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solutions. .
Sol. (¢) Pitting Corrosion : Pitting corrosion is a IocaI}'zed
accelerated attack at some place on the metal surface, pitting
corrosion thus results in the formation of pinholes, pits as
well as cavities in the metal, and these irregularities may
penetrate deep into the metal causing destruction of pipes

and tubes.
Pitting corrosion may be due to the following importan;

reasons—
(a) External environment is not homogeneous.
(b) Metal surfaces are not homogeneous.
(c) Films are not perfectly uniform.
(d) Environment is not uniform with respect tc
concentration. :
(e) Crystallography directions are not equal in th
- reactivity. -
(f) Scratches or cut edges sliding under load.

Corrosion
product
~

-
/” - -~

More oxygenated cathode
H,0+1/20,+2¢" —> 20H" 2y, R

i, [T

LY

Fig. : Pitting Corrosion at the Surface of Iron

Pitting is generally caused as a result of breakdown «
cracking of the protective film on a metal at specific poin
and pitting is neither uniform nor has a constant rate. As
result of pitting, small anodic and large cathodic areas &
developed and once a pit is formed, the rate of corrosion w:
be increased. Pitting occurs mostly in chloride solution
containing a depolarizer (oxygen or oxidizing salt).
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Sol.(b) Corrosion Control (Protection against
Corrosion) :
1. Using Pure Metal
The corrosion-resistance of a given metal may be
improved by increasing its purity. Purification of metals l?ke
Al, Mg. etc., provides a coherent and impervious protective
oxide film on their surfaces, when exposed to environment.
However, corrosion-resistance of a purified metal depends
on the nature of corrosive environment. For example, the
corrosion resistance of Al depends on its oxide film formation,
which is highly protective only on the high purity metal. So,
impurities in a metal cause heterogeneity, which decreases
corrosion resistance of the metal.

2. Proper Designing

The design of the material should be such that “corrosion
even if it occurs is uniform and does not result in intense and
localized corrosion”. Some important design principles are :

(i) Iftwodissimilar metals in contact have to be used,
they shauld be as close as possible to each other in the
electrochemical series.

(i) The anodic metal should not be painted or coated,
when in contact with a dissimilar cathodic metal, because
any break in coating would lead to rapid localized corrosion.

(iii) When two dissimilar metals are to be in contact, the
anodic material should have as large area as possible;
whereas the cathodic metal should have as much smaller
area as possible. :

Crevices

B0
e

]

V77777 7
V772222227727

(Good design) By

Bolt joint
. (Poor design) e ’
) / Weld joint ‘/ Weld joint
(Best design) (Best design)

_ Fig.1 : Different types of joints

(iv) Prevent the occurrence of hetrogeneties, both in
the metal and in the corrosive environment. Thus, a proper
design should avoid the presence of crevices between
adjacent parts of the structure, even in the case of the same
metal, since crevices permit concentration differences. Bolts
and rivets are, therefore undesirable for this reason and these
should preferably be replaced by a butt-weld.

(v) Avoid the contact of dissimilar metals in the presence
of a corroding solution. |

Ifthis principle is not followed, then corrosion is localized
on the more active metal (in the immediate vicinity of contact).
While the less active metal remains protected.

(vi) Whenever the direct joining of dissimilar metals, is
unavoidable, an insulting fitting may. be applied in-between
them to avoid direct metal-metal electrical contact.

(vii) Whenever possible, the equipmept should be
supported on legs to allow free circulation of air and prevent

i reas.
the formation of stagnant pools or dfimp a
(viii) It is desirable that the design allows for adequate

cleaning and flushing of the critical parts (i.e., susceptible to
dirt, deposition etc.) of the equipment. :

Poor design because it Best design because it allows

free circulation ofairand ..
prevents free Ation
circulation of air proper drainage and easy
F . washing E

Fig. 2 : Prevention of corrosion by design
Sharp corners and recesses should be avoided becat_Jsc
they favour the formation of stagnant areas and accumulation
of solids, etc.

— Protected object

(Poor design) (Poor design) (Best design)

Fig. 3 : Prevention of corrosion by design

3. Cathodic Protection : The principle involved in
this method is to force the metal to be protected to behave
like a cathode, thereby corrosion does not occur. There are
two types of cathodic protections

(i) Impressed Current Cathodic Protection : In this
method, an impressed current is applied in opposite direction
to nullify the corrosion current anq concert the corroding metal
from anode to cathode.

' S .



(EC.62)

The object to be protected is made cathode
it to negative terminal of DC source. Thj
. ' S i
protection has been applied to open water- o el

box cooler
; . \ ) S, water-
tanks, buneFi oil or water pipes, condensers, transmissaon lir:e
towers, marine pipes, laid-up ships, etc. This kind of protection

technique is, particularly, u
term o?)eratiozs. % useful for large structures fo long-
(ii) Sacrificial Anodic Protection Method: In thi
protection method, the metallic structure (to be prot'ected i
connegted_ by a wire to a more anodic metal, so that all 3&:
corrosion is concentrated at this more active metal. The more
active metal itself gets corroded slowly, while the parent
structure (cathodic) is protected. The more active metal so
employed is called sacrificial anode. The corroded sacrificial
anode block is replaced by a fresh one, when consumed
completely. Metals commonly employed as sacrificial anodes -
are Mg, Zn, Al and their alloys. Important applications of
sacrificial anodic method include protection of buried pipelines,
underground cables, marine structures, water-tanks, etc.

by connecting

0,(g) + 4H® + 48" — 21,0

Mg (Cathodic reaction)

Mgls) — Mg + 20
(Anodid reaction) M." 1 Phsaaas

< UN

Mg

Protected object
3

Fig. 2 : An anode of a more strongly reducing metal is
sacrificed to maintain the integrity of the protected object
4. Application of Metallic Coatings

