CHAPTER
STEREOCHEMISTRY AND POLYMER CHEMISTRy,

6.1 INTRODUCTION

The properties of molecules depend on the arrangement oflatoms n a molecule, Baseq
On many experimental observations, Van’t Hoff and Le Bel in early 1900s concludeq that
the spatial orientation of groups around carbon atoms are tetrahedral when a carbop atom
is bonded to four cther atoms. Over the years, the structural arrangeme_m of atoms aroyng
carbon in three dimensions has gained much significance and attention and developeq
into a separate branch of study called stereochemistry. Stereochemistry is the study of the
1 static and dynamic aspects of the three-dimensional shapes of molecules. It hag long
, provided a foundation for understanding structure and reactivity. At the same time,

stereochemistry constitutes an intrinsically interesting research field in its own right,
Many chemists find this area of study fascinating simply due to the aesthetic beauty
associated with chemical structures, and the intriguing ability to combine the fields of
‘( geometry, topology, and chemistry in the study of three-dimensional

Stereoisomerism, chirality, conformational analysis, enantiomers etc. are some e:
components of stereochemis

shapes.
ssential

STEREO
ISOMERISM

POSITIONAL
ISOMERISM

OPTICAL
ISOMERISM

1. Structural isomers,
2. Stereoisomers,

124

r—

STEREOCHEMISTRY AND poLyppg CHEMISTRY ENGINEERING CHEMISTRY

6.3 STRUCTURAL ISOMERIgp

. Nt structures due to differ
bonds. The physical properties of these com

CHs- O - CHs and CH; - Cy, —OH are two g
molecular formula CoHsO; the former is an eth
the inorganic compound Cr(H20)6Cl; can exist

ent numbers and kinds of chemical
pounds may be different. For example
ifferent organic compounds having same
er while the latter is an alcohol. Similarly
s in three different forms.

any mol of water when exposed to drying agents.

[CrCI(H20)5]CL2. H2O is a light green coloured co
to precipitate two-thirds of chlorine to AgCL
compound may lose I mol of water due to dehydr:

mpound, reacts less readily with AgNO;
When exposed to drying agents this
ation.

The third compound [CrCla(H20)4]C1.2H,0 is a
less slowly with AgNO; to precipitate one-
drying agents this compound may lose 2 mo

dark green coloured compound, reacts
third of chlorine to AgCl. When exposed to
s of water due to dehydration.

There are five different types of structural isomerism

. Chain Isomerism.

- Functional Isomerism.
- Position Isomerism.

. Tautomerism.

. Metamerism.

[V NS

L. Chain or Skeletal Isomerism

CH3
EH?’ cHz——er
CH3CHRCHRCHRBr  CH3—CH—CHoBr CH3

1-Bromobutane 1-Bromo-2-methylpropane 2-Bromo-2-methylpropane
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formula but differ in the orde, i

molecular el
own as skeletal isomeri
kn T1Sm, For

. . e

Chain or skeletal isomers have the sam This i als0
which C-atoms are bonded to eachlothe". forms as shown above.
example, C4HyBr can exist in three isomerc

2. Functional Group Isomerism
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4 Tautomerism

When tWO structural isomers are mutually interconvertible and exist in dynamic
equilibrivm they are called Tautomers and the phenomenon is termed Tautomerism. It is
o kind of dynamic le)mexism wherein one isomer is constantly changing into other and
yice-versd: Tautomerism is caused by the wanderings of a labile hydrogen atom between
(WO polyvalent atoms.

pounds differing it functional groups is known as functiony|

. o - i
Isomerism exhibited by 0! oy determrines ihe properties of a compoung

isomerism. As the functional group 12T ! i PoL PN g,
such compounds differ in their physical and chemical properties. Compounds exhibiting H\ (" H H 19—
this type of isomerism are called functional isomers. gett (C/_‘H H—\c—c=c g
¢ the same formula (C2HsO) but belong to / N / oy
H H H H

1. Dimethyl ether and ethyl alcohol hav

!
! i two different classes of compounds.
: 1 C,Hs-OH CH3-O- CHs Keto form Enol form
4! (Ethyl alcohol) (Dimethyl ether) . bibi ) -
| 51 i 2. Propionic acid and methyl acetate are functional isomers (molecular formula qu exam? = af:ctone e);; nshlal;tomensm and may be represented as an eflmlll')num
‘,j i C3Hs0;) having acid and ester functional groups respectively. mixture of two isomers. Here the keto f0@ changes to the e_nol form by the migration of
[ ‘} | a protor to the carbonyl oxygen. Then a pair of electrons shifts from the C-H bond to the
1 CH,-COO- CH CH; — CH,-COOH C-C bond. Phenol exhibits tautomerism as follows.
| Methyl acetate Propionic acid O—H o
!?- ! 3. Propionaldehyde and acetone both have the same molecular formula (C3HeO) but
%. H s propionaldehye has an aldehydic group { -CHO) where as acetone has a ketonic = ;
‘Zi ! ;‘ group
1 { CH - CHz-CHO CH3-CO- CH; Enol form Keto form
Propionaldehyde Acetone of phenol of phenol

3. Position Isomerism
Keto-Enol Tautomerism

In cgmpounds containing similar carbon chain, the difference in position occupied by a

particular atom or group in the carbon chain, give rise to position isomerism These OoH

isomers whichA c?ifchr only in the position of a group or atom in the bl 0! ) c}.lain o

kfxown. as posm'o.n isomers. Position isomers has the same mol Cl;r ofn al 0[;1 ey

dlffIEf in lthe position of multiple bond or functiona] group on th ecular o@u a i

position isomers may belong to the same homologous Selﬁesznde fz&;rclifm cram. Gsener
jonal groups-

1. CH;-CHa- CH;-OH
Propyl alcohol

—C=—=CH—CO0G;H;

(enal form)

H3C—c——cHz——COOCZH5 = HC
acetoacetic
(keto form) eter
carbonyl compounds such as esters exhibit this
ation of a proton (H") from o- carbon atom to the
c ester, acetone ete. The tautomer
form. The other one containing
rred to as enol form. This kind

Generlly aldchydes, ketones and other
type of isomerism. It involves the Mg _
Carbonyl oxygen as outlined in the case of acetoacet!

Containing the carbonyl group (€=0) is designted as }(etof
a hydroxy group attched 0 2 doubly bonded carbon 13 TEE

of tautomerism s called Keto-Enc! Tautomerism-

CH3-CHOH- CH3
Isopropyl alcohol
2. CH;-CH:- CH-CH,-OH "

Butan-1-ol CH3-CHOH- CH,-CHs

Butan-2-ol
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1
¢ . s attached to carbg :
] S. Metamerism . groups & ™ atoms ip ¢ s )
o i exhibited by members belonging to the same ht)rnolog0 Jocked up in space. omPound containing C~¢ double bond become
This type of isomerism is exhibite | distribution of carbon atoms on ejtpe, sid Ny
series. Metamerism is due to the unequd e of toow Roa .
the functional group. ’>:< >=<
Example 1: Diethyl ether and Methyl propyl ether w " "
CH;-0-CHzCHCHs lecule h
‘ CH;3CH,-0-CH.CHs The alkene molecule has plang, shape with
| ]3) e Methyl propyl ether four atoms attached to thege carbons alu l?w?nc:rbonlalom of the double bond and the
- . . X . A 2 Ne plane, and thej iti i
|| Example 2: Dimethylamine and Methylpropylamine NH-CHzCH:CHj3 being fixed. Rotation, if any woulg pregy gy, ™ bond which is in:r ::Ssl;:n(ssm spjlcxe
‘ CH;CHy-NH-CHCHs CHy- ; energy required is not available from molecygr sopre P nee e
| : . Methylpropylamine tion about the doub on at ordinary temperatures), so
1 Diethylamine the rotatl ouble bond is preventeg, This restriction in the rotation around the
B double bond leads to Geometrica] Isomerism. In short
B
| ' ‘g 6.4 STEREOISOMERISM

jsomerism,

‘»

i (- Stereochemistry is the ‘chemistry of space’, i.e., stereochemistry deals with the Spatia]

[ i arrangements of atoms and groups in a molecule. The phenomenon exhibited by two o

;! more compounds with the same molecular and structural formulae, but different three-

‘ dimensional arrangements of their atoms or groups in space is called stereoisomerism,
Stereoisomerism can be classified in to two groups

1. The molecule must have restriction in Totation
2. Restricted atoms must have differen; substituents

Characteristic properties of Geometrical Isomers

In the trans form the molecules are closely packed. Hence trans isomers are more
stable and have a higher melting point.

i
I

i i 1. Geometrical isomerism 2. The trans-
i

_— . isomers have a dipole moment zero because of cancellation of effect
2. Optical isomerism Lo
where as cis- isomer always shows some value.

. The cis- isomer have a greater solubility, dipole moment, heat of combustion,
refractive index and density.

