam

The nitrogen I"I'IDIE{:UIEE split into their component atoms and they lock

into the surface of the iron catalyst. This is the slowest step and so limits
the rate of the entire pmcess
_ Nﬂﬂﬂ BNgy
The hydrogen atoms mlgrate across the sudaca of the catalyst and
react with nitrogen and produce ammonia molecules that are still bound to

the surface.
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The reaction between persulphate ions (peroxodisulphate ions). S0

and iodide ions in solution can be catalysed ysin g either iron(ll) Of ironl!
jons. |
The overall equation for the reaction js:
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For the sake of argument, we'll take the catalyst to be iron(ll) ions. The
reaction happens in two stages.

RS —————

S2082" + 2Fg2+ > 25042 + 2Fa¥

2Fe¥ 4+ 21 & 2Fe2t + |3

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

Many hexaaqua complex ions can undergo acid base reaction with water
to 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 (Il) case

In Iron (lll) case

Fe*® (Ferric) give a more acidic solution than Fe*? (ferrous) ions.
In case of Alkaline solution OH™ ions remove H3O™ ions and equilibrium

shifts more towards forward direction and more H* are lost from the
| ed.

complex in stages until a precipitate is form

In case of Fe (Il) complex 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 2 ligand. Here it sSimply acts as 5

base, removing H" from the aqua complex.
In Iron (Il) case

LONE Fo(Hz0) (OH)z] + 2NH:
[Fe (Hz0)] +2NHs— 1 e( e

In Fe (Ill) case

i > (Fe(H OH)] + 3NH,
s (H0)el + 3NH, — [Fe(H20)s (OFikl

| [Fe(H:0nl+3NH, o

14,3455  Reactions of the iron fons with carbonate lon=:
Thare |5 ._a-r: important difference between the behaviour of iron(ll) and
iron(lll) ions.

iron(ll) ions and carbonate ions

. ® tﬂ'.
vou simply get a precipitate of what you can think of as iron(ll) carbona

e — T ——_ e T——— e,
e
———

© Fefl,+COy 0 FeCOy

B L
e ———

P e =TT = _'_"_'—""—'_——_‘ml

|

i CO3*ag) '

1

|

[ Fa(Hz0)s 12* “FaC03" d!
iron(ill) ions and carbonate ions o

The hexa aquairon(lll) ion is sufficiently acidic to react with the

 pasic carbonate lon. aqua-[mn[““

if you add sodium carbonate solution to a solution of hexa
ions, you get exactly the same precipitate as if you adde

solution or ammonia solution.

g sot”

hyd roxide
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This time, it is the carbonate ions which remove hydrogen ions from the
hexa aqua ion and produce the neutral 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 qunted equation shows the formation of carbon dioxide.

i —

eI"" 43007 —2(Fe(H,0), (OH),]+3C0, +3HO

Pl

Apart from the carbon dioxide, there is nothing new in this reaction:

e —_—y

s

bubbies of CO;

CO3% g
—_— !

[ Fa{H20)3(0H]}3 | >

3+
I"'\._[ F"ﬂ'l:’.'mﬂ |

Testing for iron (lll) ions with thiocyanate ions
This provides an extremely sensitive test for iron(ll) ions in solution. If you
add thiocyanate ions, SCN-, (from, say, sodium or potassium or
thiocyanate solution) to & solution containing iron(lll) ions, you

ammonium
nse blond red solution containing the ion [Fe(SCN}[HEO)E]

get an i,nte
sy

SCN(-“} '
|

’""['F“SE'H?E";;T"M [Fe(SCN) (HOXP* | .,

_l_l.—”l

\
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wnish-red metallic element that is one of e

Copper, symbol Cu, is bro e
is one of the transition elements of the

most widely used metals. Copper
periodic table. The atomic number of COPPEr is 29. ¢
Copper was known to prehistoric people and was probably the 1 ’“ETHJ

f
from which useful articles were made. Copper objects have been ““‘d

including those of Egypt
among the remains of many ancient civilizations, |1 g

Asia Minor, China, southeastern Europe, Cyprus (from which the.wr:rd
it was known to Native Amencans,

derived), and Crete (Kriti).
e } s also found

however these ores weré found by the European explorers. Iti

in the pure state.
The principle ores of copper are

Copper exhibits a variety of oxidation states in its compounds W"'icr A
mostly coloured. The two principal oxidation states of copper are + p
,2. Copper (I) compounds are expected to be diamagnetic in nature *
are usualty colourless. Examples of these compounds are cuz0 'aiﬂ y
CuBr etc. In solid cnmpounds copper (l) is often the more stable Hp
moderate temperatures. The copper (1) ion is usually more gla
aqueous solutions. Compounds of this ion are called cupric com

w””#

A
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i = usually coloured. Examples are CuO, CuF,, CuClz, CuCOs,
CuSOq efc. :

Copper(lll) is most characteristically found in oxides. A simple example is
potassium cuprate, KCuQ,, a blue-black solid. The best studied copper(lll)
compounds are the cuprate superconductors. Yitrium barium copper oxide
(YBapxCusO;) 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(lll) and even copper(lV) fluorides
are known, KsCuF; and Cs,CuFs, respectively. |

The simplest ion formed by copper in a solution is the typical biue Hexaaqua
copper (1) ion. This complex ion performs the following reactions.

Hydroxide ions (from NaOH solution) remove H® ions from water

ligands attached to the copper ion. It results in neutral complex
which is insoluble in water and precipitation occurs. ITha chemical

reaction is

When a small amount of ammonia is added to solution of hexaaqua
copper (Il) ions, it pulls out the H* ions from the complex ion exactly

like above.
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not strongly acidic enough 1o

The Hexaaqua copper (I} ions are .
release COs from carbonates. In these cases precipitation of metd

carbonate takes place which is represented by the following @awm.

Society, Technology and Science .

Transition metals and their compounds when dissolved mostly form colou®
solutions. Different metals are known for their specific colour used as paints &
'~ as cobalt (II) nitrate (red), KeGrzBr (orange), KCrO, wa}, ‘Nickle (Il oot
(green) KMnO, (purple), while titanium oxide is an important ingredient if
paint.
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Transition elements are those elements which have partially filled d or f
orbitals either in their atomic state or in any common oxidation state.

e The oxidation state of an element is related to the number of electrons that
an atom loses, gains, or appears to use when joining with another atom in
compounds.

« Those substances which are attractad in magnetic field are called
paramagnetic substances and the pheqnmennn is known as

| paramagnetism.

| « Transition metal atoms have similarity in their structure hence they are
able to replace one another in the metaliic lattice and form alloys.

s Coordination compounds have definite geometrical shapes because
the bond formed between central metal atom and the ligands are

. directional in nature.
' lonic and covalent nolnpcrunda of transition metals are mostly coloured.

..: » All forms of Gr{’ﬂ'l} are powerful oxidizing agents, and oxidize any CH bonds

'. on a carbon with an oxygen aﬂfﬂ]’ﬂ,ﬂ possible without breaking any carbon-

i carbon bonds
y in geometry.
* Fe () compounds are octahadml
£ o Per mm (Vil) ions are sstrﬂl'lg oxidizing agents whmh oxidize ethane to

iyl alcohol.
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Exercise

1. Select the most appropriate choice given at the end of each

question?
1. The Transition metals Copper and........c.... are best electrica
conductors.
(a) Iron  (b) Vanadium (¢) Chromium (d) Manganese
o Transition elements usually exhibit................valencies.
(a) variable (b) Normal (c) permanent (d) unchangeable
3. The coordination compound [(Cu(Cla)]® exists in ......ccoreeernnes shape.
(a) tetrahedral (b) octahedral (c) square planner (d) rhombic
4. The oxidation state of Chromium in CrO Clz is........c.ceun .
() 2 (b) 3 (e 4 (d 6
5. A compound Potassium dichromate is used in dyind
1o e _..indugtfy |
(a) Tanning (b) Cement (c) Paper (d) Glass
6. Acidified Potassium pennanganéte A A8 BN oo e
agent. |

(a) Oxidizing  (b) reducing (c) bleaching (d) colou®
7. The paramagnetic nature of a substance depends on:
(8)  The number of electron in the outermost orbit.
(b)  Thenumber of electron that are easily sjected.
(¢)  The number of unpaired electrons.
(d)  The number of lone pajr of electrons.
8. V205 is used as catalyst in the: -
(a)  Manufacture of Ammonia,
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(b)
(c) polymerization of ethane to polythene.
(d)  Manufacture of Sulphuric Acid .

9. Select element which is not ferromagnetic.

oxidation of Ammania to Nitric Acid.

(a) Fe (b) Co (©) Sb (d) Ni
10.  The coordination number of iron in [(Fe(CN)g)l™ is :
(a) 2 (b) 3 (c) 4 (d) 6
" 11.  Select ligand which is bidentate:
“(a) H0 (b) NHs (¢ co (d) C.04°
12. Cu*® salt solution is blue in colour due to transition of electron from:
- (@) stoposbital  (b) dtod orbital
(c) p to d orbital (d)ptoporbital

13, Potassium dichromate acts as a strong:
(a) Oxidizing agent  (b) Reducing agent
(c) Bleaching agent (d) Dehydrating agent.
14, When solid potassium chromate, K.CrO is dissolved in water it

forms a .........solution.
(a) yailow {b) pink (c) red (d) violet
- 15, Which ions are used as catalyst in the reaction between parsulphate

ions and iodide ions?
(@ Lead (b) Iron (c) copper (d) chromium.

Short questions

1. Answer the following questions:
- () What is meant by the term “fransition elements™?

E 1) Write dovin the electronic configuration of first transition series?
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() 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 elementsy
(V1) Write a short note on the variable oxidation state.

(Vil) What is the oxidation state of Fe in FeCla?

(VI1i) What is the oxidation state of chromium in [Cr(Hz0)e]**?

Long questions

What are the gonoral characteristics of transition elements?
Explain the nomenclature: ﬁqaumdtﬁﬁfﬁﬁﬁmpounds?
Explain the role of iron and Vanadium as catalysts?
Discuss Chromium and Manganese compounds as oxidizing age"
What are complex ions? Explain their shape and colours?
Give Reasons.

) Feis acatalyst in Haber process while not in the preparation o

sulphuric acid.
ii) Why Iron has variable valancies.
iii) The oxidation state of neytral compound is zero?

V) Bxistence of paramagnetism and ferromagnetism.

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

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

In past all the known compounds were classified accordin '
source from which they were obtained. Compounds obtained frgrrtf Ii:'r:r?:;:.:
organisms (plants and animals), like sugar (plant source) and urea (animal
j:pume}.' 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 “lifeless” as they came from non-living source '

At that time it was believed that organic

/ . : compounds can only be
obtained from lf:ing organisms as they possess apsuper-natural fﬁcrameh

ca!ilad vital fnmg . This tl‘!enry is called “vital force theory”. According to

this theory the vital force Is possessed unl_y by living urganigms' and such
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Urea had long been considered to be 4. 5 :
; . Qe an “Organic” compound being a
constituent of urine, where it is formed from the breakdown of protein.

Wohler's Fxpaﬂmems were followed by many other scientists, where
increasingly complex organic substances were synthesized from inorganic

ones without the involvement of any livin J
; organism and thus vital force
theory was rejected. 4 RIS

When the cnmpﬂsitiaq of all 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 cn?mpc}unds. are the compounds containing carbon which are
obtained 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 fo the above generalization. There are
some compounds like carbon containing alloys (including steel), metal
carbonates, bicarbonates, carbonyls, simple oxides of carbon (CO, CO,),

cyanides (NaCN), cyanates (KOCN, NH,OCN),sulfides (CS,)as well as the

allotropes 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.

(5 T,

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

Fossil fuels are formed by the anaerobic decomposition of buried
plants and animals.

a. Coal:
Coal is an important solid fossil fuel of black or brownish—black colour
normally occuring in rock strata in layers called coal beds.
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Coal is mainly composed of carbon along with other giamantsﬁ!j]ke
hydrogen, oxygen, sulphur and nitrogen. lf13:::a| nfl.; fc;:wir;c; Igfn;Etgrr: ) gr:
¥ . I il mi ;
the decay of plant matter buried ungert e so lions | 5 o
Due to dt}rfferent bacterial and chemscal‘ reactions, it 1S first mnr:a;;neg
into a coal precursor called peal which under high pressu

~ temperature gets converted into coal.

L =

: ( Coal exists in different forms like lignite (low %age of carﬁqn};gﬁ;
bituminous coal, bituminous coal and anthracite (highest ran T u
to presence of high percentage of carbon more than 91.5 %)

Coal is suitable fuel for power generation to min_i'miz&_thﬂﬁsuzg.g
petroleumn and natural gas for heating homes. Coal is mainly o
a fuel to produce electricity and heat through uumbuﬁtlﬂ:i-:' il axde.
largest source of energy for the generation of Elﬂﬂmwmmpounﬂsx
Coal is a major source of a large number of urggnic _
especially aromatic compounds. =

The word petroleum is derived from latin words: “petra’ mﬂ;’;" n':!,l,,
and “oleum” means “oil", Thus the word petroleum means 0

it is present in underground porous rocks. |t is also sumatl .
«mineral oil" or “crude oil” or “iquid gold” Petroleum exists e
liquid having dark brown colour with a strong unpleasant smet:

The
Petroleum is a mixture of hydrocamon®

o r— . anes and
hydrocarbons in petroleum are mostly alkanes, cyvclualkda:?n \race

aromatic hydrocarbons, while some other organic compoun well 25

amounts aré found which contain nitrogen, oxygen, sulphur 85

trace amounts of metals such as nickel, copper and vanadium-

’ e oW
gas s a qaseous form of fossil fuel which is a m:xtur&-ﬂf '

::iwr:slhvdfﬂcﬂm*’“s- methane, ethane, propane and butane-
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Natural gas, a source of org
decayl of animal matter an
deposits of petroleum.

In strict sense, petroleum includes only crude oil but in common usage, it
includes both ¢rude 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 fnrm_ ﬂf. quuii_:is. Usually natural gas and petroleum-deposits, are found
in association with each other.

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 today a large number of organic
compounds are isolated from plants. 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.

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.

Uruanm mmﬂﬂunds can be Eyﬂthﬂﬁizﬂq either through partial 3}'“"‘!5315,
Or through total synthesis. Mostly, organic reactions occur in many steps.

metimes, an intermediate product of a reaction Is used to synthesize a
targetad product, This process is known as partial synthesis. Sometimes

anic compounds, is also formed by the dead
d is usually found above the underground

-
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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

?ggéaf Kompa from the synthesis of camphor (an organic compound) in

Partial and total synthesis are used to s -
: nthesi
organic compounds. y ze a large number of

_ : in engi i i
and other fields requiring bio-products. Mgg:e:ﬁ:r%dzﬂinimg}'. medicine
are organic compounds. One application of biotechno| Of biotechnology
of organisms for the manufacturing of organic Ology is the direct use
and milk products. Produ

Chemicals which have been made yei

benzylpeniciin (an antbiotic), ethanol, g . C1%t€Chnology. include
hormone), polyhydroxybutyrate (a biﬂd&bra?jtgmana glycol, insulin (a

(an enzyme) and Chemosensory protein (CsP) atg thannnplasﬂg], rennin

Coal is a rich source of organic con
many organic compounds by the fnllumngpﬁ:y";ﬂﬂ- It can pg Converted into

When coal is heated in the ap

Coal'as a Source (0} {(0]
‘ganic Com
4 Pou

i

: Sence of 4 .
produces many by-products. This procg air, jt dq
of air is called _destfugtwg distillation of 23&: heatin E?n ntﬁt burn but
by the destructive distillation of coa] are: - The Main Pfﬂduci: :zf'emg
: aine
i. Coke ii. Co
T = al T
| jii. Ammoniacal Liquor G g:;

S

QRS
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Coke is a fuel which is used

used in industries ag r ;
ores. educing agent for the extraction of metals from their

in homes and factories but it is mainly

One of the products u - s
compounds. These gancuha; s Coal tar, which is a mixture of organic

: Séparated by fractional distillation. The

com :

plast?gn;:;fusrﬁ ustamed can be used for making soap, fats, dyes,
; €, drugs, pesticides, explosives. On fractional distillation,

coal tar gives important oraani '
ganic compounds like benzene, toluene
xylene, phenol, cresoal, naphthalene, anthracene etc. ' '

. Ammoniacaliguor: | -

The other by product is ammonia solution called ammoniacal |i whi

L) b s » mh
Is used for making fertilizers like ammonium sulphate anrnm::n:?'mr
phosphate etc. | i

The coal gas, also calle s a mixture of hydrogen, carbon
monoxide, which is combustiBle, making the coal gas an excellent fuel,

1522 | Conversion of Coalto Pelroleum: - %

Coal gas, obtained from the distructive distillation of coal can e

converted into petroleum by a process known as Fischer—Trop:
process. The Fischer—Tropsch synthesis or process is a set of chemicg]
reactions that convert a mixture of carbon monoxide and hydrogen into

liquid hydrocarbons mainly alkanes.

The conversion of CO to alkanes in presence of hydrogen involves

h n c-0Obond and the _fnrm_atiqn of C-Cbond. This
PEE t::ff plgie in presence of transition metal catalysts (cobalt, iron,

ruthenium and nickel) at a temperature range 150 - 300°C.
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, Fischer —Tropsch (FT) plants associated with cﬂérll (EDUFBE_Of_carbnn]
convert it into gaseous reactants i.e CO and H, . This conversion is called

asification. Coal based FT plants can produce a petroleym substitute that
is used as synthetic fuel and as synthetic lubricating G!I’.}/

i =

Characteristicslofi@rganiciCompounds:

The Following are some of the important characteristic features of
organic compounds.

Carbon has the property of self linkage. It can link with hundreds and
thousands of other carbon atoms to form long C-Cchains or rings.
This self-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,
nitrogen, halogens, sulphur etc.

When two or more organic compounds have the same moleculd
formula but different stru;turas, these are called isomers and thi
phenomenon is called isomerism.

Majority of organic compounds mainly involve covalent bond between
c—C and C—H, therefore, they are generally non-polar and have
non—ionic characters. :

' golubility depends upon “_"B forces _uf attraction between the solute
and solvent molecules. When these forces are _stronger than the
intermolecular forces of solute-solute and solvent-solvent, then solute
dissolves easily. But the organic compounds are formed by covalent
bonds i€ non-ionic and almost non-polar, so most of the organic
compounds aré insoluble in water, while some are partially soluble but

-
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they are readily soluble in N—po 3 m Y
r'l W
carbon tetrachloride etc. 5 lar solvents fike ether, benzenp

E;:r?s b?m;ean atoms in organic molecules are formed by mutual
Ny O electrons and reaction needs the breakage of these bonds.

The organic reactions are slo ' '
! . w because these involve breaking of
certain bonds and formation of new bonds. : -

Mast_fy organic compounds have similar structural features and similar
physma_l 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.

Uses!of @rganicCompounds:

Life is a practical version of chemistry, especially organic chemistry.
No field of 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,
piastics,'laaﬂ'lar fibres, fertilizers, shoe polishes, pesticides, cosmetics,

Paints, dyes, preservatives,
our daily life. In fact, our own
organic molecules like proteins,
that are called life molecules. &)
Almost al| the chemical reactions that takes place in living systems,

iﬂﬂlL#ding our own body, are organic in nature.

detergents and medicines etc, that we use in
body is made of thousands of complex
nucleic acids, enzymes, fats, lipids etc.

Nl "-_;E
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The fuels like petroleum products, petrol, diese! oil, compressed natural ‘
gas (CNG), coal as well as natural gas (suigas) efc, are also mixiures of

organic compounds that run our cars and industries.

Society, Technology and Science

Jﬁ:; about every substance you pull out of plants or animals is
made of mostly carbon atoms except water. The chemist uses

plant and animal compounds to make new compounds not

frt;;:;;ﬂr E::EE&.M&W farmers in USA grow Maize for enthanol

7€ are over hundred chemical substances,
tuhﬁitn&fiﬂbr?n derived from plants for use as medicines e.g.
malaria) Asprine (Cardiac diseases, pain killer),

Borneol [Anitlrrﬂarnatary} Be : '
: + Benzyl benzoate (scabicide) and
Galantamine hydrobromide (Alzheimer's diseaise}' B

New Allotrope of Carbon: Bucky,Ball

Bucky ball is g m - -
;mIErﬂ?BE]-,;uljmﬁ“"'ﬂmaﬁt;?;nﬂa: mﬁl&ag of structures called carbon
orm of & holl ro alli- - '
as bucky I:iall?Fﬁlm' Mpsold 'P’:"“bﬂ-pg:ﬁ:ri::]ﬁ :E:r nf “rz?: ﬁgnﬂ:
discovery of fullerengs. .00 AIOHOPE of thia i e The
allotropes of carbon 'l:yai?mﬁlgmﬂca”ﬂ‘! ﬂxnaﬁda&mtﬁfhm? Gau;mnkﬁuwn
and amorphous carbon Iikawsﬁfunﬁ' recently imiteq mn-L-':-E Eil:ce diamond
are similar in structure to g 108l Bucky balls and other fullerenes
made of carbon, but g, Phite, which ﬂDnsfsts'"'a Jo | rings
The first fullerene was diseayan %78l (0r somegis, O [oXa90n2! 173
Sean O'Brion , Robert ¢ °red in 19gs b mes heptagonal rings):

~Url and R Y Herold Krot Heath,
awarded Nobel prize in 100 C DiChard Qmanyp .. 0, James
Bucky ball) that mntmnaLsg';- Wag ﬂ%ﬁgm'lﬁg IJ;]rn which they w&{l‘:r
Richard Buckminster Fuje, , Eﬁns. (o ster fullerene

LI - S an

e The name is a tribute 1
Chitcture, who popularized
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geodesic domes and the shape of C,,bucky ball is Si

milar to that sort of

dome.
in Bucky balls, the smallest member is C,, which is made of 20 aal’b‘?“

atams while the most common one (s C, .

I The existence of fullerenes is very rare in nature. Negligible amounts of
C..Co:CrerCpe@tre founa in - naiure. in 2010, fullerenes were aiso

discovered in outer space.

i

eries:

m Functional Groups. a’:jii"."ﬂﬂtr}"ﬂf{?ﬁgﬂi.'.*_s.-5 .
ompounds known SO far and
d every year. As mentioned this

There are millions of organic ¢

thousands are di_si:qvered_and synthesize

diversity and such a large number of crganic compounds is due fo some
It is difficult to study the chemistry of each

peculiar behaviour of carbon. :
individual compound. Therefore, the organic compounds are classified into
different groups, in order ta make their study easy. One such classification
is on the basis of structure of organic molecules and the other on the basis

of functional groups.

prm—

2 rrram Pk TTTY S T T

anic compounds is hased on the arrangement
cules. According to this classification erganic
the following groups.

This classification of Or¢
of carbon atoms in moigcuies. £
compounds are broadly divided into

ed to each other in |
chain. il

atoms are link

nds carbon : _
straight chain or 2 branched

In these compou
hmaybea

I open chains, whic
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in closed chain compounds carbon atoms are arranged in closed
chain forms. They may be homocyclic or heterocyclic organic
compounds.

Homocyclic, which- are also 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
o properties similar to open chain compounds and aromatic in which
St benzene ring is present. |

Organic compound

T l
| { _ | | |

il Straight Branched H ; :
sl Ehain hair omocyclic Heteracylic

Ao

e s

Ly On the other hand, heterocyclic organic compounds are those
i cyclic compounds in which the ring contains at least one atom
b other than carbon. | it =
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An atom or a group of atoms that gives certain characteristic
properties to an organic compound is called 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.

"
B
LW

i. Hydrocarbons: |

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

n chain hydrocarbons, carbon and hydrogen atoms are
n chain forms. They are further subdivided into

lkanes (saturated hydrocarbons) in which all the four valencies of
'garbcn (ana fully satisfied through single bonds. Unsaturated

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

The cyclic or c!us&d_chain hydrocarbons are either alicyclic or
aromatic hydrocarbons.

e

In ope
arranged in ope

carbons are organic compounds obtained

The derivatives of hydro anic )
by replacing alteast one hydrogen from hydrocarbons especially
saturated hydrocarbons and aromatic hydrocarbons. i.e benzene-

- - ' d phenol, ethers, ketones,
ring. They are alkyl halides, alcnh_ols an | ,
ald.gehyd:?’carbnxyﬁc acids and their derivatives.
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| Different classes of organic cul‘ﬂ!ﬁzﬁd in the following table
| general formulae are sum

e e e R e —;
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28 A series of organic compounds in which all mEI:ni:ners. pOsSSess similar
 structural features and similar chemical characteristics, but each r_'nambaf
is different from the next member by a methylene (—~CH, - ) group is called
hmﬁc{mgﬂus series. All the members that differ from each other b
" metheylene are called homologues. Each class of organic compounds has
its own homologous series which can be represented by a genefd
formula. For example, alkanes (saturated hydrocarbons) form a series 0
‘compounds. It can be represented by a general formula C H,, , where 1
shows the number of carbon atoms in the correspondinig alkane.

I Y . e =
ks 3 +
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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 etc.

~* As mentioned, each class of a}r_ganic compounds has its own
homologous series having general formula.

¢ Al 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 pﬂin’t, bOIling points, densities etc
increases down the series due to increase in their molecular masses.

#
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ic compounds are carbon gnq
lphur and halogens. Fﬂ“ﬂwin';i
s, in the organic compoung.

ent in organ
nitrogen, SU
t these element

The main slements pres
hydrogen as well as oxygen,
methods can be used to detec

S e rabRiel G =1 gite G{]mﬂguﬂds_ LHEFE |E

e - T $1! J.:,...IE Grcﬂ
= carbon is always presern: #t.=" - e e e

ﬁ; Ea;?m se: for it FHThe test is p_er*rﬂrmed oniy 10 e5iablish whether
ﬂe 4 i =4

i ' .~ or not. The organic substance‘js Mixed
ii?;rvgn 3:1[;2:? r;gl_és;!;;gﬁg Ffa{t)io and he;teq, in a fest tlybe fFTtEF!' With
a deiivrgry tube. The other end of whic!‘u is dlppﬁg:l Lnt:; ;;rcnt: ﬁl:rii,?,:

OH).. Carbon converts 10 carbon diﬂI‘JdB whict hsr _
fmatefand turn it milky due to tgrmation of calium caroonate.

m——

0.C.+CUO

If hydrogen is present in the compound, it oxidizes to water "’apw,:
which condenses in small droplets on the copler end of the Eﬂﬁis!ﬁm;
The water formation is further confirmed by passing the ' -.

gases (water vapours) from anhydrous copper sulphate (w"iw} J
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I i e e e T

is tumed blue as cg
(CuSO, 5H,0) .

pper sulphate converts to hydrated form

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 till the tube
becomes red hot which is dipped in water in a china dish and filtered
after boiling the contents of china dish. The filtrate is called
lassaign’s solution or sodium extract.

]
et

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 chioride (FeCls) solution and excess of concentrated
acid(HCi or H.80, ). The formation of Prussian biue or green

colouration confirms the presence of nitrogen.

T e L

To another portion of sodium extract add some acetic ar.:i-f:i ﬁrst_ and
then lead aé}:tata solution. Black precipitate of lead sulphide will be
formed which confirms the presence of sulphur,

: sodium extract with concentrated nitric acid and then
Eﬂ%ﬁpﬁngru:: nitrate solution. The formation of white precipitate
soluble in ammonium hydroxide solution Iij!dlc:_&teﬁ chlunr'te, pale
yellow precipitate slightly soluble in NH,OHindicates bromine and
ow precipitate insoluble in ammonia solution shows the
 indine in the araanic comoonnd.

deep vyell !
presence of iodin
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AT R L IR (T G A e =
1

: —-—‘m_&i--

rect method but f,pr g
t methods can be employed.

Oxygen can not be detected by any di
detection following indirec

i The s-ubstance is heated alone in a dry tgsf tt: ?3?1 rhsauig};ig:
part of the test tube obviously show the prese X

T Difforent tests are applied for oxygen containing functiond

: groups like alcohol, (OH) carbony! compounds like

| | . .
I _E_ (Ketone) , —-C-H (aldehyde) and carboxylic acids

| i (COCH). If any one is detected, the presence of oxygen 15

! confirmed.

mbustion
ned. If
ig that

= ' f oxygen is CO
el e most important test for presence O :
;:alyals in which the percentages of C ann;l H are determ!
their sum is less than 100 then the remaining percentage

of oxygen.

i ki
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Generally all 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. S

The study of the chemistry 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 fossil fuels.

The abundance of organic compounds i§

of carbon as well as due to some specia

compounds themselves.

Oraanic chemistry have applications in almost all fields and the

imfgggamnce of orgr;nfc compounds can hardly be over emphasized.
e di ' balls) have significantly

The discovery of fullerenes (bucky all

Expahdad the_numb.ar.nf 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 grganic..mmppunds have their own homologous

series that can be represented by a general formula.

due to unique behaviour
| characteristics of these
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Exercise

| Q.1 Multiple Choice questions. Choose the correct answer from the

iv.

; 2 vii.

s viil.

ix.

| 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 excepi. :

a. Graphite b. Urea ¢. Methane d. Acetic acid
The final stage 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 Hydrocarbons

L. Satur:atecf hydracarbons d. Unsaturated hydrocarbons
The major companent of natural gas is
\ a Wing iractions i :
distillation of coal except, - Aned by destructive
a. Coal tar b. Refinery Gag ¢. Coal d. Cok
Coal can be converted to Petroleum by = st
a. Haber process :
: b. destructi SR e
Pyridine belongs to which RS B o nal distillation
a. Heteroeyclic b, Hydroear, Janic compounds.

ON c. Alieyclic . Homocyolt
amides.

a. -COOR I.:L _NI,,_I2 ¢, -{:EN

Which of the followin
 of ol -
organic compoung dir&ct?ymﬂ"ts ¢an not pe

a. Chiorine b. PhoﬁphﬂmUs

d. —-CONH, |
detected in a give"

¢ Nittogen 3. oxygen
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Q. 2 Briefly answer the following questions.

i. What is meant by organic compounds and organic chemistry?

il. Why dil.HNO; is added to the sodium extract before detection =R
of halogens in organic compound.

s =

I:

lil. Explain the significance of Wohler's work in the development of

RAEER - A

organic chemistry. | : : _%k
lv. Although bucky ball is an allotropic form of carbon, but it is A
included in organic chemistry.
v. What are those compounds which although contain carbon but
are not considered arganic?
vi. Differentiate between partial and total synthesis?
vil. How coal can be converted into petroleum? ,_
viii. Discuss the reasons for the presence of large number of 2
organic compounds?
ix. Differentiate between acyclic and cyclic organic compounds.
Q.3 what are fossil fuels? Discuss different types of 'f_nsgil fuels.
Q.4 Elaborate the detection of various elemants in organic cumpq_und. i
Q.5 What are the different fraction obtained by the destructive distiliation ' “r
" of coal. Give their importance. A

rtant characteristics of organic compounds.

6 lain some of the impo
o e ow organic compounds are classified on

Q.7 Define functional group. HO!
"~ the basis of functional group-, .
Q.8 Give old classification of organic compounds based on arrangement

- of carbon atoms in the molecule.

. o, S T Ty I T e, 7
R =y e . iy
== TS
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student will be able to: ;
Classify hydrﬂcarbﬂns as ailphatm and ammaﬂc

.Daserlbe nomenclature of alkanes and cycloalkanes.

.Exp[am the shapea of alkanes a nd nycloaikanes exemplif;ed b:,-' v
—".';' - ': athane am:l cyrclapmpana < : = A
| raactwe nhture of a&kanas tﬂwards pc:[ar reagants :_g_-;-_' :

L -"ftr. T

{

- pmpaga’tmn and termination. -

Descrl bﬁ
exemplifie

olain what js meant by a c:hlral -::en-tre ang shﬂﬁ that such a Q@
tﬂﬂpﬁﬂﬂﬂﬁﬂ!ﬂﬁ“ﬁ“ scfoe AR STE S b

I'al {;En{'res in QWEH atructurai furmula bf a mg[acula

& :2"|ﬂanﬁf'f¢h'
i iain mﬂ,namg’rmtamre of alkenas .

4in the & shape of ethene molecule in terms of sngrna and p
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ﬂascn'hﬂ the st ‘ |
het mnture an::L raactlwty of alkenes as exemp!rﬂed by

| ol

; Elaﬁnﬂ’ anel exﬂf&ln with suitam ' o
¥ e axﬂm les th somerism,
,stém:’mgrm Eﬂﬁl st-mciural i rﬁm p e tﬂrrns ISQlTiEHSm, c

_l.

'Mﬁhyﬂrgﬁon ufealwhols and dahydmha;oganaﬁan t;ﬂ HX far ,

.: mistry of alkenes b‘y the following reactions of: ethana
- Hydrohalogenation,  hydration, Halngemﬁtron :
.ﬁﬂmmlsl pnlymenzatlnn
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Hydrocarbons are the organic compounds which contain carbon and
hydrogen only. For example methane (CH, ).benzene (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 another atom
or group of atoms. Petroleum, natural gas and coal are the main natural
sources of h}:dmcarbnns. These sources are frequently found in under
gmur'id 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
fuels are simply bound to produce heat, which is then used to produce
power and heat up our homes, we need not be concemed 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.

e e

Hydrocarbons are divided into two major categories i.e.
(A) Aliphatic hydrocarbons  (B) Aromatic hydrocarbons.

These include the open chain (acyclic) compounds and those cyclic
wml}mjs which resemble the open chain compounds in their chemical
“Perties g g, '
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In these hydrocarbons, the carbon atoms aré 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 i i
] is linked directly fo
three or four carbon atoms. For example.

These are also called
carbon atoms are bop 10 each oy

hence each carbon i bo er ingle
is bong . by single bonds &"
saturated because thejr mﬁﬂf four Other atoms. 'Ell'he’;' aI'Er"m@n

igs are fully Satisfied e.g.

alka | | |
nes ang in these compounds E":ﬁ
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- m
e -

where n

They can be represented by the general formula C_H
is the number of carbon atoms.

nkd!