The coating of one metal over the other is the most
important method of protection from corrosion.’ Such
protective layers may be produced on the surface by more
corrosion resistant metal (such as Ni, Cr, Zn ‘a|_1d Sn) by the

process of electroplating, hot dipping, vapourising etc.
(i)Metals such as Au, Ag, W, Pt etc. (noble metals) are
used for electroplating on the desired metal. When a noble
metal is electroplated, it projects the base metal by virtue of
its noble character. Tin plating and nickel plating are the most
common examples. The electroplating of zinc is known as
cold galvanizing. In electroplating, the object to be plated is
made the cathode. The electrolyte is a salt of the metal to be
deposited. The anode may be of the metal to _be deposited or
it may be an inert electrode (such as graphite). The anode
(that of the metal to be deposited) dissolves to coat the metal
in the solution. Au, Ag, Cr, Ni, Cu; Zn, Sn etc. can be
electroplated.
(ii) Vapourising: Some metals can also be used.as
surface layers (deposition) by allowing their vapours to strike
metallic surfaces with which they undergo alloying. Zn and
Al are examples of this category. The deposition of Zn by
this process is known as dry galvanizing and deposition of
aluminium is called calourising.

(iiii) Hot Dipping: It invol —(E"{'i"““'"g C"f"‘"@
of ietals having v o - volves coating metals with films
FHRGERE Ry g lov melting points like Zn, Sn, Pb etc. This
el V?rshdl:?plt)g the cleaned metal in the both of
mEta) figd e s. The liquid m.etal.fo:ms an alloy with the sol!d
plated iron anz:il;il;l:;l:t:?ung(ls Iﬁ)m?efi e ;urface. 'l;m

iron (galva

of ‘Hot dipping prosess’ galvanizing) are the examples
r T!ie tin coating of iron does not allow iron to have a

irect interaction with moisture and air and hence no rusting
take§ Pl?.c'e. In Zn coating of iron, even when the protective
coating is brgken, iron is still resistant to corrosion (or rusting)
because Zn is above iron in electrochemical series (so, Zn is
more reactive than Fe). :
A gheaper coating called ‘terneplate’ is produced by
dipping iron in a molten alloy containing 20% Sn (tin) and
80% Pb (lead).
. (iv) Metal Spraying: It is only used when hot dipping
is not possible. This method is also utilized for huge structures
such as bridges or industrial plants etc.

In scoop process, molten metal (Zn, Al, Cu etc.) are
sprayed on the cold surface to be coated from spraying pistol
and this adheres strongly but does not actually penetrate.

(v) Cementation : In this method, the metal to be
deposited forms an alloy with the surface of the metal on
which deposition occurs. The articles to be coated are packed
in powdered coating metal in a drum which can be rotated
and heated at a temperature slightly below the melting point
of the more fusible metal.

w'_—_—‘—'__
Prob.4 What is corrosion? Discuss the mechanism of
electrochemical corrosion. . [R.T.U. 2016,

w
Sol. Corrosion is the disintegration of an engineered materia)
into its constituent atoms due to chemical reactions with its
surroundings. One of the most widely accepted definition i
that “Corrosion is the slow but spontaneou:
deterioration of metals (except gold and platinum) by
chemical or “electrochemical reaction with it
environment”.
Examples
(1) Formation of a layer of reddish brown scale o
Fe203.21-120 on the surface of iron, also known a:
“yusting of iron”.
Fe + 2H,0 — Fe(OH), + H,

2Fe(OH), %oz —>Fe,0;.2H,0

(2) Formation of green layer of basic carbonate, CuCO
+ Cu (OH), on the surface of copper when expose:
to moist air containing CO,.
(3) Reaction of Cl, gas with Mg or Sn.
Wet or Electrochemical Theory : Refer to Long Answe
Prob.3(a). :
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and operate at sub-zero

Prob.19 Write short notes on Neutralization Number.
JR.T.L. Jan. 2016, 2011}

Sol. Nevtralization Number : The nentralizarion number
of an oil 1s described as the number of mi igrams of KOH
required o preduce a pink colourin | g ofoil during titration
using phenoiphthalein as an indicator. The neutralization
number indicates all the acidic constituents present in the oil.
A rise of neutralization number does not always indicate that
the lubricating oil should be changed. The more important
consideration 15 that how much time it takes to reach the
neutralization number to that level. In general, rise in
neutralization number with increase in viscosity of the oil
suggests that a series condition has been reached and the
lubricating oil needs 10 be examined.

Prob.20Discuss the significance af viscosity in
lubricating ails. How is viscosity of lubricating oil
determined using redwood viscometer? [R.T.U. Jan. 2016}
OR
Explain Viscosity and its measurement.

[R.T.U. 2014/
OR
Write notes on the following:
(i) Viscosity and Viscosity index
(ii) Redwood viscometer
[R.TU. 2015]
OR
Write short note on *Viscosity and Viscosity Index’.
OR IR.T.U. 2013, 12/

Discuss the significance of viscosity in lubricating
oil. How the viscority is derermined by Redwood
viscomerer? [R.T.U. 2011, 2007, Raj. Univ. 2008, 2006/

Sol.(i) Viscosity : Viscosily is most important and
representaiive property of lubricants. Viscosity is the property
of lubrizant or fluid by vinue of which it offers resistance to
its own flow 11 1s mamly due 1o forces of cohesion between the
fund molecule

Swgmificance : Refer 1o Short Answer Prob.2.

{Engineering Chemistry
Determination of Viscosity Index
T'he Viscosiry index represent the average decrease in
viscosity of an o1l per degree rise in temperature between
100° F (38°C)and 210°F (99°C) .
ties of the lubricating oil (under test) are
first determined at 100° F (38°C) and 210° (99°C).
(2) This difTerence is compared with two stundard oils one
paraffinic base Pennsylvania oils with Viscosity Index
(V.1.) of 100 and another naphthalenic base Gulf oils
with Viscosity Index (V.I.) zero (0).
(3) Viscosities of standard oils at 100° F (38°C)and 210¢
F (99° C) (fig.) are marked.
The Viscosity Index (V.1.) of oil under test is given by
formula;

E L-U
- — 0 .
V.= [—g*10

where, U= Viscosity at 100° F (38° C)ofan oil whose V.|

is 1o be determined.