1. Geometrical Isomerism

This type of isomerism is due to the different geometrical arrangement of two different

(cis-isomer)

4. The cis- isomer has the tendency to yield cyclic compounds due to the closeness of
groups about the carbon-carbon double bond. Geometrical isomerism is also called cis- reacting groups to each other.
trans isomerism. When similar groups are attached to the same side of the molecule, it is 5. The ring structure is more or less rigid and may be compared to the d°“ble_ bonds
called cis (or syn) isomer; while in trans (or anti) isomer similar groups lie on the in olefinic compounds. There can be no rotation arounfi c-C bon.ds forming the
opposite side. Physical properties such as melting point, boiling point, density, solubility ring. Hence, cyclic compounds can also exhibit Geometrical Isomerism.
may be different in. the case of geometrical isomers, but possess same chemical H A H cooH M€ CHy M cH; M H n\ /cl
properties. N/ / / N \c = c/ £ =c
C =c C =i c=c c=c / = \ / \
fi . / \ / A a H
On%mb{) ]:le:::lnb eof:e(;leom:ttn;al Isomerism: Twq carbon atoms joined together by 2 cOoH \cooH c{on \H H W HC wooa “ L2
e bon ely ro - ciel2 trans 12
sing] Y rotated around the axis, By When two carbon atoms are join¢ Maleic acid Fumaric acid cis-2-butene trans-2-butene
by a double bond (consisting of a sigma-bong anda pi-bond), the free rotation around ¢
axis will be restricted and may not be possi > ee rotati

(trans-isomer)

Examples of Geometrical Isomerism
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besides hydrogen 8
groups yerogen on the Tng, and these must pe on different carbon atoms. It is a

ers : ical
som! describe  geometrica] 150meyg neral rule that a ring and doypye bond ar,
¢ ond are Stel'eOChemically equivalent, since in both

jcal I
jon of Geometrical . sed to
E and Z Notation o - widely U s attached o carbon oy

i trans are being . . .
Howcv"cr:cintc;nm ;:"J :\:i "s” :vhaere all fs:r::::wns:ﬂ E;z;::ure |:z11r_1}r:0!1 t:)e lfollowed_zi:; ::‘::SSI;E‘S‘“L‘;:Z :Zi;’ci‘:::l:::: ::: :Celow the plain containing the - orbital or the ring

: cis a . The labels E . CUr in cyclj .
e e ) | 2 7 e b e
f’,f,iin,f’f;?iﬁofi‘il’;;?irf %”2“2&53212 Simple seps need o be followed for SPecifyng | Lompounds T e two conditions for geometrical isomerism i cyclic
the configuration. ps on cach carbon atoms of the doub]e bong, 1. There must be at least two other groups besides hydrogen on the ring.

1. Assign priority number 1 or 2 to grou 2. These groups must be on djff;
gn priority ere

.. oral
2. Compare the priority of the group . iority groups .
P P od as Z, if both the first priority groups are op ¢, For instance no geometrical isomers are

tom at one carbon relative to the other, nt carbon atoms,

possible for 1, 1-dimethy] cyclopropane and 1,

S t :
3. The configuration is represen 1 :
same sidcifthc double bond. If the priority groups are on the opposite sides of the |-dimethyl cyclobutane
double bond, the configuration is E. —
Atoms or groups are assigned priority by the [ollov:ﬂg' higl.l AT, e .
iority, if its atomic number 1S 8
(a) A group gets first priority, if i . : i = wl
(b) When atoms attached directly to a double bond have the same atomic number (. Ldmetycpme Pk
- idered. Priority is given to th e vt e st somerin o porsble
have the same priority), the second atoms are cons g 0 the
group with second atom of higher atomic number. Oim. ml,q mk)‘m.
] @ £
H 11-dmethylcyclobutane 3-du
High Prionty HyC, i CH,CHyHigh Priorty | High Prioity HyC_ | . CH; Low Priority 50 gcometne momerom  prsble botercatitiericra IO
+ C=—
ST TN -
LowPrionty H i CHy  LowPrionty [ Lowprionty H ! CH,CH3  High Priority To understand geometric isomerism in cyclic compounds, we presume that the carbon
(2)-3-methylpent-2-ene (E)-3-methylpent-2-ene atoms of a cyclic structure such as cyclohexane form a plane. The plane of the ring is

considered being horizontal with the edge of the ring projected towards us, shaded more
CHy H H CHy CHy /CH3 CHy  CHy heavily. In a cyclic compound, each carbon atom is joined to its neighboring ring carbon

\" N7/ : fhibori
/C=c\ ,C:C\ /C=C \C=C atoms and also to two other atoms or groups which are shown by vertical lines.
\
CHy H CHy H H o o H CHy—CH, .
@E)-but2-ene  (26)2-chiorobut-2-ene (2E)-3-methylpent-2-ene A
CH3 /CH: 0{13 /Cl CH3  CH,—CHs . H Ha
= £, >C=C:
H \ 2H H CHy H CHs H Y cH?,H o
e ora .-
(22)-but-2-ene (22)-2-chlorobut-2-ene 22)-3-methylpent-2-ene Hy ..., otom
Geometrical Isomerism in Cyclic compounds
cis-1,2-dimethyl cyclohexane trans-1,2-dimethyl cyclohexane
Geometrical isomerism is also A . o
ical i ism i i It el compounds. - Requirement . Fig. 6.2 Geometrical Isomerism in Cyclohexane
geometrical isomerism in cyclic compounds g tp, ther 8. 0.
at there must be at least two O
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When an atom (or a group) is placed at the 1P of ﬂ,]e vemca(lilm&:;l 1t;s éald to be abgy,
the plane of the ring and when an atom (or @ group) is attached to the botiom of a vertjcy
line it is said to be below the plane of the rig. Usually, hydrogen atoms attad.led to the
ring and their bonds are not shown. Sometimes, a broken wedge is used to indicato .

group below the plane of the ring, and a solid line represents a.gTOI.lP above the Plane,
The important point is that the two methyl groups are on opposite sides of the plane of
the ring. Just as in the case of cis- and trans- alkenes, when two groups are on opposjt
sides of the ring, they are trans- and when they are on the same side they are cis-. These

compounds are geometric isomers of each other.

n
" c H N7
cHy, oy u oy
a1, a1
Hon H  CHy
= - nl, H
e, rrans 1,
B n "
" i )
s
5 CHy
s v frans 1.

Fig. 6.3 Geometrical Isomerism in various cyclic compunds
6.5 REPRESENTATION OF THREE DIMENSIONAL STRUCTURES

In stereochemistry molecules are to be visualized in three dimensions, appropriate modes
of representation of three- dimensional molecules on two- dimensional paper is essential.
Various representations commonly used are discussed below. The chemistry of most of
the compounds comes under two predominant structures.

1. The tetrahedron: It is found whenever a carbon atom is bound to four groups
through four single bonds.
2. Octahedron: Most of the transition metal complexes fall within this category-

Since both tetrahedron and octahedron structures are three dimensional, they cannot
easily be drawn on two dimensional piece of paper. Chemists have adopted a number of
conventions to overcome this difficulty.

1. Wedge — hash Projection
Wedge-hash (Wedge - dash) diagrams are the most popular representation used 0

represent the 3D shape and are ideally suited to show the structure of SP> hybridized

132
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trahedral) atoms. A C
(te Wwedge-hash projection is a means to represent a molecule

(d:awing) in which threg types of lj :
ructure. Ines are used to represent the three-dimensional

Is Sold [me.s to represent bonds which are in the plane of the paper.
2. Dashed lines to represent bonds that extend away from the viewer.

3. Wedge (dark thick li .
Sriewer. ines) shaped lines to represent bonds oriented facing the

H Cl

C": |

/ 1

\HH a”” CV"H
H

Wedge- Hash Projection of Methane and dichloromethane molecules

H H Cl CH3
..u\\\\H é |
Y R (o
" B N o~ W
H H H 2 OH

Wedge- Hash Projection of a) Ethane molecule b) 1,1 Dichloro ethane c) Lactic acid

Fischer Projection

The Wedge-hash representation of stereochemistry can be cumbersome on many
molecules, particularly in the case of molecules with a number of stereocenters. The
German chemist Emil Fischer introduced another method to represent the stereochemistry
known as Fischer projection. Fischer projections are abbreviated structural forms to
represent the stereochemical representation to a chemist without drawing a 3D structural
representation of the molecule. These representations afe only. used for molecules that
contain chirality centers. Fischer projections use perpendicular lines 'to represent a stereo-
center, The point of intersection of lines represents the asym.metnc carbon atom. le;e
horizontal lines represent the bonds that project forwards (c.ommg out 02 the p!anebo h:n Z
Paper), while the vertical lines represent the bonds that project backwards (going be!

the plane of the paper).
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Reading Fischer Projections

1. The bonds that are written horizontally are pointed towards the viewer (wedge)
2. The bonds that are written vertically are pointed away o this viewer (dash)
3. Typically the carbon atom is written vertically Wlﬂ.l Ciof tl?e chain at the top.
4. Molecules with multiple chiral centers are written in an eclipsed confo‘rmatiom
5. In the case of carbohydrates, OH points to the right when the c.enter 1§ R (Re oty !
Latin means right) and OH points to the left when the center is S (Sinister Latip
means left) .
H H
H H H H
- H—1—H iy R —— H
H — H H OH
H H H HOH H : H
H W H H H— H OH—— OH H
H—T—H H H H
H H H
H H
Methane Ecthane Propane Butane Ethanol 1-Butanol

Fig. 6.4 Fischer Projection of simple alkanes and substituted alkanes

It is to be noted that the Fischer projections are two dimensional representations of a
three dimensional molecule. In order to identify whether two or more structures are
identical or not the projections can be manipulated in certain specified ways.