Unsaturated hydrocarbons, having carbon-carbon double bond
are called alkenes, represented by general formula C H, , while those
ha"'.']n'g' carbon—carbon triple bond are called alkynes, represented by
general formula C,H,, ,

o AT oy el
o e el

| i ] ik ! [
i . - E e a1
e o i L Sk £

In these hydrocarbons the carbon atoms are bonded together in such
py .,,-_,.;f- they form @ fing or cyclic structure. Like open chain
hydrocarbons, they may also be classified as :
i. Saturated

ii. Unsaturated
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called cycloalkenes and cycloalkynes.

is class and hence

' turated
Saturated cyclic hydrocarben are called cycloalkanes, unsaturaied are

h
Benzene (C.H,)is the parent member c;: tthg.sa i
aromatic is the term used for benzene and a

resemble benzene in their chemical properties €.9.

can be

m Alkanesiand Cycloalkanes:;

: ain saturated hydrocarbons, which
Aikﬂnﬂsb att?]ans-::ﬂ;? formula E“Hzn_z{':'hEl’E “n" is the num p
et wh loalkanes are cyclic saturated hz,ft'.lrf?‘ﬁ"t'[;:Jﬂ
it aioo tﬁe general formula CH, ( n is the number of Ean 5
3). It is 1o be noted that cyclo alkanes are two H-al

i 2
and n nding alkanes, in their formula.

the correspo

_J
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a1 omoseur,

The systematic process of naming a compound is called
nomaqclature. 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, Acetum = 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 it 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 givipg_ systematic names to
organic compounds on the basis of structure. This is known as the IUPAC

system of nomenclature.

Alkanes are named by the following two systems.

(A) Common System (B) IUPAC System.

The first four members of the series (C, to C,)are named as methane
{EH*}, ethane {CEHE}" propane (CEHB]E.ﬁd bUtﬂﬁF' ILC‘HN]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 (6) for six, hepta (7) for
Seven, octa (8) for Eight, nona (9) fn_r .I‘"IH'I'E and deca (10) for t.EI"l
Carbon atoms (see table 16.1) the prefix is followed by the ending
Han.EH.
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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.

lii. The prefix neo is used for those alkanes which have two methyl
groups attached to the second last carbon atom of the continuous

chain. :

In this - the parent names of the alkanes are retained such as
I,Tieﬁ:n?:r:nanﬂ;, ;ﬁpﬁane-. butane, pentane, hexane and so on while
sl ing (i any) is treated as substitutuent, attached to the main

continuous carbon chain.
Rules for naming alkanes are:
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Select the longest continuous chains of carbon atoms and consider jt
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 possibie
number. - - - : = =

e —: - E i

g

Name the substitutuant along with its position by indicating the
number of the carbon atom to which it is attached, before ﬂ_'ne parent

name.

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

ihe same substituent is present more than‘once, a prefix . t:h |
ic is used before the substitutent name and position of €2
ent is indicated by a separate number.

When
tetra .t'i
substitu

y
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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. |

’i

T. Wh;s_en there are more than one longest chains, select the chain which
carries more substituents. | |

Cycloalkanes:

1. Gyﬂlqalkanes are named by placing the prefix “cyclo - to the -'||
tr;[am_a of alkane having the same number of carbon atoms as in
ering.

Fﬁf
P Nience, cyloalkanes are repras__eunted by geometric figures. Each

"®presents a -CH, group.

— s ] e

R
G’ﬂ@lﬂprupana is represented by & friangle ( A )
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» Cyclopentane by a pentagon (G)

 Cyclohexane by a hexagon ( O )

2. Substituted cycloalkanes are named as alkylcycloalkanes e.g.

@T he ring is taken as substitutuants, if ti_m side chain contains
greater number of carbon atoms than the ring.

4.  First four members (C,-C,)of the alkane series m"mﬁ:
ethane, propane and butane are colourless gasﬂﬁ'ﬁi ;M
thiteen members (C, -C;;)are colourless. liquids: "~
alkanes are wax like (soft) solids.
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2. glg?nest,’ being non polar, are soluble in nonpolar solvents like |
Pl and CgH;but they are insoluble in polar solvents such as |
I. bt

The bni::iling points of normal alkanes increase with the increase
;-? rhnn ecular weight. Moreover, straight chain alkanes have
Igher boiling points than the isomeric branched alkanes.

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

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

6. Viscosity also increases with increase in the number of carbon Ll
atoms in the molecule.
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1. First two members i.e. Cyclopropane anc!' cyclobutane ap
! gases at room temperature and atmospheric pressure, whie
remaining cycloalkanes are liquids.
il 2. They are insoluble in water but dissolve in ethanol and ether.
| 3.

Their melting and boiling points show a gradual increase with
I the increases the molecular weight.

(A) Let us consider ethane (CH,-CH,)for illustrating the orbitd

|
t

structure of alkanes. In ethane, each carbon atom is bonded to fouf
l 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 s
| hy’orid orbital of c_:arbnn_anr:l an 's' orbital of [:]]gdrgggn_ The C-*
; \ bond is formed due to the overlap of sp® orbitals, one from

carbon atom (Fig16.1). All the C-Hand C_C bonds are 9™

(8) bonds. All the bond angles are 109.5° (tetrahedral geometry): il
G - C b'.'}l"'tﬂ |Ength =|5 1 1.5‘4DA Ell'ld ﬂH.Ch C —_ H bund Iﬂngth 'Is 1'{]9-”1"- H
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(B) In cyclopropane (C,H, ), 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 is 60°and not 109.5° (true
tetrahadred angle) due to which orbitals 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 _atcrns occupy the corners of an
equilateral triangle, which results in the C-C-Cbond angles to be
of 60°. This compression (deviation) from then normal tetrahedral
angle of 109-5°to 60°is called the “Angle Strain”.

r | | |

Fig 162 Overlap htween sp® orbitals in (a) Propane (b)
cf'mﬁp;opane: Maxirium overlap occurs in propane.
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The carbon atoms in alkanes are fully saturated due to whig
alkanes are quite inert. Moveover, due to cnmpan_ab!e electronegativities
of carbon (2.5)and hydrogen (2.1)the electrons In the C-Hbonds arp

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.

;.1' e

Cycloalkanes resemble alkanes in their chemical behaviour except
for cyclopropane and cyclobutane. The strength of bond and hence the
stability, depends on the extent of overlap 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 Cyciopropané
undergoes ring opening reactions with Ha/Ni and HBrto give open

addition products. Cyclobutane, having less angle strain than that of
cyclopropane, is more stable and hence it undergoes ring openind
reaction only under severe conditions. Higher members are even el

stable. They do not undergo ring opening reactions. Instead, they

resemble open chain alkanes in reactivity and undergo subst
reactions. '

- . of
Substitution reactions are those reactions in which an atom of gmulgﬁ

atoms, directly attached to the carbon in the substrate m“‘i‘awugad |

replaced by another atom or group of atoms. (The term substraté 18
for the reactant molecule, undergoing chemical change).

Scanned with CamSecannar
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At hydrogen atom of the methane molecule is replaced by a chlorine
atom. ]

A substitution reaction may be initiated by nuclecphile, electrophile or
free radical.

Bond breaking (fission) is an endothermic process. If sufficient
amount of energy is available, a covalent bond (5-bond)can
undergo fission in two ways.

JE—— ——

= mm—rE

In Homolysis when a chemical bond breaks in such a way
that each of the two bonded atoms acquires one of the
bonding electrons.

F———
e

The products A'and A'are called the free radicals, which
are aiecirica_ﬂy neutral species and have one unpai'red
electron.

o e L T 1’.‘1-—'“—-"-".1"!""“-.

- ———

chemical bond breaks in such a way
atoms acquires both of the bonded
ith high electronegativity, usually,
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.

In Heterolysis when a
that one of the hnnl:_ied
electrons. The atom W

The product in this case are the ions.
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R ir in a reaction
: - cept an electron pa :
A reagent which can ac lectrophile may be positive ion o

called an electrophile. An gt
neutral molecule with an alectrun—deﬂment centre. Exampleg

ale;

raage which can donate an ah_actron —pbair Lne aazﬁsfiﬂ' ::«
called a nucleophite. A I‘IIJGIIEﬂphIFE may Eiam gms e
neutral molecule with lone pair of eleutms. :_ y

ipti i ion, showing the
wise description of a ch&macal'reactsun. ;
k_n; 2!8 olsdtgll?t}nnds and making of new bonds in the substrate leading
breaki

the formation of the final product, through transitory intermediates {
to

echanism of the reaction. ‘ -4
;mgsit?tft?gﬁan;minns, which are initiated by a free radical are called the
u

ree radica itut ' ch rea

. : pstitution reactions. One of the examples of su .
: mfg;‘ilt}:'ii:tibn ‘of methane and ethane in the presence of uitra
is

(u.v.) light.

nvolve the following steps:

nitiation: A chlorine molecule undergoes homolytic fission
of u.v. light o give chiorine free radicals.

in i

step 1. |
prasenﬁﬂ-
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Step 2. Propagation: (a) A chlorine Yion i | |
molecule to give methyl free radicals and HGE ical attacks the methane

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

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.
il

In actual practice the above reaction does not stop at CH, — C/stage. The
remaining three hydrogen atoms of methyl chloride can be successively
replaced by chiorine atoms.
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Thus a mixture of all the four substitution Produey
(CH,CL CH, Cl,, CHCL, and CCl,) is obtained. The extent of g,

concentration in the mixture depends on the relative amounts of chioring
and methane. If Ct,is taken in excess, the reaction goes to the fiy

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

of the reaction is CH,C:- '

‘Alkanes like all other hydrocarbons, burn in air 1o produce carbon
dioxide and water. The reaction is highly exothermic and large quantity o
heat is evolved. For example, ' '

-'Tﬁ" reaction is of high significance, as it provides basis for their us

fuels to get heat and e, When there is an insufficient suppY d
oxygen, alkanes on combustion, form carbon monoxide and watél *
carbon soot and water.
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Alkenes are the unsaturated hydrocarbons which contain a
carbon—carbon double bond. They can be represented by the general
formula C.H,,.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

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 letters, a.p, Y eicare used to digtfnﬁui’sh isomers having
double bonds at different positions.

as are same as those for alkanes

The IUPAC rules for naming alken
Except the following.

* L The longest continuous
bond.

carbon chain must include the double
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For example: . S

The name given to the tungast chain will act as parent Namg,
whereby the Endlng “ane” of the corresponding alkane s
replaced by “ene”.

Number the chain from that end that will confer upon Eh'.tm
holding the —C = C,-the smallest possible number. .

' Since double bond appears between two carbon %

therefore its position is indicated by the number of that carbon
atom, bearing lower number and this number is written befors -
ene.

If there are more than one double bonds in the molacuia
are indicated by the prefixes di, tri, tetra etc before —ene.
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ii. Number and nature of Substituents attached

iii. ~ Relative position
carbon atoms, S of the substituents on the doubly bonded

parison of the heats of hydr
ogenati
ﬂkﬂﬁ;ﬁ Eg{ﬁ 1E:ni ;tue gﬁm.;t m; relative stabilrh;y of these ';nf;ndme?m
compared as follow 1‘ which give € same products on combustion can be
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However, it has been observed that the stabilizing effect i o
increasing the number of substitutions in the molecules. In general,
greater the number of alkyl groups attached to the double bonded
carbons, the greater is the stability of alkene. i

Consider ethene (CH, =CH, )to illustrate the structure of alkenes. in

ethene, each carbon atom has three sp® hybridized u;bltalsy,ﬁ
coplanar. One of the sp?hybrid orbitals of one carbon atom ovena

other two sp? hybrid orbitals of each carbon atom overlap with °s’
of hydrogen atoms to form sigma bonds. The unhybridized p-0!
the two carbon atoms, which remain perpendicular to the
hybridized orbitals, overlap in a side wise (parallel) fashior

pi(n) bond between the two carbon atoms. (Fig.16.3).
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When an alcohol is heated at 170°C,in the presence of sulphuric |
acid, a water molecule is eliminated, resulting in the formation -
an alkene. | il

0

[
When an alkyl halide is heated with alcoholic solution of KOH or i
NaOH, a molecule of hydrogen halide (HX)is eliminated which ‘:.’h‘
results in the formation of an alkene. {
' |

Mk&nas- are more reactive than alkanes due the presence of n-bond 1
in the alkene molecules. The electron density of pi () bond lies
e and below the bond axis. It is therefore, more exposed and
®asily accessible to an external electrophilic (electron seeking)
réagent, commonly known as electrophile. Secondly, the overlap of !
omic orbitals forming the m bond is not as effective as that in Il
: ~bonds. Thus = bond is weaker than a sigma bond and more easily i
roken. |t js, therefore, favourable for alkenes to add an electrophile

— A
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across the double bond by breaking the weak 7 bond and to progye,
Ia saturated compound. Such reactions in which unsaturate

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

hlkanas readily react with hydrogen to form alkanes in the presence o
catalyst

such as nickel, platlnum or palladium at a temperature of

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

The hYdl'ﬂQEnaﬁan of Eli:en | .i:nd . ; .
95‘-3'3- 1dustrially use ‘conversi
of vagetablg ollsinto ghee. 4 used for the

Alkenes react with halogen acids {Hg,g;l HBr, ﬂ?‘ Hi) to form alky! halides:

Scanned with CamSecannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

The order of reactivity of halogen acids is HI> HBr > HCI> HF - When

the alkene is symmetrical (as in the case of ethene), the product formed

is the. same, no matter which way H-Xbecomes attached 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. ]

However, experimentally it has been found that 2—-Bromopropane is
the major product. In fact this is in accordance with the Markovnikov's
rule.

Markovnikov'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.

Alkenes react with sulphuric acid to produce alkyl hydrogen
sulphates, which on hydrolysis yield alcohols, at 100°C -
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The overall result of the above reaction appears to be the addition of
H,0 (hydration) to the double bond.

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

Allenes react with halogens (C, o Br,)in the presence of an nef
solvent (CCl) to form dihaloalkanes (vicinal dinalides).

The bromination of alkenes provides a usefu racs s se. —ccane 0l 2
double bond in the molecules. The co| wfﬁﬂé:gﬁhfg :2:1 é’.;*f-.si"nmﬁ
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as the colorless dibromo compound is formed. The i
1 _ . order of reactivity of
various halogens with alkenes is F, >Cl, >Br, >, - 5

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

l
Halohydrins are the organic compounds having h : LE

; roxyl group and ~
halogen at the adjacent carbon atoms. The Eﬁarﬁvinwku?fs rﬂla is i
followed in case of unsymmetrical alkenes. |

Alkenes react with oxygen in me--prasancaj;d'f silver (Ag) catalyst at
temperature 300C° to form epoxides.

1"-;: Epﬁﬂdas are very important compounds. They on acid

"Olysis produce glycols.
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Whan um {O;-)I[s-passad through an alkene in an inert solvent
adds by rupturing the double bond, to form an ozonide.

T =
. # .T,,h:: LM__E."-II

midas, belngexpluswa compounds, cannot be isolated. They or
wa mﬂgwm Zn and water (hydrolyzed) undergo cleavage at t
position of lh;a:-nubla-bnnd to form carbonyl compounds.

Ry e ———
bond in the uﬂmv?:a’ig’:;rmﬂng the position of the doub

mple molecules (molecules of Iow ""?"’ﬁ
\ogether to form large molecules Wi'
' Polymerization. The simple molecy ggﬂ
o

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

137 s

temperature (100 - 300°C)and pressure (1000 -2000 atm)in the

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

Polyethylene is r::umma.rr:-ialiy known as “polyeth . - ' .
: s . ene” and is used as
g[as‘m; taterial in tl'nelmdustrias. It is used in th-za manufacture of buckets
ustbins, carpet backing, packing materials and cable insulation. |

1637 Conjugation in Alkenes:

Conjugated compounds are those compounds in which the carbon

atoms are linked alternatively by si
1,3-butadiene. y Dy single and double bonds. For example,

. —

e

e 1 PALLE ST 2 X :_.=.;4.: A -
J'?:_:, 1 S i e pHﬁf"‘QHEGH =GH1 e 1

it S
] - 1,3-butadiene

— —

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

orbitals with each other and with “s” orbi ;
s” orbitals of the hydrogen atoms.
nand hydrogen atoms lie in the same plane. ! e

E:::hh f:retha four carbon atom also possess an unhybridized p—orbital,
Sl anzelﬁanmcuiar to the plane of §-bonds. The p-orbitals of the
P=orbitaly v;l:;.iacatrbufn atoms can overlap on aithe_r side. Thus all four
Each St p to Df‘l"l'l a large n molecular orbital (MO) (Fig 16.4).
nelectrons is thus attracted not by two, but all four carbons.

e ca
e!a.ctmr:;?: that thE_ n electrons are delocalized. The delocalization of 7
Single borg. onsible for greater stability of 1,3-butadiene. The G-C

Nds in 1,3 —butadiene are shorter (1.48A) than the normal

d
I

I
g
’

¥
¥

|
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(154 A) C-Csingle bonds, while the C-Cdouble bonds are longe
(1.37 i) than normal ( 1 .33;‘} isolated C - Cdouble bonds.

/‘r

Many of the organic compounds contain e '
_ qual number of like atom
and thus have the same molecular formula but they different from eac!

other in their structure, physical and i h
ure, | chemical properties. SW
compounds are called isomers and this phenomenon is called isomerism-

I‘-+

There are two main types of isomerism.
1. Structural isomerism 2. Stereoisomerism

A structural feature within a moler s
iealihy i : e for
chirality is called chiral centra..r:fnggu:uﬂ;il: s

A carbon atom which
chiral carbon atom or

: B
is bonded to four different groups is Gaﬁﬁd
asymmetric carbon atom. For examP/®
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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. However, 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 il
Propagation. It becomes monochromatic (light of a single wave length) Ui
When it is passed through a monochromator but it still has waves in all the il
planes. When it is passed through a polarizer such as Nicol prism (made |
of calcite, CaCO, ), the light is found to vibrate only in one plane, and is I

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. Optical activity of » it
& compound is measured by an instrument called polarimeter. i
An Optically active compound can exist in two isomeric forms, which rotate Il
the plane of polarized light in opposite directions. These are called optical
'SOmers. The isomer which rotates the plane of polarized light to the right
(Clockwise direction) is said to be dextrorotatory isomer or (+) isomer and

& isomer which rotates the plane of polarized light to the left

(anticlockwise direction) is said to be levorotatory isomer or (~)isomer. |

[

-—

. ‘ |
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Optical isomerism is a type of Isomerism in which the isomers differ in
thelr interaction towards plane polarized light,

hich ar Jaroxy Propanoic acid) is an example of a
compound which .wm-_@ﬁml-ﬁummﬂsm, It contains one asymmetric
carbon atom, shown 'by-as'tﬁﬂc-'ln-tha-faﬂﬁwing_st.mclum.

Asymmetric or mim'.mfban-gmm;w to four different groups s

The following mr'ea-—dimﬁn'ﬁhnﬂ"ﬁrgctuﬁ-m: Possible for Lactic acid
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These structures are not identical

enantiomers of each other.

———

because they can not be superimposed
on each other. They are the mirror images of each ntharPESucE non

superimposable mirror images constitute optical isomers and are called

When isomerism is caused by different arrangement of atoms or
groups In space, the phenomenon is called sterecisomerism. Thus the

sterecisomers have the same structural
molecular formula) but differ in the ar
space. In other words, the isomers h

formula (and of course the same

rangement of atoms or groups in
ave different configuration (Three

dimensional arrangement of atoms is space is called configuration).

Stereoisomerism is of two types.

i Geometric or cis —trans isomerism.

i il Optical isomerism.

. Geamticaiomeriam (or cis ~rans lomerism):

The type of isomerism, where isnmarg' 'possesﬁ the same structural

formula  containing double bond and differ only In respect of

These isomers occur when there is restriction to the rotation

mple, 2-butene can be written in

*
arrangement of atoms or groups about the double bond.
somewhere in the molecule. For exa
two isomeric form, 2

¥

Th&sa are

two different compounds, as they have different boiling

o :
Trts. These two compounds are referred to s the geometric isomer.

m; iSomers in which the two similar groups are on the same side of

double bo

bond s called the cis isomer, while trans isomer has got

i
—
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them on the opposite sides of the double bond. Cnnsequently this typ
of isomerism is also called cis —trans isomerism.

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

In this type of isomerism, the isomers (compounds) have the same
molecular formula but drﬁaran‘t structural formula i.e. the arrangement ¢f

atoms is different in different isomers without any reference to space
Structural isomerism is of five types.

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

Position isomers have the same molecular formula but differ

the position of a functional Souble @
triple bound. For exam o group or the position of dou
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Fu _ nvoives compounds, having the
same molecular formula but difierent functional groups. For
h example,

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

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

Carbon yneS 8re unsaturated hydrocarbons which contain @ carbon —
. 1 triple bond. They can bs represented by the general formula

=
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n 2n-2°

C.H,,.. The first and most important member of this series js acetylg,
(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 ar
acetylene. Fnr?xampfe.e rﬁg?.r ded as the alkyl derivatives o

2. The name given to the

whereby the engins & ONGest chain acts as parent ne™
replaced by "_yng?g —ane” of the mrrespundiﬁg all::aﬂﬂi5

e uch et
(=C=C-) gets the ,smaﬁe;n‘:n?hg:at triply bonded carbon 2"

4. The position of the 1 :
Ay o the triple bany :
tripl : Ple bond R i
nimber oG CAMON atom oy cicated by the number o i
€r Is written before” ~yne". bears lower number an
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5. For more than one triple bonds in the molecule, the prefix di, tr,
tetra etc are used before “~yne"

The following examples will illustrate the above rules.

/ @

g

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

. Position of the triple bond in the molecule. |
li. Number and nature of the substitutuents, aftached.

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.

on tj:-n 3&5!}13”5 each carbon atom has two sp hybrid orbitals which lie
© same line .Each carbon atom also has two unhybridized

P~ Orbitale |
aphhr?,ia?a' Which are perpendicular to each other and to the plane of

e Obitals. One sp—hybrid orbital of one carbon atom linearly
B-bong "t the sp hybrid orbital of the other carbon atom to form
both th between the two carbon atoms. The other sp—hybrid orbitals of
fomg tﬁfﬂarhﬂn atoms overlaps with the “s” orbitals of the two hydrogen
~10M two C—H § bonds.
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(unhybridized) of both the carbon atomg
(p, =P, andp, —p_ 1o fon,

The two p —orbitals r
approach each other in a sidewise manne

two pi(r)bonds. (Fig 16.6)

Py-Orbital £
"

Thus the carbon —carbon triple bond is made up of one sigma (5)and 0

pi(n)bonds. The acetylene molecules has linear geometry Wil

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

1. T_ha first three members (ethyne, propyne and butynes) are gases; ner
eight (G, ~Cy)are liquids and higher alkynes are solids at 1"
temperature and pressure.

2. With the exception of ace o i othé

ene . P , a
chores e mﬁlﬂuﬁgch has garlic like odour

3. They are soluble in organic solvents such as acetone. benzeneé, Emarﬂl

etc‘hut only slightly soluble in water

4. The boiling poi ; i o
g points of alkynes ars slightiy higher than the ﬂ"i"""'ag'pﬂﬁrt"’n

alkenes, and increase regularly with increase in the numbe’ ni ;u’;wa
: t

atoms in the alkynes. However, their melting points do N°

4
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|
reqular 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

E"“’ 3diac_!an1 carbon atoms. These reactions result in the formation of
NSaturated compounds. Alkyne can be prepared by the following
elimination reactions. '

Compounds having two halogen atoms on adjacent carbon atoms
%ﬂa called vicinal dihalides. | .

'1@Se compounds, when treated with alcoholic KOH followed by
Sodium amide (NaNH, )in liquid ammonia form alkynes. It 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. ' |

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

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

It Is to be noted that a carbon~carbon triple bond (alkynes), in genereh
less reactive ﬂ'han a carhon-..ca;-bon double b{lnl;wr{.lalkﬂnﬂﬁl towards
electrophillic reagents. This is due to the following two reasons.

L Inalkynes, there are two n-bonds, the four lobes of which mergé
form @ single electron cloud. This cloud is cylindrically symme!"%
about the intemupiaﬂr axis and occupies a big volume. (FI9 ieft
Thus electron —density per unit volume becomes low.

Due to decrease in the electron density. L
- - no , m—electrons aré N°" °_ s
available to an electrophile. Hence alkynes are Ie e towad
o 5 nes are reactive
electrophilic addition reactions. ky | s
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il The carbon atom in alkynes are sp—hybridized while in alkenes are
sp® hybridized. Greater the s—character of an orbital, the more
highly the electrons in that orbital are held by the nucleus. Thus
relectrons in alkynes (50% s- character)are more strongly held
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 alkenes in electrophilic reactions.

i N

2 sets of m bonds encircling ¢ bond
"H e T hsie ]
H%@C——H
-— i

—
1657 | Acidity of Terminal Alkynes:

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

o Terminal alkynes and acetylene are acidic in nature, They readily
nate proton to a strong base. Thus if acetylene or a terminal alkyne is

"Eﬂ.iﬁd with a solution of sodium amide (NaNH,)in liquid ammonia,
%00ium acetylide is obtained.
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In ethyne and other terminal alkynes, the hydrogen atom jg
bonded to the carbon atom with sp-s overlap. An sp hybrid orbital hag
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 highl 5 : +iom . They
i S Y explosive in dry condition.
can hawej.:er, be dﬁmmposed by acids such as HNO, to mgangratﬂ

Since ﬂih&l’ alkynes (“Gﬂ-tﬁnnlnal o lide®

S e on—terminal) do form acety
(alkynides), this reaction can be used as aLﬂ ::llt;;itinguish _14'“,,55
“from non —terminal alkynes. ' ;
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1. Hydrogenation (Addition of Hydrogen):

Twca_mmecules of hydmgr_en 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
INi .

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

2. Reducticn by Dissolving Metal (Salt 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 melecules of halogen acids are added to alkynes in two steps.
In case of symmetric alkyne, the second step follows the
Markovnikov's rule. However addition of halogen acids, HX to
unsymmetrical alkynes follows Markovnikov's rule in both the steps.

For symmetrical alkyne:
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4. Hydration (Addition of Water):

Alkgmes react “ﬂh. wat?r in the presence of mercuric sulphate
(HgSGJand sulphuric acid (H.SO, )to form a carbonyl compound
(aldehyde or ketone).
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6. Ozonolysis (addition of ozone, 03):

Alkynes react with ozone (Os) to form ozonides. The ozonides may
be decomposed with water to give ketones, which are finally

oxidized to acids by H,O,produced in the reaction, resulting in
formation of carboxylic acid.

: m Benzene and Subtituted'Benzenes: :

Berizene is an aromatic hydrocarbon. Its molecular formula is C,H,.

Ee following ring structure is usually written for benzene, where each
Mer represents a carbon atom.
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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 or more hydrogen atoms
respectively.

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

2d benzene derivatives are named by putting the
nt before the word benzene. For example,

“Special names”, Th

pma Mono subsituted benzene derivatives have beer giﬁr
ney must be uch.
examples, be remembered as S
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2. In di?uhstﬂuted benzene derivates, the relative substitutions are
mentioned By using numbers (1,2)(1,3)(1,4) or by using the prefixes
ortho (0—), meta (m-)and para (p-).

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

b. If the substituents are different, they are nameq i,
> alphabatical order the last named substituent is undersgq
to be at pnsrtmn1 e.g;

c. If one of the substiuent is such that jt gives special namé v

Hﬂemr:m?hlza ;2_?; the special name is used as the pﬂr'el
mentioned bef efore :UbEtitu&m alnngwuh its posltim‘l.

the parent name, For example,
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d. Some disubstituted benzene derivatives are given special
names. For example,
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. Polysubstituted benzene derivatives, are invariably agg
systematic names. Oneg

a. For slmilar atoms / groups the prefix tri, tetra et -
before the substitutents, R

b. If the groups attached, are different, they are nam
ed |
alphahaﬁeal urdar The last one in the order wil Q
understood to be at position number one.

c. To indicate - ‘the position of the substituents, the ri
ng is
‘numbered in such a way that all the numbers used rngtha
name, give the lowest sum. For axarnple

I Even some polysubstituted benzene derivatives have bee!
ﬁasimeﬂw ﬂamea Far example,
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At room temperature and atmasphenc pressure, benzene is a
. colourless liquid. It has a peculiar smell and bumning taste. The specific
. gravity of benzene is 0.8788. Benzene melts at 5.5°Cand boils at
80-2°C. Itis highly inflammable. Benzene is insoluble in water but soluble

in ether, alcohol and petrol. It is used as solvent for many fats and resins.

Hulucular Drbltnl Aspects ' |
The structure of benzene can best be dascnhad in terms of the
modern 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
hvdrogen atums furrmng six C—Cand six C—H sigrna bonds. (fig 16.8)

au Since the 5 mmmmmapmmsfwwm
“3on and hydrogen atoms in benzene lie in the same plane. All §—bonds
bﬂ\zﬂnhhmmmﬂmmmmmn“

oo one spaon afom o possesses an unhybrdzed p obial (contining

which are perpendicular to the plane of 3bonds. The lateral
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e
. EEm———
"h“"

— S —
. —

(side wise) overlap of these p orbitals produces a m moleculy, ot
containing six electrons. (fig 16.9). one half of this © molecular orpjy l,t"f
above and the other half lies below the plane of the & bonds. b
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q 6.4 Hamnanne, Resonance Energy and _Stahllizaﬁon’:'

1 g et N

e

- 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.

il

It will react with carboxylic acids to form esters, by virtue of the
presence of —OH group.

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 does not do

S0.

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 structures together may explain the properties of
the compound but none of them is the real structure of the
€ompound. Thus for benzene the following structures (including the

One.written above) are suggested to better explain the behaviour of
benzene,
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The real structure of the compound (benzene in this case) is considereq tg
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. |
should be noted that all the canonical (contributing) forms do not have
equal contribution and thus they are not of equal importance. For
example, the contribution of structure |'and Il to the actual structure has
been calculated to be 39% each, where as that of structures 11, 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) does nol
mean that the structure rapidly shifts between the canonical forms, neither
't means that some molecules are like one canonical form and other like
another form. In fact, all the molecules of a substance have the samé
structure all the time, in which the elegtrons are delocalized over the whole
system involved in the resonance.

e ST - - e

e L = L b "_-'_-‘.-l‘:f ===

“The resonance energy of a molecules is the difference between °
f__‘“ergy of the.mnst stable canonical form and that of the actual moleculé - |
ﬂ; benzene it can be calculated by measuring its heat of hydrogenat®”
oo ol s e sl sl Cannic 1
cyclohexene (having o | es 12
mole heat energy to form cycinh{axaneg. L
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Hydrogenation of 1.3-cyclohexadiene (having two double bonds)
evolves 232 kJ/mol to from cyclohexane, which is almost double of the
value 120 kJ for cyclohexene.

The molecule 1,3,5—cyclohexatriene (kekule structure) normally written
for benzene and having three double bonds, should release energy
three times that of cyclohexane (i.e. 120x3=360 kJ/mol,on
hydrogenation). 2

But hydrogenation of benzene actually evolves only 208-0kJ/mal

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) =

Thus the measured (experimental) heat of hydrogenation of Denzeng
(208kJ/mol)is less than the expected value (360 kJ/mol) of the Mogt
stable canonical form by an amount of 152kJ/mol. Benzene jg

therefore, is said to be resonance stabilized by an amount f
152 kJ/mol which is known as its resonance energy.

, Due to unusual stability (resonance stabilized), benzene does not
give addition reactions like those of alkenes. In alkenes the n electronic

cloud is localized between the two carbon atoms and thus they readily
undergo addition reactions. In benzene the m electronic cloud makes a
mnttn_uuus_sheet above and below all the six nuclei and the n—electrons
are thus delocalized, which give benzene more stability. Benzene,

ﬂwrafnra-,_prefers to undgrgq electrophilic substitution reactions rather
than Eddmup reactions. It is, thus, said that benzene is less reactive than
alkenes during electrophilic addition reactions.

The main types of reactions of benzene are:

_____ =
& " E‘\--_.I

A

1. Addition of Hydrogen:

Benzene reacts with

ith hydrogen in the | catalys!
at 150°C, under high roge presence of Ni or Pt

pressure to form cyclohexane.

4
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2. Addition of Halogens:

Benzene reacts with chlorine or bromine in the presence of

ultraviolet light to form benzene hexachloride:

Reactions in which hydrogen atom of the aromatic ring is replaced by

ﬁlﬂctmpi-ulas are called alaciroﬁhiliﬂ armnatm subsﬂtuimn reactions.
is an electron rich

“ring with its delocalized n electron:
system. It is attacked by electrophilas (ﬂlectron—ioving species),
giving substituted products.

General Mechanism:

Mechanism of electrophilic aromatic substitution reaction involves the

fﬂllﬁh‘ing three steps.
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- Formation of an electrophile
E—Nu+catalyst—E* +Nu— Catalyst

Formation of carb@mum ion: The electropile attacks the aromatic
rmgm pmduue carbonium ion {phannnium ion).

The Inthnnadi&ta camomum mn is | B --
the follow _T"ﬂ'ﬂ*ll‘h-aﬂ oty resonance stabilized and is a hybrid o

~J._.“.!lllﬁfllEm::n Ot e on product. The |ntvarrnt5'n:llﬂta

fs;'““ﬂ&biﬂ It loses a proton 10
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I —
4. Nitration:

Benzene reacts with concentrated nitric acid in the presence of
concentrated sulphuric acid at 60°Cto form nitrobenzene.
ST T NG

In this case the electrophile (
H,50,and HNO, -

2. Sulphonation:

Benzene reacts with concentrated H,SO,at 120°Cor fuming H,SO,at
room temperature, to give benzene sulphonic acid. Fuming sulphuric:
‘acid is concentrated sulphuric acid in which SO, has been dissolved.
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3. Halogenation:

Benzene is halogenated on treatment with molecular halogen in i
presence of FeCl,or AICI, (Lewis catalyst) at room temperature 1

form halobenzene.

4. Friedel ~Craft's Alkylation:

gmﬂ 'ﬂfhﬂilﬂiﬁmﬁahﬂusemt due to two serious objections:

lTharaaeﬁm]Enm . T L SR
banmmam "nited to monoalkylation. Usually di or tri alkylate?

expected n—nrumy e

o ar -.= K f:l'Baﬁ'I"IEnt of bﬂﬂzenz
OF -_hanzana rather than "
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can undergo rearrangement before attacking the benzene ring. |

Thus the possibility of rearrangement brings uncertainty about the actual
products, formed.

i

This is because the reactmn involves formation of carbonium ion which h
i

|

8]
Il
5. Fridel —Crafts Acylation: (Substitution of acyl (—-C—R) group).