L =Viscosity at 100° F (38° C) of an oil of zero V.I
having the same viscosity at 210° F. (99° C) as the
oil whose V.. is to be determined.

H = Viscosity at 100° F (38° C) of an oil of 100 V.
having the same viscosity at 210 ° F as the oil
whose V.I. is to be determined.

The standard oils having V.I. = 100 are known as H oil:
(High Viscosity Index Standard) and those having V.I. = (
are called as L oils (Low Viscosity Index Standards).

In case of a good lubricating oil under test, the differenc:
between the two values of viscosity should be minimum. 1
the difference will be large, the oil is of poor quality.

<Gn3_a Index =0

Viscasity ———»

Viscosity Index = 100

100°F

2107
(38C) (99C)
Fiy. : Viscosity Temperature Curve for the Standards (L & ) and the
Ol under Test (U).

An oil whose viscosity changes rapidly with change i
temperature has a low VLI (the slope of V.L curve is high
while the one whose viscosity changes only slightly has .
high V.I. (the V.1. curve is flatter).

Viscosity Index of lubricating oils can be increased b:
adding certain polymers, which are only parti lly soluble it
the oil.

(i) Measuremnt by Redwood Viscometer : It consist
of the following parts:

(a) Oil Cup : It is silver plated brass cup, which i

== st bha dmcne mnd Tha kattnm AF the calinda

Temprawre —»

Engincering n:q.:_.m:.—;

s fitted with an agate jet that can be kept closed or
open by a valve rod litted with a ball made of brass.
The lid of the cup s fitted with a thermometer, which
indicates the oil temperature

(b) Heating bath : Oy cup is surrounded by a

cylindrical copper bath conaining copper with
contatung water having an outlet for taking out
water, asurrer with four blades and a thermometer

(¢) Kohlrausch flask : It is a special type of receiver

for receiving the oil. Its capacity is 50 ml 1o the
mark in its neck.

Working : Water is filled in the bath and the brass ball
is keptin position to seal the orifice. Test oil is f; led in the oil
cup upto the tip of the indicator. An empty Kohlrausch flask
is kept just below the jet. The desired temperature at which
the viscosity is to be measured, maintained by stirring the
water and oil in the heating bath and the oil cup respectively.
The ball value is lifted and the time is noted for SO ml of the oil
to collect in the flask and the value is immediately closed to

stop the overflow of the oil.

> Tharmumeiery

\)\4!::. blage

Polarcr

UI&..::E.:

Vaive rod

o Agatcjaof 152 mm diaxeier
2 *04 10 mm Lengih

- ——> Kohirausch Nask
Wm

Mewabhe beatinz|
palh £

Water bath

5> Leveling screw
Flg. : Redwood Viscometer No. I (Uni versal)

Prob.21 Write short note on Silica Refractories.

~

IR.T.U. Jan. 2016]
OR

Explain Silica Refractory. (RT.U.2014, 12,11}

Sol. Silica Refractories : It contains 90 to 95% silica and
about 2% lime is added during grinding to furnish the bond
preparation. The raw material used for the manufacturing
ofsilica bricks are quartz, quartzite, ganister, sand, sandstone
etc. The silicious rock is first crushed and grounded with 2%
lime and water and results the thick paste.

Itis converted into bricks either by hand moulding or
by machine pressing. The bricks are dricd in air and heated.
After drying, bricks are burnt in kilns. In about 24 hours, the
temperature is slowly raised to about 1500°C. This high
temperature is maintained for about 12 hours, This step is

very important. Since it allows quarn szt

and crystobahte 1s present

D5%% pure s

@ Crustung cond Grindmg v mull

_ Posder ravw muterial _

& tharer celilced

]

.—‘ Mondding

_r Wet refractory bricks _

.F Fried wm tunnetoven for 3 weeks

r Plastic mass of s

Quanz panticles are bonded m high
temperature by lime and imipuriues

!

Silica is transformed to cr siobalite mnl_

.F Slow cavhing. abowt 14 davs

Refractory silica bricks
(Crystobalite is slowly changed into tridyinite)

Fig. : Flow chart of manufaciuring of Silica Bricks

Propcrties

1.  Silica Bricks are yellowish in colour with brown
specks (buff coloured). It depends upon the raw
materials used for making them.

2. Composition : Si0, = 95%, A0y = 0.75%, Fe.O,
= 0.5% Ca0 = 2%, and MgO = 0.05° .

3. Hardness: Silica bricks
resistant.

4. Texture : Silica bricks have homogenous texture
free from air-voids and other moulding defects

5. Thermal Conductivity : [y is greater than that of

fire clay bricks and is 00013 gm cal. per second as

are quite hard and abrasion

200°C.
6. Porosity : 20-30% porosity which impans o
spa and good the

atacletisies (o

51

bricks.
7. Refractoriness : The fusion temperature of s
qc_,B...SJ 1s about | 700° | thus, the refractorin
15 high, therefore, it cap
lemperature of |690°C

TS

1\ be used at an operatin

ing
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Prob.33 Wiar is Refractory? Describe properties of
refractories, [R.T.U. 2014]
OR
What are Refractories? Give essential requirements of
a good refractory muaterial.
[R.T.U. 2013, 12, 2011, (I Sem.) 2009, Raj, Univ. 2005/
OR
What are refractories? Discuss essential properties
of good refractory material.
%
Sol. Refractories : Refer 10 Long Answer Prob.6(a).
Properties of Good Refractory Material : Refer 1o
Prob.6(a).
_——____—'_'_—-__.—_____—_—__*
Prob.34 Explain Requisites of good refractory.[R.T.U. 2014/
OR

What are refractories? How are they classified? Give

the essential requirements of good refractories,
[R.T.U. 2012, 2010, Raj. Univ. 2003/

OR
Discuss classes of refractorigs. IR.T.U. (I Sem.) 2008]
OR

Classify the refractories with suitable example.
Explain in detail silica refractories. [R.T.U. (I Sem.) 2009/
====ﬁ==============================;============================
Sol. Refractory : Refer 1o Long Answer Prob.6(a).