Importance of Fischer projections

1. It is easy to recognize enantiomers and mesocompounds from the approprite

Fischer projections because planes of Symmetry in the actwal molecules reduce to
lines of symmetry in their projections.

2. It is easy to determine the configuration of a chiral ca

rbon by applying the R.S -
system to a Fischer projection.

Newman projection

In Newman projections the two carbon atomg having the & bonds are represented by two
circles, one behind the other, so that only the carbon in the front is visibje, The hydrog®
presented by C- H bonds from the center of the

circle. The C- H bonds of the back carbop redrawn from the circumference of the circle-

134
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H
H
H H H H s CH,
H H H H cH,
H
e H . .,
H HiH c H
Ethane " H
Butane

For example, in case of ethane, a point represents the fr
emerging from it are the three bonds attached to three h
Newman projection represents the rear atom, and the i
the bonds of the rear carbon atom. Newman projection
formed between bonds on the front and rear atoms.
angles.

ont carbon atom and three lines
ydrogen atoms. The circle in the
nes radiating from the circle are
s are characterized by the angles
Such angles are called dihedral

H H H H
H. F H Cl H Br H 1
O " My
HNTH WS H H7H HNH
H H H H
CH3-CHaF CH3-CH2CI CH3-CH2Br CH3-CHal

C]\fjHQ(Cl CI\EQ,O H\ﬂcl{H cch\(cl

H™7H H™H HYH O oyl
H cl |
CH3-CHCl,  CH3-CCly CH2CI-CHaCl CCla-CCl3
Fig.6.5 Newman projection for various halogen substituted ethane

Sawhorse Projections

CH; CH; H CHs
H BR
H H
o o H H H CHa H
\ H ﬂ
<
H H "
H
CH: H BR
- : hane 2,3-dibromobutane
2-Butanol Butane Ethal
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. er consideration

This is a three dimensional convention in which two .atf)ms und s are attached tare‘ Phen
Gl lines intersect and the remaining group é © SiX freq

as two points where four lines s is considered to be in the plane of the

bove or below that plane. There ig 2 fireg

groups attached. The front atom may 1,

ends. The bond linking these two carbon .ato
paper and the remaining lines (bonds) project 3

rotation about the carbon-carbon bond and three he groups attached to the rear 4,
rotated clockwise or anticlockwise with respect to the gr atom,

. above.
Few examples for sawhorse projections are shown

6.6 OPTICAL ISOMERISM

Light may be considered as wave motion contain.ing osc.illating magne.tic and
electric fields. These electric and magnetic fields oscillates in Planes which gpe
perpendicular to each other and to the direction of propagation .of the light Wave: When 5
beam of light is passed through a tube containing a polanzef (NICOL prism), the
emerging light has vibrations only in plane. All the waves vibrating in other planes are
either absorbed or rejected. This light having wave motion in one plane only is calleg
plane polarized light and the plane perpendicular to the plane of vibration is called the

plane of polarization.

Optical activity: Itis the phenomenon exhibited by compounds which, when placed in
the path of a beam of plane —polarized light, are capable of rotating the plane of
polarization to right or left. Such substances that rotate the plane of polarized light are
known as optically active (chiral), and the phenomenon is referred to as optical activity.
Those substances that rotate the plane to the right (clockwise) are called dextro-rotatory
indicated by d or (+), and those that rotate to the left (anti-clockwise) are called levo-
rotatory indicated by / or (-). A mixture of these two substances in equal proportions will
be optically inactive and is called the racemic mixture.

The instrument for studying the interaction between plane polarized light and
optically active molecules are known as a polarimeter. Initially a beam of light from

STEREOCHEMISTRY AND pop yppp CHEMISTRY

ENGINEERING CHEMISTRY

Fig.6.6 Schematic Tepresentation of a polarimeter

Specific rotation: When ap optically active liquid js placed in the path of a plane
polarized light, the plane of polarization of light is rotated. The extent of rotation (alpha)
of the plane of polarization depends on (i) nature of the solution (ii) its temperature (iii)
length * I’ through which light passes (iv) density ‘d’ of the substance (v) wave length of

optical activity is reported in terms of specific rotation. It can be defined as the observed
rotation when a polarized light is passed throughldecimeter (10 cm) of the solution with
a concentration of Igm/ml. The specific rotation is a characteristic property of the
compound as its melting point, boiling point, density or refractive index. Mathematically
specific rotation can be written as

(ol =1
Where 6 is the observed rotation in degrees, ¢ I’ is the length in decimeters of the sample
tube, ‘c’ is the concentration of the solution in gms / ml or density of the liquid, D is the
line of sodium vapor light and ‘t’ is the temperature. The unit of specific rotation is

deg.(decimeter)! (gm/cc).

6.7 CHIRALITY

Br

r .
. i ! e
CHyCH™H | H CHyCH, " CHs
2 CH, |
CH, _
i ble an achirall superimposable
vang?gcat:le ;??rgﬁ:;eposa . |molecule mirror image

Fig.6.7 Mirror images and chirality
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n their mirror images. For ffxamp]e, a righ; hand
. of left hand. An object which i o
i i irror 1mage ) . .
- HOH-SUPEHmP?tsa:;"n;?limages is called chiral. A;l:’ ﬂ};’}:zcrl;l:s;:’lh}zh Cannot |,
! . ) : " anno
Sup erfmposable O'I: l irror image is said to possess chlr§ 1 yt ® el .chlrahty is
S:pe“maioi:rdlon 1; o structures with 4 different constlt;en St A bo It In Othey
the tetrahedral carbon . on atom. A carbon g :
words chirality is due to the presence of an asymmetric cax; chiral center. Whey om wigy
four different groups attached to it is called stereocenter O! i o b . s molecy],
? it i i 0 be acl g
is superimposable on its mirror image it is symmetric and is sai Iral. Achpy

compounds have a plane or center of symmetry.

: ed 0!
Stereoisomers cannot be superimpos

Enantiomerism
CH,CH, CH,CHy WIE ; .
Com T S chBr | CI>:\Br
CH/ N ! 7 CHs '
3 COOH HOOC

2-methylbutanoicacid Bromochlorofluromethane

Fig 6.8 Examples of Enantiomers

If two stereoisomers are related to each other as an object and mirror image which are not
superimposable, (like the right and left hand) they are called enantiomers (from the Greek
word ‘enantio’ meaning opposite) or optical isomers and the phenomenon is known as
enantiomerism or optical isomerism. The optical isomerism is exhibited by compounds
containing asymmetric carbon atoms. Thus an asymmetric object and its mirror images
are called enantiomers. Some of the examples are as given in this section.

: CH,CH, iI?Hs f”ﬂ
: z i
' & Cieurry & 4iaesC
; HO’_éH\H LT W R e
' v
2B Mirror
-Butanol 2-Amino butane
Mirror plane

o

oH

o,

Lactic acig (2—hydr0xy Propionicacid)

Non superim
Perimposab]e Compounds shows enantiomerism.

EMIS
STEREOCHEMISTRY ANp POLYMER CHEMISTRY ENGINEERING CHEMISTRY

[,roperties ofEnantiomers

1. Enantiomers haye identi i :
pol, debsity g refrgiicva: i};‘;};lci C1:::0tp.ert1es such as melting point, boiling
magnitude but Opposite sign, ' pLno
2. Their odors may be different, for exam
whereas (-) limonene smells like lemops
3. They have identica] chemical
reagents and chira] solvents,
formed are different,
4. They may show different physiolo,
more poisonous than (+) nicotine,

5. They can be separated only by the use of a chiral column agent.

Racemic mixture: A mixture of enantiomers

ptical rotations which are of equal

ple, (+) limonene has a smell of oranges

Properties except in their behavior towards chiral
where their rate of reactions and nature of products

gical properties, for example, (-) nicotine is

with equimolar (50/50) quantity of two
mic modification will be optically inactive,

‘ : mixture is exactly cancelled by the opposite
rotation displayed by the other half In other words, a racemic mixture is optically

inactive by external compensation. A racemic mixture is denoted by the prefix di- or (+).

Preparation of racemic mixture

1. By mixing equal amounts of the two enantiomers: It is the most common
method of forming a racemic modification and is achieved by the intimate mixing
of equal amounts of the two enantiomers.

- By synthesis: The syntheses of chiral compounds from achiral compounds in the
absence of optically active reagents always produce racemic mixture.

- By racemisation: It is the process of converting an optically active compound into
the racemic modification by the application of heat, light or chemical reagents.