Bnnzana reacts with acid halides (or anhydrides) in the presence of a
Lewis acid catalyst (Al Cl,)to give aromatic ketones. For example,

- An electrophilic Substitution raacﬂun of benzene results in the
hnnaftinnﬂianhfmam ituted product. It is because all the
drogen atoms of hvanzane ring are ﬂqUWElﬂnt and therefore the

I
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Tha 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 to 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.

Substltuenta which direct the second substituent to the ortho and
para positions simultaneously 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.
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Thus the substituent -—OH which has directed the
-:subﬁtm.lent -NO, to ortho and para positions, is design

‘ortho/pare dimeting Some common ortho/para directing groups
‘are ~C|,-Br,-| -OH,—NH, — CH,,~C,H, (Table 16.5).

The qmm directing effect can be explained in terms of (a)
charge distribution and (b) Relative stability of arenium ion.

Secon
E!Ed ag

e Ce %
|"r'.§- =

-—
— A
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The substituents which direct the second incoming substituent to meta
nosition, are called meta—directing substituents. For example, nitration of
nitrobenzene gives mainly meta dinitrobenzene (94%).

Thus the substituent -NO,group, which has directed the second
-NO, group to the meta —position, is meta-Directing. Some common meta
directing groups are. -NO,,-CN,-CHO,-COOH etc. (Table 16.5)

The meta —directing effect of a group may also be due to the following two
reasons.

(@) 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.

The substituent attached to the benzene ring also affects the
reactivity of benzene ring in comparison with the unsubstituted
benzene.

The ortho/para directing groups release electrons to the ring by
'®sonance making it electron rich. Thus the attack of a second
electrophile would be faster as compared to 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
ﬁmups. Halogens are the exceptions to this. It has been observed that
alogens, though ortho/para directing, are ring deactivators.

Un_tha other hand, the meta—directing groups withdraw electrons from
€ ring making it electron deficient. Thus in the presence of meta—
"ecting species, the attack of a second electrophile would be slower

COmpared to the benzene ring i.e. the meta—directing species

B

| d
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decreases the reactivity of the benzene ring. These gz :
deactivators and are referred to as deactivating groups. (Tabe| 15 5}'“9

m derivatives of benzene in which T"":}
Ml a;-:gm b}f other am?mﬂ
mbd, tidde under different conditions:
'dﬂpﬂﬂdﬂ on the r thtm at“ ’“Eﬂﬂm on the ring, relative to the ﬂ;’i
Mﬂﬁmra' d successive substitutions al
or decreases by t'f-.a Presence of ﬂ“’ '“ﬂ'iw of the ring also int:l'ﬂ*’l:"}?Es
rng. For example, using nitrat of prece ing substituents attached ©© \

benzene can be nitrated at ﬁﬁ,gg mixture (conc HNO, +conc H H,S0:

to form nitrobenzene.

ST 4
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Nitro group being deactivator, deactivates 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.

Simit |
q;T;:ﬁﬂy 2-_41_5 —Trinitrotoluene (TNT) may be prepared by the nitration
'eNe. TNT is widely used as a powerful explosive.
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Hydrocarbons are a primary energy source for current civilizations, The
predominant use of hydrocarbons is as a combustible fuel source. In the,
solid form, hydrocarbons take the form of asphalt used in road construction,
Mixtures of volatile hydrocarbons are now used in preference to th
chlorofluorocarbons as a propellant for aerosol sprays, due to negativ
impact of CFC's on ozone layer.

Methane and ethane are gaseous at ambient temperatures and cannot b
readily liquefied. Propane is however easlly liquefied, and exists in “propane
butﬂﬁs"irﬁmtl:.rﬁas_a.ﬁquld. k-

Butane is so Bﬂsiwhgq}]uﬁﬂaﬂ that it provides a safe, volatile fuel for sma
er (]
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v pOINIS

- B

Key Points:

. Atippaﬁc hydm-carbuns include the open chain (acyclic) and those
cyclic compound which resemble the open chain in their chemical
properties (Alicyclic).

. Arqmatic hydrocarbons include 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, Hap 4 2.

* The general formula of cycloalkanes is C, Han.

* Homolysis is the chemical bond dissociation of a neutral molecule
generating two free radicals.

* Heterolysis is chemical bond cleavage of a neutral molecule
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 carbo
: : n—carbo
double bond. They can be represented by general formula Cn Hap,. ]

Alkenes undergo electrophilic addition reactions.

Polymerization is the pr ' ' her
: | process by which small molecules chemical
loin together to form large molectiles. A

N conjugateq is carbon atoms are I st
- _ compounds carbon atoms are linked alte
Single and double bonds. Ee by
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Compounds having the same molecular formula but differe,
structural formula are known as ‘isomers’ and this phenomenap
called "lsomerism”.

Tautomerism is a special type of functional group isomerism, in whict
isomers are in equilibrium with each other.

Stereoisomerism is caused by different arrangements of atoms o
groups in space.

Carbon atom which is bonded to four different group is called chird
carbon.

Alkynes contain carbon—carbon triple bond. They can be
represented by general formula C,, Hoo.

Benzene is aromatic hydrocarbon. Its molecular formula is CgHs.

The representation of a real structure as a weight
Matic U ed average of two
or more contributing structure is called resanannwga. g

: : canoni 4
structure is called resonance hybrid. cal forms and re

Electrophilic aromatic substitution reactio T -
= s s = 3 na H
hydrogen is replaced by an electrophile. are those in whic

Carbonium ion is a positively charge oraanic inn : —
positive charge is localized on mﬁ?ﬁ;uﬁﬁﬂ!c ion in which most o
Substituents which direct the second substitye 4
position simultaneously are called orth mp;;"duif:;ﬁt:;nhu and pa
The substituents which direct the second incarmie 0
meta position are called meta-directing. ncoming substituen

BESSEEE — 2= _d
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o1. Select the correct option.

(1)

(i)

(iii)

(iv)

(vi)

(vii)

-_-_'_——_——_._"

(d) aqueous KOH

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

l. = -
'.T-::-' _;_ _

Exercrse

Which one of the following deactivates benzene ring and is o/p-
directing?

@ -NH () -OH (¢) -OCHs; (d ~-Cl

Which one of the following compounds is expected to exhibit
geometfrical 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
(a) sp-sp (b) sp®-sp°

() sp®-sp® (d) s-s

When acetylene is treated with HBr, we get.

(8) Methyl bromide (b) Methyl chioride

(c) Ethyl bromide (d) Ethylene bromide
The general formula of cycloalkanes is

(a) Crhsnis (b) CrHan

(€) CnHap,s (d) CpHanz

How many isomers are possible for CaHsO
(@) 2 (b) 4 (c) 8 (d) 5
Dehydrohalogenation of alkylhalide is carried out in presence of

@) Zn dust (b) Hz280s (c) Alcoholic KOH
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(viii)

()

(x)

(xi)

(xiii

(xiv)

. Write short answers of the following questions.

(i)

hydrocarbons?

[} By

The marsh gas mainly consists of
(@) CoHe (D) CHq () H:S (d) SO,
Ethene and Ethyne can be distinguished by
(a) Anh.AICl; (b) Brzin CCly
(c) Cold. H:504 (d) AgNO;in NH4OH

The homolytic f|ssinn of C-C bond in ethane gwve an
intermediate in which “C”is _____ hybiridized.

@ sp° (B sP° (@ sp (@) sp'd
Which one of the following compound has planar structure?
(3) Alkane  (b) Alkene (c) Alkyne (d) Cycloalkans

When carbon Undergoes 'sp? hybridization then H-C-H band.
angles are:

(a) 120° (b) 180° (€ 1095° (d) 1075

In the fnllumng reaction C,H E+c|2__+c HEGI+HCi whél
type of reaction has taken? :

(a) Electrophilic substitution  (b) ~Electrophilic additior
(c) Friedel-craft's alkylation  (d) Non of these

ie
Nitrobenzsine  Feacts with chlorns ‘in presence of AICH "
product obtained Is

(a) o-chloro nitrobenzene:
(c) p-chloro nitroben:

) -'mﬁﬂﬁlﬂmniﬁﬂbenzﬂnﬂ
2ha (d) All of them

.

What is the difference between aliphatic and °
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(i)
(i)
(iv)

(v)
(vi)
(vil)

(i)

(ix)

Q.3
0)
(i
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What is meant by resonance?
How do you detect the unsaturation in Alkenes?

Why benzene is less reactive than ethene but more reactive
than ethane?

Why halogens are deactivatin roups although they are
ortho/para directing? e f .

Why ethyne is less reactive towards electrophilic addition
reaction than ethene.

What is meant by chirality?

Why there are no geometrical isomers of but-1-ene
(1-butene)? -
Why cyclopropane is more reactive than propane?
Differentiate between Homolytic and heterolytic fission.
Write down the resonance structure of benzene.

Write down the two reasons of meta-directing effect.

How can you distinguish 1-alkyne from other non-terminal
alkynes?

Why Lindlar's catalyst is used in hydrogenation of alkynes?

What is the main difference between tautomerism and
metamerism?

Long questions:

Describe the mechanism of chlorination of methane in detail.
(a) Explain the structure and reactivity of cycloalkanes.

(b) Mention at least four physical properties of alkynes.
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(iii)

(iv)

(v)

(i)

(vii)

(wviii)

(a) What are hydrocarbons? How will you classify them?

Give an example of each class.

(b) Write down the

Physical properties of alkanes ang Cycly
alkanes.

(a) Give methods of preparation of ethene from

(@) An alcohol (b) An alkylhalide

(b) Explain the relative stabilities of different alkenes.

(¢) Starting from alkene how would you prepare the following
tompounds.
(8) Vicinal dihalide
(c) Ozonide

(b) Aleohol
(d). Epoxide :
(8) Describe any two methods of preparation of alkynes.
(6) Mention at least four physical properties of alkynes
(a) Describe the structure of benzene on the basis of MOT.
(2) How would you prepare ¢ |
Benzene? e
' (a}-Aca'!aphaﬁéhE:i
(b) Trinitrobenzene
(&) Describe mechanism of
benzene.

B)Explain the directive ang amier . . ol
"Eubsﬁtuted'bgn-ze'nai . ﬂﬂ]Vﬁaﬁng effect In

Write notes on the following,
(@) Conjugation in alkenes

he following compounds from
- (b Toluene

(d)  Benzenesuiphonic acid
electrophilic substitution reaction I

Seanned with CamScannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD

vy

- - h
] ' H L
! = 7 -
- - o R = - E - .. 1 g bl
y T " e & =
il gl el 1 - | ; - :
- - ™ - . - -
B " - o N1 - - T
—— n-."' -, o 3 - : r
S = e T - - T
= . = e = — . - -

~ (b) Polymerization

(c) Resonance

(d) Structure of alkyne
Q.4 Names the following compounds.
CH, CH, CH,
: . 5 ‘
CH, CH,4
CH,
OH CHO NO, |
._ OH OH |
iv) V) vi)
. ' Br Br
COOH CHO OCH,
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Q.5

Q.6

Draw the structural formula of the following compounds,

()  Anthracene

(i)  Naphthalene

(i) 3-Phenyl pentane

(iv) Isobutylene

(v)  2,3,4-Trimethyl hexane
(vi) 2,5-Heptadiene

(vil) 2- Methyl-2-pentene
(viii) 2-Hexyne

- (ix) 3-Hexen -1-yne

(xii) 2,2-Dimethyl butane

Give IUPAC names to the following Hydrocarbons.

(i) BHF_._{:H-:-CH-(%-}E;QW
(if) (CHa-].‘.B'-

(iif) C:H;, (CH,), cH% ECI-Iz CH, CH (CH,),

C,Hs E‘Ha
(V) CH,~C=C-CH(CH,),
CH,CH,

L5

Secanned with CamSeannar




MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

Br
(wii)

Cl

(vil)  (C,H.),CH
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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.

Nkhfl halides are the most suitable organic compounds used to incorporate
alkyl groups into other molecules.
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_ According to this system the names of alkylhalides 4,

two word names. In this two word names, the alkyl group of alkylhalide |
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 written before the names of alkyl halides.

Lower alkyl halides CH,C/,C,H.C¢ and

CHFare gases at "
temperature. Alkyl halides upto C,, are colorless liquids while those ;;,.aynﬂd

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

— & | .

¢, 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 corresponding 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.

o i T
~E Lo Il rl Lia E
=i 0 1 =1 .
LEHE- =11:%4 Aal=t

To understand the structure of alkyl halides, let us consider methyl
chloride (CH,C£). In this molecules all the bonds of carbon are single,
Iherefore, carbon atom is sp®—hybridized. During the process of bond
fﬂrmatinn. one sp’orbital of carbon atom overlaps with the half filled p—
Orbital of chiorine atom and forms a single "8"covalent bond. In the
Meantime the remaining three sp® orbitals of this carbon atom overlap
With three half filled s-orbitals of hydrogen atoms and forms single

Scanned with CamSeannar




MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) —y

|
""‘—-.".-‘h-‘

e e

"d" covalent bonds. The H-C-H and H-C-X bond angleq -
approximately equal to 109.5 °.

Alkyl halides can be prepared by different methods. Some of thess
are given as under.

Alcohols readily react with HBr and H to form alkylbromides and
alkyliodides. HCI s least reactive towards alcohols, therefor.
anhydrous ZnCl,is used as catalyst while treating alcohol with HC
to pm;duna:e,ailci;ﬂ-;éﬁlﬁﬂ&éﬁ:"_Eiﬁ'lgﬁh_ﬁl_"-i:s called Lucas reagent).

—
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Alcohols react with phosphorous trihalides (PCt,,PBr,)and form
the mrreswnding alkyl halides.
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Alcohols react with thionylchloride (SOCL, )in the presence o
pyridine to yield the corresponding alkyl halides. Pyridine being ;
base absorbs HC/ just after its production in the reaction mixiys

Alkanes react with halogens in the presence of ultraviolet (uv) g
or at high temperature of about 400°C to yield alkyl halides. "

this process one or more hydrogen atoms of alkanes are replace”
by halogens giving a mixture of different alkyl halides. That is W

itis not 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 rﬁ’f“‘“t

due to its polar nature (C*-X). The polarity is due to high?
electronegativity of halogen than carbon atom. Due to this pa#arﬁﬁ'

i
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carbon atom of alkyl 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-C{>R-F.

17.164 General introduction: Alkyl halides undergo nucleophilic
substitution reaction in which a stronger attacking nucleophile replaces the
halogen .-:::1 alkyl halide as halide ion (X). A general example of such a
reaction is given as
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When haloaen atom detaches from the carbon atom of an alkyi

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,

There are three types of carbocations. 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 donatind
alkyl groups directly attached. Greater the number of alkyl groups, G’Eﬂtﬂr
is the stability of the carbocation.

o
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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 nucleophile. 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 attacks a hydrogen atom in the elimination reaction while a

nuctenphile attar::ks carbun atom in the substitution reactif.:ms.

R T i e i

=0k ] s :’w___ Y -t L P

utior I gl ‘:-_-. NS OF (o '
e |

| Alkyl hahdas undrgn nuclenphlhc 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 (SNE

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
"eplaced by the incoming entering group is called leaving group. It is also

Called nucleofuge. In this reaction halogen leaves the substrate as
halide jon [i)

h——..
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SN' stands for unimolecular nucleophilic substitution reaction S\
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 alkyl 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 (E]

I O —
T ) L =Za
- p ¥ 1, Lo -
=) s
% e

: ; g .f;_fi':fg'_']
This Is the slow or rate determining step of
anlve‘s dissociation of substrate. Since on

uonT 'E- s
the reaction because

e - . ly one molecule (substrate) is
s S rate determining step this reaction is called unimolecular
nucleophilic substitution reaction (SN

In the second step the entering nucleophile

produce the end product. ks the carbocation
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SN stands for bimolecular nucleophilic substitution reaction. SN
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 — il
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 il
group and substrate weakens. A transition state is formed in which both |j|i
the entering and leaving groups are partially bonded to the carbon atom of H
the substrate. In other words, the extent of bond formation on one side is i
equal to the extent of bond breaking on the other side. E

|
|

] - Ly =) 1 9 '.- RS
ransition 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 SN? and tertiary alkyl halides undergo SN
Mechanism. The type of mechanism followed by the secondary alkyl

o
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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 Sp 2
mechanism.

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 reverse of addition reactions. During elimination reactions two strong

sigma (3)bonds are broken down and a new weaker Pi(r) bond is

formed. The saturated compounds are converted to unsaturated
compounds. In the molecules of alkyl halides during elimination, a
fydrogen and halogen are removed from adjacent carbon atoms resulting
In the conversion of alkyl halide to alkene. For example

The reaction takes place in the presence of a. Alkyl halides undergo
elimination reactions by two different types of mechanisms. These are:

1
E’ stands for unimolecular elimination reactions. In these reactions

only one molecule e.g. substrate is involved in the rate determining of

slow step. These reactions, therefore, follows first order kinetics. Thes®
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-eactions 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 (E]

This siep 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 f—carbon atom of the carbocation as
proton. This results in the formation of a double bond between
o.and B carbon atoms. The end product is an alkene

The rate equation for E' reactions is
stands for bimolecular elimination reaction. Two species i.e.
SWbstrate and base are involved in the rate determining step of these
e
actions. These reactions follow second order kinetics therefore, their

m
:‘e“-“'aﬂtsr is two. E2reactions are generally followed by primary alkyl
#lides ang 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 (X) from the o—carbon atom of the substrate takes

place simultaneously. For example

| 1
.-'-[‘.g ].—- F_]-II

sthene:

The rate equation of E* reactions is

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—bromopropan®
on reaction with an anion of the corresponding thioalcohol (CEHSS:'

undergoes substitution reaction because C2HsS™ is more nucleophilic and
less basic than CaHsO~,

Crowding within the molecule of ! substrate also generally r[a):ﬂlﬁ'
elimination over substitution reaction This is due to the greater sterc

e e g e e O TS i

hindrance when the nucleophile approaches towards o carbon atom o
the substrate. The greater number of alkyl groups -gﬁ the Eﬁbgt}atg favour®

p
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glimination over substitution because these alkyl group stabilize alkene
more than the substitution product.

All those organic compounds which contain at least one carbon—

i

metal bond in their structures are known as organometallic compounds.

Where M =Mg,Li,Pb,Zn etc.

They are named simply by adding the name of the metal to the organic
group bonded directly to the metal. For example,

Alkyl or aryl magnesium halides are commonly known as Grignard
reagents. They were discovered, prepared andétue:l_ied 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
arge 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
i (I:LBr,I), '

Exﬂmplas are

L

=
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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.

This reaction takes place in two steps. In the first step alkyl halide reacts
with magnesium and yields alkyl radical and an MgX type of species.

In the second step, R combines with MgX and yields the Grignard reagent

Diethyl ether used in the preparation of Grignard reagent plays two
important roles. At one hand it provides a medium (Solvent) for the
reaction, at the other hand it dissolves the Grignard reagent bY te
process of solvation. '

. | -
Grignard reagent cannot be isolated, therefore, its ethereal Sulu:l'na
directly used in the synthetic reactions. The ease of formation of Grid

_
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reagent depends upon the nature of both alky or aryl 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 asi>Br>C¢. Alkyl or aryl
magnesium fluorides are not known. Alkyl bromides are the most suitable
for preparation of Grignard reagents because alkyliodides are expensive.

The carbon magnesium bond of Grignard reagent is polar in nature.
This is due 1o 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.

The alkyl group being an electron rich centre, acts as carbanion or
nucleophile. It would attack polarized molecules at the puinf of low
electronic density. Therefore, 1tha characteristic reactions of Grignard's
'®agents are nucleophilic substitution and nucleophilic addition reactions.

Grignard reagents are highly reactive compounds. Therefore, they
'8act with many organic and inorganic compounds to produce a large
umber of valuable products. Some of these reactions are as follows.

Scanned with CamSecannar




Grignard reagents react with aldehydes and ketones 10 yield addition
praducts-. Addition products upon their acid hydrolysis yield alcohols,
Formaldehydes produce primary alcohol, higher aldehydes produce
secondary, while ketones produce tertiary alcohols on treatment with
Grignard reagents.

Grignard reagents react with esters to yield carbonyl compounds:
These carbonyl compounds react with more of the Grignard rsagant inthe
same reaction mixture and yield a!cohais as the final products.
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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 alcohol,

..........

(b Reaction With Ethy scetate: 7
Ethyl acetate reacts in the same way as ethyl formate but the end
product of this reaction is a tertiary alcohol. > ﬁ
’

B s,

o
mf:s;ﬁard feéagents react with CO, forming an addition product.
Product undergoes acid hydrolysis and yields carboxylic acids.
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Alkylhalides are precursors for many organic compounds such as
as teflon, alcohol, phenobareton (used in sleeping pills), Grignard
reagent, Amines etc. :

Several organometallic compounds are under study as
candidates for diverse therapies. Much work as investigated by
the success of cisplatin in chemotherapy (CzHs) Ti Cl. display
anticancer activities. ' :

o
Yie i R

' Hman Blood
Hemoglobin Plant Chlorophyll

Chlorophyll contains oxygen, carbon, nitrogen, oxygen,
hydrogen and magnesium while haesmoglobin from the blood
contains iron in place of magnesium. i ‘

Heamoglobin is a red pigment | of
transporting oxygen. pigment in blood that is capable

Chiorophyll s the green o .
: een pigment in plants and certain organism

that is capable of trapping energ

process of photosynthesis, from. e sun.o/enhance; the

Scanned with CamSecannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD

Amines are important nitrogen containing organic compounds. These
are the derivatives of NH3 in which one or more hydrogen atoms have

heen 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.

* Primary amines are named by naming the alkyl group attached to

nitrogen first followed by the word amine. Names are written as one
word.

! :
" Case of secondary and tertiary amines when two or three identical

I
t:w 9roups are attached to nitrogen the prefix "dl and “tri" are added
he name of amine.
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o |f different alkyl groups are attached to the nitrogen, then they ar
named separately in alphabetical order.

:: case of complicated amines, IUPAC system is used for naming.
ccording to this system, the amino group is considered &

subst i ini
bstituent in the chain is fepresented by the lowest possible number
of that carbon atom to which

—NH, group is attached.

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

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 hydrogen bondings with water
and are soluble in water.

~ Amines are derivatives of Ammonia (NHs) molecule where one or
"¢ H atoms have been replaced by alkyl groups (R). Since NHs

Molecule has a trigonal pyramidal shape, the resulting amines also have

th
® Same geometry. In these amines R—N-H or R-N-R angles is tlose to "h
Blrahederg) angle.

-§
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Due to the presence of a lone pair of electrons on the nitrogen atomg
(R-NH,), amines are capable of accepting.a proton and are basic in |

nature. Amines reaqt—with'acids to form salts.

|
— i

Amines are weak bases and, therefore, partially ionize in aqueous solution
with the following equilibrium. *

Aliphatic amines are stronger bases than NH, . This is due to the electron

—donating alkyl 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

e :
ensity on nitrogen and, therefore, greater will be the power of nitrogen 10
accept proton and vice versa. |

1735 PrepamtonctAmines;

Amines can be :
these are given belnﬁmp&md by a number of different methods. Some

When an alkyl halide is heate

. d with alcoholic NH,, it yields a midife
tertiary amines ang quaternary

of primary, secondary, S
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puring 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.

WIt. s Fal
I i ¥ = v = L} ¥
. : 8 } 1 T
3 A r it - | - nll
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Primary amines are prepared by the reduction of nitroalkanes with
H,in the presence of “PYPd” or “Ni” catalyst. They can also be reduced by
- lithium aluminum hydride in ether.

: i
E i 3 a
._

y When nitiles or alkyl cyanides are reduced they yield the
esponding primary amines. This reduction can be brought about by

H;in the Présence of Ni catalyst or by lithium aluminum hydride in ether.
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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 electron "
nitrogen atom. This lone pair of electrons is available to the electror

daﬂqe"‘ reagents called electrophiles. On the basis of this lone pair o
electrons amines act as nucicophilic reagents.

- '
|
— ¥ |

Amines are important and reactive organic compounds. Thes® o
compounds. Some of their reactions ar& A gem

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

. D R

|

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.

Comm
77873 Reacion o Anines wih Aldhycs and etones:

Primary amines react with aldehydes and ketones yielding
fondensation products called imines. These imines are also known as
. Schiff's bages

.
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Primary amines react with acid chloride or acld anhydride to produce
N —substituted amides.

Secondary amines react with acid chlorides to produce N, N —disubtitute?
amides.
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As tertiary amines have no hydrogen atom directly attached to the
nitrogen, therefore, they don't react with acid chiorides to produce amides.

When primary aliphatic amines are treated Hwith 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 NaNO, and dil HCL

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
raaf:tinn& in v;hich the diazonium group 5?5'-=. N.' is replaced as N, by
Various other functional groups. Aryl bromides, Arylchlorides phenol, Ary|
“Yanide, benzene are best prepared from diazonium salts..
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General formula of alkyl halide is R—X.
" Each carbon atom in alkyl halide is sp° hybridized.

The molecule which undergoes substitution reaction s Calleg
‘substrate’.

The group or species which leaves the substrate is called “leaving
group”.

The end product of substitution is known as reaction product.
i . .
SN’ Mechanism is defined as that nucleophilic substitution reaction

in which only one molecule is involved in rate determing or slow
step.

Those nucleophilic substitution reactions where two species &t
Involved in the rate determing or slow step.

The primary alkyl halides undergo SN? mechanism while terta
alkyl halides undergo SN? Mechanism
In polar solvent seconda

| ry alkylhalides fol L. mechanism Wik
N non-polar solvents fo|| o imes

ow SN*-mechanism.

Ouring elimination :
réaction two strong sj roken &
2 NeW weaker pi bond s formed ng sigma bonds are b

E.1 stands for unimolegy|
mrqutecular elimination re
Those organie Compound wh: : : n___nw{gl
bond in their structure are ich contain at least one carbo

known ag organo—metallic Gﬂmpﬂundsr

ar elimination while E* ,513"“'5 :

_ : |

Mines may be —NH,, -NH, of ¥ o™
" Pair of electrons uln nitroge"
IS in natyre.
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ACISE

Q1. Choose the correct option.

1; The reaction of CHaMgl with acetone followed by hydrolysis

gives.
(@) ter-butanol (b)
(¢) n-butanol

sec-butanol
(d) none of these

|
f
Exercise

Which one of the following halide is most reactive towards
nucleophilic substitution reaction?

|
|
@) CaHsBr (b)  CoHsl | ‘;
(€) CaHsF (d) CaHsCl .'
3. All electron deficient species are classified as. ‘
(a) Nucleophiles (b) Electrophiles ‘
(c) Bases (d) All of these. |
4. R—CH>—X is an example of ‘ ‘
(@) ‘Primary alkyl halide (b) Secondary alkyl halide li
(c) Isopropyl halide (d) Both (a) and (b) ‘
5. The carbon atom carrying positive charge and attamad to |
three other atoms or groups is called. ‘
(a) Carbonium ion (b) Carbon ion |
() Oxonium ion (d) Carbanion
6. Grignard reagent can be represented by general formula
(8 R-Mg-N (b) R-Mg-O

() R-Mg-OH (d) R-Mg-X
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The end product of reaction of Grignard reagent with' Ethyl

acetate is

(a) 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 alkyl halides the carbon atom to which the halo
group is attached is in turn 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 chloroethane and aqueous sod
hydroxide identify the attacking nucleophile and atom in €
chloro-ethane molecule being attacked.

What is the importance of diazonium salt?

Define the following terms.

(a) substrates . (b) leaving group

(c) carbocation
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Qill. Long questions

1. Discuss various methods of Preparation of alkyl halides.

2 Explain elimination reaction in alkyl halides.

8. Discuss the mechanism of SN' and SN? reactions.

4 (a) How can you Prepare Grignard reagent.
(b) Discuss the reaction of Grignard reagent with.
() aldehydes (i) ketones
(i) esters (iv) carbon dioxide

B How amines are prepared? Discuss its structure and acidity.'

6. Write down different reactions of amines.
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Introduction:

Alcohols, phenols and ethers are derivatives of water. In alcohol one H
of H;0 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 organic compounds, in which a hydroxyl group (—OH)is

aflached to an aliphatic carbon atom. Hydroxyl group is the functional
‘@roup of alcohols. The general formula of alcohols is R-OHor CH,  OH

8.9 methyl alcohol (CHsOH)

 Aoohols may be monohyaric, dihydric, trinydric or polyhydric
~PeNnding upon the number of ~OH groups in & molecule
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Dihydric alcohols (diols) are usually called giyculs because of their sweet
taste. (Greek glycys= Sweet).

Monohydric alcohols may be pﬂmaqr,

hydroxyl group is attached to the primaw earbnn atom it is classified 5‘5.

secondary or tertiary. When the

primary alcohol but when the hydroxy| grou
or tertiary carbon atom,  the almhnl is
or tertiary alcohol,

accordingly classified as secondary
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B IR,

Alcohols are named by the following two systems.
a. G{:-mrnnn System b. IUPAC System.

p—
e

0 B TR |

In thns 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 primary (pri) secondary
(sec.) or tertiary (ter.) For example,
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b. IUPAC System:

In this system alcohols are named as “alkanols”. That is, the final “¢"

of the ct}rrespundmg alkane is replaced by “-ol".

ThelUPACrulesare. _'—'" = = ———\‘

1. Select the longest continuous carbon chain containing the
~OHgroup. |

2. Name this chain as “alkanol”. That is, drop the ending "e" of ihe
corresponding alkane and add “ol” as suffix. This will serve as the
parent name or stem name of the alcohol.

3. Number the chain from one end or the other, so as to give the

carbon carrying the —OH group, the lowest pussif:-la number.

Menticn the position of the hydroxyl group by putting its number

before the parent name or before the “-ol".

Indicate the positions of the other substituents (if any) using the

numbers of the carbon atoms, to which they are attached.

The substituents, along with their positions, .are named in
alphabetical order before the parent name.

If the number of carbon atoms carrying the hydroxyl group is the
same from either side, then number the chain from the end which
~is heavily subsfituted, |

| 8. In case of dihydric, mhydrfn‘iad phfs?hwm almhnia, the prafbl di,
) tri, tetra ete 13 mﬁ ore x

carbon atoms to which these hydmxyl gmupa aré atlauhéd
If more than one hydroxyl groups are attached to the same carbor
atom, the number of that carbon atom is

repeated. _/,/

e i

A
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Lower alcohols are colourless, toxic liquids. 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 alcohol

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: th

boiling points decrease.

e
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Lower alcohols (C, —C, ) are completely soluble in water in any proportion.

riowever the solubility of higher alcohols in water falls rapidly.

Alcohol are alkyl derivatives of water molecules. Water molecule has
an angular structure with H-O-H bond angle slightly smaller than
hizhedral angle (109.5°). Alcohols molecule have a similar geometry

Vhere R-0—H angle is 105°.

Al
%hmmhms are acidic in nature. It is because the O-H bond in
-
'S Polar dye to difference in electronegativities of the two atoms.

L]

-

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) Be. |

=

This allows the release of hydrogen atom as proton (H'). Due to s
acidic behaviour, alcohols react with sodium or potassium to form alkoxide
with the liberation of hydrogen gas.

However, alcohols are very weakly acidic with Ka value 107"® to 107"

The alkyl group in alcohols releases electrons (electron donating Qm"p]
towards the oxygen atom, increasing its partial negative charge and henc®
the release of proton becomes difficult. That is why the alcohols aré oe?
acidic than water. Tertiary alcohols are less acidic than

alcohols and secondary alcohols are less acidic than primary alcono's:

A
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I |

itis to be noted that alcohols are not acidic enough to react with agueous
NaOHor KOH. |

815 Proparstons of Acono I
|

Alcohols can be prepared by the following methods.

Alkenes react with cold concentrated sulphuric acid to produce alkyl

hydrogen sulphates, which on hydrolysis yield alcohols. Unsymmetrical
alkenes follow the Markovnikov's rule.

—

thﬂls can be prepared by the hydmlysls of alkyl halides by means
of water or an aqueous alkali.

.
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Grignard reagent (R Mg~ X)adds to the carbon ~Oxygen double bong
0

I
(-C-) of the carbonyl compound to form an addition compound
which on acid hydrolysis gives alcohol.

]
=

Formaldehyde reacts with Grignard reagents to produce primary
alcohols, Other aldehydes give secondary almhﬁls. Ketones on
reaction with Grignard reagent produce tertiary alcohols.

For Example:
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Carbonyl compounds can easily be reduced to 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)

Ormate esters on reaction with Grignard reagent produce secondary
“leohols while other esters form tertiary alcohols. |

i\
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In this case, a secudary alcohol is formed which involves ty,

steps.

_An aldehyde is first formed by the reaction of eth

formate with Grignard reagent.

The aldehyde then reacts with another molecule of the

Grignard reagent to form an unstable addition product which of
hydrolysis gives rise to a secondary alcohol.

In this case a tertiary alcohol is formed which also

steps. o

A ketone is first formed by the reaction of ethy!
with Grignard reagent.

i
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—Th'a Ketone (in this case the acetone) then reacts with
another Grignard reagent molecule to give an unstable addition
product which on hydrolysis forms a tertiary alcohol.

18.1.5.6 Reduction of Carboxylic Acids and Esters:
Both carboxylic acids and esters can be reduced to Primary alcohols
with LiArH, .

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 polgr or
lonic reagents. This reactivity can be attributed to:

I.  Polarity of C-0and O-Hbonds since oxygen is highly
electronegative, '

-

ii.  The oxygen atom of alcohols has two unshared pairs of

electrons and hEI‘IEE is an alactron nch c:entre

Generally, the reactions of alouhola = g_@ H) involve the

fission of either the O—H bond or the C - G bond. Cleavages of

either of the two bonds may involve a substitution reaction or an
elimination reaction,

Alcohols react with halogen aci *
halides. 98 (HX) to form the corresponding alky!
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The order of reactivity of different hydrogen halides with a particular
alcohol is:

Helreacts only in the presence of a catalyst (anhydrous ZnCl, ), while

Herand Hirequire no catalyst. The order of reactivity of various
alcohols with a particular hydrogen halide is: :

Tertiary alcohol > Secondary alcohol> Primary alcohol.