Requisites of Refractory Material or Essential
Requirement of Good Refractory : Refer to Long Answer
Prob.25.

Classification : Refractories are of 3 types :

(A) Acid refractories

(B) Basic refractories

(C) Neautral refractories

(A) Acid Refractories : These are acidic in nature,
thus they are resistant to acidic materials but are attacked by
basic materials. They include :

(1) Silica refractories,

(2) Siliceous cr Semi-silica refractories,

(3) Fireclay refractories.

(1) Silica Refractories : Silica (Quartz or ganister) is
mainly used for making refractories. The content of basic
oxides should be minimum as they decrease the m.p. of silica.
Silica bricks tend to undergo slight permanent expansion upon

prolonged exposure to high temperature. Tendency of silic:
bricks to expand is useful in producing a good furnace arched
Silica refractories are used as the lining material for acid opei
hearth and acid bessemer convertors and for roofs of furnaces

(2) Siliceous or Semi-silica Refractories : These an
clay bonded silica bricks. They may be made from naturall:
occurring sand clay mixtures or from batches prepared fron
ground ganister bonded with a refractory clay. These are use

- for constructing steel furnace plants.

(3) Fire Clay Refractories : Main ingredient in Kaolinit
i.e., hydrated aluminium silicate (Al,0,.25i0,.2H,0
containing 18 — 45% Al,O;. During firing, the product shrink
due to expulsion of water and fluxing effect of impuritie:
They are used as casting pit refractories and high for th
bricks used for blast furnace hearths and the roofs of ope
hearth checkers.

(B) Basic Refractories : They are composed of basi
materials such as magnesia (MgO), dolomite etc. Example
of such refractories are magnesite, dolomite and chrome
magnesite. These are attacked by acidic slags but are resista
towards basic slags.

(1) Magnesite : It is basic refractory. Basic slags hay
little or no corrosive effect. It has good chemical resistanc.
Mechanical strength is much more than ordinary bricks.
has low thermal spalling. The resistance to abrasion is loy
They can be used up to 2000° C without load and under loz
(3.5 kg/em?) upto 1500° C.

(2) Dolomite Refractories : Dolomite refractor
(Ca0.MgO) are highly basic in nature and have proved
good and cheap substitute for magnesite bricks. They c:
withstand high temperature load and also a very g0«
mechanical load.

(3) Chrome-magnesite Refractories : Chrom¢
magnesite bricks containing about 70%, chrome and 30
magnesite are much superior to the magnesite or chromi
bricks because these refractories are also quite resistant
thermal shocks. The main defect of these refractories
swelling and bursting in the presence of slags containing ir
oxide.

(C) Neutral Refractories : This group includes a wi
range of materials such as chromite, silicon carbide, zircon
carbon etc.

(1) Chrome Refractories : The chromite bricks ¢
neutral in character. Chromite bricks are resistant to ba:
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and acid slags. They are not resistant to thermal shock. These
chromite refractories can be used up to 1800° C and their
refractoriness under load is 3.5 kg/cm® at 1430° C, They have
moderate thermal conductivity and good mechanical strength.,
(2) Silicon carbide : Silicon carbide decomposes in the
temperature range of 2200 — 2700° C before its melting and
does not react with hydrogen. nitrogen or carbonmonoxide. A_
small proportion of clay or bentonite is added as binder, and
the bricks are fired to a high temperature say 1500° C.
Silica Refractory : Refer to Long Answer Prob.21.



l. SHORT ANSWER TYPE QUESTIONS

Prob.l What do you mean by organic reaction?

Sol. An organic reaction is a change in structure or functional
group leading to formation of a new substance. The compound
undergging a change in structure or functional group is called
a reactant or substrate. The knowledge of organic reactions
helps in the synthesis of useful chemical compounds such as
polymers, dyes, drugs, perfumes, cosmetrics, fertilizers, food

preservatives.
rd

Prob2 What are the types of organic reactions?

Sol. The organic reactions can be generally classified as
substitution, addition, elimination, rearrangement, oxidation and

reduction reactions.

Substitution
Reactions

Oxidation and

Reduction
reactions

Addition
Reactions

Rearrangement
Reactions

Elimination
Reactions

Fig. : Types of Organic Reactions

Prob3 What do you mean by drugs?

|

Sol. Drugs are a way of modifying the chemistry of the body.
They can be used to treat diseases and infections, correct
imbalances in electrolytes and fluids, or alter mental status

(such as inducing amnesia or stopping hallucination). Drugs

are used both for medical purposes and for recreation. In
both cases, no drug is perfect. A perfect drug would be 100%
effective while causing no side effects. Drugs offer many
benefits, but there are always trade-offs and risks to consider.

Prob.d4 Write down the properties and uses of aspirin.

Sol. |
COOH
OCOCH,
2-Aceloxytenzoic acid (or) Acetyl
anlicytain
Synthesis
COOH COOH
(CH,C0),0 <
H’ -
OH OCOCH,
Salieylic acid Aspinn

Properties and Uses : Aspirin is a white crystalline

-powder, slightly soluble in water and soluble in alcohol,

indicated for the relief of minor aches and mild-to-moderale
pain in the conditions such as arthritis and related arthritic
condition. Also used in myocardial infarction prophylaxis.

Prob.5 Write down the properties and uses of
paracetamol.




NHCOCH

B S—

Properties and wses : Paracetamols exist as white
crysialime powder, sparnghy soluble in water, soluble in alcohol,
and very sightly soluble m methylene chlonide. Paracetamols
produce antipyresis by acting on the death have been
observed following over nrﬁ-mﬂ hepatic damage is likely in
an adult who takes more than 10g in a single dose or if a 2-
wear old child mkes more than 3g

P pema

Il. Lonc Answer TyYpPE QUESTIONS

Prob| Explain substitution reaction with the help of
example.