Resolution or Separation of Racemic Modification: The process of separation of
€hantiomers is known as resolution. The following methods are commonly used for
resolution,

L. Mechanical separation: It involves separation of two sets by hand picking_ with
the help of a pair of tweezers and a lens. This is a painstaking method applicable
to those cases which give well defined crystals on crystallization that can be

istinow; tiomers. . .
dlstmgulshed as enan ’ d involves the use of micro-organisms such as
2. Biochemical method: This method inv f enanti (d-tartaric acid
penicillium glaucum which consumes only one type of enantiomer (d-tartaric acid)
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ic acid. This method is not satisfactory as one enantiomer is
leaving behind I- tartaric acic.

ed. ic modification is reg ’
. Chemical m :

: -identical derivatiye,
ically active reagent to give 2 pair of r,lon hysicél. properti $ kno
g.p ey ot These diastereomers differ in paysic properties apq
1astereomers .

an b,
; ization etc.
separated by fractional distillation, crystallization

Diastereomers

h other as ; )
Diastereomers are stereoisomers that are not related to €ac an object gpg it

mirror image. Due to the difference in free energy, ,tjh:fy ha:emdellif:rem I_JhYSicaI and
chemical reactivity. Diastereomers geﬂeﬂflb' have ditferen & i Points, ‘boiip,
points, solubility, and chromatographic mobility and so on. S.mc.e ey differ in Physicy
and chemical properties, they can be separated. by crystallization or C.}H‘Omatogmphy_
Any given structure can have only one enantiomer. All ther sterem'somers of thy
molecule are diastereomeric. The relative configuration of diastereomeric molecules j
frequently specified by the terms syn and anti. The molecules are represented as extended
chains. Diastereomers with substituents on the same side of the extended chain are sy
stereoisomers and those with substituents on the opposite sides are anti stereoisomers,

COOH HoOC COOH elele
H—oH H H——oH HO
H H Hj:;: H‘-!‘J% A #
O0H HooC HoOC HOO
0] (i) {iii) (iv)

(#) tartaric acid (-) tartaric acid meso- tartaric acid
(1) and (2) being mirror images of each

other, are enantiomers. However, (1) and ()
or (3) and (4) are not mirror images

of each other and are termed as diastereomers

REOCHEMISTRY Anp
STE FOLYMER CHEMISTRY ENGINEERING CHEMISTRY

Enantiomers .
No Diastereomers

1 Have identical physica] Properties

, v Have different physi i
2 Have identical chemica] ety Tent physical properties

Show similar but not identical chemical
Pproperties

Can be easily separated by physical methods
such  as chromatography  fractional
distillation, etc.

May result from chirality or from cis-trans

isomerism.

5 Basically cis-trans isomers are not cis-trans is
enantiomeric

—— .y % T

Absolute configuration (R and S System)

3 Cannot be separated by physical
methods

4 Originates from chirality

omers are always diastereomeric

Absolute configuration is the three-dimensional arrangement of groups or atoms in
an asymmetrical molecule. To describe the absolute configuration of a chiral center, R
and S nomenclature was suggested by Cahn, Ingold and Prelog. This nomenclature of
configuration to an optically active compound is based upon the nature of groups
attached to the asymmetric center and the priority assigned to them. The abs?lute
configuration is defined by a prefix R (from the Greek word rectus, meanir.lg right-
handed) or prefix S (from the Greek word sinister, mea}nin.g left-handed) dependll}g upon
the sequence of the groups. The steps involved in assigning absolute configuration and
the sequence rules to determine the order of priority of groups are as follows.

Step 1

Various groups attached to the chiral carbon are assigned priority based on the following

Sequence rules.
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Step 2

HEMISTRY MISTRY

i - ed on the basis of atomic numy,
- rity is determiné ~ Mberg
1 i T e g e
atoms attached dl ;¢ {4, -OH, -CH3 —Br are th,
i le, if -H, . € gro,
igher i ority. For exatmpe: ; 35) will > by
hlgh;f ;Stthglsrclhir?ll carbon then Br (atomic numbt;ro —1 2W1thha"e the higheg,
e o by ~OH group (atomi® number of O =12) then -Chj (,
followed by ydrogen (atomic number of H=1). The or

r,

t .
priority, dom‘C
number of C = 6 ) and finally h et of
priority will be Br >0> c>H

Rule2: If two isotopes of same element are present, the heavier iSOtOpe hag
§ 13 12
higher priority, that is, D >Hand C*> c*.
Rule3: If two atoms directly linked to the chiral carbon are identical, then

atomic numbers of the next atoms are used for assigning priority. If these

atoms also have identical atoms attached to them, the priority is determineq 5
the first point of difference along the chain. For example, between -CH; apq _

CH;OH, the latter has a higher priority. Similarly for methyl, ethyl and p.
propyl groups, the priority may be assigned as follows. The first carbon atom
in methy! and ethyl is carbon and therefore atomic numbers of second atoms J
(atomic number of H = 1) and C (atomic number of C= 6) decide the priority
order, that is, ethyl > methyl. While considering ethyl and n-propyl, the second
carbon atom is also identical and hence the third atoms (H,C) give the priority

order as n-propyl > ethyl.
Rule 4: A doubly or triply bonded atom present in a group attached to the

chiral carbon, is considered equivalent to two or three singly bonded atoms in
determining the priority.

The molecule is oriented in such a fashion that the group of the lowest priority is
dlre'C[ed away from the viewer. It should be placed at the vertical bond as it lies
behind the plane of the paper and is the farthest from the eye .

Step 3

Ilf 11]1( moving frﬁm first, se'cond and third priority groups, the eye travels in the
;. oc! \::lsti (:r right l:ianded direction, the configuration ig assigned as R. If in going
om Hirst fo second and then to third priority groups, the eye moves in counter
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clockwise or left-handeq directio

following examples, N, the configuration assigned is S. Consider the

Example 1:

1,1- Chlombromoelhane CH(Cl)(Br) CH
. 3

(e

i
B

r

\CH,

R
S
The four atoms directly bounded to the asymmetric carbon are Br, Cl,
C, and H. Hence, priority order is

Br>Cl>CH;>H
O RS
Hence the configurations of two enantiomers are assigned as R and S

Example 2: Bromochlorofluromethane CHBrCIF

The four atoms directly bonded to the asymmetric carbon are Br (atomic number of Br

=35), Cl (atomic number of C1 =17), F (atomic number of F =9) and H (atomic number of
H=1). Hence the priority order is Br>Cl>F >H.

R-enantiomer

S-enantiomer

Assigning Configuration using Fischer Projections
priority occupies vertical position, in the Fischer projection

es the actual configuration of the molecule. If

If an atom or group of lowest
priority occupies horizontal position in the Fischer

then the configuration obtained giv
however, the atom or group of lowest
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projection, then inter:
should be done in pal

e il
an enantiomer of the compound and henc

(4H
(3)cH Cl
O0H(1)
Anticlockwise H on

vertical line so S

AND POLYMER CHEMISTRY

the last P

lace
chaoge. 0.2 tion change,

irs to avoid configurd

(2)CO0H
HO(2) (4)H

NH2(1)

In 2-Amino propanoic acid

Clockwise should be R but since H

i on the horizontal line the

configuration is S

nverts the configuration.

CH3(3)

ENGINEERING CHeyggy,
Y

ciority bond at the vertical Position, 1y

since single interchange leads ts
o

(2) Cooy

(3)CH3
Hla;

Br(y)

In 2—Bromopropanoic acid
Anticlockwise shoylq be § by
since H is on the horizong)

line the configuration is R

|
|
[
|

CHEMISTRY
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;zrt:l:i‘;zr);r;n:alﬁglil:g a::éio-fl:;:c;:&pomrx molecular shapes resulting from such
s 0 e, YIohanes g gy 1o HOCOUE This e of somerim
eometflcad l;(’mx.zrs’ t]:le conformers are interconvertible eas;l b' nllt'e . :“
single bond. u.t isolation of different conformers is pot practic);ll yfro a?Lbllcmdmoun .
very low polcntla.l Cnergy barrier for thej, interconversions, An ean ea: " uef tobthe
1620 kcal/mol is necessary for tWwo  conformers o e);ist inde ge)xlldar:;er 0t e
remperature. Generally speaking, conformational isomers, are thosepwhi:; iiteicc:::i

Conformational Analysis of Ethane

eclipsed conformers

In the case glyceraldehyde, while assigning priorities, we can write 1 to OH, 2 to CHO, 3

to CH;OH and 4 to H. Configuration in B is §. This can be explained by properly ‘ &
assigning the priority groups. Here group with lowest priority H is on the vertical line; let E, 29kabmo!
us consider I — 2— 3. As the direction of movement is clockwise, the configuration is § e T
(R). In the case of A, the group with lowest priority H is on the horizontal line as shown & H H H
in below. The configuration obtained for the sequence 1 — 2— 3 need to be reversed H i H H N
than that obtained. The sequence for the structure is clockwise and should be R, but it is H7 N H H H . H H
to be reversed and hence must be stated as S. o aggeredconformess H
] ) | I I |
2 1 [3 €0° 200 180° 240° 300° 360°
CHO OH Degrees of rotation
1 4 3
HO ﬁb\ H Homc#ﬁ; gH Fig 6.10 Potential energy changes that accompany rotation of H about the c-c bond of ethane
CH.OH H Let us consider the simple ethane molecule as an example. We can expect infinite
: 4 umber of different rotations of CHs groups about the carbon- carbon single (o) bond.