Lucas Test: This test is used to distinguish between primary,
secondary and tertiary alcohols. In this test alcohols are treated with a
solution of HCiand ZnCl, (Lucas reagent) to form alkyl halides
(R- X}, ZnCl, acts as a catalyst. ) :

The three types of alcohols undergo this reaction at different rates.
Tertiary alcohols react with Lucas reagent immediately. Secondary

i alcohols react some what slower. Primary alcohols react even mare
slowly.

l .

~ Aleohols react with thionyl chloride (SOCL, jto form alkyl chiorides.

P : ;
hosphorous Trinalides (PX,)also form alkyl halides with alcohols.
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Alcohols, when treated with concentrated sulphuric acid af

170°Cundergo dehydration to form alkenes. In case of ethyl alcohol,
ethylene is formed. ‘

The order of rate of dehydration of different alcohols is
tertiary alcohols> secondary alcohols> Primary alcohols.

Ncuhuts react with carboxylic acids to for
H,80, is used as catalyst.

m esters. Cancantrated

The reaction is reversible. The equilibrium can

. be shi in the
forward direction by removing water ag Soon as it s

is formed.
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Using strong oxidizing conditions such as *Na,Cr,0,+H,SO,* or
"KMnO, +H,S0, ",alcohols can be oxidized to carbonyl compounds,
and finally to acids.

Primary alcohols are first oxidized to aldehydes and then to acids.

Secondary alcohols are first oxidized to corresponding ketones,

whose further oxidation to carboxylic acids needs even more drastic
conditions.

Tertiary alcohols are stable to oxidation under normal conditions.

Loz g
- ~didls (glycols), for example, ethylene glycol when treated with
" KMnO,or K,Cr,0,.results in the formation of formic acid by

"8 of ¢_ bond,
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But when treated with periodic acid or lead tetra acetate, ethylene
alycol gives formaldehyde.

Both

OXygen and sulphur belong to the same group Vi

of the period
table. Thus, there are Sulphur anal

ogies of alcohols and ethers.

The Sulphur analogues of
sulphides or Mercaptans. The

sulphydryl or Marcapto or
mercuric

alcohols are called Thiols or alkyl "'!"dmgﬂn
functiona| group of thiols is —SH. It is cale
thiol group. These compounds react v
ble salts, and hence the name M"mapﬁns

o :
(Latin, mercurium captang = mercury catehing). Methanthiol (CHiSH'*’

ions to form insoly
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P— .

amounts to make gas leakage detectable by smell. Thiols have lower
bolling points than the corresponding alcohols, due to lack of hydrogen
bonding. They are insoluble in water but soluble in ethanol and ether.

Fis:2! Phenols
_Phennls 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 “phenol” 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
(CHOH),
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B
1822 Structurs of pol:

In phenol molecule hydroxyl group (~OH) is atlaei':ad to a benzene
fing. The molecule is planar, with a C-O-H bond angle of 109°, almost the
same as tetrahedral angle and not much different fmm the “108,..5'“ G—O—H
angle of methanol.

|T1 ph_sfn:nl the six carbon atoms are sp® hybridized forming a hexagonal
ring with internal angles of 120°. Since the bonds Efpnnaﬁ'by:'-ﬁié-::'hybj'tdﬁﬂﬂ
carbon, are shorter than those formed by sp® hybﬂdizeﬂcam, therefore
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the C-O bond length is slightly less than the C-O bond length in
methanaol.

18.23 Physcis! Properties:

@ 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 points 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.
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The acidic nature of phenols, as compared to alcohols, can be attributed
to the formation of stable phenoxide ions after loss of proton.

The phenoxide ion, thus formed is resonance stabilized.
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 Na metal to form salt.
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phenols ¢an be prepared by the foliowing methods.

This method involves the fusion of sodium-benzene sulphonate with
solid NaOH at 300 -350°C-

The resultant sodium phenoxide is then treated with dilute HC¢ to form

OH
H.O
+ HOl| ———— + MNaltd

phenol.

O Na

Sodium Phenoxide Phencfl

In this method, chlorobenzene is hydrolysed with aqueous NaOHat
high temperature and pressure. This process was developed by Dow

Chemical Company of USA in 1928.
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The resultant sodium phenoxide is then treated with dilute HCI

o
phenol. i

This method involves air oxidation of cumene (isopropyl benzene) to

cumene hydroperoxide, which on treatment with dilute Hclfum'ﬁ
phenol alongwith acetone.
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Phenol is recovered by steam distillation and extracted with diethyl
ether,

Generally phenols exhibit two types of reactions. (1) reactions due to

Nydroxyl 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

fing of Phenol undergoes electrophilic substitution reactions which1 are

Characteristic of most of the aromatic compounds.

hw:;:reséncg of hydroxyl group on the benzene ring in phenol

G electron density of the ring at ortho and para positions by
= S electron pair to the ring and hence increases the reactivity of

|-| " :
"9 relative to benzene itself, for electrophilic substitution
ons. '

T

k
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In these reactions an electrophile is introduced 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 bromine) 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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il Nitration:

with dilute HNO;, phenol reacts to form ortho and para nitrophenol.

With concentrated HNO,, picric acid (2,4,6 —trinitrophenol) is formed.

Phenol, being acidic in nature, reacts with sodium metal to form salt
Mt the release of H,gas

b

ndergoes oxidation with air or chromic acid to form p-benzoquinone.
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In both alcohols and phenols hvdroxvl aroup is the functional aroup, |
phanpl's hydrcmfl group is attached to an aromatic carbon while in alcong
the hydroxyl group is attached to carbon atom other than aromatic carbon
For Example,

SO g 18 ot s e Lo 0 o shain etached
s el R e ] ~ fies 2 -' ;';‘-."--::I.mm:-‘_ - o % i ,...“ 0 {_._.__. _. I, -.::;: _.:-_:-;. _. -: o
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U The common home disinfectant is chlorine bleach (a 5% solution
W ofsodum hypochlorite),  which is effective against most
a 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
I of organic substanpes. 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
:l;gfe clean. In the bathroom special caution must be taken to wipe up
0 Irst, before :applying chlorine, to avoid reaction with the ammonia in

N8, causing toxic gaseous by-products. Extreme caution must be taken
andmm contact with eyes and mucous membranes. Protective goggles
- " good ventilation are mandatory when applying concentrated bleach.

_ ;ﬂmﬂtiﬂfentants kill bacteria (called bactericidal). Some also kil fungi
gicidal), bacterial spores (sporicidal) and/or viruses (virucidal). '

E;Ebmde is a broad term for a substance that kills, inactivates or
Wich o controls living organisms. It includes antiseptics and disinfectants,
Mbat micro-organisms, and also includes pesticides.

Anti ok
ﬁdn?;Pﬁf:: l:.:ﬂres antimicrobial substances that are applied to living tissue/
: ot Uce the possibility of infection, sepsis, or putrefaction.
abli, i are generally distinguished from antibiotics by the latter's
. ﬁﬂ'm‘thie' ransported through the lymphatic systemto destroy
mmf'fgani N the body, and from disinfectants, which destroy

_¥ISms found on non-living objects. |

& firgy .
184g, ™ PS1S0n to demonstrate ether's use as anesthetic was Dr. Morton in
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Ethers are a class of compounds in which the oxygen atom is linkeg

to two alkyl groups ur. 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 Eﬁachgd-'tﬂ;ﬂm oxygen atom are
named in alphabetical order and the word ether is added. If the two grouP*
are the same, the prefix "di" is used.
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In this system, ethers are generally named as alkoxy derivatives of
hydrocarbons. The larger alkyl group is taken for parent name and the

smaller alkyl group along with oxygen atom is named as alkoxy before the
parent name.

; Ethers can be prepared by the following methods.
+ Dehydration of alcohols:
SYmmetrical ethers (ethers with identical groups) are prepared by
hﬁ’aﬁng an excess of alcohol with concentrated H,S0, at 140°C -
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The reaction conditions (Temp.=140°C)must be well Controllgq

otherwise at temperature higher than this the formation of alkenes jg
favoured.,

In this methods, sodium alkoxide is treated with an alkyl halide.

1. Dimethyl ether and ethyl methyl ether are gases at STP, while

others are colourless volatile liquids with pleasant odours
2. Ethers are highly inflammable.

They have much lower boiling points than those of alcohols of
comparable molecular weights.

Low molecular weight ethers are solu
hydrogen bonding with water.

Ethers are generally less denser than water,
6. They are readily soluble in organic solvents,

Ethers a i i
| fé quite stable compounds. They do not react with bases,
active metals, oxidising agents and reducing agents 'fhey are also

stable to dilute acids However, they f
’ ! ey .fﬂrm oXoniu : n
concentrated acids, m salts with strond

ble in water as they form

5.
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Ethers react with cold concentrated HClor H,SO,to form oxonium
salts. Ethers donate a pair of electrons to hydrogen ion to form
these salts.

| Ethers react with hot concentrated HI or HBr to form an alcohol
and alkyl halide.

zncithera_raact with acetyl chloride in the presence of anhydrous
*ON heating, to form alkyl chloride and ethyl acetate.
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Key Points:

Alcohols are aliphatic compounds, in which a hydroxyl group (-OH) is
attached to aliphatic carbon atom.

Lucas test is used to distinguish between primary, secondary and
tertiary alcohols.

The formation of ester from alcohol and carboxylic acid is called
‘esterification’,

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 chlorobenzene and
~ aquous NaOH at high pressure and temperature.

Ethers are class of compounds in which, with oxygen atom two alkyl
groups, two aryl groups or one alkyl and one aryl group are attached.
General formula of ether is R~O—R.

Ethers react with cold conc.HCI or H2804 to form oxomium salt.
In Williamson's synthesis, sodium alkoxide is treated with an alkyl
halide to produce sther. "

: 3
In case of alcohols, phenols and ether oxygen atom undergoes SP
hybridization and has two lone pairs,

Hydrogen bonding in alcohos results in relatively high boiling poin®
and good miscibllity with water. '
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Exerclse

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

al.

(a) Organic acid (b) Ether
(b) Aldehyde (d) Ketone

8. The compound ‘%’ when heated 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
@S0, (b) cuo ) Agz0 (d) ALOg

8. Denatured alcohal is known as
(8) Absolute alcohal (b) Wood spirit
| (b) Methylated spirit (d) Rectified spirit

#mmpﬂl‘ﬂﬂ “ is formed when the vapours of phenol are
Passed over red hot zinc dust. The compound “x” is called

I:a} Toluene  (n) xylene  (c) Benzene (d) Benzol
" “"yﬁﬂ?ﬂﬂﬂ react with Con.H»S04 to give
. om“'“m ion (b) Oxoanion
) Alky free radical (d) Zwitter ion
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9. The secondary alcohols undergo nucleophilic Substituion
Teaction by :
" (@) SN! (b) . SN?
(c) Both SN'and SN* (d) Neither SN'and SN?
10. The appearance of cloudiness in the Lucas test for alcohg] is
_due to formation of:
(a) Alkyle chioride (b) Acid chiorides
- (©) Aldehydes - (d) Ketones

. Short questions:
What is the functional group of alcohols?

Indicate some physical properties of alcohol.
~ What is Lucas test?

- Why phenol is more acidic than almhuls? _

What is meant h}r primary, sacqndary and tertiary alcuhnls'?
“Why alcohol is easily protonated unlike phenol?

Differentiate between alcohol and phenol.

Enlist the ppysical pmﬁerﬁas-of ether,

L@ N e O s N O

-

-

. Long questions: g S
(a) 'Describe the method for preparation of diethyl ether from
alcohol and sadlum methoxide. |
(b) Write two chemical reactions of mgmy: -ether.
o (a) What are phenols? Give rnethod of praparaimn of P"“""I
(b) Discuss the acidic behaviour of phenol.
Give detail description of chemical properties of phenol

.

3.

e o e e B = it

-
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he structure of alcohol. .
How alcohol can be prepared from Grignard reagents.
b) Mention the reaction for the formation of following compound

Discuss t

()
(b)

y
from an alcohol.

(a) Ethene (b) Ethlyacetate
(c) . Acetone (d) Formaldehyde
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MiCouClor

gome important classes of organic compounds like aldehydes, ketones,
carboxylic acid, esters, amides, acid halides, acid anhydrides etc contain a
unctional group called carbony! group are called carbonyl compounds. Many
of these compounds are important commercially and in biological processes.
4 carbonyl group is a functional group composed of a carbon atom doubly

honded to an oxygen atom.
Aldehydes and ketones are two different classes of organic compounds
‘ontaining a carbonyl group. Aldehydes have at least one hydrogen atom

atiched to the carbonyl carbon. The other group may be an alkyl group (or
Hatom in case of formaldehyde). Thus the functional group of aldehyde is

i

~~H called formyl group.

In ketones the carbonyl carbon atom is connected to two other carbon

3?“'?'?15. The ketone functional group is called keto group and is represented
00~ The two groups attached to it may be both alkyl groups (same or
iﬂﬂamnt] an alkyl and aryl group or both aryl groups-
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Nomenc

[atlire o8

Two types of naming systems are used fur naming aldehydes ang
ketones. Common naming system and IUPAC system.

Common names of Aldehydes are derived from the common names gf
carboxylic acids containing the same number of carborr atoms. Whie
naming aldehydes in this system; the ending “ic acid” in the common
name of corresponding carboxylic acid is replaced by the word
“aldehyde”.

Similarly
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o Em

pﬂsmuns of other groups on the chain are indicated by Greek letters

bt 45eto) Leﬁenng 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 formyl group
to get the stem name. In IUPAC system, the ending “-e” of the
corresponding alkane is replaced by “al”.

Carbon atoms of the selected chain are numbered from the carbon
- offormyl group (~CHO ) because it is always at the terminal position
Itis not necessary to menﬂon the position of aldehydic group during
Jaming as it always one.

“”‘mba-far naming branches are same as in case of alkanes.

n
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In r.m.f.: System ketones are named by writing first the name
the alkyl groups attached 1o the carbonyl carbon followed b
the word “Ketone”, For similar groups prefix “di” is used befor
their name. In e'as's:h?"dr&a;mm g_rbﬁps-altachad to the carbon)!
.- !ph order is followed for writing their names

attached to carbonyl carbon are the saf”
Symmetrical and if difforent, it 1S oalé?

If the two alkyl group
the ketone is calleq

unsymmetrical ketone,
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Whlia 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.

‘ 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.

e

fone or more branches are attached to the selected chain then the same
e are obeyed as mentioned for IUPAC names of alkanes.
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. Lower aldehydes like fc m, RN ahd have vell
b RUngen cudie ""hm highﬂ‘r mamham aer  aldeny®”

A
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agromatic aldehydes as well as most of the ketones have pleasant
 smell. : _ .
0 Formaldehyde is & gas at room temperature while aldehydes are
colourless liquids. Acetone, the simplest ketone, is a liquids at room
temperature with pleasant odour. All the other members of ketone
series are also colourless 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,enward)

are usually 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 nxygen.
However, their solubility in water is due to hydrogen bond formation
of carbonyl oxygen with water molecules

. Aldahyqas and ketones' are polar compounds due to high dipole
Moment of their C = O bond. As a result they have high boiling
Points than the corresponding alkanes and non-polar compounds

ke ethers but lower than alcohols. The-boiling point of methanal is
"21"Clwhe2raas ethanal boils at 21°C, close to room temperature.
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Acetone has boiling point of 56°C. The boiling point of aldehyde,
and ketones increase with the increase in the molecular weights,

Striicture:
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 carbonyl 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 &
p—orbital of carbon with p-orbital of oxygen atom. There are o
unshared electron pairs on oxygen atom of the carbonyl group. T

C=0bond. distance is 1.23 i. shorter than C-Obond distance in
alcohols and ether (1.43.3.) !

m Preparation)of.aldeh ydes

Aldehydes and ketones may be prepared by the following methods:

and Ketones::

Ozone, an allotropic form of oxygen,

0
reacts vigorously with alkene®
form an unstable intermediate compo

e
und called ozonide. The 022"

|slrec.iuuad directly to aldehydes ang ketones by zinc and wate" g
reaction is called Ozonolysis.
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Water adds to alkynes in the presence of mercuric sulphate and
sulphuric acid to form an unstable intermediate, unsaturated alcohol
(enol). The enol intermediate then undergoes rearrangement to form
aldehyde or ketone depending on the starting alkyne used.

In case of unsymmetric alkynes H,0addition takes place according to
Mﬁﬂtﬁﬁnkoffs rule.
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Aldehydes are also prepared by the oxidation of primary alcohol
When a primary alcohol is treated with oxidizing agents like acidifieq

potassium dichromate or potassium permanganate it is oxidized to g
aldehyde. -

(8]
The introduction of acyl group (ﬂ-lu:'

~)into the aromatic ring (benzene
fing) in the presence of acyl halide and anhydrous AIC, catalyst ¥

called Friedel —Crafts acylation or simply acylation,

When benzene is treated in the presence of Lewis acid AIC,, with 8¢
halide, an aromatic katnné is produced., |

3 y
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'Reactivitylof.CarbonyllGroup:

In carbonyl g-oup {:E=D} oxygen is much more electronegative than
carbon. Therefore, the n-electrons in C=0bond are strongly attracted
by the oxygen atom. As a result, the camt;myl group becomes highly
polar 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
aadition of a proton to 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
generally shown as:

In the
S€ re illi '
comiy actions, the nucleophillic end (negative part) of the reagent

s -
St "ith the electrophillic carbon of carbony! group, wherease the
the

ilfi ; - 5
%ge.m ®nd (positive part) of the reagent, usually a proton, goes to
n, .
bagg he These reactions are catalysed either by an acid or by a
"®agens Presence of base increase the nucleophillic character of the

il
“ the € e presence of acid increase the electrophillic character
"Vl carbon atom. ' '
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Aldehydes and ketones are very reactive substances mostly ”"dErgning
addition reaction across C= O bond. These can also be oXidized as yg

as reduced. Thus they undergo a very large variety of reactions. Some of
their reactions are.

Aldehydes

and ketones mainly undergo nucleophillic  additions
reactions. These reactions may be
catalyzed.

either acid catalyzed or base

Because of the unshared electron pair on oxygen atom, carbon)

compounds are weak Lewis bases and can be protonated. Acid ca"
catalyze the addition of weak nucleo

protonating the carbonyl oxygen
reaction the addition Process is initj

Philes to carbonyl compounds by
atom. In acid catalyzed additio”
ated by the proton (H*)of the acid

: onyl oxygen atom to form oxonium io™
This increases the electrophillic
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The carbonyl carbon, which is trigonal and sp® -hybridized in the

stating aldehyde and ketones becomes tetrahedral and
sp’ - hybridized in the reaction product. ;

A base natalyzed nucleaphiliic addition will take place with a strong
nucleophile.. The base reacts with the reagent and generates
the nucleophile. This nucleophile attacks at 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 its electronegativity, can easily

accommodate the negative Charge. The reaction is completed by
addition of proton to the negative oxygen.

Gen

mwﬂfﬂlly Ketones are somewhat less reactive than aldehydes
a
'S nucleophiles. There are two main reasons for this reactivity

Iﬁﬂl‘ﬁnm
\ The carbonyl carbon is more crowded in ketones

ag
Com
90ups g Pared to-aldehydes. In nucleophilic addition, the attached
“OMe even closer because in the product the hybridization
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changes from sp’to sp’and the bond angles decrease from 1%\
X b
109.5°.

WEREHRIRRRE 7« o s o sty oocion g

compared to hydrogen. They, therefore, tend to neutralize the Party
positive charge on the carbonyl carbon decreasing its reactiy

towards nucleophiles. Ketones have two such alkyl groups; aldehyds
have only one.

Addition of hydrogen to aldehydes and ketones is. called-reductio®

Following are some important reactions. of aldehydes and ketones ¥
involve reduction.

A‘Ideh'ydes and ketones can be reduced to .satl_-;mta-d hydmﬂa‘ws
either by Clemmensen reduction or by Wolf — Kishner reduction.

In this reaction aldehydes and kawnﬁ

are reduced to alkanes i : ' )k j-iv'..}”‘s
_ | N the presence of Zj igam and
redicing agest of Zinc amalga

s |
(T =
b1

R

By b '
EARAS]
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+— CH !
{; “TOpdne

When an aldehyde or ketone is treated with hydrazine a
corresponding hydrazone is obtained which on heating with KOH
in boiling ethylene glycol gives corresponding alkane.

l:.{-.
O+ NHNH., - KOE
Nl N T AT . |
F e I'I‘;j_-"-l !I CH, - C| 15 o

| r_lI ':'.,'..‘ i ; I
1 lydrazine J":I!*f:h'_f{]{: | 3]

hydrazane

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 lithium aluminum hydride (LiAIH,)and sodium
borohydride (NaBH, ).
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3. Reduction -Using Carbon Nucleophiles:

In organometallic compounds (e.g Grignard reagent) and hydrogen
cyanide (HCN), the carbon acts as nucleophile and can reduce aldehydes
and ketones by nucleophilic addition.
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The r:.arbon in hydrﬂcyanic amd also acts as carbon nucleophile
and undergoes nucleophillic addition to aldehydes and ketones in

the presence of base to yield cyanchydrins, compounds with a
hydroxyl and a cyano group attached to the same carbon. The

reaction is carried out in basic medium.

o . e
F : _- . I_£ - ?*- 'L' =

g e

e o -

4. Reduction —Using Nitrogen Nucleophiles:
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.

Aldehydes react with ammeonia to form
Solid aldehyde ammonia.
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Ketones do not form addition product when treated with ammonia
rather it gives condénsation products.

derivatives are alkyl amines, hydroxyl amines (NH,OH), hydrazine

(NH,NH, ), phenyl hydrazine etc. (C.H.NHNH, )

T ——

aldehyde and ketones to form an unstable addition product

which loses water to form a product with a carbon nitrogen
double bond, called imines.

EHE

GHINHL =

oy i -_ B
B NEE |!| !"i'l"_-lh.!..‘

1 e =
nethviamihe

R . rc o

oximes on reaction with hydroxylamine.
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; Reduction ~Using Oxygen Nucleophiles:

Alcohols are oxygen nucleophiles as alcohols are weak acids having
‘0-Hbond. The oxygen of the alkoxy group attacks the carbonyl carbon of
‘ddehydes and ketones, resulting in addition to the C=Obond. Since

deohols are weak nucleophiles, an acid catalyst (H,SO, )is required.

| e addition process is reversible and the product obtained is called
M“ML which contains both alcohol and ether functional groups on the
e catbon, In the presence of excess alcohol, hemiacetal reacts further to

“%tal, which has two ether functional groups (a gem-ether) at the
Eamﬁﬁrban

44 Ontt st oo

uﬁhwas and ketones undergo oxidation in the presence of
bm'a: en, however, aldehydes are more easily oxidized than
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Oxidation of Aldehydes: Oxidation of an aldehyde, in the Presenc,
nf atmng nxidlzing agents like acidified KMnO, or acidified sodium |
potassium dichromate, or Ag.0 gives an acid with the same Numbey
of carbon atoms. Actually, in the oxidation of aldehyde, the hydrogen
atom attached to the carbonyl group in aldehydes is oxidized to OH
group.

as Tollen's reagent, Fehling's solution and BanWs sulutim Th&ﬂ

three reactants can hamﬁtudiﬂnguish aldehydes from ketones &
kehanesamnmaﬁdtzedbyﬂ'mseraaganta

et " the siver ion present in Tolle's reagen 8
'mb:tnf;ﬂ . 2r Which is deposited on the wall of tes!

™ a silver mirror, The, Ly
mirror test, refore, it is also known as SiV®
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' Fahling s sniuﬂnn tha daep blue colour of cupric ion is reduced in
red precipitates of cuprous oxide. Ketones do not given this reaction.

This test is widely used for the estimation of glucose in blood and
urine.

a nes: In aldehydes, oxidation involve hydrogen
that is attached to carbonyl carbon but in case of ketones no such
hydrogen exists. Ketones having a—hydrogen can be oxidized in
the presence of strong oxidizing agents such as
K.Cr,0, /H,50,, KMnO, /H,S0, or concentrated HNO, etc which involves

breaking of C—C bond.

In Case of unsymmetrical ketones, the carbonyl group remain “"“Ih
8 ; ) ¥ .
Maller alkyl group as oxidation takes place at this site.
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Society, Technology and Science

Formaldehyde is a common precursor to more complex compounds and
materials. In approximate order of decreasing consumption, -products
g&r_larated from formaldehyde include urea formaldehyde resin, melamine
resin, phenol formaldehyde resin, polyoxymethylene plastics, 1 4-butanediol,
and methylene diphenyl diisocyanate. The textile industry uses
fcrn'_naldahyda-basud resins asfinishersto make fabrics crease-
resistant. Formaldehyde-based materials are key to the manufacture of
automobiles, and used to make components for the transmission. electrical
System, engine block, door panels, axles and brake shoes. !

When treated with phenol. urea or i
: ' : melamine, formaldehyde produces,
rr:!:r.}act;:ne;y, r::r: H;Emn:;t phenol formaldehyde resin uraay?umfaldahyde
A mine resin. :
ﬁld'lzzives used in plywood and Thm' e e mmwr:fl gtrg:gr;n'lﬂr::;t
to sanita %
Ty paper produ ue, table napkins, and roll

towels. They are also fo
amed .
products. Production of formaldehydis rere 10" Of castinto. mouided

formaldehyde consumption. ® resins accounts for more than half of

Formalde
as Ii:'en’I:anarr"r5|rz‘mtcrl-|ﬂriti::|iEI wﬂgﬁ L cdmare 1o polyfunctional alcohols such
formaldehyde dé vatives 'Em;ﬁ mtgmﬂmﬂkﬂ Paints and explosives. Other
ponent | y'éne diphenyl diisocyanate, &"
N polyu aints and foams, and hexaminé:

sthyic esins as well as the explosive RDX-
s'trai;{imgn-“naf glycol) {5 also used in nﬁr smoothing
‘Wweather, Vyleurly hair ang make hair less proné to
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s |

Aldehydes and ketones are two different classes of organic
compounds containing carbonyl functional group.

Oxidation of primary alcohols gives aldehydes and that of sacahdary
alcohol gives ketones.

The C=0 bond in aldehydes and ketones is highly polar and hence
they are very reactive compounds.
Both aldehydes and ketones undergo nucleophillic addition reactions.

Generally, ketones are somewhat less reactive than aldehydes
towards nucleaphiles.

Aldehydes and ketones undergo condensation reactions with

:mmnnia and its derivatives to form compounds containing ~C=N-
nkage. /

A ey
H:dﬁhhfdes are oxidized to alcohols in the presence of oxidizing agents
ke K.c : -

= R0-in H,50,, KMno, in 150, Howevere, ketones usually resist
OXidation
Al

deh |
s Yaes form silver mirror with Tollen's reagent and gives red
mmﬂltate,s With Fehlin
4

% g's solution on heating. Whereas ketones do
derge these reactions.
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vi.

Choose the correct answer.
The carbon of the carbonyl group is

a. Sp* - hybridized b. trigonal planar

¢. Pyramidal in geometry d. tetrahedral in geometry
The reduction of >C = O to >CH, is carried out with

a. Catalytic reduction b. Zn-Hg and conc. HCI

c. Wolff Kishner reduction d. LiAlH4
A compound C,H,,0 yields a compound C,H;O on oxidation. The
compound C,H,0is.

a. An aldehyde b. An alcohol
c. A ketone d. An acid

Formaldehyde gives an additive product with methyi magnesium iodide
which on hydrolysis gives.

a. n—Propyl alcohol b. Iso propyl alcohol

C. Methyl alcohol d. Ethyl alcohol

Which of the following compounds can react with ammonical silve’
Nitrate solution to form silver mirror?

a. Acetone
c. Ether

b. Ethanol
d. Ethanal

Which
of the following compounds Precipitates Cu,O from Fehling’s

reagent but does not react with sodium metal?

a. C,H,OH b. C,H.CHO
¢. CH,CH(OH)CH, d. CH,COCH
a
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when propanal is heated with Fehling’s solution there is.
a. A colour change from green to orange.

p. A colour change from biue to red.

¢. A negative test with Tollen's reagent

d, No colour change.

0.2 Explain briefly. :
Aldehyde contains the carbonyl group. ketones, carboxylic acids and

esters also contain carbonyl group. What distinguishes these later
compounds from an aldehyde?

The mechanism of nucleophilic addition to a carbonyl compound.

Aldehydes and ketones undergo nucleophilic addition while alkenes
undergo electrophilic addition.

Aldehydes are oxidized easily than ketones.

+ Ketones are somewhat less reactive than aldehydes towards
ucleophile,

hich test can be used for the identification of aldehydes from ketones
" laboratory?

Q3 Write

n‘”e Structural formulae and give IUPAC names for all aldehyde and
Q4 Emlai: t':”‘mﬁrs of the molecular formula CsH100.
U Naim @ structure angd reactivity of carbonyl compounds.

B
%4ch of the following compounds according to IUPAC system.
(1) Q

I
I'-?H._._CHQ (3) CHy— CHz — C — CHa— CHs

0
CH*‘*TH-—-!:—-H (4) cHr—t':-—{cl-lnk-m:
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Q.6 Write structural formula for each of the following.
i, 2—-Octanone ii. Di-n-propyl ketone £
iii. 4-Methyl pentanal iv. 2,2 —Dibromohexanal 3
v. 3—Ethyipentanal vi. Hexane-2 4-dione =
Q.7 Give a reaction to prepare each of the following. 1}
i. Cyanohydrin ii. Oxime fii. Imine &;1
iv. Hydrazone v. Acetal £
ov s

Q.8 Using Grignard reagent and the appropriate aldehyde or ketane huw

of the following can be prepared? '

i. 1- Butanol ii. Ethyl alcohol

iii. 2— Butanol iv. 2- Mathg.'rl =2, —-'bUténﬁl“' | f
v: 3=Methyl -3 -pentanol ) BAADiEH (21 &
Q.9(a) Write any three methods for preparation of aﬂetaldah'i!da i
(b) How does ethanal react with the following reagents? =~ =

i. Ethyl magnecium iodide - ii. Zinc = mercury-amalgam:anc ™
ii. Lithium Aluminium hydride  iv. Acidified K,Cr,0, o0
Q. 104a) How-aromatic ketones are prepared byFﬂedsl—mraﬁwﬂﬂﬂﬂﬁm?"__
(b) Starting from acetone, how will you prepare each of the following -

I, Propane e _I[_ 2~Propanol i, Acetone Gﬁ"dﬂd@w
iv. Acetone hydrazone -u:'Hem’Ikhital i Auetm ac‘!d e i
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carbonyllCompounds
CarboxylicFAcidsiand
EunctionalfDerivatives

*;rmuuiJﬁ-.ﬂq'j ,.i -—'I:- :._—_ .
"4“":5"5::.1_& "a.i-r' .‘.

-
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m Nomenclature:

pbyadlncaseofcarbomiﬁm'

i

Following two types of naming is em

: mon nﬂmaﬁ- } - |
; Meny of the acids fiave ooy ate the original sourceé of the ik
from some Latin or Greek words that T“qi': o hatic carboxylic acids, |
fﬁaci.d' Following table 20.2 lists some common &P . I ‘

Wit their common names.
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I_n_ca._aa of branched acids, the common name of the acid is used
Substituents are located with Greek letters o,B,yetc. as given below.
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se of branched acids, the chain is numbered starting from the

9

carboxyl carbon atom i.e.  (-C-OH) and substituents are located in the

|n &

usual way e.g.

Similarly, the unsaturated carboxylic acids are named as a__lkanai;c acide.g.

Carboxylic acids containing two carboxyl groups are called dicarboxylic
acids or dioic acids (IUPAC).
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PhysicallProperties:

The lower members of the aliphatic acids C,-C, are "qulﬂaﬁ

distinctive penetrating odours. Acetic acid (ethanoic acid), Whi
constitutes about 4 to 5 % of vinegar, has a characteristic smel| which
recognizable in vinegar. Butyric acid (Butanoic acid) is the substance iy
can be smelled in rancid butter. Higher members of acid homologoy
series are wax-fike solids. Anhydrous ethanoic acid (acetic acid) freszess
17°Cto form a solid which look like ice. It is, therefore, known asyaﬁi
acetic acid, (glacial means ice —like). |

Cai‘boxylic acids are more polar than alcohols. They form' hydrogen bond:
with themselves or with their own molecules. That is why they hﬂWW
melting and h-uiling points. 1

Hydrogen bonding also explains the water solubility of lower —molectl
weight carboxylic acids which form hydrogen bond with water molecté
Solubility of these acids in water decrease as their relative moi_&.'ﬁumf-“ﬂ

increases.

The Structural features of the carboxyl group are mast-appﬂ”;
formic acid. It is planar, with one of fts carbon-oxygen bonds shore!™
the other, and with bond angles at carbon close to 120°-
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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 =0 is 111°and
O_c=0i5125"“- |

This suggest sp” hybridization at carbon, and a carbon oxygen double

hond similar to that of aldehydes and ketones.
Additionally, sp? hybridization of hydroxyl oxygen allows one of its

unshared electron pair to be delocalized by orbital overlap with the
rsystem of the carbonyl carbon i.e.

Lone —pair donation from hydroxyl oxygen makes the carbonyl group
less electrophillic than that of aldehyde and ketones. :

nds.
Carboxylic acids are the most acidic classof nrganl:: ul;:‘::: g
They are much stronger acids than water, alcohols an pheno

Weaker than mineral acids.

Carboxylic acids dissociate in water, Y“"*d‘”: =
hydronium ion., The withdrawal of electrons =  the carboxyl GrouP
hydrogen atom weakens the O -Hbond. As @ restit " :

Scanned with CamSecannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

e NS ____ a

can lose a proton in aqueous medium. Mono carboxylic acids are thus
monobasic acids. The following equilibrium is established.

The resonance hybrid can be represented as

Carboxylic acids are much more acidic than alcohols and phenols as
evident from their Ka values.

.'I |
J
L

-
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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, NOz 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.

ylic Acids:

Preparations of.carbox
used for mrboxrliﬂadds

Following methods of preparations are
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Carboxylic acids can be prepared by the action of Grignard reageny
(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
presence of mineral acid (¢ ) gives a carboxylic acid.

_' The acid obtained by the caquylaﬂﬁn of Grignard reagent has one moré :
carbon atom than alkyl or .aryl halide from which Grignard reagent 15

prepared, so the reaction provides a way to extend the length of a carbor
chain.