Sol. Substitution Reactions : These reactions mvolve the
dispiacement of an atom or a group by another atom or group.

Sabsttatars Reacoos ;
RCH.CH,Y + X

Podez  Loweg Geowp

RCHOHX + ¥
[ — CAmcR oy o

It takes place at
1. sp® hybridised carbon (alkane, haloalkane, alcohol)
2. sp’ hybridised carbon (benzene)
A substitution reaction can be uncleophilic,
electrophilic or free radical substitution reaciton.

Sebstistion
Reactions

Nucicophilic Substitution Reaction |

Electrophilic Substitution Reaction |

Free Radical Substitution Reaction |

—(Egincering Gremisiy)
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1. Nucleophilic Substitution (SN) Reactions

These reactions involves the attack of a nucleophile
and are more common in aliphatic compounds. For example,
hydrolysss of alkyl ru_.anm by aqueous KOH.

-X+K-OH->R-0H+KX

In general it may _unaﬂ:.dn._..ﬁuu”

fm:\-:/nw D — R- z:;m“
These reactions may follow two mechanism -
(1) Unimolecular Mechanism (S, 1)

The rate or such reactions depends only on the
concentration of alkyl halide (susbstrate) and is independent
of nucleophile.

Rate a [RX]) (1)

Such reactions are belived to be completed in two steps.
The first step is the rate determining step (slow) in whick
they alkyl halide ionizeds to give carbonium ion. In the seconc¢
step, the carbonium ion combines with the nucleophile to give
the substituted product. This can be explained by the hydrolysis
of ter-buty] bromide.

HO- (CH),CBr ——» (CH,),COH+B°
The rate of above reaction depends only on the
concentration of t-butyl bromide

Rate = k[(CH,), C - Br] A2)
Based on the kinetics, the reaction takes place ir
following two steps:

First Step
H,C H,C

HC e
:_an|E Sew, | N&7[La#
H,C I_n
Alkcyl halide Carbocation

Second step

H,C CH, HC
@ )
N Lo P, :anlom
m:. Nucleophile HC Substituted produc

The energy profile diagram of a two step S, reactior
1s shown in fig. (2)

(CH,),C) Br + HO®

o o N\,
i I CH)C)OH + B

Resction coordinste —%

Fig | - Topes of Substitution Reaction

Fig. 2 : Energy Profile for an S,1 Reaction

Solvents play very important role in S| reactions as
the ionization is facilitated by solvation of carbocation
(ii) Bimolecular (S, 2) Mechanism

The rate of such reactions depends on the concentration
of alky| halide (substrate) as well as the base (nucleophile)

Rate a [RX] [OH") -3)

Such reactions are completed in one step. Consider the”

nydrolysis of methy| bromide by aqueous NaOH.

HO + CH, - Br — HO- CH, Br

Kinetic studies of this reaction reveals that the rate of
such a reaction depends upon the concentration of alkyl :nrnn
as well as the hydroxide ion.

Raie « [CH,Br] [OH] ~A2)

If the concentration of any of them is doubled then the
rate of reaction is also doubled and when the rate or reaction
of any one of them is halved, the rate of reaction is also halved

In such a process the hydroxide ion (nucleophile) attacks
the carbon atom from the side opposite to that of the bromine
(leaving group). This is because of the fact that both hydroxide
jon and the bromine are electron rich. $o, the bond breaking
and bond making are simultaneous processes and such a
reaction, therefore, involve a transition state in which the carbon
atom appears to be pentavalent. In transition state, carbon atom
is joined to three substituents by full covalent bonds and to the
nucleophile and leaving group by partial bonds. The three
substituents acquire a coplanar geometry. .

H H
AN _H
_H..o ¢ _@l:o cH - P
I
H

Tramsmon sme

& g Se=,
I—.__\

The energy profile of such a reaction is shown in Fig.

3).

HC+ CH,Br

Reacuion coordinale —%

Fig. 3 : Energy Profile for an 5,2 Reaction

Prob2 Give the difference between Syl and S\2 reaction.
_———

m.._. .-WIJ\|\.

| S. Sal

No.

1. | These are first o srder

reactions. )

| 2. |The nucleophile can

_ anack from both back

-'|.wan as well as front side
Reaction rate is
influenced by electronic influenced by steric

1 factors. | factors

l n The order of reactivities | The order of
T;. alkyl halides is : ._.nnn:::nm is :

_ _un:NvHvET_Vu >2° |Methyl > 1® > 2°

| [>1° halides. halides.

["5. [Favoured by low Favoured by high
|concentration of concentration of

_ , nucleophiles nucleophiles.

| 6. |Favoured by polar Favoured by non-or

_ solvents low polar solvents |

Sa2

I ;\n‘...u are SeconK
___|order reactions. 3
" The nuc _n_._...z__n can
aftack 3=_J from the
back side
Reactions Is

Prob3 Write short noles on
(i) Electrophilic Substitution Reactions
(ii) Free Radical Substitution Reaction

Sol.(i) Electrophilic Substitution Reactions

It involves substitution in the aromatic ring by an electrophile.
In the first step the electrophile is attacked by the n-clectrons
of the aromatic ring leading to the formation of a new
carbonelectrophile bond. It is followed by loss of a proton. In
these reaction. electrophile first anack to give an intermediate
with positive charge, known as arenium ion and in the second
step leaving group departs. This is known as arenium ion

mechanism.
r _h.. of
™

Examples of electrophilic substitution reactions are

addiuon of

(a) Nitration : It involves a mitronium ion (NO2) as an

clectrophile.

D=




(b) Sulphonation : In this reaction sul
.nau as an electrophile.

)
2 o//m\\o

“oH

phur trioxide (S0,)

So,
H,S0,
benzencsulfonic acid

(ii) Free Radical Substitution Reactions

Such reactions begin with the formation of a free radical
which substitutes a group or atom present in the reactant
molecule. The reaction of methane with chlorine in the
presence of light is a free redical substitutiion reaction.