(S)-Glyceraldehyde (R)-Glycemldchyde

These different conformations may not have equal stability. The conformation in which
A B

the hydrogen atoms attached to each carbon atom with perfect staggering when Yiewed
| Tom one end of the molecule along the carbon — carbon bond axis wil.l be hav%ng tt.xe
| lowest potential energy (i.e. most stable conformation). ThlS can be easily explained in
s of the repuisive interactions between bondi-ng pairs of elect.rons. The Vstaggered
“onformation allows the maximum possible separation of electron pairs of the six c;?rbon-
Ydrogen bonds and therefore it has the lowest energy. The least stable conformation of

6.8 CONFORMATIONAL ANALYSIS
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jewed from one end
. . . is case, when viewe of
ethane is the eclipsed conformation. In this e hydrogen atoms attached 1 ey

xis
molecule along the carbon — carbon bond- axis, th® . ’ )

5 The ) h other. This conformation requires maximyp,
carbon atom are directly opposite to €ac

repulsive interaction between electrons of six carbon—hydrog;r;eb:):;zsi;:l/tllllliSbe.havn

the highest potential energy (i.c. least stable conformation)- fmction of rotat'suuatmn
graphically by plotting the energy of an ethane molecule as a o o F‘mn aboy
the carbon-carbon bond. The cnergy changes that occur a're illustrate 1n. ig.6.10 1
ethane the difference in energy between staggered and .ecllpsed c'onfomlatlo'ns (AE) s
12kimol. The small barrier to rotation is called the torsional barrier of the single bong.
Unless the temperature is extremely low (-250°C), many t.:thanc molecules (at any .gchﬁ
moment) will have enough energy to surmount this barr}cr..ln s.hon, when we discygg
about a large number of ethane molecules, (a more realistic situation), we can say that a
any given moment most of the molecules will be in staggered or nearly staggered

conformations.

Conformational Analysis of Butane

The study of the energy changes that occurs in molecule when groups rotate about single

bonds is called conformational analysis.

Focusing our attention on C-2 and C-3 bonds, we see a molecule similar to ethane, but
with a methyl group replacing one hydrogen atom on each carbon. The carbon- carbon
single (o) bond  permits the free rotation of carbon atoms number 2 and 3 with respect
to cach other along their bond axis without breaking the bond. If one CH3CH»- group is
kept stationary, and the other CH3CH>- group is allowed to rotate through 360° in six
steps (60° each time), then the following six conformations of n-butane are obtained.

Me(Me) Me MeH) Mo
! ” . [ " . Me(H) " Me o
(HH H(H) H $ H (HH H(Me) H H (Me! H'®\ QH
H Me (Me) HH) H T
eclipsed | gauche eclipsed | anti
staggered
146
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different arrangeme; :
ThZCS:nd C-3 bonds aEr"e calr;tesdocf gT;’“PS 11 space that results from the free rotations along
C- ‘ Onlormational isomers or conformations of n-butane and

Potential energy

Fully eclipsed

Partly eclipsed

AE,

gauche anti
1 L 1 N 1 — |
0 60 120 180 240 300 360

Angle of torsion (degrees)
Fig 6.11 Potential energy changes in Butane conformations

1. Anti conformation: The fully staggered form in which the methyl groups are far
apart with a dihedral angle of 180° is having the lowest potential energy and is the
most stable conformation. ’

2. Gauche conformation: Here the methyl groups are only 60° apart (nearly
staggered) with slightly higher energy than fully staggered form.

3. Eclipsed conformation: These forms of butane are having the highest energy and
are the less stable conformation.

In general fully staggered anti conformation have the lowest energy'and the hi@est

¢ conformations have an appreciable population

formational isomers usually cannot be
aking bonds by rotation about single

Population. The nearly staggered gauch
than eclipsed conformations. The various con
isolated, since they are inter converted without bre
bonds,
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Conformational Analysis of Cyclohexad
H
H
wl
H/é"ltc//c‘u - %
H\ //C\.’C/H
c”/ H T
WYow

Cyclohexane is a saturated cyclic hydrocarbo.n (CsHiz) mmwl(:::::ltagf carbons'are Sps
hybridized and tetrahedral. Cyclohexan® is an important co hP e ma})y b'°1°gical
b o structures such as steroids and it is 2 stable molecul; wmh st 1;2}11111 esls rlll'lg Structyre,
1 . . ape that the molec i

| Conformation analysis of cyclohexane re:presents the shap & oot d“ C. W.lll adopt
| due to the rotation around one or more single bond. The strain due to the deviation frop,
|

one or more ideal bond angles and the strain caused by van der Waals repulsion which
can be reduced or eliminated by rotation around a single bond need to be considereq fy,

conformational studies.

half chalr half chair
(10 kealimol) (10 kea¥mol)

| 0 e,
B 10 T (8.5 keatmol) il
AR

| kcalmol 6
i
twist boat twist boat
3 5.5 kealimol 5.5 kealimol
2
chale chair
N
L L Hon
") e "
* L] L]

was called as Z and boat as C). Bot

ations are free from an i .
gle srram.However, due to the differences in steric straifl
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op .
the hydrogen pomnting towards each other at | and 4. Hence the total strain in the boat

conformation is larger than that in chair conformation, ;
] , and cons
stable than chair form. equently boat form is less

iy

The chair form is rigid and resists distortion, and when it is changed in to the boat form,
some angular deformation is necessary. The energy barrier for these transformations is
about 6.5kcal/mol. Experimental data shows that a twist —boat contains less energy than
the classical boat conformation. The chair conformation contains 5.5kcal/mol less energy
than the twist conformation. It is to be noted that the energy barriers are not large enough
to prevent interconversion of chair and boat conformations at room temperature. Due to
the energy barrier for the chair to twist-boat is double that of reverse change, the chair
will be the predominant form in an equilibrium mixture. A conformation versus energy
diagram for cyclohexane showing how the various conformations interconvert is shown
in Fig.6.12. It is to be noted that for cyclohexane the boat conformation is a transition
state with maximum energy. Thus for the two chair conformations of .cyclohexane to
interconvert, the molecule must pass through two half chair con'fomlatlons and a ‘boat
conformation, each of which are energy maxima as well as two twist boat conformations,

which are at energy minima on the potential energy diagram

Conformational Analysis of Monosubstituted Cyclohexanes

Ring conversion in methylcyclohexane differs from that of cyclohexane in that the two

chair conformations are not equivalent.
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the methyi group 5 In o i i : :
| he relative '°°a“°§ Of the substinienss, a4 We count around the ring fi bon #1 t
. ™ In an axial pos e uppermost bond on eac N € ring from carbon 0
dy  man m!" 6 !h' PP 8 h CaYblOH- changes its orientation from equatorial (or axial)
f Z? — / : :
stable i

less
more stable chalr conformer i
cis-1,2-di ituti
clear that for cis-1, disubstitution, one of the substituents must be equatorial and the

chalr conformer
. : g . axial; in the trans-jsome;

Due to ring-flipping, methylcyclohexane is a mixture ofa Cha_” conformation With other torial and axial bond, ¥ both may be equatorial. Because of the alternating nature

an equatorial megthylpgprou;a and a chair conformation with an axial methy] group, 4 Ofequa(: ial. trans i nds, the opposite relationship is true for 1,3-disubstitution (cisis
. PP atorial, s e ial/axi : T

methyl group is less crowded when it is equatorial than when it is axig) The | allﬁ:?: Quatorial/axial), Finally, 1,4-disubstitution reverts to the 1,2-
conformation with an equatorial methyl group is about 7K/ m ol lc;Wer Cnergy (more pati=t™
stable) than with an axial methyl group. When two conformations of a molecule gre j, | CH,
equilibrium with each other, the one with the lower free energy predominates. At Toom ‘ M\C
temperature, approximately 95% of the molecules of methylcyclohexane are in the chair Hs WC% 1,1-dimethylcyclohexane
conformation that has an equatorial methyl group. ~Although methylcyclohexane i a CH; CH3

mixture of axial methyl and equatorial methyl conformations, we cannot separate these
two conformations because they rapidly interconvert by ring-flipping. The mixture of
these conformations is the single compound that we call methylcyclohexane.