Compounds ha'ﬂng a cyanide (-C =N)group are called alky! nitriles

or alkyl cyanides. The carbon —nitrogen triple bond of alkyl nitriles can b®
hydrolyzed to a ca:buxwir: acid in aqueous &cl:d medium.
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Primary alcohols (R—CH, —OH) can be oxidized to camoxyim acids
by oxidizing agents like acidified potassium permangnate or potassium

dichromate etc. e e,
Primary alcohol on oxidation, gives aldehyde which on further oxidation

- Bnverts to carboxylic acid.
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As mentioned earlier oxidation of aldehyde in the presence

oxidizing agents like acidified KMnO,,K,Cr,0.or Ag,0 gives carboxylie

acid with the same number of carbon atoms.

’Amﬂfﬂfﬁﬂ carboxylic acids can be prepared by the oxidation of
a"r-"'jﬁﬂc. side chain (alkyl group) present on the benzene ring, Wit
OXidizing agent like KMnOy, K:Cr,07, Any side chain is converted ©
carboxyl group. |

-
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‘The reaction illustrates the striking stability of aromatic rings towards

oxidizing agents, it is methyl group, not the aromatic ring that is oxidized.

Reactivity:

The carboxylic group is so named because 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.

i

nugh the carboxylic group contain the carbonyl group (~C-)garboxylic
acids do not exhibit the characteristic reactions of aldehyda and ketones.
For example, they do not undergo addition or condensation reactions. This
5 because the carbon atom of the carboxyl group is less positive than in
the aldehyde or ketone. The carboxylic group is given below.

Polar (2C=0) group attracts the electrons away from the —O—H
3 and make it easier for the hydrogen atom to ionize than in the case
~ " O=H bond in alcohols. Hence carboxylic acids show different
iy Cal reactivity than alcohols. Similarly, the flow of the electrons from
| “Hgmup towards, the carbonyl carbon reduces the partial positive
0N the carbonyl carbon of carboxylic group. As a result it is not
- ed by Nucleophiles as compared to aldehyde or ketones.
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m Reactions\of.Carboxylic'Acids:

Following are some of the reactions of carboxylic acids that involye
the conversion of the carboxylic acids to their derivatives as wejl g
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,C|,Br,l). |

Acyl halides are the most reactive of carboxylic acid derivatives. Acl
'mlqﬁfﬂe are more common and less expensive than bromides and iodides.
They are usually prepared by the reaction of acids with thionyl Ghﬁ;!l‘m
(SOCI,) or phosphorous pentachloride (PCI,).
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Acid anhydrides are derived from acids by rarnuvin'g water from two
carboxylic acid molecules.

As the name indicates, these are anhydrous carboxylic acids. The name
o anhydride is obtained by naming the acid from which it is deﬁved :::
®Placing the word acid with anhydride. The most important &0
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Esters are a class of organic compounds that are derived
by replacing the —OH group by an alkoxy (-OR)

from aeig,
group. While nNaming egty
the R part of the ~OR group is named first, followed by the ham;nf.h
acid, whereby “-ic acid” is replaced by “ate.” | |

::T:r;a a carboxylic acid and an alcohol are heated in the presence of
| 'lﬂf!v‘st (usually H,SO, or HCI ) |, an equilibrium is established vif
the formation of ester and water. ' |

The process is called Fischer
Ethyl acetate is an important
by the reaction of acetic acid

esterification after the name of Emi Fischet
ester which can be prepared by this M
With ethanol. |
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~ Amides are the least reactive of the derivatives of carboxylic acid
Benvatives. These are obtained by replacing —-OHof the acid with
M, group.

%Y are named by replacing “ic acid” or *Oic acid” of corresponding acid
/Word “amide”, :

%5 ¢an be prepared by the reaction of ammonia with carboxylic acid

ol W] 08

- “““ ammonium salts which on heating produce acid amides.
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Amides can also be prepared _by the reaction of ammonia with ester or
acetyl chlorides. '

- — L

acids with certain nucleophiles, have been listed in table 20.5.
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T .
of decreasing reactivities towards nucleophiles. The common

are listed across the top. In case of hydrolysis corresponding

order
mﬁeophiles

acid is obtained, we either start with an acyl halides_,_acid anhydride, ester,
amide or nitrite. Similarly alcoholysis gives an ester and ammonolysis
gves an amide. All of the reactions in table 20.5 take

he nucleophile on the carbony! carbon of the acid derivative.

place-via attack of
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Carboxylic acids can be reduced to the corresponding alcohols using

o

lithium aluminum hydride in dry ethoxy ethane.

2074 Docarboxylation Reactions:

The removal of carbon dioxide from a carboxylic acid is known &
decarboxylation. Decarboxylation of carboxylic acid takes place when
sodium salt is heated with soda lime (dry mixture of caustic
NaOH and quick lime CaO) to form alkanes.
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rbic acid occur naturally in fruit, used as presewaﬂve:.;. It
inhibits fungal growth but allow bacterial activity, hence it is
useful for cheese. Benzoic acid and sndiun:u 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, _Iemop.
oranges (citric acid). This acid gives tangy taste. Acetic acid
present in vinegar is responsible for giving its sour taste. Malic
acid found in unripe fruit gives these fruit a sour or tart taste.

Acid halides are tﬁe most reactive of all derivatives of carboxylic
acid,

ot rats cyiion Reacton:

A%yl halides react with benzene in the presence of Lewis acid

% %roup (R ‘E ~) to the ring and is known as Friedel-Crafts acylation

il.
[ -
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Anam;;henune :
o {Mﬂihﬂphenyl ketnna)
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Acid Anhydrides are more reactive than esters, but less reactive thy,
acid halides, toward nucleophiles.

Following are some of the important reactions of esters.

Esters are commonly hydrolyzed wi'th'-s,e_s. The reaction s ”w
reaction is used to make soaps from fats. This reaction is given a5
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~ Ester can be reduced to primary alcohols in the presence of reducing
agent (lthium aluminum hydride) in ether which is used as solvent.

| Esters react with two equivalents of Grignard reagent to give tertiary
alcohols. This involves two steps. In first step ester 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 nucieophiles like water.

_ Amides on hydrolysis form the corresponding carboxylic

acids. The reaction is slow and requires acid or base as catalyst.

Amides can be reduced to primary amines in presence
of lithium aluminium hydride. '
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Alkyl nitriles or simply nitriles (R-CN)are also considered as

decvatives of carboxylic acid because they can be obtained from
carboxylic acids, though they do not contain acyl group. The following
are some of the important reactions of nitriles. :

On boiling with a dilute minerals acid or dilute alkali,
nitriles are hydrolysed forming carboxylic acid.

When treated with a reducing agent such as sodium
ydride (lithium tetra hydridpaiuminatia

and ethanol or lithium aluminium h
(Il in ethoxyethane, nitriles are reduced to primary amines.

N AR 1 ™

8agent produce ketones.
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Key Points: Q

Carboxylic acids are organic acids having carboxyl group

(R—-C—0OH) as the functional group (“carb” from carbonyl and “oxyl
from hydroxyl).
Acyl halides, acid anhydrides, esters, amides etc. are g
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 molaﬂulas strongly influence the
strength of the acid due to the inductive effect of the substituent
Carboxylic acids can be prepared from Grignard reagent %
oxidation of alcohols and aldehydes and by hydrolysis of nitriles-
Although the carboxylic group contains the carbonyl group: 17
carboxylic acid do not exhibit some of the characteristic reactio’”
aldehydes and ketones.

Carboxylic acids, on raachon with different species, can bé m""eﬂed
to their derivatives.

Among the derivatives of carboxylic acids, ‘acyl halides aré the e
reactive.

Al of the acid derivatives can be converted back IM°
corresponding carboxylic acids on hydrolysis.

Scanned with CamSecannar




e 1 Y - RO/~ 1)) (
f:) -er ;7:‘:_.._:#:.'. 'J )

= o

2A Y
~ \ qr_.ﬂ#.,.._.-
- Exercise

0.1 Multiple Choice gquestion. Choose the correct answer from the

given choices.
i, Which of the following represents the formula of an aromatic

carboxylic acids?
a. HCOOH b. C;H.OH

c. C,H,COOH d. C,H.CH,OH
il. Which of the Ifollawing acids is found in rancid butter?
a. C,H,0, b. C,H.O,

c. C,H,0, d. CH,,0;

iil. The compound with highest boiling point is.

a. Acetic acid b. Water
c. Ethyl alcohol d. Ether
Wy which of the following compounds, the central atom does not show
| Sp* hybridization?
a. Methanal b. Methanol
€. Methanoic acid d. Acetoné
Vbl | '
! Which is the strongest acid?
2 Ethapo b. Aceticacid
€. chioroacetic acid 4. Flouroacetic acid
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Acetic acid can be prepared by the hydrolysis of;
a. Methyl cyanide b. Methylmagnecium chloride
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 hydroxig 2.

Acyl chloride can be prepared by the reaction of a carboxylic
with. '

a. Phosphorous pentoxide b. Soda lime
¢. Hydrochloric acid d. Thionyl chloride

The hydrolysis of an ester in présenﬂa of alkali (NaOH)is known

a. Saponification b. Decarboxylation
c. Esterification d. Transesterfication

All the acid derivatives can be converted back into 5-'5'
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.

iil. Carboxylic acids have high boilin ) : :
2 g points than corresponding
alcohols. e
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i, Why carboxylic acids are stronger acids than phenol, alcohols and

water but weaker than mineral acids?
iv. Methanoic acid is stronger acid than ethanoic acid.
v. Chloroacetic acid is stronger acid than acetic acid.
vi. Carboxylic acids can be obtained readily by the oxidation of primary

alcohols.

vii. Carboxylic acids do not undergo addition reactions as compared to
aldehydes. :

viii. Acid halide are most reactive of all acid derivatives towards
nucleophiles.

Q.3 Write Structural formula for each of the following.

.. 3-methylpentanoic acid ii. 2,2—dichlorobutanoic acid
iil. 2,2 —dimethyl -3 —butenoic acid  iv. Ethan,1, 2-dioic acid
V. Buta,1, 4-dioic acid vi. Acetamide
vil. Methanamide viii. Ethanoic anhydride
ix. Methyl Methanoate x. Ethylnitrile '
Q4 Write IUPAC names of the following.

| . HCOOH ii. CH,COOH
i li. CH,CH(C1)cOOH iv. HOOC CH,COOH
. " CH,=cHcooH vi. CH,CF,COOH
| ViHCage, CO,H viil. (CH, ), CCOOH
e XL GHB--(CHEL —COOH x. HCONH,
L ¥ Heogy xii. HCOOCH,
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Q.5 Explain the acidity of carboxylic acids. How their acig streng,
g
aﬂec:ted by substitution?

Q.6 How will you prepare propanoic acid by using,
a. an alkyl nitrile b. a Grignard reagent
c. an alcohol d. an aldehyde

Q.7 (a) Is there any method used for the preparation of formic acid? If yes
explain with example.
(b) How benzoic acid can be prepared from toluene (methyl
benzene)?

Q.8 Write an equation for.
a. Hydrolysis of acetyl chloride
b. Reaction of benzoyl chloride with methanol.
c. Esterification of But,1-ol with acetic 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. 9 Complete the following reactions.
i. CH;CH,CH,COOH+PCI,—
ii. CH,CH,COOH+S0CI|, —
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ii. CH, CH, CONH, +LiAIH, ——

v. 2CH, CH, COOH +P,0, —
v. CH,CO OCOCH, +NH, ——

\i. CH, CH, COOCH, + NaOH—t==t_,
vi. CH, CH, COONa + NaOH—&¢_,
vill, CH, CH, COOC,H, +Li Al H,——
X CH, CH, MgBr+CH, CH, CN——»

Q. 10 Starting from acetic acid, how will you prepare each of the
following.

i. Ethanoyl chloride ii. Ethanoic anhydride iii. Ethanamide

v. Ethyl ethanoate v. Ethanol
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- Carbohydrates:

carbohydrates form an important class of naturally occuring organic
compounds. They are widely distributed in plants and animals. Plants are
ine major sources of carbohydrates which comprise upto 80% of their dry
weight. In contrast animals contains very small amount of carbohydrates
eg about 1%. Carbohydrates include glucose (grape sugar), fructose
(honey), starch (potatoes), cellulose (wood) and glycogen (liver) ete.
Plants use these carbohydrates both as energy sources and as supporting
materials while animals, use them for production of energy.
. Carbohydrates are the organic cnm;;nunds of carbon, hydrogen and
Ofgen. Most of them can be represented by a general formula

gnﬂ'l;ﬂ}n,therefme, they were for the first time defined as the hydrates of

E . %
#Ibon. For example glucose, (CgH,.05) can be written as C, (H,0), . But,

alnm .Ef- there are some compounds which are carbohydrates but they do
| “oorm 1o this general formula for example 2—deoxyribose having

Molegy
. A formula. C,H,,0, cannot be represented by C,(H,0) formula.

(o)

|
her hand, there are also some compounds which follow this

formula  pyt they are not carbohydrates, for example

e Eh‘}'da - :
T CH,0 and acetic acid C,H,0, .

:_*-'%.: n;::&:r of the above facts, the name carbohydrates is not a
el be used for this class of compounds. But this name siill
mée:se tis firmly rooted in the chemical nomenclature. Now
E ¢ precisely defined as, the poly, hydroxy aldehydes or
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poly hydroxyketones or the molecules which yield these compoypgg on
hydrolysis.

molecules, carbohydrates are divided into three major classes. These arg,

]

unit per molecule. They cannot be broken down into mnresifnph;
carbohydrates on hydrolysis. For example, glucose, fructose efc,
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B
i mgam subdivided on the basis of the fype

I The
of functional group and the number of carbon atoms in the molecule.

on the basis of fype of functional group monosaccharides may be
classified s 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 mniacule. 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 ﬁnits.
Per molecule are calied disaccharides while those containing

th =

t.rEE and four units of monosaccharides per molecule are called

tht’l'&fu:rr:.lmri-:Iea and tetrasaccharides respectively.
BY may vield simiiar or different types of mono

Xample maltoge

Nydrolysis.

Upon hydrolysis
. saccharides, For
yields the same kind of two glucose units upon

Whie Sucrose

Yields two different types of monosaccharides e.g
uctose upon hydrolysis.
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During the formation of a disaccharides the two monosaccharide Unitg

molecule. This type of linkage is called glycoside linkage o alycosig
bond. This is shown as under. :

1

Siilaﬂy two glucose units combine by a glycoside bond to form maltose

They are the complex class of carbohydrates. They contain more
than ten (10) units of monosaccharides per molecule. They are also
hydrolysable. Upon hydrolysis they yield a large number of similar

or different kinds of monosaccharides. For example starch:
cellulose, glycogen etc, |

performance of vital activities in living organisms. They are aiso knoW" 2
“fuel of life”. Thay-.produqat-gnw__:bysmﬂ._nw nf EN '

||
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These @re chief sources of energy and, therefore spare proteins and lipids
for other important functions of the body. Somé important uses are given
helow.

Glucose is used as an iImmediate source of energy for the sick and
sportsmen. It is also used in the manufacture of jams and sweets.
Fructose is used as a sweetening agent in confectionary, in
medicinal syrup. It is also used to prevent sandiness in ice —creams.
It is also used as a substitute of table sugar (sucrose) for the obese
and the diabetic.

Sucrose is used as a food and as ingredient of jams, jellies,
confectionaries, syrup. It is also used in the preparation of sucrose
OCtaacetate which is used for the denaturation of alcohols and for
making anhydrous adhesives.

Starch is principally used as a food. It is industrially used for
manufacturing of ethanol by the process of fermentation. It is also
used as a stiffening agent in textile industry and in laundry. It is also
used as an adhesive to fasten paper.

Cellulose has no food value. But it is Used as a roughage in our diet
for Promoting the peristaltic motion of digestive tract. It is used for the
mﬁnufactun’ng of paper.

[?Iiﬂﬂﬁﬂccharides are involved in the formation of secreted proteins
e antibodies and blood clotting factors.

The 'eceptors on the cell membranes are the complexes of
“AMbohydrates with certain proteins. The receptors are involved in

Mgl
BCular targeting or molecular recognition.
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. The derivatives of carbohydrates such as protein glycol hepai
. fin
sulfate are involved in the attachment or adhesion of Neurons tq ons

another during the development of nervous system.

There are different types of carbohydrates which are involved in the
health and diseases of living beings. Some of these are given as under

Sucrose is a disaccharide. Since long, it has been used as 3

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 a disaccharide of glucose and galactose. If is also called mik
sugar. ltis found in the milk of mammals. Human milk contains b0t
6.8% while cow milk contains about 4.8% lactose. Lactose
digested by a special type of enzyme called lactase. Lactase
secreted by the intestinal mucosal cells of young mammals. Althoud”
milk is a universal food of new born mammals ﬁnd one of the most
complete human diet, still many human aduilts are unable © dige®
milk due to deficiency of lactase-intolerance. The general Sbfmpw'
of this disease are abdominal bloating, cramps, flatulence ook
pains, abnormal intestinal flow, naysea and watery diarhed ..
symptoms appear within 30 — g9g minutes after the ingjgétjdn'ﬂfmjm

p
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To avoid this disease fermented milk products such as yogurt and

cheese should be consumed.

~ Glucose:

-|t is the most common and popular monosaccharide that can be
found in sweet fruits such as grapes, which contains 20 — 30 %
glucose. It is mainly 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 muscles. When the
body is deficient in glucose, this liver and muscle glycogen is
hydrolyzed to glucose according to the body requirement.

Human pancreas secretes a hormone known as insulin. Insulin helps
in the metabolism of glucose to produce energy. In some cases
defects in the metabolism of glucose occurs due to which blood
‘glucose level rises from the normal level. This condition results 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.

Carbohydrates are the most important energy. containing nutrients for
Mng Organisms. Plant contains stored carbohydrates called starch while

imals contain stored carbohydrates called glycogen. Both these
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polymers are broken down into the simplest monosaccharide ynits krig
W
as glucose before oxidation. Then glucose is oxidized in the body cgls by

different types of pathways (series of enzymatic chemical reactions) {,

release energy. This energy is stored in the form of molecules known s
ATP (adenosine triphosphate) in the different parts of the body, |

One mole of glucose on complete oxidation by cirtic acid cycle produces |

36 ATPs.
m Proteins: :

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 they perform
and as the object of genetically controlled synthesis. ;

Proteins are complex nitrogenous organic compounds which a®
associated with the concept of life itself.

By chemical composition, proteins are composed of carbon, hydroge™
oxygen and nitrogen. Percentage of nitrogen is fairly constant and is abou!
16% of the molecular weight of protein. Some proteins also t_‘x;vniﬂi”
smaller quantities of sulphur and phosphorous. Proteins are 1A%
molecules which are made up of smaller basic units called amino acids
There are about 20 different amino acids which combine In gifere”
sequence and different numbers and produce an infinite numhé"_'
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gifferent types of proteins. It is analogous to the infinite number of words
which can be formed with 26 letters of the alphabets.

The bacterium, Escherichia coli (E. col) has been estimated to
sontain about 3000 different types of proteins. Similarly human organism
contains about 100,000 different kinds of proteins. But none of the
proteins of E. coli is identical with any of the human proteins.

1. Proteins are the most abundant intra —cellular macromolecules and

form more than 50% of the dry weight of most organisms. They are
present in all animals, plants, bacteria and viruses.

P

They act as catalysts in the shape of enzymes, as barriers such as skin
and bacterial cell walls, as protective agents in immune system, as

storage depots such as ferritin for iron storage in blood, as transporting
agent such as hemoglobin as oxygen carrier.

[

They also act as receptors of chemically transmitted informations as
Well as the carrier of these information in the form of substances

Known as pheromones.

..ﬂ.

They are also involved in the activities of muscles (contraction and
"®laxation) and in the transmission of heredity characters from parents
o “ﬁspﬂﬁgs (in the form of genes).

Proteins have been classified into the following three major classes.
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teins:
R

These are proteins which upon hydrolysis produce only simple aming

acids or their derivatives. Examples of such proteins are Albymipg
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
following types.

4 Ai=210 s
m Lhromoprotein

These are proteins which are produced by the partial W-d

simple or conjugated proteins. They inay be proteins, meta proteins:
coagulated proteins etc. | £

complicated structures. In short g the Droteins: appear. in any of the
following four different structures, . A

p
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This structure shows the sequence and number of different
amino acid units along the peptide chain. |t also shows

X —ray diffraction experiments have shown that long running
polypeptide chains tend to twist or coil 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 polypeptide chain of protein molecule undergo
folding and re —folding on itself and gives rise to a definite

three dimensicnal structure. This is called tertiary structure.
This structure makes proteins rounded and some what rigid

molecule.

A

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)

Scanned with CamSeannar




MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

Amino Acids
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They are complex heavy molecular weight organic compounds.
They are amphoteric in nature because they contain both acidic
(-COOH) and basic (amino) group. They react with both acids
and bases.

They can be precipitated from their solution by salts of heavy
metals, heat and alcohols etc.

When proteins are strongly heated or treated with certain reagents
they lose their structural organization and their lbiﬂlngic:al

functions. This is known as coagulation of proteins.

1125 importance ot roteins:

Proteins are the most significant biological compounds of living beings.
These are most critical to life and perform different types of functions.
Some of these are,

Many of the proteins act as living catalysts called enzymes. These
€nzymes increase the rate of biological reactions to the extent
féquired by the body.

The Nucleoproteins act as carrier of genetic information or
Characters. They serve as basis of inheritance of traits.

'I"Wmnnes are proteins in nature. They regulate the growth of
living Organisms and control a number of other physiological
functions

: _mﬁ' Proteins serve as carrier of different substances inside the
Ody. For example haemoglobin(heme containing protein) acts as

!
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carrier of oxygen, ceruloplasmin acts as carrier of copper in the

blood plasma.
Some proteins contribute to the structure of lissues for example

®

collagen, elastin and keratin.
Proteins play vital role in 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 ceriain 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 beind
altered permanently during the reaction. Enzymes are soluble, colloid!
organic catalysts produced by living cells but they are capable of acting
independently of the cells. Most of the enzymas are protein in nature and
show all the properties of proteins, They are precipitated by the usual
protein precipitating agents. They are non-hydrolysable with nitroge"
contents of about 16%. They are de-activated by extreme alteration of pH
and high temperature..Enzymes are highly specific in nature. It mean® thal

=
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1 enzyme can WorK only for one type of reaction in the body. The
e

substance upan which an enzyme acts is called substrate of that enzyme.
e RO, D TIE T SRRR e
@1' Role of Enzymes as bio-catalyst:

Enzymes are playing the decisive role in the digestion of food in |

diferent parts of the alimentary canal. For example

—— —— e

inthe Digestion of Carbohydrates:

After ingestion food meets saliva. Saliva contains an enzyme called ,,
salivary amylase or ptyalin. This enzyme catalyses the hydrolysis of |
carbohydrates of food without affecting proteins and fafs. When food
feaches stomach, the action of amylase comes to an end due to acidic pH
of the stomach. When food enters the intestine, pancreatic juice is

screfed. This juice contains pancreatic amylase which has the same
Action as salivary amylase. ' |

4

There

s only slight hydrolysis of fats in the mouth and stomach
ga:f r.aa |i|.:-ase is secreted by the salivary glands while the lipase of the
b l‘;“"“E‘ s weak and can hydrolyse only small fat molecules. The
the *ﬂngﬂ:se Eﬂj‘:yme secreted by the Ebner's glands on the dorsum of
o fon ".Emalnﬁ active in stomach and can hydrolyse Dl.' digest about
= .Iﬂhgested fats. When the fats reach'?s the intestine, they face
k lUice. This juice contains a pancreatic lipase enzyme also

f“‘*ﬂft:s Steapsin. This. enzyme completely hydrolyses or digests all the
§ foog,
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Digestion of proteins starts in stomach because the saliyg conta;
" . 1 H n
N0 enzymes for the digestion of proteins. The first enzyme that acts s
. ; ‘ Pon
the proteins of the ingested food is called pepsin present

Juice of stomach. It is best active in acidic pH of 1-2rang
also milk curdling properties.

N the Qastri
€. Pepsin g

When food enters the intestine, pancreatic juice comes into actign
This juice contains numerous enzymes for the digestion of proteins. Thasal
anz.ymes include trypsin, chemotrypsin. These enzymes are secreted in
their inactive forms which are then activated by the action of other
enzymes. For example the inactive trypsinogen is activated to active

trypsin by the action of enzyme enterokinase. Besides, trypsin and

chymotrypsin pancreatic juice contains, carboxypeptidase’s A and B
elastase, collagenase etc. |

A number of factors influence the activity of enzymes. Some of these are.

Temperature is an
—enzymati
decrease
fruitful

"mportant factor in both for enzymatic and no"
° reactions. This is because temperature increases o

s the kineti
kinetic energy and hence changes the number ©

collisions amon i ’
g reactants. Enzymatic jons, bein’
et e Zymatic react

their rates in i - 5 in
e rease
temperature. But | Crease with inc

't holds good in
upto increase
temperature. Above that tempera it

aenaturation and their activity de
&

ture the enzymes underd”
i r
reases rapidly. On the othe
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hand. decreasing the temperature, 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 activity 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 upio
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
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optimum pH of pepsin is around 2.0 while that of trypsin ml
from 8-9 pH. There is a pH below which the enzyme |oges |
activity and at which the enzymes shows the lowest activity, This
pH is called minimum pH. Most of the enzymes have optimum
activities in the range between 5-9. Pepsin is an exception f

this rule Plotting a graph between enzyme activity and pH, we get
a curve as shown in the figure 21.2.

Thapmbffwhich‘thaacﬂvityufananzymeiﬁ;_- :dr'
inhibited by the addition of certain substances to the reaction '5_?” 5
enzyme inhibition. The different substances which inhibit the acth i
enzymes are known as inhibitors. There are two major
enzyme inhibition. These are

l

r
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;hrdhen the inhibitor reacts and form a strong covalent bond with
ihe 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

gnzyme.

Reversible Inhibition:

s ﬂempurﬁry type of inhibition. 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. It is sub
—divided into.

|- { - ""l‘ | :-_ I.-I | & ._4-. :_ _'._' -. L "I"-' e
L e

¥
" B s

The inhibitor ces with the substrate for the active sites of the
€Nzyme. The inhibitor binds to the same active sites of enzymes
o which the actual substrate binds. By this way the active sites of
the enzyme are blocked and then the substrate is unable to bind
t0 the enzyme,

The Inhibitor has no cral resemblance with the substrate of

::?;"Z?me and, therefore, does not compete with the substrate

© active sites of the enzyme. The inhibitor does not bind to

e active sites of enzyme. Inhibitor binds to the site other than

:zthr:r:“ﬂﬁ of the enzyme therefore, two complexes the enzyme —
& and enzyme — substrate inhibitor are formed.
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In this type, the inhibitor does not react directly with the enzyme byt j;
binds to the enzyme substrate complex.

(153 idustral appication o Enzyies

Enzy_rmes are used in the chemical industry and other industiy
applications when extremely specific catalysts are required.

Usetul enzymes are obtained from both plants and animais. but most

o : : ;
NZymes are obtained from microorganisms, mainly bacteria and fungi

Some applications of enzymes are given below:

h Most of the enzymes for washing come from

bacteria adapted to live in hot springs. The enzymes are used for presoak

T”ﬁ“m” ‘3”‘1 direct liquid applications helping removai of protein and
starch stains. They are also able to digest fat, oil and grease stains.

During the manufacture of fruit juice the cells

of the fruit
extractedl ;ha"ﬂ N I:b""ﬂ'ht»en down before the bulk of the juice can bé
- Flant cell wall is byift of Cellulose fibres which are held togethé”
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— In Biofuel industry, cellulase are used to break
ose into sugar and which can then be fermenied to produce

dﬂmﬂ EE‘”UF

sthanol.

A sweetner that is widely used in food and
drinks is high fructose corn syrup. It is manufactured from starch in com
fuit. The grains are milled to a starch slury and the enzyme amylase is
added. Finally the syrup is passed down a column of immaobilized
gucose isomerase enzymes. This converts much of glucose to
fructose. It is added to sweeten foods without adding too many calories.

_In 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
equired for decolourizing. Cellulases smoothen fibers, enhance water
Urainage and promote ink removal. Lipases reduce pitch and lignin
degrading enzymes remove lignin to soften paper.

5 I,

Lipids are a heterogeneous class of organic compounds. They are
ii::ﬁ substances which are relatively insoluble in water but
Enzgn:my Sﬂ-luhia in organic solvents like ether, chloroform

" ®lte. Lipids perform several important functions in living
mpf:;s- They act as storehouses of metabolic energy, as structural
Nerv :'itﬁ of membranes, as protective and insulating coatings.
. funcﬁssllﬂs are rich in lipids where they play important role in
Ons. The sub—cutaneous fat serves the role of insulating
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against atmospheric heat and cold. Lipids may be saponifiapg Hf
unsaponifiable. Fats, oils and and waxes are saponifiable Whila
terpenes and steroids are unsaponifiable lipids.

Thaae are the esters of fatty acids with different types of alcohols,
These include.

; Fat is solid at room temperature while oil is liquid at room temperatureé
1 Qils 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 molecule,
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These are the esters of fatty acids with high molecular weight

monohydroxy alcohols. For example bee wax carnauba wax etc.

saare the esters of fatty acids with alcohols containing some
sdditional groups, as well. They are further divided into

e L A

These lipids mntalns fatty acids, phosphoric acid, nitrogenous
bases alongwith some other constituents. They are also called
phosphatide.

They contain fatty acid, alcohol and carbohydrate. They are
present in large amount in the white matter of the brain and in the

m‘fenn sheaths of nerves.

Th‘-“h' "-‘rﬂntains asulphata group in addition to fatty acids, alcohol
and carbohydrate.

These are the complexes of lipids with proteins.

: and
These ar the substances derived by the hydrolysis of s]mple =
ono
“ompound lipids. These include fatty acids, alcohols, M
tﬁglmri‘dﬂﬂ. steroids, terpenes and arytenoids.
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2142 Structure:

Lipid has no common structure. The most common OCCurTing i
are triglycerides and phospholipids.
Iriglycerides are fats and oils. Triglycerides have a glycerg backbong
bonded to three fatty acids. If the three fatty acids are similar; the fats are
called simple triglycerides. If the fatty acids are not similar, they are known
as mixed triglycerides.
The second most common lipids are phospholipids. They are found in cal
membrane of animals and plants. 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.

NemeofLipid/ | - = == |
s-Ralyadids, | A e
| e R S
Stearic acid Hﬂ(ﬁ?ﬁﬂ;ﬁe{?d?DH
- Oleic acid -
CHE(CHE)T\ .K(CHE}? COOH
C=
. I:I"' N\
Wax (From bee e —h __;f"l;
hive) CHy(CH ) ?
' ; 3 28 CH, ~ 0O = Vi,
| Phospholipids ___-_'_:'GT'_E:B 2-0-C(CHy)uCHs
"F""“";"u—g'-—o-m,
"Iﬂ_mﬂ;‘ﬁ‘ﬁ‘-ﬂl'l!-ﬁ._g_ll_u
— o
i‘"ﬂ- : ||;.¢
—_— &
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ﬁgmteﬂ EHJ
H—CH;~ CH,~CH,—CH
17 \CHS
HO

Cholesterol

fi-carotene CH;
CH;

1. Natural fats are colourless, odourless and tasteless.

2.They are insoluble in water but are highly soluble in organic solvents
like benzene, ether, chioroform etc. |

% They have well defined melting and solidifying points.

4. i 5
They have low specific gravity and, therefore, float on the surface of
Water,

Natural fats undergo hydrolysis with acids or bases in boiling
f Where they produce free acids and glycerol.
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In case of base hydrolysis, the base reacts with free fatty acds and
produce salts of fatty amds called EDEPS _Tl'llﬁ _IJ_I'DGEEE- is ﬂallEd Sﬂpﬂnlﬁcaﬁun

2. Addition Reactions:

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 olls are

hydrogenated and converted to solid and edible ghee.

Fats rich in unsaturated fatty acids (linseed oil) undergo spontaneots
oxidation at their double bonds and produce aldehydes, ketones and
resins. They form a thin transparent coating on the surface to which thé &

Is applied. These are known as drying oils. They are used in :nrmnufat‘amre
of paints and vamishes.

Natural and specially animal fats contains lipase enzyme. By the act}G" ’
atmospheric ‘oxygen, in the presence of lipase the fats underge par®
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¢ and oxidation at their double bonds. This produces volatile |

pycrolys

mmﬂﬂ“c acids of sour taste and unpleasant smell. This process is called
ancidfication and the fat is said to have become rancid.

Socie "."Technnlagy and Science

Insulin ig peptide hormone secreted by the Beta cell of

Pancreatic jslets of Langer Hans and maintain blood glucose

level by facilitating cellular glucose uptake, regulating

?’b“h?ﬂrataa_nd lipid and protein metabolism. .~
abetes miletus is the group of metabolic disease in which
{raent has high blood sugar level which is either due to the fact

%;::tﬂ-m'e insulin that is produced. iy

+-8sterol s the precursor of five major classes of steroid

m_"mas, -prog%ﬁ:;'ﬁ"a, “glucocorticoids, mineralocorticoids,

Moy 288N and estrogen. These hormones are powerful signal b

- %“'.““"m;rﬁ-ﬂv.!hita “aminoacid de;va‘twt; hmﬂgmﬁ“’n‘; |

et MY de = tvr and trypt s MRS I

e et HOH HOBINe B Tt eatacholmines, |
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Lipid perform a number of different functions in living Organigms

Some of these are listed below.

s Lipids provide food which is highly rich in calorific value. One gra,
of lipid on complete oxidation produces 9.3 keal of heat which i
about double the amount produced by carbohydrates and proteins,

o Lipids are insoluble in water and, therefore, they can be storeg
easily in the body as food reserves. These food reserve are then
used by the organisms during hibernation periods.

e Lipids in association with different proteins form the important
constituents of cell membranes.

e Fats have high insulating capacity. Great quantities of fats are
deposited in the sub—cutaneous layers in aquatic mammals suchas |
whale and in animals of cold climates. These fat deposits protect |
these animals from severe cold and severe temperature changes.

« Some lipids specially phospholipids play a key role in the

absorption and transportation of fatty acids in the body.

e 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 A
and E in the body.

o Squealing, a steroid present in the blood of shark has aﬁﬁ‘ﬂiﬂﬁc : 4
antifungal properties. This explains why sharks rarely ¢
infections and almost never get cancer.
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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
fund to be the essential substance of the genes and the apparatus by
Which the genes act or express themselves. They contain in their structure
e blueprints for the normal growth and development of each and every
Organism. They are responsible for storing, expressing and transmitting
QE“E"F‘ information and mutation in living organisms.