.
P CH, +Cl, — CH,CI + HCI

The first step is initiation i.e free radical formation by
- homolytic cleavage of bonds. Second step is chain propagation

‘and finally chain termination step
8
'v . In this step, a molecule reacts with a free radical to
generate a new radical.
CH, +Cl+ — CH,+ + HCI
‘l CH,- +Cl, - CH,CI +Cl-
Chain Termination
‘.. This step is also known as destruction of free radicals.
This step involves a combination of two like or unlike radicals
! form a new bond.
e
-
o

Initiation
Initiation step may happen spontaneously or may be
induced by heat or light depending on the type of bond.
Cl, = 2Ci-
Chain Propagation

2Cle — Cl,
CH,» +Cle > CH,CI
CH,» + CH,» - CH,CH,
%

Prob4 Explain addition reaction witl the help of
example.

Sol. These reactions are characteristic of compounds
containing multiple bonds. The alkene (=), alkynes Amrn,u.o.

C = N react by addition to multiple bond. Thus in addition
3 reaction there is increase in the number of groups nnnmdna
(o the substrate and decrease in its unsaturation. Addition

—_—
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reactions are of four type namely electrophilic, nucleophilic,
free radical and concerted. The first three are the two-step
processes, with initial attack by electrophile, nucleophile ora
free radical. The second step consists of a combination of
the resulting intermediate with a negative species, a positive
specics or a neutral entity. In addition, attack at the two carbon
atoms of the double or triple bond is simultaneous.

_ Electrophilic Addition L

{ Nucleophilic Addition |

Addition
Reactions

— Free Radical Addition . _

_msonﬂnn Addition . _
1. Electrophilic addition reaction

These reactions are brought about by the attack of
electrophiles and are generally given by compounds containing
carbon-carbon double and triple bonds. For example addition
of HBr to propene. This reaction takes place in following
steps :

Step 1 : H* from HBr is added to propene to form a
n-complex, which then forms isopropyl carbocation
(2°-carbocation, which is more stable than 1°-carbocation).

(2]
CH, - CH = CH, —» CH, - CH = CH, - CH, - CH - CH, + BF
Propene ﬂ
W H
HSHD S Isopropyl
n-Complex carbocation

Step 2 : The bromide ion (nucleophile) combines with
the carbocation to give isopropy! bromide.
ﬂq
® 2]
CH,-CH-CH, + Br— CH,-CH - CH,

Propene Isopropy! bromide

The product formed in above reaction follows
Marknownikoff’s Rule, according to which the negative part
of the addendum is added to that doubly bonded carbon atom
which bears the minimum number of hydrogens.

In the above case during first step : two carbocations
may be formed giving two different products in following
manner.

cH,-cH=cH,+ 1! —— cH, Xn-cu, 22
2°-Carbocation

H,- CH - CH,
Br
2-Bromopropane
CH, - CH, i, —2£5 CH, - CH, - CH,Br
1° Carbocation 1-Bromopropane
The major product of the reaction is 2-bromopropane
as the secondary carbocation formed is more stable than

primary carbocation forming 1-bromopropane. Thus,
Markownikoff’s rule is obeyed.

>.=m-?-n_.ros.=_ra=..u Addition or Peroxide Effect :
According to this effect, the addition of HBr 1o propene in

presence of peroxides gives 1-bromopropane as major product
rather than 2-bromopropane.

HBr
CH.-CH-CIL < Ci,- i = CH, II-L_.”,_% CH,- CH,-CH, - Br
Br Propene 1-Bromopropane
(ot (ormod: '

This is because in the presence of peroxides the addition
involves free radical mechanism. This offect was put forth
by Kharasch and Mayo, so it is also called Kharasch effect.

Z: wn.:mn_ Addition Reactions

The addition reactions of alkenes catalyzed by small
amount of peroxides or irradiated by ultraviolet light are nearly
always free radical chain reactions and often lead to the
formation of polymetric products. These reactions are
illustrated by some examples.

Addition of HBr to Olefins : This is most famous
‘abnormal’ addition to alkenes and the entire mechanism
consists of chain initiation, propagation and finally termination.

Chain Initiation : It starts with light or by thermal
decomposition of initiators such as peroxides. The peroxides
present in most olefin samples due to autoxidation, are
sufficient to initiate the chain. In fact, olefins must be carefully
purified to suppress the radical processes.

[0} (0]

Il 1l
CH,-CO-0C-CH,
Dibenzoyl peroxide

L OONIT I HCO,

Dibenzoyl axy radical

C,MH,CO,+ HBr ———» C,H,COOH + Br'

Chain Propagation : With propylene the chain
propagating steps are as follows :

B 2L Q)

HCH, —> Br-CH,- CH - CH,+ skcuma,
enothermig

Br - CH, = CH - CH, + HBr —» BrCH, - CH, - CH, + Br' + 7 sl
nahemx

Thus, the overall result is ‘anti-MarkownikofY, addition,

i.e. reverse of the normal addition to the olefin. The bromine
adds to the less hindered end of the bond and forms a more
stable radical. Therefore, we find that with the decomposition

of a single mitiator molecule, a large number of
the produgt are formed.

—(EC.103

molecules ol

This abnormal addition of bromine is a good method of

preparing primary bromides from terminal olefins.

Chain Termination : Chain termination occurs by

combination with bromine atoms. or with alky! radicals or by
coupling or disproportionation of alkyl radicals.

