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Chapter 1

; : 5 of the nonbonding orbital is equal to the average energy of
orbitals, whereas the energy of & :
1ifé atomic orbitals.

= ization \
_Orﬁhlw Ives mixing of different types of atomic orbitals, e.g.,

It is the m;h‘?‘mm form new equivalent (degenerate) atomic orbitals

L3 process o idization ith as many hybrid
ackitah The X ras gﬂ‘i:’ahmukm two s,
Sl ith, e.g, an's ‘orbitals resul p
e L Ta B o Dral, and

. between the centres of gravity of
at e.ith_er centre, i.e.,

The Nature of Covalent Bond

bonds away. The concept of inductive

the behavior of organic compounds, effect is very useful for explaining or predicting

A closely related effe

; : ct is the field ich i :
(attractive or repulsive) acting 1 effect which is an electrostatic effect

hrough Space, and which also decreases with the distance.

Dipole Moment

The dipole moment () of 2 polar molecule is the product of the distance (d)

the positive and the negative charges, and the charge (q)

H=qxd

_:m',:v"fdiPOIe moment is Debye (D) where ID = 10°'% esu.cm. The dipole moment of

ule is the vectorial sum of the individual borid m
G ey oments, and usually affords
n -gbo,ylz the geometry of the molecule. ' :
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e T le between sp?

2 dized, and the ang P
lene are sp” hybri lect

Theca ns ?IOTS Of;:ctzevcr the repulsion between e :vzrze:nmbl:: 'T:
orbitals normally is 120°. and an electron pair of carbon-hydrog !
of carbon-carbon double bond the electron pairs of the two carbon-hydrogen
greater than the repulsion w“:;nyd bonds are slightly pusllLedbeback. Thc:;
bonds. As a result, gg'is, therefore, smaller than the norlmal :.ng tween sp
B e ¢ " bond angle s correspondingly larger.
arbitals, aed the electronegative chlorine atom attracts t9wards

In temchlomed_'lylme. e n-chlorine bond. As a result, the d:stal:lce
itself the electron pair of ?;,cwtwab carbon-chlorine bonds increases, decreasing
between the electron pairs 0 The C—C—Cl bond angle, therefore, further
B e the G C—C1 bond angle correspondingly increases.

n

\/ CH— CH—CH; CH—=—CH—CH; CH=C—CH; CH,=C=CH, .

1 2 3 4

length between similar atoms is called the

o ha!r £ QF: ::. The radius of mmi!an among odler.things' also
depends m“ of its hybridization, and decreases with the increasing s
mmbm& hybrid orbital with an increasing s character is held more
tightly by ...de.d: Thus the radius of an sp” hybridized carbon atom is larger
m:(::u * carbon atom which in turn is larger than that of an sp carbon
:.Thmﬁfcubmm'ofﬂwml;llﬂﬂ4msﬂ{ sp’, sp and

idi; pectively. T adulﬂﬂt(bcteasingmdmsof!_hﬂrcenu'al
PMW s B A T i W

 carbon atom therefore is: | >2>3 =

' The Naﬂﬂ’e ofCavaIen‘ Boﬂd- 7
This energy should pe ¢ ual to the h - Cl which is equal to
2760 kJ/mol. q eat of formation of C;HsCl w
Thl.lS, 2422 + xr= 2760
or *=2760-2422 =333

Therefore, bond energy of C—Cl bond = 338 kJ/mol.

Electronegativity of an element can be determined from the equation:

N
where, Xx and Xg are the electronegativities of the more and the less
electronegative elements, respectively, and A is the diff between the
energy of a bond between two unlike atoms, say A—B, an Cir! i
of the energies of bonds A—A and B—B. T
given (4.0), and the bond energies of the
available in Table 1.6, el

Let us first calculate the clectronegativity of C.
Geometric mean of the C—C and F—F bond o