C
steric repulsion
H % m/cm trans-1,2-dimethylcyclohexane
CH

CH,
CH3 EQ,CH3 cis-1,2-dimethylcyclohexane

Hs
HY H”’)C/ 3 =
HiH
4 CH
! CHsJ °
. ; Hacm/CHs cis-1,3-dimethylcyclohexane
I | Conformational Analysis of Disubstituted Cyclohexane
| ‘ . CH3
‘ In disubstituted cyclohexane, the preferred conformation wil] depend up on M ? \ CH 1,3-dimethylcyclohexane
8 B trans-1,3-dimethylcyclohex
b 1. The position of the two substituents on the ring (1 1-1 3
B - : Wist 8(1,1-1,2- 1,3-and 1,4). HsC CH
] [ 5 . Stereochemical relationship (cis or trans). ’
;I In our discussi ious i i e
i our iscussion, only various isomers of dlmethylcyc]ohexane will be considered, but daiimedsincionssane
il the principles can be extended to other poly sub, HsC o
g E case of 1,1-disubstituted cyclohexanes, one of h stituted cyclohexne derivatives. In the 3
- ’ . > O of the substityent ily be axial
i and the other equatorial, regard] i : * Dustmecessanly T
i . ’ Yclohexane ica
& i and present in equal concentration.In the Gasis o the two conformers a}'e Idefltl:?d
i compounds the analysis is a bit mg b2 13- and 1,4-disubstitute CHa
! Te complex. [t i always possible to have both groups
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i

i , : ips among methyl .

| el and equatorial elationsii? sivievcia V" 8T0ups iy

i A summary of the various axi ; atterns for dimethyicyclonexane js gi . . —B- A-

| different possible cis and trans substituent P M iy -A-B-A-B-B-A- B--A-p- A
1 et P maiies ~B-B-A- ... Random copolymers
. i e following s and trans- dimethylcyclohexane

ips in cis- Table 6.3 Compar; _
| Table 6.2 Axial and Equatorialrelationships . TParison of differen copolymers
i T

Axial/ equatorial relationships

Random copolymers | Monomers m—s—— | Representation of copolymer
| cis/trans substitution pattern onomers are distribated

fandomly, ang sometimes

P TTY T R i R )
- . Alternating Monom, — =
; ; or  equatorial/axia] ers are distributedin a
1,1 dimethylcyclohexare axial / equatonal q ropil copolymers :‘eﬁg':laral:mating fashion,
. i or equatorial/axial nearly equal m%m
1,2-cis dimethylcyclohexane  axial/ equatorial q . 1 \ amounts of each i;n l(;l]:l;hain
1,2-trans dimethylcyclohexane ~axial / axial or  equatorial/ equatoria| Block copolymers l‘xl‘ ked: Sare segmented or
. . ; . ocked in a long sequenc MM
1,3-cis dimethylcyclohexane  axial / axial or equatorial/ equatoria] Graftcopolymers | Branched copols:er\vithea
1,3-trans dimethylcyclohexane - axial / equatorial or  equatorial/axial backbone of one type of ;
. A . . monomer and one or more sid
1,3-cis dimethylcyclohexane axial / equatorial or equatorial/axial chains of another monomerl &
1,4-trans dimethylcyclohexane  axial / axial or  equatorial/ equatorial
2. Alternate copolymer: In thi , th i
6.9 COPOLYMERS : p ) ly . s type, the monomers .are arranged in a regular
& ol s of ¢ identical different chemical alternating fashion. These include polyesters, polyamides etc.
ructus ‘;;yme’ “‘;y °°“51‘S s 0 m°“°“1‘e“ ot identica 10rw111 eren ‘; emiea -A- B— A- B-A- B- A-B- A- B- A- B- A~ B~ .......Alternate copolymer
fnadce besyli nk;)r:mt:SethomopT JIOers OF co;f)o ym;rs r&;spe;:tlve Y- en a .po‘yme;‘l 1; 3. Block copolymer: In this polymer a block of repeating unit of one kind of
a homo yol mer gWhin h?o?if?e;ni type 0 fsma fmolecu e., .or mfmomer, i 18 Ta N monomer is followed by a block of another kind of monomer, then again
z n
chain tfle yol eris,called a'copo] ypes ; . monomers' @S jotned in the s.amt'a polymer followed by the first kind and so on.
, the polym polymer and its process is called copolymerization. A= A— A— A=B—B-B-B- A~ A= A= A—A—......... Block copolymers
A-A-A-A-A-A-A- Homopolymers 4. Graft copolymer: In this type, a chain formed by one kind of repeating unit
i i “A-B-A-B-A-A-B- Copolymers

of monomer is grafted on to a chain of monomer units of another kind acting

's imagi as a backbone of the polymer.
Let's imagine two monomers, A and B which can be made into a copolymer if

< ’ 4 i
m:an?f different ways. Depending upon the variations in distribution of monomer units ]g %
within polymer chains, there are various types of copolymers such as

—,L—A—A—-A—.?—A—A—A—A—A—L—A—
L. :232;11!1 ;ios]t)r‘i)tl,ym:[r: In this type of copolymer, the monomer units &% E
N ozder Mule along the polymer chain. The two monomers may follow :
but d}‘l d ost Of ‘.he commercia] copolymers of butadiene and styren®
utadiene and acrylonitrile etc, gre random copolym —
ers.
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6.10 KEVLAR

Kevlar is a registered trade markAfor a synt
company. Kevlar was developed in 1965 an

hetic fiber Produced by DuPont, a Chemigy
d being used commercially since 1970, The
. lene terephthalamide. Kevlar is a fibrg

. ol _para.pheny X ; r ' us
:?j::il ns?:r:?;—el(fz‘:i;;bs ée po[ymerization of ter?pht.hahc‘amfi dichloride and
p-Aminoal:lili)r,w The reaction is a condensation polymerization .yleldmg hydr.ochlon'c
acid as the byproduct. Kevlar is an advanced polymer resembling nylons with g,
ranging practical applications.

0

o]
I I
CI—C@ c—Cl + nHN NH;

Terephthalic acid dichloride p - Aminoaniline

& l-lnHCl
(o] 0 H H
oo
C C—N N

Kevlar

Properties

Kevlar is a classical example for an aromatic polyamide known as aramid polymer. There
is stronger intermolecular force of attraction between adjacent polymer chains making it

exceptionally stable and heat resistant, Important properties are:
1. High mechanical properties including strength,

Light weight.

Flexibility with heat stability.

More rigid than nylons.

bl ol ]

Applications

1. Acrospace and aircraft industries,
2. Bullet-proof vests.

3. Motorcycle helmets,

4. Tyres, brakes, clutch lining and of
5.

. her
Protective clothing, car parts.

OCHEMISTRY AND
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6. Ropes and cables,
7. Other high performance materials

6.1 ACRYLONITRILE BUTAp N STYRENE (ABS) POLYMERS

Acrylonitrile Butadiene S
fyrene (ABS) i itri
) 1 st ! Is a terpolymer of acrylonit
putadiene and si yrer}e. It was discovered during World War 11 Usual r’_’_"m o
about half styrene with balance divideq between butadi ' e Avryloniile
, heat résistance, and high strength; butadiene contributes

-temperature property retention; i
ougt ; V- 10n; styrene contributes
rigidity, glossiness, and process ability. Considerable variations are possible resulting in

different ﬁrades of A?S with a wide range of features and applications. Finished products
of ABS have attractive -appearance. Elecroplated ABS plastics have bright reflecting
surface and used for making name plates, reflectors etc.

Preparation of ABS polymers: Two basic processes are used to prepare ABS polymers.

1. Copolymerization: In this method, acrylonitrile and styrene are polymerized in
the presence of polybutadiene latex.

: >

X CH,=CH + 'y CH,=CH — CH —CH: + z CH, —CH

Acrylonitrile Butadiene Styrene
m ©
|
CH; —CH CH; —CH = CH —CH; CH, — CH
X y z
ABS

2. Blending: In this the two copolymers of styrene-acrylonitrile and acrylonitrile-
d and the mixture is coagulated. The best method is by
ed acrylonitrile butadiene rubber and mixing it with
r. Depending on the ratio of the monomers and the
ty of ABS polymers can be produced.

butadiene are blende
preparing a suitably cross-link
styrene-acrylonitrile copolyme! i
pattern of their arrangements, a large varie
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Due to variations in relative amoungy

¢ MONomers. .
" onsiderably. The important propertie

ies: lymers have th
Properties: ABS polym: o vary ©

of these monomers, the final products cal
are:
1. High heat resistance.
2. Flame resistance.
3. Good process ability.. T 4 s 3[(, L
4. Very high impact resistance. oo IS e f
5. High glossiness. l) = \OY%
6. Good chemical resistance. '

T
Applications ;> O'//C"? pre J\,
1. They are used in automobile industry. / w) L:\[\,«; AN
2. Molded articles. ]
3. Electrical/ electronic applications.
4. Household goods.
5. Sports goods.

Ol g X

IMPORTANT QUESTIONS

STEREOCHEMISTRY AND POLYMgR CHEMISTRY

1. Write note on optical isomerism.
2.Describe geometrical isomerism with relevant examples.
3. Explain stereoisomerism with two examples.
4. Write note on resolution and recemisation.
5. Differentiate between enantiomers and diasteromers.
6. Describe ‘sequence rules’ used in R-S systems for specifying configurations.
7. Distinguish between conformations and configurations.
8. Write note on eclipsed and staggered form of butane,
9.Explain the essential conditions for a compound showing geometrical isomerism.
10. Write note on optical isomerism of chiral organic compounds.
11. Describe two methods used for resolving racemic mixtures into optically active
compounds.
12. What is optical activity? How is it measured?
13. What is specific rotation?
14. Descr!be tﬁe conformal isomers of n-butane,
15. Explain with examples R-S system of co,
16. Write note on geometrical isomerism in
17. Write structural formula and important

nfiguration of optical isomers.
cyclic compounds.