2Br —» Br,

T
Br- CH,- CH-CH,+ Bf —> m?nz.-Mz -CH,
2Br- CH,- CH-CH, — Br- CH,- CH-CH-CH,- Br

&,

Itis interesting to note that in presence of polar solvents
or in presence of inhibitors like thiophenol or hydroquinone
the above addition becomes a heterolytic process. It is
homelytic in conditions in which it is described. So we can
say that homolytic addition is the result of peroxide effect and
distinguishes it from ionic reactions.
We can explain the anology in orientation in the samw
manner as we explain orientation in heterolytic addition. v,
heterolytic addition, just as the secondary carbocation
CH,-®CHR is more stable than primary @CH, - CH,R, so
is the secondary radical CH,Br - CR is assumed 1o be morc
stable than the primary radical *CH, - CHR - Br. Therefore.
the basic difference is not that in one, the process is heterolytic
and in the other it is homolytic, but in one case the addition
begins with the formation of a new C-H bond whereas in the
other it is the C-Br bond, which is formed first. However, if
somehow the reaction conditions could be so altered that the
initial attack at the double bond were by a H radical, than
MarkownikofT’s type of addition would be expected.

Having read the mechanism of addition of HBr to olefins
in presence of peroxides, it is pertinent to ask if HCl of HI
also combine by radical addition? In this connection it has to
be noted that HCl or HI do not undergo abnormal addition to
olefins under normal conditions. The reasons for failure are
different for the two compounds. The H-Cl bond is toe strong
to be broken readily in the atom abstraction reaction. The
hydrogen iodide bond breaks up easily to give atoms but these
do not add rapidly to double bonds.

R +HI 5 RH + T

|

r +wnﬁnAF o

(.
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3. Nucleophilic Additions

The carbony | grou ol aldehydes and ketones facilitates
addition reactions by both nucleophilic as well as electrophilic
pathways The electron deficient carbony| carbon atom can
react with nucleophiles while the electron rich carbonyl oxygen
can react with electrophiles. The rvpical reaction ofaldehydes
and ketones is nucleophilic addition iny olving a base can be
represented in general as

N 7.. z:
/D , z. _
ATPN — | g—c~ | L, p—¢

R /N 7N\
R o R Omn

One of the simplest addition reactions to the carbonyl
group is the cyanohydrin reaction. Cyanide ion adds to the
carbonyl ¢arbon atom to give an unstable intermediate oxyanion
(alkoxide). The alkoxide being a strong base then abstracts a
proton from the solvent or another molecule of the weak acid
HCN to form the cyanchydrin.

Qn} .mz . A_”z
HC — czz ¢ ON —ne-c - o M yewe—on
H A
, Other examples of nucleophilic additions include the
addition of acids (HCI), alcohols to hemiacetals or hemiketals,
addition of Grignard reagents, addition of organozinc
compounds (Reformatsky reaction), etc. An interesting
example is the aldol condensation.
e ———
ProbS What is Eliminatien Reaction? Explain-its
reaction mechanism with an example.

—_— =
Sol. These reactions are reverse of addition reaction and
involve the loss of atoms or groups from the same molecule
to form multiple linkage. On the basis of mechanism,
elimination reactions may be of two types.

1. a-Elimination : This type of elimination is very
rare and involves elimination of two groups or atoms from the
same carbon atom. For example,

CHCl, —— :CCl, + HCI

Chioroform Dachlorocar
bene

1. B-Elimination : It involves the removal of two
groups or atoms from the two adjacent (a and B) carbon
atoms of the molecule. For example,

>C-C{—>>C=C< +HX
Il )
H X
CH,— CHBr- CH, == X%%, cH,_ CH=CH, + HBr

f
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These reactions proceed via unimolecular (E)) or
bimolecular (E,) mechanism. _

1. Unimolecular (E,) mechanism

When the rate of an elimination reaction depends only
on the concentration of the substrate. Like S, 1 reactions these
also oceur in two steps. For example, dehydrohalogenation of
T-alkyl halides. The first step involves the ionisation of alky|
halide to give carbonium ion (slow) and the second step involves
that fast abstraction of a proton by the base adjacent to p-
carbon leading to the formation of alkene.

CH, . CH, CH,
0 N
CH, C—Br —— gm +Bf
CH, CH,
=-Butyl bromide -Buty| carbonium ion
(ii
CH,  CH, ﬂ/ CH, CH,
@ : &
.ﬂaf\u. +OH —— /.w\ + H,0
CH, CH,

2-Methyl propene
.
When there is a possibility of formation of two types of
alkenes, then the main product is most highly substituted alkene
as per SaytzefF rule. For example

CH, — CH, — CH — CH, .ﬂ>h4- CH,CH = CHCH, + CH,CH,CH = CH,
| 2-Buiena [T y—
Br (37%) o)

The other common example of E, reaction is
dehydration of alcohols, Which occurs as ;

@)’ CH,—CH,—OH —" 5 cH,-tH,—H0

(i) cH,—cH, —— CH,= CH,+H®
2. Bimolecular (E,) Mechanism

When the rate of an elimination reaction is dependent
both upon the concentration of substrate as well as the
attacking reagent, the reaction is of second order and is
represented by E,. For example, reaction of alkyl halide with
ale. KOH.

CH,—CH,—Br+ KOH ———> CH,=CH,+H,0 + KBr
(ale)
Rate = k [CH,CH,Br] [KOH]

- (1)

The mechanism is a one step process in which the
abstraction of the proton from the fJ-carbon and the expulsion
of the leaving group, i.c., halide ion from the a-carbon atom
occur simultancously.

L] a
numxﬁ nzﬁ.p ——> R-CH=CH, + H,0 + X’

Jh\':

This is also known as dehydro halogenation reaction.

Prob.6  What is free radicals? How they are formed.

Sol. Free radicals, compared to many other electron deficient
species, show less tendency to undergo rearrangements. The
largest number of radical rearrangements known are those in
which an aryl group migrates to an adjacent position. However,
no example of a hydrogen or alky! shift in a monoradical has
been reported. The first case of a phenyl migration scheme
was observed in 1944 by Urry and Kharasch. Treatment of
1-chloro-2-methyl-2-phenylpropane with phenylmagnesium
bromide, in the presence of cabaltous bromide, afforded a
mixture of products. The following radical mechanism was
proposed to rationalize the products. The neopenty! radical
(V1) may abstract a hydrogen atom to give the normal
product:

C.H MgBr + CoBr,

» C,H,CoBr + MgBr,

’
C,H,CoDr, » CH;+ CoBr

_?_n Me
|
$—C—CHCI+CoBf —— ¢ — C— CII; + CoBrCl
| , .