T :
h;f € are two different types of nucleic acids. DNA (deoxy ribonucleic
acid) it

; 'S present in nuclei and in some viruses. It is the main
0
"Slituent of chromosome.

NA (R
b (Ribonugleic acid) is present in the cytoplasm and in some
Ses,
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the polymerization of large UMby
of units known as nucleotides. That is why DNA and Ryp are
polynucleotides. A nucleotide is composed of a nitrogenous base, 3 g,

and a phosphate group. DNA differs from RNA in the type of nitrogengys
base and type of sugar unil. 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 cy!oﬂ"“-
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.

The thirg component of nucleic acid is phosphoric acid

W e

“HA differs from RNA in the sense that the pyrimidine bases of
~ @8 cytosine and thymine while the pyrimidine bases of RNA are
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cytosine and uracil. On the other hand both DNA and RNA contain the
same types of purine bases called adenine and guanine.

e e . men T gD

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 strandeq
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 molecule is formed by two antiparallel long polyde
Yyribonucleotide chains which wind on each other. These two chains are
held together throughout the whole length by Hydrqgen bondings present

h"t”ﬁ&n their nitrogenous bases. Adenine joins only to thymine while

M joins only to cytosine. Adenine joins to thymine by two while

M‘ joins to guanine by three hydrogen bondings. This pairing of

::': _h highly specific. Adenine will never join cytosine and guanine
Joins thymine,

hemi., | '®aNS one unit, while polymer means many units. In
i aﬁ? Many compounds are polymers (large molecules) that consist of
‘ Nua::d“"ﬂﬁal or very similar units.

Sonyr, ::‘i Polymers are DNA or RNA. The polymer DNA has
Mlggy, CUdes as its monomer. While polymer RNA has ribo

- -

o
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| RNA & DNA
' / are chains of nucleotides \

DNA is the ultimate carrier of heredity in all the living organism®
Genes are composed of DNA which contains genetic information If the
form of codes. A seguence of three nitrogenous bases on DNA stran®
contains code for one amino acid synthesis of proteins which ooo!®
inside ribosomes present in the Cytoplasm of living cells. The il'lf‘i"”'"allﬂ
stored in the form of genes which are parts of DNA are tmnsmlﬂﬂd to
cytoplasm in the form of messenger RNA or mRNA. There is anothe’ wa,
of RNA called transfer RNA | (tRNA) which reads out the massagﬂ
mRNA and brings the amino acids to the ribosome in the form of am:: |
acid tANA complexes. Then these amino acids are incorporated e
peptide chain. This process is called translation,
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vinerals essential for life are the inorganic nutrients, which are needed
4y lning 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 in drinking water and
saling plants as food. We receive these inorganic substances from both
animals and plants in our diet. Sometimes drinking water also supplies
fpreciable 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,

"égnesium and sulphur etc) and micronutrients (Iron, zinc, fodine, cupper
M manganese),

m::‘n’;;;;na of the important element because it is a part of
In, & carrier of oxygen in the body. An adult man requires
13' u:i r:g Omg of iron in his daily diet. Growing children, pregnant and
Women require greater concentrations of iron due to the loss
Sl Menstruation. Liver, heart, kidney, egg yolk, green leafy
'8, wheat etc. are good sources of iron. The daily synthesis of
on °?i|::in., "équires about 27mg of iron but the same quantity of
*nly 4 sm ated by the break down of body haemoglobin, therefore,
f,% all Quantity of iron is required unless there is a loss of blood
hud:""' About 300 mg of iron is transferred to the fetus in

o b

Scanned with CamSecannar




MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) -

e ——

uterus. Since there is no loss by excretion, therefore, thjg amoupy ;
sufficient during uterine life.

Deficiency of iron produces a disease called anemia. This may be gy
to the lack of iron in the diet or a deficiency in its absorption by g,
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, diabetes mellitus and cirrhosis. This state is called
hemochromatosis or hemosiderosis.

. largest quantity on account of being the main |
constituent of bones and teeth, About 1 kg of calcium is present in man,
99% of which is present

Small amount of calcium

Calcium is present in

in bones in the form of hydroxyapatite crystals

s also present in blood. The main sources of

calcium are milk, and milk
: products, egg yolk, lequmes reéf
leafy vegetables. : gl

Calcium is required for the regulation of a

large number of celluir
activities, muscle and nerve functions hormona

| action, blood coagulatio”
of calcium in plasma leat®
Decrease in plasma calcl"

and cell motility. Increase in the concentration
to a condition known as hyparparathymidism
level leads to a condition known as hypoecalca

emia.

Ph - )
— *‘-;ipf::ru:s is also the Major constituent of bones and teeth: It I8
BB i; i:rh body cells in association with proteins, fipids =

e form of phnsphnprntaina, phospholipids and simlé’
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unds. It has a unique role in the storage and transformation of

compo
anergy in the body.

An adult requires about 800mg per day of phosphorous. It is present in
Jssociation with calcium in its sources. Proteins 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 anc:
' su
longevity of animals. It is @ constituent of several types of enzymes

' complex
as alkaline phosphatase, carbonic anhydrase etc. [t alsc.:p fm‘zs t:e = :j g
with insulin and helps in its storage and release according

ini ntration of
the body. It is also required for maintaining the plasma conce

i i ilk and
i s, fish, mi
The different sources of zinC include, meat, liver, €99

b > | d impairment of
aling and |
Deficiency of zinc results in delayed wound healing

acuity of taste.
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INCy ruiins. '*“‘

* Biochemistry studies the chemistry of life.

Carbohydrates, proteins, lipids, nuclic acids and enzymes are calleg
biomolecules.

]

Carbohydrates are organic compounds of carbon, hydrogen ang
oxygen and have general formula Cn(H20)s.

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 b
peptide bond.,

The structure of

Protein is considered at four levels: primary, seconda
tertiary and quaternary.

-

Lipids are heterogenous class of organic compounds. They may %
saponifiable or non-saponifiable. 1

. : ; ce
The oils which contain more unsaturation are hydmgenatﬂd to P"odu

solid ghee.
e
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NA and ANA are two examples of nucleic acids and their function is
aphcatmn and protein synthesis.
Enzymes are protein in nature which can speed up a chemical reaction.

D

£nzyme inhibition may be irreversible or reversible.

. Minerals essential for life are the inorganic nutrients that are needed by
iving organism for vital function, but cannot be synthesized by them.

or each statement.
I. The most abundant carbohydrate in nature is

(@) Cellulose (b) Glycogen

(¢) Pectin (d)  Chitin _

The glycosidic linkage is present between the molecules of
(@) Glucose (b)  Glycine

(¢) Fatty acid (d) Non of these
% Steriods belong to family of _‘

(@) Carbohydrates (b) Prnteml.

(c) Lipid (d) Enzymes

re known as _—

Sk ' u
Protein present in haemoglobin has the strucl!

(b) Secondary
(d) Quaternary
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The optimum p" of pepsin is
(@ 1.5

(c) 25 (d) .

1
2.0

Which carbohydrate does not conform the general formula Cn(H,0),

(a) Deoxyribose (b)
() Glucose (d)

Ribose

- Fructose

Ethanol is produced from starch by the process of

(a) Hydrolysis . (b)
(c) Decompaosition (d)
Human are unable to digest

(@) Glucose (b)

(c) starch (d)

Hydrogenation
Fermentation

Cellulose
Denatured protein

Which one of the following term is not related to term aldohaxnﬁ?

(a) Aldehyde (b)
(c) Six (d)
Synthesis of DNA is also known as
(@) Transcription (b)
.[c) Translation (d)
. BNA is primarily seen in

(@) Nucleus (b)
(c) Cell wall (d)
Specificity of enzymes depend upon
(a) Active site (b)
(¢) Tum over number (d)

Ketone
Sugar

replication
Transmutation

Cytoplasm
Cell membrane

linear sequence
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14.

S —

15.

16.

17,

(
W,

The best source of iron is

(a) Organ meat (b)  Milk

() Tomato (d) Potato

In which of following disaccharides both the basic structural units are
the same?

(a) Maltose (b) Lactose

(¢) Sucrose (d) All of these

In competitive inhibition, the inhibitor

(@) Competes with enzyme
(b) Irreversibly binds with the enzyme
(¢) Binds with substrate
(d) Competes with substrate
In DNA, adenine forms a complementary pair with what other
nitrogen base?
@) Uracil (b) Cytosine
€ Thymine (d) Guanine
Th? F’fTﬂary structure of protein represents
::i ;';dﬁf*ﬂf S&iquenoe of amino acids joined together by peptide bonds
@ Hﬁ;mensmnal structure of protein
Cal structure of protein
SUb units structure of protein.
@ 5 T:“E of triglycerides at room temperature are called
) Soiq by
(d) None of these

L]

Scanned with CamSeannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

Q Il. Short questions

1. Why vegetable oil is sensitive to rancidity?

2.  Give brief reason why melting point of saturated fatty acid is higher
than unsaturated fatty acid.

3.  Draw the open and cyclic structure of the following compounds
(a) Glucose (b) Fructose (c) Mannose (d) Galactose

4.  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 quateméary

structure of protein.

9. What s the importance of protein in our daily life?

10. Why zinc is_ important for human being?

11. State the medical problem that may relate to caloium 21
phosphorus.

@ N o o
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qlll. Long question

{  (a) What are carbohydrate? Describe the properties of each kind
of carbohydrates with example.
(b) Explain the role and nutritional importance of carbohydrates.
2. (a) Describe various classes of protein along with example.
(b) Enlist the properties of protein.

3. (a) What are lipids? Describe the classification and role in human
body. ‘ |
(b) Write down at least three chemical properties of lipids. |
4 (a) Define enzymes. Describe the role of enzymes in digestion of
fat, carbohydrates and protein. |
(b) What are the factors affecting enzyme activity?
Write notes on
(a) Nucleic acid |
(b) Biological significance of minerals.
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Industrial.ichemistry s

- N
e L R

industrial chemistry is concemned with chemical processing of raw
materials to useable and profitable products. Certain of these marketable
products will be consumer goods and enter directly into economic life of
the country. Others will be intermediates chemicals for the manufacture
of consumers items. Manufacturers of chemicals utilize some twenty
percent of the total chemical output. In as much as the products of one

become raw materials for further fabrication in another. Thus, the industry
asawhole is its own best customer.

{ The chaq:ca_l 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
“onsumer products. These products are purchased because they have the
{ ?‘1‘-‘"9'1 properties which make them suitable for particular applications

=3 non stick coating for pans or weed killer. Thus chemicals are
Uimately sold for the effect they produce.

thm]nal processing may be defined as the industrial processing of the
“*Mmical raw materials leading to the products of enhanced industrial
. ?H‘Eraily_this involve the chemical conversion, as in manufacture
F&'Udu:gmum Acid from sulphur by m:idatinn and hydration, buf the
e :f*iﬂrnethn of ﬁba_rs from chemicals is also included such as nylon from

teagiior Ylene diamine and adipic acid by more complicated chemical
ve 8. In all these chernical changes physical operations are initmately
g Such as heat transfer and temperature control which are
;.Mme%tn Sécure good yield required by competitive industry as for
@ Oxidation of SO, to SO.

"“.fc?fnl',ff' Sector plays a fundamental role in economic development of

nveng "y The globalization forms the structure of the modermn world. It

*pm: essential raw materials into more than savent:..r. thousand

3 Iauﬁpa"‘ctﬁ for indursty as well as the goods of consumers, that
Nd upon their daily lives.
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with other countries to earn foreig,

exchange in the field of chemical industry such as a fertilizers, plastics,
rubber, medicine, dyes and pigments, S02pS and detergents.

The increase in imports is from 760 million 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.
ers the fertilizers and pesticides

Chemical industry supply the farm :
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
are used by food manufacturing companies.

The provision of essential chemicals to the phamaceutim! industry and
health care industry is also a major role of chemical industry.

Arlificial 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 bé
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 phamiﬂﬁﬂ
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 83
well as modern instrumentation and automatic control.

« To transmit goods in a clean and economical manner from the
manufacturer to the customer, suitable containers must
provided.

« To affect the safety of workmen and the plant all procedures. mus!
be carried on in a non-hazardous manner.

i —

t Bt S S =g

Pakistan trades in chemicals

SAFETY/CONSIDERATIONIINSTHEIPROCESSIOFINDUSTAN
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To secure the processes from excessive competition and to ensure
an adequate return for a large sums spent on the research and

plant.

. To guarantee progress to continue profits and to replace obsolescent
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 .amid
discharge of toxic material into the air and water of their localities.

A dye is a substance which adds value to products for their cost. In most
of the cases the colour of a product is the reason for its salq. 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

tonsidered as a dye.

A dye consists of a colour producing structure called “The chromogen”

~ [electron acceptor) and a part to regulate the solubility and dying

——

Properties called the auxochrome (electron donor). Without both parts, the
Material js body. .

The hromogor o an aromaie body cortaining a colour ging group
©mmonly called the “chromophore”. Chromophores groups cause colour
oy dtering absorption bands in the visible spectrum. Somlﬁa c?ﬂrgénun
-?wphema are given in the table 22.1 Dyes are usually classitied on
'T:hlla:ﬁﬁ of chromophore groups.

22.1 Some common chromophore groups. .

S.No | Chromophore Structure

1. Nitrosogroup —NO(or =N-OH)

I S
L Nitro group -NO, (or NOOH)
—N-

3. 1Az group — E:N= =T =
4. | Ethylene group —

S, Carbonyl group __z .
I-‘-"'---__-_'__ B ———
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e —— e _ _
| 6. ' Carbon-nitrogen group i ril—_—-_l
_ | —CmN—C=

['7. | Carbon—sulphur groups | CHy-SH |

The auxochrome, the part of the dye which causes it to adhere tg the
material which it colours (usually textiles) are —NH,,—OH,-NR,,-CO0x

and —S0.H of these groups. —NH, and —NR, cause solubility in acids while

yes are of many types. They may be classified into the following
classes. The basis of classification being the “use” or “application” of the

dye.

They are used for dyeing protein fibers such as wool, silk, 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). :

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 synthetically; “mauve’ was @
basic dye. Examples of the basic dyes are basic brown 1 (bismark brown)
basic violet 3 {(crystal violet) etc,

These are brilliant and long —lasting dyes and are used pnmgn'ly for
printing on cotton. These ‘ice colours” are made right on the fiber
coupling diazotized materials while in contact with the fibers.

These are used to dye -cotton directly i.e. without the addition :Lj
mordant. They are also used to dye union goods (mixed cotton &n
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¢ silk). These are generally azo dyes and their solubility in the dyes bath

« often reduced by adding salt. Direct orange 26 and direct black 22 are
l‘fpi'}ai direct dyes.

|

gome fibers such as _piaﬁtics, 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
3 solid solution. The dye dissolves into the fiber at or near the glass
ransition temperature of the polymer. Some typical examples of the
gisperse dyes are disperse red 4, disperse red 77, disperse orange 25, |
disperse blue 27 etc. y

These dyes react with the substrate, usually cellulose to form a |
covalent link (bond) between the dye and the fiber. Cotton, rayon and |I
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 |akes. Lakes are usually used as pigments. If a cloth
Made of cotton, wool or other protein fiber is impregnated with an Al, Cr or
.= Saltand then contacted with a lake forming dye, the metallic precipitate

Ms in the fiber and the colours become far more resistant to light and

INg. The azo and anthraquinone nuclei, having attached the groups
~OH and —-COOH, can act as mordant dyes.

‘fgiw‘

| TEEE dyes have been used for a long time. They are large low costing
oMl .0 o> Which produce dull shades on cotton. The chromophore is
tg ey 21 N0t well defined. Sulphur dyes are usually colourless when in
orm in a sodium sulfide bath but gain colour on oxidation.

£ x S
252

_soluble dyes are usually azo,

ary
Me
'"aﬂﬁ%:jasnﬂ or anthraguinones. They

hioe polishes and gasolines.
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10. Vat=dyes:

Vat-dyes are water insoluble nrganic_ pigments 1that ber::ulrne Water _
Soluble when mixed with powerful reducing agents in the dyeing Process
The reducing operation formerly was carried in wundein Vats and henes
the name vat —dyes. These have highly complex chemical structyre
mostly are derivatives of anthraquinone or mdanthmng. Vat —dy
quite expensive and are most often used on cotton faprfcs that are tg pe
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.

S and
85 are

el

(Lo e TR

The use of chemical pesticides ha
agriculture. Our modern system of
ability to stimulate plant growth, but
iNSécts or more generally, “

$ been a major feature of modem
agriculture depends not only on our
also on our ability to control various
pests” that would eat or destroy the crops in
the fields or the harvest in the storage sheds.

It s not difficult to kill all the troublesome creatures that we include &
pests. Poisons such as lead arsenate, Pbs(ﬂsﬂd)z have been in use for a
long time. Both lead and arsenic are damaging to a wide variety of living
syslems. Another traditiona] Insecticide is nicotine sulphate, which
obtained from plants but is extremely poisonous to most pests and to mén-

eral poisons are not really satisfactory. we

| + OF man. Second|
Into harmless prody

Modern insecticide
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I

4 c B’
and the name “dichlorodipheny trichloroethane”. It is good in qpecifmﬁy in
hat It acts directly on insects and not on mammals. But it dqes not
dstinguish between bad insects that destroy our crops and good insects,
Me bees, that assist them. - _

Unfortunately DDT fails to meet the second criterion e it, does not
eadly break down in nature to give harmless substances. DDT is a very
sable chemical, Its half life is estimated to be 10 -15 years. It means that
"f of any DDT applied in any year still exists, somewhere, 10 or 15 years
ier, The persistence of DDT is more troublesome by its tendency to
%00Me concentrated in all forms of animal life. (The process is some
%8 referred to as biological magnification). As is clear from its structure,
T can not become involved in hydrogen bonding 10 water malecules,fsn
'8 water —ingoluble. Further more the DDT molecule is non — polar. If a
Mple of DT is shaken up with a two layer oil —and —waler system,
08t all the DDT will be found in the oil layer. In nature this dlstr{bL;th

US and DDT aceumulates in animals and in particular in their atg
nnn':ﬁa' Thus, although DDT can be used in very small quantities

o ins i | tissues of each successive
e ects, it accumulates in the fatly _

O of the f i be sprayed with DDT so that the
c‘“ﬂ'&nu 4 ood chain, An area may might be SSRGS
E‘am alion of the DDT in the waters of the ared

i DUt the food chain that proceeds from ‘fns:eum:?1 t“ﬁ%‘;gﬂ:'?g&g
b 1.9 birds can concentrate the DDT until it 1S at the 1
e umulation and our

tigsy e Even man is not immune from this DDT acc

han would
bﬂ'ma ®S now contain something over 10 ppm of DDT more t

"ed in th
. e foo . ' |
%E:;Tf 2lly, it has S:eﬁef?:ﬂnd, that almost all chlnnnated.r;g:f Efﬁ:ﬁ
%8y, 1 appear to have a variety of undesirable eﬂ&fttsali ban of the
from environmentalists has lead to the nearly 10
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use of DDT in the U.S and all over the world. However, there
some chlorinated pesticides that are used for more specifi t&rgetre S
was DDT. They include mirex, chlordane, heptachior, aldrin ang Gfmiﬁ!hﬂn
The controversy over DDT and other chlorinated hydrucarbc:ns sn,
attempts to find pesticides of a different chemical type. Qpg ﬂfpuﬂi

important alternatives is parathion.

4 =N\
S

R—CH,- 0l
R-mﬂ—D’F_ﬂ-
== NO;

N J
This compound breaks down fairly readily to products that appear fn
cause no biological 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, chemica

poisons will probably turn out to be only one route to the control of te
pests that compete with us for our Crops.

Formerly, it was easy 1o define pet ' > relafivel
pure 'identiﬁable substances darive% Ecnr_:eggﬁ;u;heayn: EL::ELE in the
chemical trade. But now the original products separated from petroleu”
are converted into more desirable snmetimes*mmplex products. [Tt
the oil companies are entering the chemical business; cheme
companies are entering the oj| business, and the whole grovP *

expanding greatly. So most
considered Petrochemicals. =

wa;‘f-;:ﬂigrrs{:  alona) cmical made on large scale from a petroleu 1%
Jetes T 1”9'-5;2; 1'3; ggﬂsﬂfﬂpanﬂlj. first produced by Standard Oi oﬁf Hﬁ,ﬂs
tandard Oil of New Jersey was making dust

Per year of isopropy| al ng.
Nas e Etablishgd ﬁ_l‘.'-‘ alcohol and the emergence of petrochemical I’ o

organi chemicals e :gfm";gl?.ﬁ;cg:ffenﬂy well over 80 per

inmw:ﬁpﬁlﬁzg mcfividugl species from petroleum, the pmoassmeﬁa

9 methods. The most important ofmleﬁ»
) selective adsorption. Once
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| most materials then undergo chemical conversion into more

i ﬂmbre pro

ducts. Alkylations involving propenes and butenes yield C,to

| ¢ ydrocarbons for high octane gasoline. Propylene becomes poly
1

ylene, polyamines or prﬂpyiene glycol and others. Likewise 98 percent

o the raw material, for aromatic compounds, is obtained from petroleum.
The most basic raw materials (table 22.2) supplied by petroleum
gineries or natural gas companies are LPG, natural gas from cracking

oparations, liquid distillate(C, 0 C,),

distillate from special cracking

processes and selected or isomerized cyclic fractions for aromatics. Most
ofthese substance are of high value for fuel use,

" Paraffing
And eyclics

| H'Bh-ﬂ'af QaE

.,
oy

5

%EW Jases

it

&

77,

7

fi

Olefins, Various Inorganic
diolefins, int}rgqnics and | And organics
Acetylene, organics,
aromatics
S, A.5 synthesis Carbon black
H,S§ gas H.50,.
NH,
Methanol
Acetylene Acetic acid Formaldehyde
Isobutene Acetic anhydride | Acetates
Ethylene Isoprene Fibers
Propylene Ethylene —oxide | Rubber
n —butanes elc Rubber & fiber
Butadiene Rubber
Adipic acid Fibers
Ethyl benzene Styrene
e Styrene Rubber

Scanned with CamSeannar

———




MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

———

e —
Naphthalene Cumene Phenol, acetone |
Benzene Cyclohexadiene |Alkyl benzene Nylons
Toluene Toluene Phenol Plastics
Xylems Toluene Benzoic acid Phenol
Methyl O- m- p - |Pthalic Plastics
naphthalene’s xylene , toluene |anhydride

naphthalene ]

_m

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)

Fertilizers (80%) plastics and fibers (10 %) explosives

Ammonia
(5%)
Carbon black Tyres (65%) other rubber (25%) colorant and fillers
(10%). =
Methanol Polymers  (50%), solvenis (10%), derivatives
(HCHO,CH,COOH ) (40%)
Methyl chioride [ Silicones (57%),tetramethyl lead (19%)
(CH,C?) e
Methylene Paint remover (30%) aerosol propellant (20%)
chloride degreaser (10%)
(CH,Ct,) e
Chloroform Fluorocarbons (90%)
(CHCH,) S
Carbon Fluorocarbons (95%) degreasing, fumigant etc (5%)
tetrachloride
(cct,) -
Acetylene = | VCM (37%), 14, - butanediol (25%) v . acetate (14%)
= v_Iu (5%) ==
Hydrogen MMA (58%), cyanuric ohloride (17%), cheli™
Cyanide agents (13%), NaCN (929} ,//
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Styrene (99%) , solvent (1%)
| Eﬂiﬂm TEL (90%), ethyl cellulose of pharmaceuticals (5%)
[Enjene | VCM (84%) solvent (7%)

i Eihylene glycol | Antifreez [Eig‘*@),_' polyester fibers and films (49%)
'|Ethylene oxide | Glycol (60%) Rthoxylates (10%) glycol ethers (10%)
'|Parchloro Textile cleaning (40%) metal cleaning (21%)

{ethylene chemical _intermediates 6%).
| N T ’ :
Low Film, sheet, molding and extrusion plastics.
.!l igh density Film sheet molding and extrusion plastics :
| Styrene Polystyrene (52%) ABS (9%), SBR (7%) polyester
resins (6%) SB latex (6%)
1,1 ~ T Cold cleaning (40% Vapour degreasing (22%)
ichioroethane | Adhesives (12%), aerosols (10x), electronics (6%)

L=
W
®

| istillation of Petroleum:

L L ',I:g;ﬁ;i_:'_.__:-_ -
WUm in the unrefined from IS
ik Ctude oil. It is a naturally occurmng
g e -0US brown or greenish black
h %"'!’htE:h is obtained from earth crust.
"ih SISIS of mostly hydrocarbons alf.:mg
%uml?a other elements, main!y
figg 4. NItrOgen and oxygen. Crude oil is
wmmu&heu to remove sulphur or sulphur
%agnus that may be present. The
ety Nydrocarbon material is then
iy and fractions with various boiling
Ding> 38 collected, (figure 22.1). The
fijo 208! Of refinery operations is the | Fig:

the principal routes in the treatment

ﬁm ﬁﬁgﬂﬁrﬁ% d some of
T s ds ons an . Clpal ¥ ;i
e Oltin an o refinery during fractional distillation are :

221 Fractional distillation
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r A Refinerygas: It is a mixture of hydrocarbons containin
methane, ethane, propane, and butane, ie, C to C,atoms pé

molecule. It is obtained at a temperature below 20°C, and is Used
as "fuel” and for making other organic compounds.

2. Petroleum ether: It is obtained in the boiling range
207-60°C, contains pentane and hexane (C,~C;)and is used ag
solvent.

3. Light naphtha: It is obtained in. the boiling range
60-100°C, contains hexane and heptane (C,—C,)and is used as
solvent.

4. Gasoline: This is the most important fraction containing
hydrocarbons from €. 1o Cy. It is obtained in the boiling range
80°-180°Cand is used as motor fuel,

5. Kerosine (Paraffin oil): It is obtained in the beiling range
1607 -300°C and contains hydrocarbons from Cito Cy. It is used
as jet fugi, and for oil —fired domestic heating. It can aﬁso be used
for cracking to produce gasoline (motor fuel),

6. Heavy oil (Diesel oil, fuel, oil, gas 0il): This fraction is obtained in
the boiling range 300°to 400°Cand contains hydrocarbon from
Csto C,, - Itis used as industrial fuel and as fuel for diesel engines.

7. Lubricating oil: It is a mixture of non-volatile liquids which Is
obtained at a temperature above 400°c It contains hydrocarbons
from C,—C,,. It is used for lubricating heavy machinery.

The residue (solid mass) is still a mixture of higher nydn;{carbgns which 18

used for making greases, Vaseline, waxed paper and candles. The finél

residue (with more thanC,,) is a black coal tar and is called asphat, pitc

or bitumen. It is used for metalling roads.

A polymer is a macromolecule (sometimes wi igh moleculal

/ with a very high moles=

weight) formed as a result of a process known as pmymgﬂza%nn whereby

small organic molecules combine logether to form large moleculé®

(polymers). The small molecules which under go polymerization aré Gﬂgﬁg
m
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thousands of monomer units joined t
undreas of s ] ogether. The well known
: gic polyethylene or polythene Is composed of large miolecules formed
the repeated combination of ethene molecules,
Polymers are c_[assmed as either “addition polymers” or “condensati
meels" depending on their method of formation. £

In these polymers, the repeating unit (monomer ;
sself or to the growing polymer so that a Ili::ng chain}plg?fn?uzj'ﬂg :ﬁiﬂge?
Thatis to say addition polymer results from the self —combination of many
monomer units into a substance with a molecular weight which is ;
multiple of the monomer. The empirical formula of the addition polymer is
ha same as that of the monomer. For example, when ethylene is heated
inger pressure, a transparent solid polymer, poly (ethylene) is obtained.

-
\
T T
e-oi—— -t
H H |n
G Ethviens Poiyethylene J

Men =R

mwu;fiss chain is built up by successive addition of the C,H , units. The
tﬂ?npeas an average molecular weight of 2000 - 20,000, depending on

ey . orature and pressure. Acetylene forms an addition product with

=4 vinyl chioride in the presence of Hg C{,or CuCt.

¥
Cs C—H-{-HCl—fj—Q—glz—bHEC mcH—EI('ﬂnyld‘llnrldaD

”ﬂﬂﬁde CuCl
. Molecules combine with themselves to produce molecules

gh
Tolecular weigh, salled poly (vinyl chioride) or PVC.

i
Eﬂw

NCH,~
H=CHol— | oy CH -| (Polyvinyl chiorice)
cl_In

The 2
"West
E%W F'\,Péar' ch of the vinyl family is polyvinyl chloride (PVC). The
deg f IS due to its excellent physical properties, its ability to be

oy o |
'@ wide range of applications, its ease of processing and
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its relatively low cost. The liquid monomer is fqrmed into tiny g!ﬂbules 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 5
persulphate catalyst and 1.5 parts of an emulsifier such as sodium laury|
sulphate. The autoclave operates at approximately 50°C for 72 hours tg
give a yield of 80 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,

combination of two or more substances is accompanied by the elimination
of small simple molecules such as water (H,0), hydrogen chioride

(HCt), ammonia (NH,)or methanol (CH,0H). Such reactions are often

called condensation reactions. If the carbon —chain back bone has two
functional groups attached to it, a 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 hexamthylene diamine (1.6 -
diaminohexane) and the dibasic acid is adipic acid (hexanedioic acid) then

the condensation polymer is nylon (g, 6) (six carbon atom in each
maonomer). L

Sﬂi mﬁ.nf a 2% (by volume) solution of decanedioyl dichloride (!i‘»*ﬁ.|Z=!~‘-“E“3"3‘I
chloride) in CC¢, is measured into a 100 e tall ~form beaker 25 cmof an

aqueous solution containing 2.2g of 1 —diami len@
R : 6 —diamin - methytel

diamine) is added carfully to the beaker S0 thzthfhx:limas solutions

floats on top of the CC¢, solution, Without mixing. A thread of the nylon is

drawn from the interface betwegn 3
and wound around thick glass roq, E‘E?glz‘::'z!;};;ds. using a pair of forceps
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ly used in imitation leathers,
g material, drainage pipes,
. e . " Fri by !C"
electrical pipes, gramophone records € ' | _
2 Nylon is well known as synthetic fiber in carpets, fabr;c;ar;p;i
stockings and other clothings. Because of its a;tns ks
strength, nylon is also used in moulded machine parts suck

Qears and bearings.

. PVC or poly vinyl chloride is wide
floor coverings, corrugated roofin
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ﬂ COSMETICS

Lipsticks in their modern form were introduced after world war |
Lipstick is the cosmetic which is generally formulated to provide bolj';
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
odour of the oll,

Lipstick is mainly composed of a mixture of non-volatile oil (e,
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 impartant characteristic of a lipstick is considered to be s
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-soaked tongue across the lips. Water-soluble dyes
such as green or blue food dyes can be used to provide fipstick
colouration, but they are, usually, first combined with metal oxides such as

aluminum hydroxide [Al (DH}E] 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 o
toe nails to decorate or protect the nail plate.
Nail polish started traditionally in clear red, pink and brown colo!"
Since that time, many new colours and techniques have been develoP®”
resulting in nail polish that is found in an extremely diverse variety °

J
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colours. Beyond solid colours, nail polish has also developed an array of
 giher designs and colours. Such as nail polish stamps, crackled, magnetic,
qall polish strips and stickers. Some nall polishes are used to cause nalil
growth, make nails stronger, prevent nails from breaking, cracking and
Jitting 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

. polymers (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 particles in suspension within the bottle. Ultraviolet stabilizers
[6.g; benzophenone-) resist colour changes when the dry film is exposed
o direct sunlight.

- Nail polish ingredients often include toluene, 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 people. It is a carcinogen. However,
e nail polish industries (makers) are under pressure and are now frying
.. reduce or eliminate toxic ingrﬂdjﬂﬂtﬁ, inﬂlUding phl‘halataﬁ, toluene and
“Maldehyde.

.. Water haged nail polish is based on acrylic polymer emulsion (e.g;
~Tene-acrylate Gﬂpnl?mar} and pigments similar to those used in water
0Ur paints, This is marketed as environmentally conscious products,
"% najl nolish is considered a hazardous waste by some regulatory
s ES. When applied, the solvent (water) does not completely
“porate as in the case of the traditional nail polish; part of water s

80rbed through the fingemnail.

Nail Pojish R
emover
o 4 Rolish is l'ﬂrn:u.lvad with nail polish remover or nall pl:ids vf!'hl'ﬁh nl-:}:tn
“Solvent, but may also include olls, scents and colouring.
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common type of nail polish remover contains acetone ¢, ¢ _ CIL.
powerful and effective but is harsh on skin and nails which can even
them more brittle. Acetone is a volatile organic compound which can als
be used to remove artificial nails, that are usually made of acrylic, ThErz
are many different types of nail polish removers in the market and differant
brands may have different chemical compositions. However, the Principa
ingredients in most of them are acetone, ethyl acetate or butyl acetate and
alcohol. The “non-acetone nail polish remover” usually contains ethyl
acetate which is less aggressive solvent and can therefore, be used fg
remove nail polish from artificial nails. These chemicals used are known 1
dehydrate the skin, cause irritation to eyes and make nails dry and brittle,
They also have a distinct chemical smell and are highly inflammable. To
counter the dehydration and brittleness effects, many removers also
contain conditioning ingredients like castor oil, ethyl palmitate or lanolin,

: With liquid removers, the remover is taken on a cotton ball or tissue and
wiped over the najl to strip away the finger nail polish on it. Depending
upon the type of finger nail polish, the humber of applied coats and the
type of remover, one application may suffice for removal or severd
application may be necessary.

To understand how nail polish remover works. it is necessary to know
that a finger nail polish remover and a finger nail polish both contal
slr_'mlar organic solvents; the nail polish also contains drying agents,
thickeners, hardening agents and colouring agents. The organic solvent I
a nail polish keeps them in a liquid state, while the solvent present "
remover, dissolve the hardened polish and transforms it back into
original liquid form. When the nail polish remover is applied to the M
polish that is to be removed, the solvent molecules of the remo¥®

interrupt, loosen and break the polymer chains of the polish: e

dissolves the hardened polish and 5 : o e e faui
form. It can then be wiped off from t Srns 1t ook Inio e 8t

he nail.