ENGINEERING CHEMISTRY

22. Discuss the chair and boat conformations jn cyclohexane

23. Write an essay on the conformatio i

X nal anal
24. Discuss the conformationa] analysis of butz;: ereveloheane.
25.Draw the Newman projections for etha .
26. Draw the Wedge ~h§sh ?rojection for 1,1 Dichloromethane and Lactic acid.
27.Draw the Fischer projection for methane and ethane
28. Enunc.mte the?procedure for assigning R and S nomenclature for glyceraldehyde.
29. What is ABS? What are its properties and applications (KTU June 2019).

ne and propane.
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Conjugated polymers

These polymers have extensive conj
responsible for conductance. The ove,
the polymer result in the formation

CHAPTER

CONDUCTING POLYMERy
m
7.1 INTRODUCTION

Polymers have long been used as insulating materials. For elxample,cmctgl cablesl are
coated in plastic to insulate them. Poor conduct.lvlly of po ymgcses:n € explaineq
because of the non availability of the free electrons in conduction pi L

Conducting polymers are much more electrically conductive thz{n standard polymers but
much less than metals such as copper. In practice, the conductivity of these materials are

characterized by low —charge carrier mobility — a measure of how easily electric

charge
moves.

7.2 CLASSIFICATION

A polymer which can conduct electricity is termed as conducting polymer. Conducn‘ng
polymers can be classified into following types.

Conducting Polymers

Intrinsic conducting polymers

Extrinsic conducting polymers

Conducting due to the presence of conjugated & bonds Conducting due to the presence of|externally added substances

Doped polymers Element filled polymers

Fig 7.1 Classification ofconducling

Blended polymers

7.3 INTRINSICALLY CONDUCTING POLYMER (ICP)

Jugation in ¢he polymeric 'backbone which is
tlapping of Telectrons gyer the centre backbone of
of valance bands (lowest occupied band) and the
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conductivity bands (highest

occupi : )
molecule. Pied band) whicp extend over the entire polymer

1. Conjugated m-clectrong conducting Polymers
In this polymer, backbones or
residual charge. Such polymer.
which is responsible for condu

associated grou
§ essentially ¢
cting electrica]

PS consists of localized electron pair or

ntain a conjugated -electron backbone,
; charge. In an electric field, conjugated n-
Xcited, and thereby can be transported through the solid
Tlg of orbita] of conjugated x-electrons over the entire
10n of valence bands as wel] as conduction bands, this

er molecyle, Generally, electrical conduc!
only after thermal or photolytic actiyg

extends over the entire polym

tion could occur

— E—— 1vation o ‘el_cc:runim give them sufficiont energy to
5§ €ac y ) N ~
Jjump the g _P —C_Cach i € lower levels of the conduction band. Presence of conjugated
n-electrons in a polymer incre.

ases its conductivity 1o a larger extent.
7\

7 Z24\Y 74 _ /_\—(’_/—\—( ‘)—*’-

— N/}
Trans- polyacetylene

f— -

~n
Polythiophene

2. Doped conducting polymers

In comparison to conventional polymers, polymers with conjug.\Alcd :-el:c;mns can be
easily oxidized or reduced as they have low ionization poxvc'nu.\ls and Fugh electron
affinities. Their conductivities can be increased by creating po?‘lu\c or ncg;lvm e ch:.lrgc on
Polymer backbone by oxidation or reduction. po ?d condug! -w Tl\mehr x>o:n:x‘1‘:;drl;lv
€Xposing a polymer to a charge transfer agent in either gas or solution phase. In general,

C = = ~HvIty e o or.
dg Ing increases the surface conductivity of the polyme

it is refeme s Doping. There are tw
By analogy with semiconductor technology, it is referred to as Doping. There are two
different types of doping.
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Negative Doping of Addition
;f clectrons (Reduction)

Positive Doping of Removal
of electrons(oxidation)

Fig. 7.2 Types of Doping

a. Positive Doping (Oxidation)

polymer with a Lewis acid; '-hereby
f positive charges o the polymerj,
d) used are BF3, FeCls etc.

It is done by treating an intrinsically conduc.ting
oxidation process takes place by the fom\atxo.n ol
backbone. Some of the common P-dopant (Lews af:x

NSNS

b\ & 7
SEEVAVAVAVN
VAVAYAYN

@

Fig.7.3 Propagation of polaron through a conjugated
polymer chain by shifting the double bonds

The oxidation process (i.e. removal of an electro,
e T A roval ctron f to
the formation of delocalized radica ion calld pupers. Porl e *ickbOR) Jeads

which_can_move-along the polymer chain, T el
bonds. Thus, these polarons can act ag cu;rem car
—————— )
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p. Negative Doping (Reduction)

: ¢ by treating an intrinsic
1t is dom ahintninsically cgpg )
reduction process takes place by the ucting polymer with a Lewis base, thereby
packbone. Some of the commop N..
ammonium etc.

74 CONDUCTIVE ELEMENT FILLED POLYMERS

Jtisa resin or polymer filled with conducting elements suc ¥ :
fibers, metal oxides, etc. In this the pulym:rzéui:;‘;;‘;;: 1?133 E:J-tk- Zmﬂuw
clements together in the solid entity. These polymers po,s:s ’.;"mb'ﬂ Coo:)d burlli
conductivity, and are generally low cost, light weight, m::.“.z:u:d‘::- l-aoz ::d st
easily process able in different forms, shapes and sz;:s I E
The minimum concentration of conductive filler w
polymer starts conducting is known as percolation this concentration of
filler, a conducting path is formed in the poly o Genenally, special
conducting grade C-black is used as filler, which has very hugh surface area, more
porosity and more filamentous properties.

hould be added so that the

7.5 BLENDED CONDUCTING POLYMERS

These polymers are obtained by blending a conventional polymer with 2 conducting

properties and can be easily processed.

7.6 APPLICATIONS OF CONDUCTING POLYMERS

1. Analytical sensors: Conducting polymers are usad for maling seasors for 02, NO,,
SO2, NHj, glucose, and P, ) N

2. Rechargeable batteries: Conducting polymers are used for rm.\mgvbunon vpe

batteries are small in size, long lastng and can

rechargeable batteries. These : -
o S0 mAcm’. Moreover these bameries are

produce current density up * h
environmentally friendly since they do not carry any ,ll‘“c heavy mem‘l; .
3. In photovoltaic devices: They c.ml 1bc used in producing photovoliaie devices, e.g.,
i T hotovoltaic cells. o y )
4. :i([;le/gsg:lt;;/:;ufhcn\ical sensors: An emerging ‘;ppl.l:;“.):m?; iicl::l‘lcz:z
conductive polymeric materials is biosensors :mld :n ::xlu;.h ansc 8
convert chemical information in to a measurable electne PEISE:

lol
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are used as electrg.,

nducting polymers chemical

A . Co

5. Electrochemical actuators: C
actuators -
6. Dis.play systems: Used in opt1
7. For making Jon-exchange

boundary laye .
RIfEEs ein o they are useful for ion-

. ices.
display device
calmb:;nes: membranes made up of cop duct,
me’ ¢ effects with selective penncablhty for foi
exchangers and controlled rejeq, : o,f
gases etc. and hence
drugs.

Slow diffusion of drug
through polymers

Drug solution *

Polymer film

Spacer

Fig.7.4 Slow, controlled release of drug by diffusion through polymer membrane

8. Used in wiring aerospace and aircraft components.

9. Used in variable transmission (smart) windows.

10. Used as conductive paints.

11. Used in antistatic coating for clothing.

12. Artificial nerves.

13. Microelectronic devices, telecommunication systems and biomedical equipments.
14. Used in electronic devices such as transistors and diodes.

15.The list of potential applications for conductive polymers remains a long one and

includes radiation coatings, batteries, catalysts, electro chromic windows, fuel
cells, nonlinear optics, radar dishes and wave guides.
16. Piezoceramics

17. Printed circuit boards,

7.7 FACTORS AFFECTING THE CONDUCTIV[TY OF POLYMERS

The conductivity of organic polymers is influenced by the following factors
1. Conjugation length of the pol
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2. Doping level: the conductiyit,

saturation point is reacheq_ ¥ ©f polymers increases with doping level till a

4. Frequency of current:
frequency of current.,

properties of conducting polymers

Conductive polymers have the following Properties

. Good conductivity

. High ability for charge storage

. Ability to exchange ions.

. They absorb visible light to give colored products.

. They are transparent to X-rays.

The products are economical, recyclable, with dimensional stability.

. These materials are environmentally friendly since it does not carry heavy metals.

7.8 POLYANILINE (PANI)

N N B WD —

Polyaniline is one of the oldest conductive polymers known. It has been known as an
electrically conductive polymer (ECP) for the past 35 years. Emeraldine (an oxidative
form of polyaniline) is also known as “synthetic metal”. It has conductivity like metals,
metallic lusture and metallic sound. . Although the compound itself was discovered over
150 years ago, only since the early 1980s has polyaniline captured the intense attention of
the scientific community. This interest is due to the rediscovery of high electrical

conductivity

Preparation

Polyaniline is made by the oxidative polymerization of aniline under acidic conditions.
The most common oxidant is ammonium persulphate. The components are dissolved in 1
M HCl and the two solutions slowly combined. The reaction is very exothermic. The
Polymer precipitates as an unstable dispersion with micrometer-scale particulates.