Me r Me
vi
Me
|
RIL
. i
Me Normal reaction” ¢ .n. o,
| / 3 M
. 3 €
¢—C—CH,
|
Me angement Me SE— CH, ¢
$ migrution Me ~

v Vi

4—_:.

J_n
H—C—CH,¢
|
Me

1-buty Ibenzene, or it may also renrrange to a more stable
tertinry radical (VI which then forms isobuty Ibenzene. Both
the radicals, (VIIyand (VI dimenze and are disproportionate
in their yields. This s ce of steps was S._:.._..:n.._. by sub
sequent workers who generated the radicals by different
methods and observed exclusive migration of the pheny| group
In cycle compounds, equation (1)

V 9 _v-Buryl Perovide h v CH,¢ + CO

“ CH,CHO
~1)

of the migration of a pheny| group was reported by Wild and
Philip. The mechanism of radical rearrangements has not been
investigated in detail but the intramolecular |, 2-shift, in general,
may be described. This assumes the formation of a triangular
non-classical radical (IX) which presumably provides a path
of lower activation energy compared to the dissociation and
coupling processes. Moreover, for aryl migration additional
resonance structures are available for the delocalization of
the odd electron, as shown, and thus stabilization is possible
an in (X).

N ) SN

o — cC— —» o0 ==C = — Produclts

A i Y

(1X)

—C
®

Based on the molecular orbital treatment of Huckelx, it
has been argued that the transition state (IX) is less stable
than either the initial or the rearranged product when R is
hydrogen or an alkyl group. This implies that there is no reason
to expect |,2-alkyl or hydrogen shifts in radical reactions
though they are well known in the corresponding carbocations.
No unambiguous case of an alkyl or hydrogen migration is
yet known in simple radicals. Kornblum and coworkers
pyrolyzed optically active 2-octyl nitrite and obtained an
optically nctive octanol. They concluded that the radical (X1)
does not undergo a 1, 2 hydrogen shift to carbon to give
XI(a) but, rather, abstracts a hydrogen atom from the solvent
to yield actanol. Brown and Russel found similar negalive
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evidence of hydrogen migration in the photochlorination of

. 1sobutane because the isobutyl radical did not renrrange (o
the t-butyl radical Similar results by other workers hive
dcmgnslrglcd that such rearrangements nre unlikely,

. Conalde_nulons of orbital symmetry do not apply to renctions
proceeding through bridged intermediates, Thus intermediates
of the above type are possible.

8 The migration of an alkyl group in carbocations i
frequencly observed, but the free radicals show no tendency
'o rearrange. Seubald observed No rearrangement of 2,2-

b limethy ipentanal to t-amyl radical on decarbonylation in the
liquid phase.

1 lll Nlic !‘l 1 Me
) ’ ! ~ Peroxide, 110°C I I

(H—C—C—C —CHo —"FEEIDT I & T
C (. ( CH( Weg—* CH, (| (' CH;
i H Me H o Me
Me
[
e - N 09— OH € — CH,Me
Kharasch and cowrkers brominated 0 RO %
- tetramethylpentane under u.v. light in the paseous phase and

obtained a rearranged product, 2-hromo 2.3,4,4-
tetramethylpentane. The bromo derivative wa ideified by
b lreatment with silver nitrate which yicidew2,3,4,4-

tetramethylpentane.
Me Me Me CH, Me
L I ; Br hv ‘ ] I
CH—cC — CH,—C — CH, ——— CH,—C —cH — (I'.' S |
| | I
N Me Me Br Me
l IBJ,
o
Me Me Me Me
I

CH,—C —CH ~(!‘ —CH, ——— cn,—-é —CH -LI‘ —CH,
— ] T
Me Me CH, Me
- These authors postulated the formation of the ori ginal
product as the result of the initially formed secondary to the
rearranged tertiary radical by a 1, 2-shift. The validity of this
interpretation was questioned later and it was suggested that
the rearrangement actually took place on reaction of the
rearranged bromide with silver nitrate. Nevertheless, recently,
.. several reactions have been reported in which the alkyl group
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(X11) (X1la)
migration has been observed to be even faster than that of

the phenyl group. Green and coworkers, for instance, amon
others, isolated two major products (XII) and Xl!a) in the
decarbonylation of B~methy|—B-phcnyl—B-peroxyproprolactone

A possible mechanism for this may be postulated as
follows :

(8] O
I I

N CH;

P A “o- “('
—y 2 - <o, ” ag .,

’ ’ + . — O
Me Me Me
l.

(Xlla)

These products are derived froma diradical intermediate
and the yield of (XI1) via methyl migration (path a) is almos:
five times more than that obtained from phenyt migratior
(path b). The formation of these products can, however, be
explained alternatively by a two-step rather than ar
intramolecular rearrangement. According to the latter pathway
the migrating group may fragment and then recombine in the
cage to form the product, Though alkyl migrations have been
suggested to take place at high temperatures, the complexity

and low yields of the products obtained in such cases a re still
ambiguous.

Prob.7 Write short note on

Rearrangement o)
Carbocations.

Sol. Carbocations are prone to rearrangements. During these
rearrangements, less stable (1° or 2°) carbocations are
converted into more stable (2° or 3°) carbocations either by
I, 2-hydride shiftor by 1, 2-methyl shift. For example :

CH, —CH— {H, —L2-Hydridelshin
| :
G/

CH, — CH—CH

Isopropyl carbocation
(2°, more stabie)
n-propy| carbocation
(1°, lcss stable)
CH, CH,

|
CH,—C—CH,—CH
+

L, ,
CH, — ,‘H — CH, 1, 2-Methyl/shift o

CH Terpenty| carbocatien
) (3. mere mable)
a-propy | carbocanon
(1° less mable)
QQaQ
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