Hair dyes are the dyes, used for hajr colouring. The purpose o th::
practice is to change the hair colour tg g colour regarded 8% mo :
fashmnable_ or ﬂestrable and or to restore the original hair colour after
has been discoloured by hajr dressing processes or sun bleaching:

Make
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Hair dyes, also called hair colouring are commonly classified into four

grﬂUpJS- _
1, Permanent hair dyes.
9 Semi-permanent hair dyes.
3 Demi-permanent hair dyes.

4 Temporary hair dyes.

These are briefly discussed here.

Permanent hair colouring is usually carried out with oxidation dyes.
The ingredients of these products include an nxidizing_ageni (usually
hydrogen peroxide), coupling agents or couples (whr_:.h are meta-
substituted derivatives of aniline} and the primary intermediate (which are
aromatic para-compounds such 1,4-diaminobenzene or 4-aminophenol or
25-diaminotoluene). The process is essentially performed under basic
conditions, for which ammonia is usually used. :

The combination of Hz0, and the primary intermediate causes the
natural hair to be lightened which provides a blank canvas for th!a dye.
Ammonia opens the hair shaft so that the dye can actually bond with the
halrand ammonia speeds up the reaction of the dye .‘.:ﬂti'l the hair. »

The couplers (meta-substituted derivatives of amllpe} are the: ch_cemncaf
“mpounds that define the colour of the hair dye. Various cnmbnnatr?nﬁ c;
E;'"‘EW intermediates and couplers provide different shades of hair

urs,

mporary and are therefore,

T
3 "ese dyes have smaller molecules than té s why these colours can

tg . i ft. That ;

Survy ﬂEI‘liE!IIy penetrate e rtégrsit;?npuns. Semi-permanenthhaw 3};2
Emﬁi" No or very low levels of developers. peoOges am;gﬁzign?:in the
%5, safer for damaged or fragile hair. HOWever ey 2l

) : ients.
I h ingredien
o U pphenyiane il s ?rh{;!i?eées;:nds E4‘:'ur!. its original colour

18 fin do
3 al col h stran , : the whole
Doy o O e e vaaons i shade crces e W10%
%Tf I8 gives a more natural result than th.at

" Semi-permanent colour can lighten the hair.
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_ 3.Demi-permanant hair dyes: | I
These are in fact, permanent hair colours that contain an alkalina

other than ammonia (e.g; ethanolamine, sodium carbonate) am?gent
concentration of HO: in the developer may be lower than used itha
permanent hair colour. Since the alkaline agents employed in thn :
colours are less effective in removing the natural pigment of hajr tf.se
ammonia, these products provide no lightening of hair colour gy o
dyeing. i

As i result, they can not colour hair to a lighter shade than it was before
dyeing and are less damaging to hair then permanent counterpart.

Tampprﬂr}r hair dyes are most oftenly used to colour hairs for special
occasions such as weddings, costume parties ete. They are available in
various fnrms_. such as resins, shampoos, gels, sprays and foams. A
temporary hair colour is typically brighter and more vibrant than sem
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) t '
' : o the nd are
easily removed with a single shampooing. ) Ll

Adhesives cure (harden) by either : : emica
reactions that occur behwee‘?': evaporating a solvent or by ¢
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dnesives are mainly classified into two classes.
4 Non-reactive adhesives.

p.Reactive adhesives.
The basis of classification is their method of adhesion.

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.

There are two types of adhesives that harden by drying;

Which are a mixture of ingredients (typically 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 milky white
. 'sions often based on polyvinyl acetate (PVAc). They are extensively
I “In the wood working and packing industries; also used in fabrics and
"C based components and in the engineered products such as

- ug Peaker cones.

|
Thege : +
adhesiy he lication of light pressure to

i es form a bond by the app
‘*Elh:E lhe adhesive with the adherent. Once the adhesive and the

: as “Van der

Wag 1 7 in close proximity, molecular interactions, such
%8 forgpgn 3 d. contributing significantly to its
Wlimage become involved in the bond, \'s are acrylate based

Strength, Major raw materials for PS

13E‘h‘ﬂ'ﬁn
, h high "shear-resistan e

dre =

Matg -, USed in bonds Wit

3 h"aigﬂs' such as bonzti:gl;nfgarmica to a wooden counter and in fuahvaarg
fac INg outsoles to uppers. Examples of contact adhesives a

= 5
e £E52s
o
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natural rubber and polychloroprene (Neoprene). It must be ll
that contact adhesives must be applied to both surfaces anéeéﬁﬁmha"*ﬂ
Ow

some time to dry before the two surfaces are pushed t
0 0
surfaces are pushed together, the bond forms very quicklfﬂther. Oncg e

These are also known as hot melt adhesives or

thermoplasti
fapplled in molten form (65°C - 180°C range) which sniidﬁy itll-,cs o are
orm strong bonds between a wide range of materials. Hot ol

: adhes;
particularly popular for mE

€ range of common Materia
of applying hot adhesive. The

containing “ethylene vinyl acetate”, are
th se of their ease of use and the wid
glz-g nﬁ: jolrltishhglue-gun is one method
melis the solid adhesive, then all iqui
o ‘ M ows the liquid to pass th
barrel onto the material where it solidifies. Tharrnn;alasﬁc giuem:wg:

have been invented ar A
water based a-:ihlsrsi'.n:-asi“:h und 1940 by “Proctor & Gamble” as a solution

humid climates, causing commonly used in packing at that time failngn

'i':"ﬂ’."_"-j: 2Sives
These adhesiy i ;
They may be: es chemically react with the material, when harder

(i) Multiparts Adhesive
S
(i) One Parts Adhesives
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These adhesives harden via a chemical reaction with an external
energy source such as radiation heat or moisture. Light curing adhesives
ye 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.
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Key Points:

Dye is a substances which adds value to product for their cost
Pesticides are chemical substances used for destroying ingacs and
other organisms harmiul to cultivated 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 reaciion,
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.

l;E:iﬂk is mainly composed of a mixture of non-volatile oil and sold

Nail varnish or nail polishes is a lacquer applied to human finger nails o
toe nalls to decorate or protect the nail plate.

The most common 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:
adhere or bond items together,

Adhesives are of two types non-reactive adhesive and reactve
adhesives,

Nﬂn-rgacﬁva adhesives may be of natural or synthetic origin-
Reactive adhesives chemically react with material, whon harden:

Cosmetic products apply to body, especially the face, 10 improv®
appearance.

Hair dye is usually soluble substance for staining or colouring-
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Exercise |

| o1. Choose the correct one b

() "Mauve” is an example of tye.
a) Acidic b) Baslc
c) Direct d) Azo

() Which is true for DDT? It is

a) Not a pollutant  b) an antiblotic
€) an antiseptic d) a non-degradable pollutant

(1) Which one of following is not petrochemicals?

a) Naphthalene b) Mineral oils -

¢) Wax d) table salt ]
(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 |
(V) Which one of the following is synthetic polymer? |

a) Cellulose b) Protein |

¢) Rubber d) Polythene
vil) Which ane of the following Is condensation polymer?

a) PVC b) Polythene |

¢) Nylon d) None of these . BB |

Qz, Sha
) " questions.
) erentiate between reactive and non-reactive adhesives,

(i How nail-polish remover ramoves the nail-polish?
' YOy temporary hair dyes are removed with single shampooing?
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(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?
(vil) Differentiate between addition and condensation polymers.

a) Petrochemicals b) Synthatic ers
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gaming Outcomes:
Aer carefully studying this unit  students will be able to:
‘Recognize various reactions, oceurring in the aimosphere.

' Recognize that the release CO,, SOy, NO,, VOC are associated
. with the combustion of hydrocarbon fuels.

' Qutline problems associated with release of pollutants, including acid
rain and the formation by free radical reactions of hazardous
.~ Inorganic and organic compounds e.g PAN.

'i.Dchrihe causes and impacts of urban smog.

* BEXplain greenhouse effect and global warming as resulting in climate
Change,

* Explain the build up to and recognize the adverse effects of ozone in
' th&ﬂhnwph ere.

Dgﬁﬂiha the role of CFC's in destroying ozone in the atmosphere.

%%ribe the role of ozone in the stratosphere in reducing the
y of harmful UV radiation reaching the earth.

“ m“&“a alternatives to the use of CFC's.

v 3Nize and describe altematives o the use CFC'C.

' 9Nize ang describe various water poliutants.
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Sliniroduction;

In this chapter, we will turn our attention to environmental issyss |

associated with earth’s atmosphere. Air and water pollutions are the majy
problems in most of the world's cities and they often take on regiona
dimensions. The atmosphere, a part of the environment, acts as repository
for emissions from combustion and from many other human activities. The
air can be cleansed by natural mechanisms but these can be

overwhelmed by the amount of pollutants being produced. Human |

activities are increasing 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 emjssion
of ozone destroying chemicals.

Likewise, water guality is as important issue as water quantity- Althoud? |

most of the water supply is returned to the stream flow after use, its qualy
is inevitably degraded. The quality of surface and ground water s o
concern due to two distinct points of view that is human health and WE“E“E
and the health of aquatic ecosystems. Both aspects of water qUﬁ!’“"a
enhanced by minimizing the impacts of human activities, but the spee
issues and control measures are different.

Atmosphere is one of the four spheres of our environment: 1"
three being lithosphere, hydrosphere and biosphere. Atmospher®
envelop of gases, surrounding the earths surface. It plays & K&/
sustain life on earth and save it from the hazardous enﬂrﬂnmﬂf"‘

ofhef
is thé

03l

outer space and harmful radiation such as U.V through _ﬁnji/

of P
"

outer space. The atmosphere absorbs most of the cosmic rays 1° Iﬂﬂ"
/

_
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4dition, the atmosphere maintains the heat balance of the earth
In 8 |

prough absorption of energy from the sun and re-emitted.
Tre atmosphere can be divided into:
| Troposphere  ii. Stratosphere

ii. Mesosphere iv. Thermosphere and

v, Exosphere

1. | Troposphere 0-11 1510-56 | N»,Qz, CO2,H20, Ar
2. | Stratosphere 1150 | -561t0-2 (o} qumlai. !?_2- O
3. | Mesosphere 50-85 -2 10-92 NO™, Oz

4. [ Thermosphere | 85-500 | -92t0 2 ,NO", O,

Fig: 23.1 The atmospheric division

m CHEMISTRY OF THE TROPOSPHERE:

Troposphere extends from the surface of the earth upto 11 kilometers.
h “nstitutes about 10% of the atmosphere’s height but contains 80% of
%s Mass. The temperature in this sphere ranges from 15°C to -56°C.
Tabe, 23.1). The important chemicals that exist in this sphere are Nz,

*0z and Ho0. It is also a region of much turbulence, due to the global
s of heating and cooling rates

troposphere falls
air it contains is

Bg

"W flow that results from the imbalance
B8N the equator and the poles. The temperature in
un ot ;

o ormly with increase in altitude. That Is why the

iy
‘Dmi:‘" by convection.
1. Chemical Reactions in The Atmosphere:

ided into four

: mentiuna d. earlior atmosphere can be divide ;

'%’ﬁwznn% (Tabl 21'?' 1). The main chemical species in the
e ).
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atmosphere are Nz, Oz, H:Oy;, Os, NO™ and Ox+ etc. In some arleas
(particularly the industries zones), the atmosphere (troposphere) may als

contain SO, and NO, gases which are the gases responsible for the agig
rain.

4NO, +2H.,0+0, —»4HNO,

S0,+H.,0 +% 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+CO, —H,CO,
Carbonic acid

The lightening in air and also in combustion engine of motor vehices

may also ignite reaction between stable molecules of Nz and Oz
producing NO.

[ N, +0,-2NO J

Incomplete  combustion of the carbonaceous . compound®

(hydrocarbons, coal etc) result in the formation of carbon monoxide. €9
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i
Hydrocarbon +0, - CO+H, 0+ Energy
! (limited)

00, like other pollutants such as SO, NO,, etc pollute the fresh air. At
ncentration higher than 750 ppm (0.1% of the air), CO may cause loss
if consciousness and death occurs quickly.

Many more chemical reactions, occurring in the atmosphere, are
iwolved in the formation of industrial and photochemical smog
kr_rnmc 2324 and 23.2.5) similarly the main reaction occurring in the
Prelosphere (11-50 km) are due to the production and destruction of

The term air pollution generally refers to substances that on local
N+ * rE ) 1
_amgrﬂnal scales directly harm animals, plants and people and their
acls 1
“lean and dry air contains 78.09% nitrogen, 20.94% oxygen by

:ll mal o

" i KT“B fémaining 0.97% is comprised of gaseous mixture of CO,,
O Kr i

Mg » Xe and nitrous oxide {N2O). A wide range of chemicals can
[ E ] 3 X

k. alr. They include carbon monoxide, sulphure dioxide, toxic

» Nitr
' Ca 9en oxides and volatile organic compound (VOC's).
"N Monoxide
L. “atho ;
o, ! Monoxide mainly results from the incomplete combustion of

& ":.‘
o

3 uhmaca Ompounds, It is termed as asphyxiating pollution because
(9:) bound to hemoglobin (Hb).

- A o R o7 S ()
0

mﬂmﬂmabm
“Omplex

Carboxyhaemoglobin
complex
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The Fe binding sites in hemoglobin bind CO 320 times more tighﬂ‘f
than O,. The main source of CO to the environment are the Vehicleg
which emit the exhaust gases containing CO. When the concentratign

of
the CO inhaled, reaches 100 ppm particularly in the closed spaces i,

of

tunnels, parking garages etc. It may result in headaches and shortness
breath. The severity of the effects depends on the duration 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.

o Sulphur Dioxide (SO,):

| The main sources of sulphur dioxide (SO2) emission to contaminate
air, ‘are combustion of coal and the smelting of metals (metallurgy)
particularly copper. The sulphur content of the refined petroleum is
gelnirallyza quite low but the sulphur content of coal is quite high. The
:;:: ;;;'; ‘3:31 IS CU"V‘E".tEd to SO; at high temperatures of combustion.
| ‘ a lung irritant and jg harmful to People suffering from
z:z;a;:;:meases. However, the most damaging health effects in urban
W uxiuatmfgr:-. bl': SDE‘bUt by the sulphuric acid aerosol formed from
PAUMC acid not only jrritates the fine vessels of the
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which is a brown blanket, covering many cities world wide.

73.2.5)
Ahough most damage from smog results from the action of ozone (Os)

and other oxidants, these oxidants can not build up without the combined
action of NOy and VOC's. Controlling smog formation requires reducing
smission of NO, and VOC's. Almost all NOx emissions are due to fossil
el combustion, whereas the major sources of VOC's emissions are the

ndustrial processes, ' solvent utilization and on-road and non-road

vehicles.

+ Ozone (O3) as Pollutant:

While anthropogenic emissions or man made activities are
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.
Prﬂducing cracks in rubber, destroying plants, and causing respiratory
Ustress ang eye irritation in humans. These effects set in at quite low

“ncentrations, around 100 ppb.

The major pollutants, present in the exhaust gases emitted by
aul':'r"‘i"ﬂivihl:aa, are carbon monoxide (CO), nitric oxide (NO) and the
"Wdrﬂﬂarhung (HC's). These gases disturb the stoichiometric ratio of the
an air and thus cause air pollution. When present in sufficient amount,

E .
Y cayge damage to human health and plants life.

0
2 Way of reducing emissions is to remove the pollutants from the

BX
"aug 9ases. |In automobiles, this is accomplished with a threc-way
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catalytic converter, so named because it reduces eMissigng
of

hydrocarbons (HC's), carbon monoxide (CO) and nitric. oxige (Noy, |
Iy

order to deal with both NO and unburned gases, the Converter pa b

chambers in succession (Fig: 23.4).
In the reducing chamber NO is reduced to N2 by hydrogen, Hydrogey i

generated at the surface of a rhodium (Rh) catalyst by the action of wage,
on unbumed fuel molecules.

HC's+H,0—H,+CO
2NO+2H, - N, +2H,0

In the oxidation chamber, air is added and the CO and unbumed
hydrocarbons are oxidized to CO, and H20 at the surface of pt/pd catalyst

ptl pd
2C0+0, = 2002

pi/ pd
HCs+20, — €O, +2H,0

The catalytic converter is quite effective in reducing automobile emissio
of poliutants.
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Fg 23.4: The three-way catalytic remover for HC's, NO and CO, from
EWUDHE exhaust.

gmog, in simple words, is the combination of smoke and fog. Smog
csuses a brownish coloration in the atmosphere, and thus reduces the
visibility in the area. This situation ultimately leads to an increased death
rales, particularly in large cities such as Los Angeles, Tokyo, Chicago,
Lahore, Faisal Abad and Islamabad etc.

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,
oland natural gas. The major products are CO,, H,0 and smoke (carbon)
particies.

The fossil fuel, coal, contributes large amounts of combustion products
0 the atmosphere. Coal is a complex substance made up primarily of
%@rbon containing materials. Its burning produces mostly CO,.

[ C+0, — CO, ]

. ©0z and H,0 in some ways may be considered poliutants. They
u - : :
S8 'elatively little trouble. Other minor combustion products are the

L Maj
am'“r Follutants, For instance, most of the fossil fuels contain small
ml:m'-':;r:ts of sulphur compounds. These, on combustions, form sulphur

€ 80,

( s+0,-5s0, |

ﬂmuu;;'& fremendous quantities of coal that are burned for power
35::210 thn and in the blast furnace for making steel release a sizeable
g ® atmosphere which causes to pollute the clean air. SOz is an
- &'ﬂnhli:t:s- Pollutant primarily because it gradually reacts further to form
"Oxide SOs. Then in the presence of water or water vapours,
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droplets of H.SO, are formed as a result of this reaction.
([ 50,+H,0 > H,S0, )

H:zS0; is corrosive to such diverse materials as building stones and tha
human respiratory tract.

Another coal-burning power station pollutant is soot, (primarily partigles
of carbon) which gives smoke its persistent dark colour. The soot ajsg
plays its role in the industrial smog. Incomplete combustion of the coal ang
natural gas may result in the formation of carbon monoxide gas or soot, CO
is a lethal gas and at a concentration of 750 ppm in. air, it may kil a
person, if inhaled. At a level of above 100 ppm, carbon monoxide causes
nausea, headache and shortness 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 industrial activities are now so great

that they can seriously modify the earths atmosphere, and thus can affect
the earths average temperature and our climates.

Air pollution can be divided into two types. In one type, materials
produced from the combustion of coal, oil and gasoline direclly creaté
trouble. In the other type, sunlight acts on air pollutants to F'“’"""ﬂEi
photochemical smog. Photochemical smog can form wherever larg?
quantities of automobile and industrial exhausts are trapped Y A
inversion layer over a locality that is exposed to sunshine. Photoche™
smog is characterized by an accumulation of brown, ha# >
containing ozone (Og) and other oxidants. Nitrogen oxides (NOx) @
volatile hydrocarbons (HC's), photochemical smog, a condition that &
an increasing number of cities and thair surroundings.

e —— F"H__A
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o dioxide, NOz is the only common atmospheric molecule

Nitroge ‘
atle of absorbing visible light near the ground level. Its spectrum

(Fg: 3.3

) has maximum absorption at about 400 nm, in the biue region. It
s absorption that gives smoggy air its brown tint. The unstable photo

sthi

ited NO; dissociates to NO and O atoms.

|

| 00001 am 0.01 ne 10am 10000m 0Olcm lem  Im  100m |
| 1 1 1

o |

{ 1

Gomma rarys Merays m Infrared Radio woves |

Rodor TV FM AM /

—

Fig. 23.3

<400nm
NO, + hv —» NOg +0

T -
L OXygen atoms (O) react immediately with the surrounding O
I

88 10 produce ozone (Oa).

L 0,+0-0, J

The
g Os can react with NO to regenerate NO2. A photochemical cycle is
L blisheg in these reactions. Hydrucarbnns are also needed for
|

" o,
%ﬁn Mation, They produce carboxy! r_adlcals by the reaction of O3 with |

Abon,
L 0, +NO — NO,+0, J |

Orgar: _
"Banig radical react with O, and produce acylperoxy radical which F

NO; ang produce PAN. |
|
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T e e e

I a _\‘\

| RH‘I'O:;"'_} R."‘C"G
i I M
R-C-0+0;— R-C-00

| i
ka CH;-C- DD'I'NOZ""'—"CHQ,"C - 0O0ONO, |

- PAN ¥ 1

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 (Qs) radical. Some HC's produce few
radicais others many more.

/" ng‘.-—ﬂz

Fig. 23.5 PAN

Several climatic changag are attributed to the large xBI'l'iI'C"'EIm.FE f

aré
pollutants into the atmosphere. Generally, the global climate changes ®
studies from two aspects.

P
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{’Dbﬂ[Wﬂl’ﬂling or the QFEEﬂhDUEE effect.

7

| DESIFUCUUF’I of the ozone lﬂ'}n’Er in the strat-:::usphere. he later will be
i |

discussed at length in “the chemistry of stratosphere” (topic 23.3).

seentists believe that the earth maintains its long-term average
gmperature as a result of a balance between the heat received from the

an and the heat emitted to space by the earth. The sun like & high-
s ultraviolet (U.V) and visible radiation.
(IR) radiation.

. 3

emperature electric light bulb, emit
mits mostly infrared

' \ oxde gas is colourless and, ?il{a

i-"“ Euﬁm 3bsorb visible radiation. i.'}::tnsaquantl:.nr

| 5 .

i ‘“!thl Which is mostly in the visible region

l}h%m €. However, atmosphere richer in CO

! T d by the &2
% the radiation being emitte

2
th's surface:
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the temperature of the atmosphere and of the earth’s surface Woulq
gradually increase. Like the glass, in a green house, CO, letg sunlighy
enter, but prevents the |.R radiation from escaping.

The increase in the temperature of the earth’s surface that is expecgg
to result from an increase in CO; in the atmosphere is said to be a “greay
house effect”. The major gas contributing 50% to green house effect s
CO,. Other gases (CH,;, CFC's, SOy, and NOXx) 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 ultimately
changes our climates. Human health will also be affected due to spread of
infectious diseases, such as yellow fever, dengue and malaria. 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 ™
acid rain is referred to all precipitation (rain, dew and snow) which is mor®
acidic then natural water with pH = 7.0. Rain water is generally, slight”
acidic (pH = 5.6). it is due to the varying amounts of the dissolved c0:

which is a common constituent (0.036%) of the earth's atmosphere:

|

-
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| H,0+C0, - H,CO,

Carbonic acid

Therefore, any precipitation having a pH of less than 5.6, would be
4ssified as acid rain. To the acidifying effect of CO,, must be added the
wntribution other than acidic constituents of the atmosphere, particularly
W0, and HS04. These acids can both be formed naturally,. HNOg
dernves from NO produced in lightening and forest fires, while HxSO4
ierives from volcanoes and from biogenic sulphur compounds. The oxides
tnirogen and sulphur emitted within the atmosphere react with the
misture in the air or rain water to form nitric acid and sulphuric acid.

4NO, +2H ,0+0, — 4HNO,

S0, +1+ig::r+}5nr1 — H.S0,

In poliuted areas, the concentrations of these acids can be much
%H and can reduce the pH of rain water substantially over extended
' Producing what is known as “acid rain”. Acid rain can fall quite far

.th& Sources of pollution, due to long-range atmospheric transport. In

o S
ar, acig rain is a serious problem for areas down-wind of coal-fired
Plants,
Acig

Ira'm, N one hand, is a serious threat to the human life as it
n : :

m 1% the drinking water and on the other hand is a pressing
o for Plants, animals aquatic life and building material. Heavy

Se i :
b%uat gf CU, Hg and Pb are also dissolved by acid rain producing
K gffacy
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Acidic streams and lakes or rivers affects the aquatic life. High acidiy,

may result in kiling of fish, reduces their growth and Causes they
reproductive failure. Hatching of fish eggs is prevented due to change i
pH of water, Moreover, green algae and many forms of beneficial bacteria
which are essential to aquatic life, are also killed as a result of acidity jn
water. Plant growth is seriously inhibited due to acid rain. In addition, the

acid rain also corrodes buildings monuments, statues and metals,

E}aCDE‘E? +H, SD,[M] — CHSD,,WF +CQO, +HEQ

M CHEMISTRY 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 (Os), which acts as a protective shiel

(layer) for the survival of life on the earth from the harmful effects of suns
U.V radiation. The temperature of this sphere
altitude.

The formation of ozone requires both oxygen atoms and oxyge"
molecules. Ozone is formed in the stratosphere when O: molecul®
absorb solar energy (radiation). The U v photons of the sun have enovg’
energy 10 spiit O» molecules into oxygen atoms high in the atmosphere:

increases with increasing

A< 242nm
Dz+hur—52{‘_'l

-
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e sympol "hv" IS used for photon and A<242nmindicates the wave
n

ngth range in which photons can induce the reaction).

he oxygen atoms produced in the reaction, then combine with oxygen

molecules to form ozone.

( 040,50, )

In the atmosphere ozone layer occurs as a band at intermediate
slitudes, between 25 and 30 km. At low altitudes, there are ample oxygen
molecules but few unattached oxygen atoms. At high altitudes free oxygen
aloms are more prevalent but there are few oxygen molecules. Conditions
most suitable for ozone formation are found at intermediate alfitudes,
where both oxygen molecules and free oxygen atoms are present.

Ozone is also destroyed by solar radiation. When Os absorbs a solar U.V
Photons it dissociates into O and O.

{ 0, +hv—0,+0 J

Also when O, encounters a free oxygen atom (O), the two can

“mbine to form two O, molecules.
[ 0,+0—-20, J

The concentration of Os depends on the relative rates of the
Iﬁllrm'aﬁ':'" and destruction reactions.

Ches Certain man-made organic compounds such as mloiszml

S (Freon) and the bromine-containing halons are or many

. CFC’s have been widely used as refrigerants, blowing agents for

foams, propellants for aerosol sprays and solvents for cleansing
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micro electronic components. The halons have used as fire extinguishers

The heavy bromine-containing molecules provide a blanket of the gag that
effectively smothers flames. The CFC's and halons have been enomously
useful in these applications because they are nontoxic and nonflammapjg
Moreover they are not subject to oxidation, either in flame or biochemica)
CFC’s and halons afe, therefore, not destroyed in the troposphere whe
released. They are only destroyed in the stratosphere by the action of v
photens. The result of absorbing U.V photons is to break the weakest bond
in the molecules either C - Cl or C-Br.

[ RX+ hu—=R+X j

Once released, chlorine and bromine destroy ozone via the following reactions.

X+0, = X0 + 0,
,?*:f1'11-|-|:3'—3|.}{+|1'_:'j
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.
Dti’iers have put a great deal of effort to find substitutes for CFC's. The
main strategy has been to explore the suitability of hydro t:hl«:!ﬁﬂ*”'j"':"1
arbons (HCFC's) and hydrofluoric carbons (HFCs). These molecs
ha:r: hydrogen as well as chlorine and fluorine substitutions on the
:Zac{:cr;‘dT::;:;B:iE;* C-H bonds allows the HCFG's and HFC's 1o P8
the same time the C}a 418 and thereby destroyed in the troposphere: :
the desirable pro El'n.:;,:ﬂr F substituent's lend these chemicals Wmaﬂf

: Perlies of CFC's, such as .low reactivity and w

SUPPFESEiDn\‘ gond InEUIHti _
’ ng and Solve L ; Is
suitable for use in refri /ent characteristics and boiling PO
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chiorofluorocarbons (CFCs) are anthropogenic compounds that have
heen released into the atmosphere since the 1930s in various applications
such as in air-conditioning, refrigeration, blowing agents in foams,

insulations and packing materials, propellants in aerosol cans, and as
solvents.

CFCs play a major role in ozone depletion. However, the étmnspheric
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 CO..

Smogis a kind of air pollution. Classic smog results from large amounts of
%al bumning in an area caused by a mixture of smoke and suifur dioxide.
Moder smog does not usually come from coal but from vehicular and
INdustriay emissions that are acted on in the atmosphere by ultraviolet light
rom the sun to form secondary pollutants that also combine with the

Plimary emissions to form photochemical Smog. |
p effect of radiation pollution ¢an include increase risk of dE'u'Elnpl'r!g
P her, Such as lung cancer, skin cancer and thyroid cancer elc and sk{n
bu"ﬂﬁ. Genetic changes mutation, change in ph},rsit}al characteristics In :
nimayg and human.

sand filtration, charcoal

The .
- Mater jg purified naturally by distillations,

I fﬂlr

Hation, reverse osmosis and also by ultraviolet igh®
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M Water. Pollution and\Water:lreatment:

and ground water is of great concem from two

The quality of surface
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 soll
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 to be polluted water which needs treatment
before it is made fit for public use.

Water that we either use or discard generally contains the followind |
categories of undesirable substances (pollutants),

Two sub-categories of the undissolved solid material present I"
water can be recognized. One consists of particles large enough 10 e
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emoved by running the water through a filter paper or any other filtering
gpparalus. The second, consists of particles so small that they can not be
emoved by such treatments. Those in the second category are called
ealioids, which are too small to be seen, even with a microscope. They
can, however, be deilecled, because they give water a turbid or cloudy
appearance. They are most easily detected by passing a beam of light
through the water and observing the scattering of light they produce like a
beam of light passing through smoky or fogqy air.

The dissolved solid material, present in water, may either be
ganic or inorganic. The dissolved organic compounds, acting as
mpurities, enter into water as a result of the growth and the death of

#uatic plants, such as algae. Others are contributed by sewage from
fomestic sewage systems and by industrial wastes. The total amount of
“Mganic Substances can be estimated from the amount of oxygen or any
g er chemical (oxidizing agent) needed to oxidize these substances to
£0, ang H.0. '

The dissolved inorganic materials present in water are mostly salts.
" ON one hand, are essential for human body, but on the other hand,
_ - ““"ﬂﬂntrations are greater than about 500 ppm, they make water
%;idﬂnwng- and such water is considered to be polluted. The most
ang S Salts present in water are carbonates, bicarbonates, sulphates

Phides of calcium and magnesium. Hardness of water depends

¥ 0n the Ca*? ang Mg*? ion contents.
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Source of Water Polluion:

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 petrochemica
industries discharge pollutants 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 pollution. Metals that are released
by various industries to poliute water, mainly include arsenic, mercury,
lead and cadmium.

a) 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.

b) 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, blurring and
even loss of vision and loss of hearing and muscle coordination.

c) Leaded paints, leaded gasoline and lead solder (to seal food and
drinks in cans) are the main sources of lead pollution. Lead poisons

many thousands of people yearly. Once absorbed in the body, lead
enters the blood stream and moves from there to soft tissués
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Higher exposures produce anemia. It also inhibits the enzymes
nvolved in the biosynthesis of haemoglobin.

d) cadmium inputs to soils and ultimately fo 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 levgls}, _
immune system suppression and liver and kidney diseases.

+ Domestic Activities:

Domestic water contains mainly soaps and detergents. Phosphates,
ised in the detergent formulation, affects the water guality. Likewise
e use of synthetic washing powder has a drastic effect on fresh water,

When domestic sewers are discharged into river. In general the domestic
Wlitants, make water turbid, increase the growth of pathogen causing
USeases, impart bad and foul smell to fresh water (eutrophication) and
"8 affect the aquatic life by screening off the sun's light due to the

esence of suspended matter.
" Agricuitural wastes:

AgrE‘EUiturEﬂ areas can have water p!‘ﬂb|El‘ﬂE associated Wi!!’! the | I:

F: ® Spreag application of fertilizers, herbicides and pesticides. Drainage J

; POultry farms creates an extremely high potential for water pollution.
the ground water,

d by farmers 1o
s in the ground
dition of

! .hﬁmicidﬂs and pesticides can accumulate in
b“~‘ﬂa .ﬂna“y t"'"‘f'ifi'?ltEnin-;j farm wells. Fertilizers, US€
o Meir yield, can increase the level of nitrate 10N
"“E h . drome”, a con
® Main nitrate hazard is “blue baby SY" -

&)
%i% * itrate in their diet.
ry mliure in babies haﬂng EIGEEEIVE nitrat
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2313 | Thermal Polluon:

The heavy machinery and power plants get heated when frequemly
and continuously used for making various industrial products. Some pars
of the plants are heated due to friction when they are in contact with each
other while manufacturing the industrial products. For high efficiency ang
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 pollution”.

Thermal pollution has adverse effects on the biota of the receiving
waters. The high-temperature water, when mixed with cold water,
increases the solubility of many pollutants (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 etc:
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 quaity
parameters are used to decide weather of not, the given sample of watef
s fit for drinking. These include the biological oxygen demand (BOD) &
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emical 0xygen demand (COD). In BOD, the amount of dissolved oxygen
¢

ed by adding bacteria to the water while in COD it is done by

" determin
3dding chemical oxidizing agents, to the water.

other parameters, used to check the quality of water, include the
setermination of total organic carbon (TOC), total dissolved solids (TDS),
wtal suspended solids (TSS), pH and alkalinity, colour and odour etc.

Water from a lake or river, that must meet the gualities 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

waler through screens/filters.

El =
The finer, colloidal particles that make water turbid, can not be
rﬁmnmd by simple filtration. So a flocculating agent that is a
mhsta"ﬂﬂ that forms large gelatinous particles, is added. The

L

Scanned with CamSecannar




e —
"

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) gy

- e - I —

common flocculating agent is aluminium sulphate, Al (8Q,),, often
referred to as alum, some lime, Ca(OH), is generally also addeq 4
that precipitate of aluminium hydroxide, Al(OH); which has the
desired gelatinous form, is produced.

il:_."!'ulz (804)a +3Ca(OH); — 2AIOH)3pp + ECaSde

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

chlorine 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,0+Ch — H*+CI +HOCI J

HOCI is weak acid and partially dissociates,

HOCI —» H' + OCF
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 10
improve its odour and taste. A fluoride compound is added in some planis:

to help fight tooth decay. The result of thorough water treatment operation
is water, that is as good as new,

m Green Chemistry:

The concept of green chemistry was coined by Paul Anestas of
America. He enunciated twelve principles of Green chemistry in 1994

=

Scanned with CamSecannar



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

I | .

ds ideal synthetic methods to save natural resources. Green
fowe

chemistry

gnvironmen
e or eliminate the use or generation of hazardous substances.

i the use of chemistry for pollution prevention by

tally conscious design of chemical products and processes

fhat reduc
areen chemistry, also called sustainable chemistry, is a philosophy of

chemical research and engineering that minimizes the use and generation

of hazardous substances.