" Q NHZ - NHO
n

Anil Polyaniline(PANI)
1line
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Conduction Mechanism of Polyaniline o
ctricity because of their conjugated 7- bond Systen,

iline i nduct ele R .
P‘;ll'ilyml']mfe . ?Iz tihzooverlapping of carbon n-orbital and altemat.mg C'«irbon—carbon
tv):n:z l;:gt(}):smeextenﬁing over large number of recurring m(?m’“tle; “m?- In P°1yaniline,
nitrogen m-orbital and carbon rings are also part of the conjugaled Systems as showy, ;,

figure. .
®
@ N“’@"ﬁ =<Z>= "
.

Chemical structure of doped emaraldinesalt (PANI)

The conjugated double bonds permit easy electron mobility thro-u-ghout the molecyle
because the electrons are delocalized. Delocalization is the condition in which the 7.
bonding electrons are spread over a number of atoms rather than localized between two
atoms. This condition allows electrons to move more easily, thus making polyaniline
electrically conductive.

In addition, it has a conjugated double bond structure, the benzoid ring, between the
quinoid imine and the benzoid amine structures, which renders polyaniline a conductive
polymer. Polyaniline exists in three oxidation stages.

1. Leucoemeraldine
2. Emeraldine
3. Pernigraniline

The emeraldine- base form of polyaniline is the most stable of the three states and is the
commonly accepted conductive polymer.

Properties of polyaniline

1. Polyaniline also known as “synthetic meta]”,
metallic lusture and metallic sound,

. Polyaniline has light weight and mech,

They can be doped for increasing the

Poly anilines have three distinct oxid

They can show different colors,

They are environmentally friendly iy 10 heavy meta
als,

It has conductivity like metals,

anica] flexibility.
conductivity,
ation states,

S AW
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Applications of Polyaniline

1. Canbe used in chemical vapor sensors, §

2. Corrosion protection.

3. Active electronic components such as nop volatile memory."

4. The dxffer?nlt colors-, _Charges and conformations of the multiple oxidation states make
the materia _promising for applications such as actuators, super capacitors and
electrochromics.

5. They are suitable for manufacture of electrostatic dispersive (ESD) coatings and

blends. .

. Rechargeable batteries: Polyaniline is used for making button type rechargeable

batteries. : ’

Microelectronic devices, telecommunication systems and biomedical equipments.

uper capacitors and bjosensors.

=

=

7.9 POLYPYRROLE

Polypyrrole (PPy) can be prepared by chemically or electrochemically through the
oxidative polymerization of pyrrole monomer. Most commonly it is prepared by the
oxidation of pyrrole using ferric chloride in methanol.

nC,H,NH + 2FeCl; —— (C,H,NH), + 2FeCl, + 2HCl

E Polymerization 3 / \
O = P04

Pyrrole Polypyrrole

Properties

1. Polypyrrole films are yellow but darken in air due to oxidation. But some

doped films are blue or black.
2. Undoped and doped films are inso
Polypyrrole makes the materfal brittle.
3. It has very high chemical resistance.

Juble in solvents but swellable. Doping of
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4. Polypyrole is an insulator. But oxidative derivatives are good electrie

conductors.
Applications

1. Polypyrroles are often used in biosensors, as sensors, anti electm?tatlc Coatingg,
smart windows and displays, light weight rechargeable  batteries, electroj
devices solid electrolytic capacitor etc.

. Polypyrrole is a potential vehicle for drug delivery system. .

. Polypyrrole based polymer blends can be used to protect corrosion Fuf metals,

. In medical industry, it is used for testing blood lithium levels of patients.

. Polypyrrole coatings have excellent thermal stability and can be used in carbop
composites.

w A W

7.10 ORGANIC LIGHT-EMITTING DIODES (OLEDs)

Light emitting diodes (LEDs) are optoelectronic devices, which generate light when they
are electrically biased in the forward direction. The early commercial LEDs devices, in
1960s were based on inorganic semiconductors such as gallium arsenide phosphide
(GaAsP) as an emitter and the efficiencies were very low. After 40 years of rescarch and
development, the efficiencies of inorganic LEDs have been significantly improved and
they are used in a wide range of applications such as telecommunications, indicator
lights, and more secently in solid —state lighting.

Light emitting devices made with organic materials are called organic light-cmitting
diodes (OLEDs). Before the invention of OLEDs, organic based devices could be
operated only in electroluminescence mode. The first organic electroluminescence device
was demonstrated in the 1950s and very high operating voltages were required. These
devices were made with anthracene single crystals doped with tetracene (a blue emitting
fluorescence dye) sandwiching between two electrodes. Very high drive voltages were
required and the efficiencies were very low. However, L tiw new OLED devices are based
on multilayer structure and they consists of a transparent anode, a hole transporting layer,

an electron/ emitting layer, and a cathode. During operation, electrons and holes are
injected from a cathode and anode, respectively,

holes leads to efficient light generation. The op

that of LEDSQ

OLEDs re used to create digital displays in devices such as television screens,
computer monitors, portable systems such as mobile

and PDAs and solid state lighting applications.

and recombination of electrons and
eration principles of LEDs are similar to

phones, handheld game consoles
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There are two main families of OLEDs

1. Those based on small Organic molecyles-
2. Those based on
phenylenevinylene)

OLED Structure /

A typical OLED structure consists of the following five parts

e.g Organometallic chelates

OrEanic  polymers- ¢, Polyfluorene  and  poly(p-

1. Substrate (clear plastic, glass, foil) supporting OLED.
2. Anode, adds electron holes (removes electrons

device [Indium tinoxide (ITO), Au, LiF]

A hole transport layer (HTL), this is the conducting polymer layer that transport
holes from anode. For example, poly aniline, Poly (p-phenylenevinylene) (PPV)
4. An electron transport layer (ETL). This is the emissive layer made of an organic

molecule or polymer where light is made (different one from the conducting layer)
e.g. polyfluorene.

) when a current flows through the

3.

5. A metallic cathode, injects electrons when a current flows through the device. ( e.g
Ag, Caetc.)

e
Working principle /,/ ’

A typical OLED is composed of a layer of organic materials situated between an
anode and a cathode deposited on a substrate. The organic molecules are electrically
conductive as a result of delocalization of conjugated = electrons. These materials have
conductivity levels ranging from insulators to conductors, and are therefore considered as
organic semiconductors. The highest occupied and lowest unoccupied molecular orbitals
(HOMO and LUMO) of organic semiconductors are analogous to the valence and
conduction bands of inorganic semiconductors.

When current is applied, electrons flow from the cathode to the anode. Wllen t:esi
electrons go through the OLED layer, photons are released. The cathode p:s :s
electrons in to the emissive layer, while the anoc%e removes electr(:ns fr:)mlthc;r conduc :'1:
layer (which leads to “holes” in the conductive layer.). The “new’ electrons in °
he holes in the conductive layer fonmng ?n excntoF
d. Depending on the nature of the emissive materials
f the light is controlled by the amount of current

emissive layer combine with t
teleasing photons and light is creat®
the color can vary and the intensity ©
applied.
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~
Figure 7.5 Operation of an OLED

¢ a light-emitting electrochemica]

S . o OLED can creat
By adding ions with mobility to an LEDs. Unlike inorganic LEDs,

cell (LEC). OLEDs have a similar structure to inorganic‘ : l
OLEDs can be used to make emissive displays and arca lighting panels.

OLED Advantages

. Lightweight and flexible plastic substrates

. Better power efficiency and thickness

. Lower cost

. They have greater efficiency levels than halogen and incandescent lights.

. They are considered as cold lighting sources and do not generate excessive heat.

L T S

OLED Disadvantages

1. Low life span
2. Water damage- water can instantly damage the system

Applications /

OLED technology is used in commercial applications such as

. Displays for mobile phones

. Portable digital media players

. OLED cameras

. Smart watch with OLED screens
. Smart phones

. OLED TV

e T S

an OLED is simply an LED where the li
_molecules. Light-emitting diode of thi
r t material can be used for visual
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ght is produced ("emitted") by
n flexible sheets of organic
displays. Elcctrons are injected
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from the cathode while Holeg are inj
recombination of electron hole pairs at

ENGINEERING CHEMISTRY

Jected from the anode. Transport and radiative
the emissive polymer.

JMPORTANT QUESTIONS

1.

8.
9.

. What are conducting polymers? Give tw
. Explain the following

How the conducting polymers are cla,

" ssified? Describe wi £ in i
conductivity and applications it escribe with examples. Explain its

Dec.2017.

0 examples with structures (KTU 2016)
(i)  Conducting polymers with conjugated 7 electrons.

(ii)  Doped conducting polymers,

(iii)  Conducting polymer blends,

. Write the method of preparation of polyaniline and polyacetylene. Explain its

conductivity.

. Briefly explain the important applications of conducting polymers.
. What is mean by doping in conducting polymers?

. Explain the electrical conductivity of conducting polymers by using valance band

theory.

Write a short note on OLED (KTU April 2018)
Explain the working of OLEDs

10. Write note on the structure of OLED

11. Write note on the applications of OLED

12. What is polypyrrole? How will you synthesize it? ¢(KTU June 2019)

13. Which kind of doping is possible (p or n) in poly pyrrole why? Give two

properties and applications? (KTU June 2019)
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