The goal of “Green Chemistry” perspective include the following:
1. 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.
3. To develop processes that are less prone to obnoxious chemical
releases, fires and explosions.
To  minimize byproducts in chemical transformations through
'edesign of reactions and reaction sequences. In other words, to
achieve better “Atom economy”.

% Atom economy — Formula weight of the product e
4= sum of the formula weights of allthe reac tants

(Goog atom economy means most of the atoms of the reactants

are iﬂcﬂfpurated in the desired prﬂducts and ﬂﬂl}" small amounts of
Uﬂ'wantad by‘pmducts are formed and hence lesser pmbi’ams of

W :
“8te disposal or waste treatment).
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|
. To develop products that are less toxic or which require less toxjo |
raw materials/feed stocks.

. To develop products that degrade more readily in environment than
the current products.

. To reduce the requirements for hazardous or environmentally
persistent solvents and extractants in chemical processes.

. To improve energy efficiency by developing low temperature and
low pressure processes by using new/improved catalysts.

. To develop efficient and reliable methods to monitor processes
(e.g. monitoring reactions and releases) for improved control.

e
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environmental chemistry is the branch of chemistry which deals

with chemnical 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.

v 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.

' Wateris 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

“Plication of chemical product and process to reduce or to

Siminate the use and generation of hazardous substances.

T}fa SMog consisting of high concentration of photochemical

Heants i known as photochemical or oxidizing Smog.

easeq concentration of CO, increase the earth’s temperature,

igl:;;gr%ﬂhmwEB effect. This in turn result in climate changes and
I""*Elfn'ﬁing_

h
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1.Which one of the following is not a secondary poliutant?
a) Ozone b) H:COs
¢) H.S0, d) CO

2.Pallutants have adverse effect over
a) Biosphere b) ecosystem
c) Hydrosphere d) All

3.0zone layer in upper atmosphere is being destroyed by.
a)Chlorofluoro Carbons  b) SO,

c)Smog d) Photochemical Oxidant.

4.Drained sewage has B.O.D.

a)More 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) CO,

6.Result of ozone hole is

a)Acid rain b) Global warming
c)Increased amount of CO, d) Greater exposure of earth 10 u.v

7.Which one of following substances is not present in acid rain?

a)H2S04 b) HNO,
¢)H2S04 d) CHsCOOH
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s Photochemical oxidant PAN is formed by

4The action of oxide of nitrogen on hydrocarbons in presence if
sunfight.

njAction of carbon dioxide on hydrocarbon in presence of sunlight

¢)Action of hydrogen sulphide on hydro carbon in presence of sunlight

djAction of SO, and hydro carbons.

9 Which compound is base for corrosion resistance paints

a)White lead b) Red lead

t)Lead chromate d) All of these

10.The temperature (C°)range of troposphere is

81510 -56 b) 56 to -2
21092 d) -92 to 1200
Short Questions:
lWhy is acid rain considered as a threat to historical monuments?
a'Deﬁnﬂ the following
st Maminants b) Pollutant
I}B";“phicaﬁnn d) Acid rain
it g) Smog
a" =
4 "t 'Mportance of dissolved oxygen in water?

Wh ’
E-Wh: Methods are employed for control of SOz pollution?

6y, '@ applications of Green Chemistry?
Na
four major greenhouse gases.
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7.0ut of CFC's and CO, which one has higher potential to Cause
global warming and why?

8.Why does the rain water nommally have pH of about 5.6? When does
it become acid rain?

Long Questions:

p i i I
Green Chemistry is a new route to the protection of environment.

Comment on it.

2. What is greenhouse effect?

3. What is meant
atmosphere.,

How is it causing global warming?
by atmosphere? Explain the various layers of

Define air pollutant ang discuss jts effect

A) What is role of ozone layer in upper atmosphere?
B) What will happen if ozone is

almosphere? M0 more present in upper
6. ;
What is water Pollution? What are the maj T p
pollution? Main sources of water
?- -

Write note on the following.
a) Acid rain
c) Water treatment
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: r . L Tk e ] L
ynalytical Chemistry: S
¥ F = Tl = d

. #»F Ny Sl

Classical methods of Analysis,
Combustion analysisiand
determination of Moleculariformula:

L

Com m:i '5'.f a substance in the presence of oxygen is called combustion.
.. 18anexothermic process in which heat energy is evolved.
% an ::: _E”ah"sis is carried out for finding the percentage composition
Hemg -sur:: Compounds cantaining C,H ﬂf CH and O. If any nther_
d _ 8s N,S,Cl etc. is present in the compound, combustion
%nm;an Mot be used. In combustion analysis a known weight of an
“D_Ia% "Pound i mixed with CuO and taken in @ platinium boat, which
F k'%win A furnace heated to about 850°C, and a stream of oxygen gas
~ Over the sample.
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| ey

Organic compound on burning produces CO; and HzO vapours which are
swept out of the furnace and traped in a pair of absorbers. The water is
absorbed in a sample of Magnesium perchlorate [Mg(ClOs)2] 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 %0 = 100 — (%C + %H). t
percentage of oxygen comes out to be zero, it means the organic
compound does not contain m_(:,;gen,

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 o
carbon, hydrogen and oxygen is calculated by the following formulae-
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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 n.umber of
moles of each element is multiplied by a suitable small number to get the
Whole number ratio.

rinally the symbol of each element are written and their number of moles
# written as subscripts. This gives the empirical formula of a compound.

-The combustion analysis of 0.003g of Aspirin produced

0,
E::?Sﬂ of CO, and 0.001 2g of Hy0. Calculate the empirical formula of
rin.

Calculate the percentage of elements
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Let us find the number of moles of etament

To vert the raunal number into whole number, each value E
" multiplied by 4.

Thus empirical formula of Aspirin is CsHgOs. Empirical formuld of 2
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 K .
element in molecule of a compound. Molecular formuia is either same
empirical formula or i_rttegral multiple of the empirical formula. e

d

Molecular formula = n x (EmF-“ﬁDﬂanm ula)
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Empirical formula of a compound is CH20. Molecular weight of
#is compound as obtained from other experiments is 180.12 g/mol. Find
e molecular formula of the compound.

-Let find the value of n

m Modern methods ofi/Analysis:

I irl“’fﬂﬂni-.: chemistry, a molecular formula is informative enough to
One substance from another. However, this is not the case in
Ganic. Chemistry, where molecular formula may represent more than one

€.9. C2HgO is a molecular formula, the atom may be arranged

ag;

S g
Moy “Banic chemistry structural formula is often used to represent a
"Gane mga"'“ substance. Previously, the structure of newly discovered
g OMPOUNds was based almost entirely on its molecular formula
“ﬁr.h nm‘f:al reactions. This way of finding the structure of organic
% was time consuming and not always 100% accurate. Now a
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days spectroscopic methods are used for analysis and structure
determinations.

Modem methods of analysis include infrared spectrophotometry,
ultraviolet and visible spectrophotometry, Atomic abosption and emission
spectrophotometry and mass spectrometry. Modern methods of analysis
are superior to classical methods because of the following reasons,

.: (i)  Small amounts of chemical are required.

| (i)  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 molecular 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

| enough information about the structure formulg of the compound. For

example C2HsO is the molecular formula of both ethanol and diethyl ether. |
: Ethanol (CoHs~OH) at room temperature s liquid and its boiling point 1§

341K, while dimethyl ether (CH; — O — CHy) is gas at room temperaturé
having a boiling point of 248K,

e s
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Functional group is defined as “an atom or a group of atoms thatlg'rves
«ain characteristic properties to the compound”, Different compounds -
wing the same molecular formula but different functional groups
stuctural formula) behave differently to the same reactants. For example

ghanol reacts with sodium metal liberating hydrogen, while demethyl -
gher do not react with it.

Modem chemistry laboratories use instruments that help to identify
#mslgroup of atoms in the organic compound to elucidate its structure.
E’:ﬁ:w Is one of these instrumental methods.

i :ﬁ:unds absorb energy on interaction with electromagnetic
- electromagnetic radiation (emr) extend from high-energy
€nergy radio waves, according to the equation

i ays to low-

Thﬂlia
ene
"9y of the e.m r depends on its frequency and wave length.

S of
electrnmagneﬂc spectrum of e.m.r is given in above figure.

L
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During the interaction of organic compounds with e1ectr0magneﬁg
radiations certain wavelengths are absorbed, which excites thg
molecules/atoms to higher energy level, In atoms the transition results dug

o 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.

Spectmphntnmetry 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

Before discussing the different spectrophotometric techniques let
us study the electromagnetic spectrum.

analysis.

The electromagnetic spectrum covers a wide range of wavalangthstlif
different radiations. Electromagnstic radiations are divided into different

regions, each region being defined by the fimits of any of the fouf

parameters, ie. fFEqUEHC?. wavelength, wave number or energy. The

following table shows different spectral regions alongwith their
wavelength, frequencies, wave numbers and their energies
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~ Table 24.1: Gamma Rays and the Electromagnetic Sp
T Wavelength Freguensy
Name of Wave {m = maters) (Hz)
W 10° 10°
v 1 10"
it 10" 10'
10° 10"
2 W e et
Visible Light 107 f0" 11
Untraviotet 10 o 1;
X-Rays 10" L 1u'
Gamma Rays 10" 10" :

In IR spectroscopy organic i
in the range 5000-667cm™ (wave number ),

n of molecules-

: tatio
bonds in its molecules and aiso 0 ied positions with respect to eaoh

Atoms in a molecule do not maintain
Other, the bonds undergo stretching 0% © T o are partioulary
average value of interatomic Gistance: vyt of s low atomic mass:
important with bonds involving H ﬂt"“‘s because
Vbrations may be stretching or bendind- 7
Weduésnmmmgebutmwmwﬂ anti symmetric: Bending
Stretching vibrations may De gistance but
Vbrations do not change the inter

Mﬂmam-mww
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for Ax, system, e.g, the methylene group in a hydrecarbon molecule are
BHown Beiow.

An infrared spectrum, commonly referred to as IR spectrum is usually
expressed in microns (u)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 cm ™' 1
called ﬁnﬂer pﬂnt rawon bemsa the absarpnﬂn in this mﬂ#ﬂl‘l i

......

amerpmna piaaks in mis nag;an Thfs raﬂun is. usad m mﬂ? 2
compound. The region between 1500 — 4000 e’ Is called functiond!
group region. Different functional . groups Ehgw. absorption at dlfm"’“t
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e

equencies. The following table shows the IR absorption frequencies of

=&

gfferent functional groups.

0-H aliphatic and aromatic 3600 - 3000
N-H primary, secondary, tertiary amines 3600 - 3100
C~-H aliphalic 3000 ~ 2850
C-H aromatic 2280 - 2200
C-C arene 1600
- [C-0 1300 - 1000
O0-H free 3670 — 3580
C=C alkynes 2250 - 2070
COOR ester 1750 = 1700
COOH  carboxylic acid 1740 - 1670
g:;wi aldehydes, ketones and esters 1750 — 1680
2 amid
| es 1720 - 1640
R
100 . 2\
G}
mﬂ::lmuc] C =G (1480)
Gl

F-_ 1 |
2500 2000 1800 16001400 1200 1000 800 60N
Wava number (i)

IR spetrum of benzene )
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1. IR spectroscopy is helpful in identification of unknown COmpounds

2. Itis used for detection of impurities. The presence of absormption peak g
positions where the compound does not absorb indicates the presance
of impurities e.g. the presence of cyclohexanone is readily detected in
cyclohexanol by the intense carbonyl band.

3. The progress of most reactions can be followed by examining the infra.
red spectra of aliquots withdrawn from the reaction mixure. For
example, the oxidation of secondary alcohol to ketone is accompanied

by the disappearance of the O-H band near 3600cm™ and the
appearance of C = O band near 1715cm™".

In Uv/vis spectroscopy radiation having wavelength in the range 200-

800nm are used. These are more energetic and therefore, can change e

distribution ?'f’ loosely bonded (n—bond) and non-bonded electrons in
molecules/atoms.

(— — _—— ——— _-"ﬁ
ultra violet
: (near) visible

e |
200nm 400nm

L)
800"
\ : e/
As all matter contains electrons, almost all substances absorb cer”
wavelength in this range.

The absorption is according to Beer-Lambert's law
A = Ecl

PSSR S |
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s the absorbance, ¢ is the concentration of solution in mole per

Jhere A

we and | is the path length of the sample solution in centimetres. E is

walled molar absorptivity or molar extinction coefficient, a constant
saracteristic of the solute at a given wavelength.

Uv-vis spectrophotometry is used both for qualitative and quantitative
analysis. For quantitative analysis we use Beer Lambert law. The

absorption of uv-vis light by a solution kept in a quartz cell of known path

e concentration of solution. Solutions of

length is directly proportional to th
roduced into the uv-vis

dfferent concentration are prepared and are int

spectrophotmeter in order to record their absorbances.

plotting the concentrations 0n
graph is called working curve. During this
A (max) at which maximum absoption
solution of unknown

A graph is constructed by x-asis and

absorbances on:y-axis. This
experiment a selected wavelength
ocours is used throughout the study. When a
®oncentration is placed in the spectroph
displayed on the screen. UV light ranges 162
tom 400-g00mn.

The electronic transition that are asso
‘adiation, are of four types- 1€ ©

N 7w
i scHs—GHa

ciated with the absorption of uv/vis

rL""ﬂ'transitivazun occur in & saturated h

H bond absorbs at about 125nm.

reater energy,
“hich contain only sigma bonds. &=¢
tus ¢ bond absorbs 135nM and G~
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The n—so transition occurs in a saturated molecules containing heterq

atoms, such as oxygen, sulphur, nitregen or halogens. This transition
requires slightly less energy than required for o— ¢ transition,
The A — A* transitions occur in molecule, containing double or triple

bonds or aromatic rings. Ethylene absorbs at 171nm. However, 3
conjugated system of unsaturated bonds absorbs at much longer
wavelength, e.g. butadiene absorbs at 217mn. (CHz = CH — CH = CH,)

The n— A* transitions occur in molecules that contain double or triple

bonds involving hetero atoms e.g. “C=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 (Gﬂmplﬂmantaﬂf
colour). Complementary colour of violet colour is yellow green. The
following table shows relationship between the colour of transition metal
complexes and the waﬁelength of light absorption.

T .
1 el s e e LT

w ed | Wi _

e Yellow green
e : 435 — 480 — Yellow
L Blue green 490 - 500 Red
Green 500 — 560 _Purple
Yellow | 580-595 Blue =
Orange 595 — 650 ___ Greenblue

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
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mnatic diagram of double beam uv-vis spectrophotometer is given

sche
helow.
_— . —— - I — — = — _‘ﬁ
e Referonce
cuvet .
/ 3( Detector Amp Recorder
FaE
Sample
cuvet )

Like electrons atomic nucleus also spin about an axis. Thus the atofric
nuclei behave like tiny magnets, as the spinning charged bod t::
produce magnetic field. The nuclear spin I8 quantlaed._the;'eftu;a,! h
magnetic moment of nucleus is also quantised. In a proton (H) I:s rpof
quantum number is = %. Other nuclel which contain odd m:m}‘a ;
orotons or neutrons or both also have a spin quantum number = 7 6.9.
“CENF P,

ns zero
Nuclei which have even number of protons and neutrons have

f ~h nuclei are
spin and zero magnetic moment e.g. '*Cand 160, Such nucl

invisible in NMR spectrometry.

| , in the absence of
The spin states of a nucleus have equal energies

e spin states aré
applied magnetic field. If 2 magnetic flekd Epp“i?!d;:ta&,p;ns of lower
no longer of equal energy. Thus tWo Tni.ﬂr Y ‘oduced, Proton with
energy (s 1) and other Of G SNETEE FL b ot lower ener
magnetic field aligned A = - '

; d:
that which aligns against the o8
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T -%- (lower nuclear spin state)

i

1
G No field Field applied )

Nuclei with magnetic field aligned with 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 (- ) = Eu ).

In this case energy absorbed belongs to radio frequency region of the
electromagnetic spectrum. The absorption of energy is 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 absorbed.
A schematic diagram of NMR spectrophotometer is shown in the

following figure.
- N\
Radio signal _
Recorder
L e
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437 B

'ﬁ,rﬂﬁ" of signals (chemical shift)

IIJ-'HF' Epectmpnutameter can differentiate between protons of different
qironments. Protons of the same environment are called equivalent
golons (represented by the same letter) while protons of the other
ype are indicate by other letter,

Al the six protons of benzene are equivalent, therefore the NMR

spectrum of benzene shows a single peak,

Enanol has three different types of protons and its spectrum contains
lhree peaks.

H* K
: | St
H—C—C—0—H°
H H

Tfﬂﬂyl chloride has six equivalent protons which give a single peak.
“femaining proton, gives a peak at a different position.

ot
H— C -—G—ﬁ-_—.i.-.r
A

® ar
e ®a Under the peak is directly proportional to the number of
s,
Fmt ; " |
ak
ﬁ%":”'g the NMR spectrum of a substance a little amount of TMS
Sthyl silane"(CHa} ., Si) is added to it. t has been chosen as a |

ah”‘td::,ﬂiwﬁ spectrum is a plot of absorption (y-axis) and chemical
%Eﬁn agm‘ For TMS the value of chemical shift (&) has been
Z8ro arbitrarily. Chemical shifts of other compounds are

o With this reference value. All other compounds have
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chemical shift (8) value higher than zero. TMS has been chosen as g
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 delta (§) or Tau (1) scale. NMR spectrum is
rectangular chart paper with a linear scale of & (delta) usually
arranging from 0 to 12 ppm, the TMS signal is taken as & = 0.

The relationship between & and Tau scale is T = 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 upfield (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 5, the different
protons of & compound can be differentiated from one another.

When a metal is strongly heated, it starts glowing. The light emitted

from the metal when passed through a prison forms a continuous
spectrum (emission spectrum) ranging from okt o red: | |

»
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The EMISSION spactra of atoms in the gas phqse on the other hand, do not
oW 8 continuous spread of wavelength from red to violet, rather the
soms produce bright lines in different parts of the visible spectrum. Such
gecira are called line emission spectra. Each element has a
characteristic line spectrum,

When hydrogen gas is taken in a discharge tube under low pressuire it
amils biue light. The light is emitted by atoms when they go from excited
0 ground state. When this blue light is passed through a prism, four Exright
ines against a dark background are produced. The colours and wave
engths of these are red (656.2nm), blue green (486.1 nm), blue-vinlet
434.0 nm) and violet (410.1 nm). This spectrum is called emission

*pectium of hydrogen. These lines of nydrogen spectrum are collectiviely

®lied Balmer series. In the invisible part of H-spectrum four more series
are et -

8180 obtained; Lyman (uv-region), Paschen (IR-region), Brackett (IR
s :
“90n) and P fund series (IR-region).

r_--—-‘__

~

= F 1 = red line
E & 2 = blue grean
-E-q x 3 = blue violet
£33 4 = violet
- =
=]
2t
$33
m

LR
'

oy val S e b
----- -

(Emission spectrum of hydrogen) o
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Wavelength of the different bright lines of Balmer series can be calculated

1 1 1
I-HH [{2}2 nz}

Ry is called Rydberg constant. Its value is 2.18 x 107" J.
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 2™

e ol T e

by the formula

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 D, (589 nm) and D; (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 fo
identify the elements.

One of the widely used emission spectroscopic technique is flame

photometer. This technique is usually used to find the concentration of Ni,
Na, K etc in, biological samples. An aqueous analyte is introduced into
flame. Water evaporates and solid salt is left behind. The salt breaks into
constituent atoms. The atoms go to vanour 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 thé
spectrophotometer. The intensity of light emited by the atoms is directly
proportional o the concentration of analyte.

Atomic absorption spectrometry is used for the analysis of elements. The
sample solution is evaporated in a flame as in flame emission
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pectmmetry and the sample is converted to atomic vapour. Some of the

stoms in the flame get excited but majority of them are in gruund 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 10 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 lamps are used
which produce light of different wave lengths, Each element shows
absorption of particular wave length.

Beforé introducing the sample of unknown concentration, suluhun 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.

oA N
by mono chromater Detector
o geme fil
r - “
rol L| 1- read oul
cuh“d:rﬂmn o m:|:|in devica
b

Alomic and molecular mass are determined by mass spectrometry.
458 Spectrometer is a very highly sensitive instrumental technique. The
%“'ing figure shows the design of a modern mass spectrometer.

h
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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 aloms or
molecules are knocked out and they become positive ions. Usually
oppositely charged ions are produced. The positive jons 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 defiect in circular path. Lighter ions (iow m/e)
deflect to large extent than heavier ions. Al a time only one kind of ions
strikes the detector. Here elecliic signal g Produced which is later on
amplified by an ampliifier. In recorder the electric current operates a pen
which traces peaks on a chart. The intensity of ihe electric signal 8
directly proportional to the number of ions striking the detector.

If the magnetic field is kept constant while the acceleraling voltage
continuously changed, one kind of ions after other will reach detector and
thus more peaks are produced on the chart,
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\iass spectrum is a chart in which m/e is taken on x-axis and relative

spundance is taken on y-axis. Higher is the peak of a species higher is its

abundance.
vass spectrum helps in finding the number of isotopes of an element and

slso their relative abundances. Following the mass spectrum of Neon.

i N
90.92% h

Abundance
(%)

0.57% 8.82%
1 I

20 21 22 mie—
N~ J

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
4hd Neon -21 is the least abundant isotope as clear from the heights of
eir peaks.
Ma .
3 Spectrum of chiorine (Cl) is shown in the following figure.
—
100+ )
I 75% 35 CI
M e
Ex T
3 a7 Cl
25%
s 33 34 35 36 37 38 mle—
" J

a
(s ! Molecule is introduced into mass spectrometer, the molecular ion
Preduced due to loss of an electron, In addition to the molecular
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ion. more ions are produced due to fragmentation of the molegy

Fragmentation occurs due to 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.
-~ Science, Technology and Soclety

'hné In Analytical Chemistry classical method use separations such o4 |
~ precipitation, extraction and distillation and qualitative analysis by color,
~ odor or melting point. Quantitative analysis is achieved by maaal.uﬂmm
. of weight or volume.

Whereas instrumental method use an apparatus to measure physical
quantities of the analyte such aslight absorption, fluorescence, or |
conductivity. The separation of materials is accomplished Iﬂ'ﬂ‘-
chromatography, electrophoresis or Field Flow Fractionation methods.

Analytical chemistry has applications in furenslms, bnanalws :
clinical analysis, environmental analysis, and materials analysis.

A method frequently used in forensic chemistry is that employing hmm :-
a derivative of phthalic acid, which reacts with metal cations and hence 1o
detect traces of blood. The process involves mixing lurninol with a dilute.

solution of hydrogen peroxide, which is spread carefully n places where Il
is thought that there are remnants of blood,

Thus, the iron-shaped cation found in the heme group of

reacts with luminol observing a blue luminescence of the reaction itseff is
carried out.

In this process, the final product is the 3-aminophthalate anion which iﬁ i
- an excited state. Upon retuming 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 separato™
identification, and quantitation of one or more individual componenis of &
“unknown substance or mixture is the use of a gas chromatograph-m
spectrometer (GC-MS). A GC-MS is actually two instrumens that &€

T .__-'-.fﬁ'—'.’_'si-f?"?@_'

J_-P"“"m— —

ﬁ.';ﬁ:: BBt o NTOEER Bales et SRl
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3. Which one of the following technique is used for determination gf
functional group in a compound?

(@) IR Spectroscopy (b) NMR
(c) UV Spectroscopy (d) Mass spectroscopy
4. Two different compounds will give different absorption peaks in
region of IR ?
(a) 600-1500cm™ (b) 1500-4000cm
(c) 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

6. A mass spectrunm is shown below.
A

(G T T B LD o i
“rl

28 a4

ilustrated? following, gives complete mass spectrum

(a) CO; (b) N.0
(c) CaHa (d)  mixture of CHs and N;
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7 LV ranges from
(a) A00nm-800nm (b) 800-1200 nm
() 1200-1600nm (d) 10-400nm

8. Which one of the following hydrocarbon produces an NMR
spectrum with more than one peak.

(@ Methane (b) Ethane
(c) Butane (d)y Cyclobutane

9. For the compound below, how many single peaks would you
expect in its NMR spectrum?

H H

c—c—c—da

Cl H
(@) 2 (b) 4
) 6 (d) 8
10. How many types of “NMR" protons are there in butanoic acid?
(@ 8 (b) 2
©) 6 (d) 4

Q
"1 Short Questions | P
) Why magnesium perchlorate is used as H.0O absorbe

' mtic
(i) Acetic acid contains only C, H and O.A 5gm sample of a

er and 7.33gm of
acid is completely burnt. It gives 3.00gm of water N slomants

n . ele
CO, i produiced. What is the mass Preceriage e oy i,

: in acetic acid. Also calculate the gmpl s
i soprene is a quuid compound that ggr]i _?; igmn 2o 11.83%
Synthetic rubber. It is composed of 85
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hydrogen. Its molar mass is 68.11g/mole. What are its empirical
and molecular formulae?

(iv) Why modern method of analysis is superior over classical
methods of analysis?

(v) Write down the main functions of IR, UV-visible and NMR
spectroscopy?

(vil) Why it is necéssory to use quartz cuvets in the U.V region, but

Ies? expensive glass or plastic cuvets are acceptable in the visible
region.

Q12 Long Question

(i) Define mass spectroscop

y. Explain the ¢ i
el it Exp onstruction and working of

(i)  Differentiate between Atomic emission and absorption spectra.
(iii)  What is meant by NMR, Explain chemical shift in’d'rﬁerant cases.
(iv)-  Explain in detail spectroscopy. Write down its applications.
(v)  Write notes on the following,

(a) IR spectroscopy

(b) uv visible spectroscopy

Scanned with CamSeannar



Alcohols- Alcohols are organic compounds, in which a hydroxyl group is
attached to alkyl group.

Akanes-- These are salurated hydrocarbons which contain all carbon
carbon single bonds.

Alkyl halide:- The organic compounds in which one or more hydrogens of
an alkane are replaced by halogen atoms.

Alkylation of Ammonia - The reaction in which Hydrogen atoms of NHz
are replaced by alkyl groups.

Amines:- These are organic compounds in which one or more hydrogens
OfNH; molecule have been replaced by alkyl groups.

Beer Lambert’ - berts Law is the linear relationship
s Law: Bear Lam S
het'!"”e"" absorbance and concentration of an absorber of electromagnetic

8. Mathematically A=ECI

o enthalpy: Bond enthalpy is the amount of heat required to break one

Mol of covalent bonds to form individual atoms.

l:“'"t’““'-ﬁlﬁfsn:- The ion in which carbon atom bears positive charge.

of L.ha“l“i" group :- It s chemically an organic functional group composed
| N atom doubly bonded to an oxygen atom.

| _mﬁﬁunz- The ability of an slement to form chains of atoms bonded

Br,

£
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LIS | Glossay |

Chiral Carbon atom:- Such a carbon atom which has fou
attached to it. o b

Coal:- It is an important solid fossil fuel of black or brownish colour
_ normally ocecuring in rock strata in layers called coal beds.

Complex lon: An ion in which a metal ion is surro
; unded by a
negative ions or molecules. y a group of

Contact process: Method of producing sulphuric acid in high concentration |
needed for industrial purposes.

Dextrumtﬂthry isomer:- The isomer which rotates the plane ‘
in clockwise direction (to right). peng R

Diamagnetism: If a substance is slightly repelled by an
_ ) _ external magnetic
field, this property is called diamagnetism. e : &

Diazonium Salt:- Organic compounds of the general formula R-N; X°

are called diazonium salts, where R i =
halide ion. s an alkyl or aryl group and Xis a

Electronic effect:- Effect by which the reactivity at one le i
‘ part of a molecu
affected by electronic attraction or repulsion originating in another par-

Electrophile:- (Electron-Loving) A rea
pair in a reaction. 9 gent which can accept an electron

Elimination reaction:- Those reactions which involve the elimination o

removal of atoms or group of atoms from two in
: adjacent carbon atoms
the substrate molecule to form a multiple bond. JE
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Eectromagnetic spectrum: The range of wave lengths and frequencies
over which electromagnetic radiation extends.

Empirical formula: The formula that gives the simplest whole number ratio
of the atoms of elements present in compound.

Enantiomers:- Such stereoisom

ers which are nonsuperimposable mirror
image of each other,

Entering Group:- . Th

e atom or ion or group which attacks the substrate
molecule and form \

S a new bond with its carbon atom.
Esterification:.- Formation of ester from carboxylic acid and alcohol.

E“"Er:- Ethers are a class of compound in which two alkyl groups or two
™M groups or one alkyl and one aryl group are attached to oxygen atom.

Fatty Aci. It is a carboxylic acid with long aliphatic chain, which is
Salurated or unsaturated.

F I '
"™ group :- The aldehyde functional group is called formyl group
0
I

H

3

u :

hﬂuz:?““'ﬁi‘ The molecules composed entirely of carbon in the form of a

: SPhere, ellipsoid or fube.

Ungy; )

rem%' group: It is specific group of atoms within a molecule that is
®le for characteristic chemical reactions of that molecule.

N:=The conversion of coal into coal gas (Hz,CO,,CO,H,0/y)
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Grignard reagent:- Alkyl Magnesium halides are commonly known ag
Grignard reagent. !

Hemiacetal/Hemiketal :- These are compound derived from aldehyde or

ketone. The Greek word hemi means half These are formed by addit;
an alcohol molecule to carbonyl group. il

Heterolysis:- Here unsymmetrical bond breaking take
_ s place
atom retains both the electrons. . ; e

ions. This gives rise to positive and negative

Homologous series:- Series |

each other only in length Ofthn which two adjacent members differ fram

@ carbon chain by a CH;, group.

Homolysis:- When bon : :
i Sleation eac. d breaks symmetrically such that each atom gets

Inductive Effect- The i
e e hrg 'ype of polarization of a bong induced by an

3 9roup attache
e Eﬁ; ntg_. Second last carbon of the

Iso-alkane:- When CH
continuous chain, the al

Inert pair effect: Py o
: eXistence of
to the group number an a positive oxidatio
of the inert pair effect. ‘|E:I|-|2f 1:::." er state two ynits gﬁ:‘?ﬁ-";‘:ﬁﬁfﬂ"dig
used in bonding in the highe refe . strati

Mng to the valence shell s electrons
r ]
Oxidation state byt not in the Iuwgl r. I
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tsto group - Ketone functional group is called keto group (>C= O)

~#aving group:- The group or species which leaves the substrate or which
s being replaced by the entering group.

LE"GfPtatﬂry Isomer:- which rotates plane polarized light in anticlock wise
direction (to left).

:gas Tgst - This test is used to distinguish between primary, semhdary
o tertiary alcohols in which the alcohol is treated with HCI in the
#5ence of anhydrous ZnCl,.

'f‘;“ﬂ!omtkwe's Rule:- When unsymmetrical (or polar) reagent is added
thiE:‘;::E'T’r'ln"rrart!"il':al alkene, the positive part of the reagent attaches itself to

iy bon atom involved in the double bond, holding greater number of
99en atoms,

Mmﬁgaipe Clrometry: An analytical technique that produces spectra of the
ot the atoms or molecules comprising a sample of mem@.
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Meta directing group:- The substituents whi '
: _ : : ch direct the
incoming substituent to meta position. ' LS o

Metamerism:- This i . e,
distribuion of camnntg:m:fuflsumansm Is exhibited due to unequal

ofouD, alkyl groups on either side of a functional

Monochromatic light:-Light consisting of single wavelength

Molecular formula: It
; i shows a
elements Inamnlecuiaﬂfacumfztgi y moer of atome of each kind of

L1

Neo-alkane:- ~ Thos

e: I & - &
second last carbon ¢ los Whl*-p

a ' .
f continous chaip, Ve tWo methyl groups attached to

Nuclephilic Substitution:- |

: 2
molecule is replaced branuclangi%; of reaction in which  part of @
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Nucleophile:- (Nucleus-Loving) A reagent which can donate electron pair
in a reaction.

Orho-para directing groups:- Substituents which direct the second
substituent to the ortho or para position simultaneously,

Paramagnetism: Paramagnetism is caused by the presence of unpaired

glectrons in the substance. Paramagnetic substances and attracted by an
external magnetic field.

Petioleum:- 1t means “rock oif" present in underground porous rocks.

t1:i'ihl.=1nru| - The organic compounds is which —OH group is attached
"ectly o the aromatic ring.

| aﬂm@i' Optical activity of a compound is measured by an
ment called polarimeter.

L Polymertyas .
mﬂgmﬂﬁzﬁhnnﬂhe process by which small molecules chemically join
#rto form large molecule with high molecular weight.
| Eﬁﬂ“ﬂﬂﬁnemy:- The resonance energy of a molecule is the
| ot €€ between the energy of the most stable canonical form and that
® 8Ctua| molecule.
m?anca;.mg representation of a real structure as weighted average of
0re contributing structures is called resonance.
Safy, :

“%;?:Ed H"fdfﬁl:arbun:- It contains single covalent bonds between
8,
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Saytzeff Rule:- This rule states that the alkene formed preferentially is the
ane containing greater number of alkyl groups attached to doubly bondeg
carbons. _

Spectroscopy Infra Red: It is the characterization tool used to determine
the molecular structyre.

8N', Mechanism:- The nucleophilic substitution reaction in which only one
molecule is involved in the rate determing slow step.

Stearic Hindrance:- Stearic

effect arises from the fact that each atom :
within molecule OCCcupi

S certain amount of Space.

Steraeisnmerism:‘ The stereocisomeris

that have same connectivity but dj

M is exhibited by the compounds
space.

erent arrangement of the atoms in

Substrate : The molecule which Is attack iy ical
reaction. : ed by a reagent in a chem

Sulphydryl or Marcapto :- The function group of thio| (-SH).

' : '|'-l"ctinnal. ,in which
ynamic equilibrium with each m%mm,'_'lp Meﬂsm
Ultra violet Spectrosco

, PY: An inst :
the absorption of ight within Spectrn ™l Seanning method that analys?

multiple (double or trip Hb‘ﬁrﬂcarhuns

le) covalent oM, Containing ona <ok

h
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vitalism @ The belief that organic compounds can only be optained from
jving organism as they possess a super natural force called vital force.

Wiliamson synthesis :- In this method sodium alkoxide is treated with an
alkyl halide, to form an ether.

Variable oxidation state: The property of an element to show two or more
oxidation states in its compounds.
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