= VEc cxEp; = \347x 157 = 23 }
Bond energy of the C—l'-‘_bo i = 48

(44}

So, A=4850-2334 =
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5 Chaper.| e Natwre of Covalont Boad “
O the geometry of me Wbecule. The
For Cl, 34 - 3)9-290=49 mouen : ollowiag molecubes d0 oot have dipole
B e x Eo w339 -y 347 x 24} -2
A=Eco-VE <1 49 -05+24=29 N\ M
and the clectronegaliviry of CLXo " i—; +Xe V) .?f --(:_’:
The electronagativity of C1 given in Table 1.8is 3.0 : " \"‘n (e O—O
- i Ci
;“.:“ JEaax Eay =309 =36 x 226 =309 - 14 =23 : - Ne—a
and the electronegativity of S, X5 = 96.5”“"03.23-2'? l ”.(f @ OGO
The electronegativity of § given in Tale 1.8 is 2.5 ! : | L
10 MM“H‘Q(’O = Xx) oan be w O.INO-M
' Wmnmw iy
Xo-Xa® % Mb,u::.“___“)""ﬁhﬂﬂ
A=Es-a- JE =4l - JE 20 H :
Fioes, - 4)] - 3255 = 1055 ®  On: o
anad Xa~ x.-'\’-‘- \,m-l.l ‘ Wy o
MMMI:MM&M-N-”. - -
1. mmmgdo“ﬂ ‘d.-hngluh

charge atom (both atoms have ogusl charge) and & s
um'm(-m-dubir*ha :

Grea 'i-z-'
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Chapter 1

iatomic molecule invelving a * covalent’ bond the net charge
mdwhu;:nhmbean':imemﬂccbudhshgdq:ﬂlybyﬂum
mmhadmkmhwhhwmn‘wﬂyph bond each atom
carries a charge of 4.8 x 107 esu (full electronic charge) with gﬁb signs. In
lmheubmmnmhnthdwiﬁmbqb atoms carry a
Mmm%mwhkhwho as a fraction of the
MWMM#MWM“M%JM&&&
the molecule using the following equation:

L G

v ":.__
R e
.|rr el Sy i

The Nature of Covalens Bond

(iii) Polarization of a bond induced by

= Y an adjacent polar bond is

; .eﬂvc i,ish.ngl: C:.plcnlts through sigma bonds and decreases rapidly with

mdk : Y i o8 bond four bonds away. The fact that chloroaces
: stronger ac !hln'lcdlc acid, is due to the electron-withd wing

inductive effect (~1) of chlorine wh .

wnown 3

) h :
ionization of the former acid, Kh stabilizes the anion produced afler the

0]
c r—-ll.l ' i
HCH—C—OH "= cle-cHye-b o1
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CAaPkr 2

E Basi_c Concepts in Organic Chemistry

;MR’S'SUMMARY

«.. ,Mncalized Chemical Bonding

3 If the electrons involved in the formation of a bond are shared by only two
ei, the bond formed in this way is teferred to as a localized bond. On the other hand,
- bonding electrons are shared by more than two nuclei in a molecule, the bonding is
aid to be delocalized. There are three main types of structures that show delocalization:

1 s
Mh (or triple) bond in conjugation with another double (or triple) bond, e.g.,
n butac 'ene(CH¢==CH—CH=CH2) and acrylomtnlc (CH=CH—C=N).
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Chapter 2 '
ibly contribute
i jous canonical forms th?t may possibly toward
i o vari in rules:
e writing the pserve certai ’
ik hybrid: e gt i i.e., it should follow th
the same resonance Yy afide Lewis structure, 1.€., the

bon
1 A canonical form must be a

]
Basic Conceprs in Organic Chemistry

H
H

. 2
-(f‘—CH=CHz ety H—C=CH—CH,
H

. . Pi
Since in some of the canoni

| A B : ‘ cal forms there

rules of valﬂ"cef" the atomic nuclei must be the same in ‘all the canonical forms, i ‘{'Pe of resonance is also called no-bond ::Z::nzznd e o s i ook

ositions O - 13 me plane. B |
2 e - olved in the resonance must lie in the same p : =0 Bonding :
i nlas mvc;“ - o4 clectrons must be the same, n.all the canonical forms. 5 When in a molecule h
oF unpaired electrons Must RS tE BTy 75 y ol 1 olecule hyd 9-0as
4w 308 num-be‘; < with distorted bond angles or bond lengths will not contribute to atom like oxygen, nitrogen ory ﬂrjfﬁ?]: tct)lT lts: dl:ie?uy Bl i Lighly clectson ol
nonical forms Wi i e ’ - charge on hydro s, gy pol : al posit

5. fhi resonance hybrid. 5B . —lea'd'sg to an );s'soggzigtlorge:?: B e charge%m );hg e::c::(;:,be;agima: n Thi

. v . 4 " Yy 14 :» 37 en ’e a ' ‘

s wmﬁbnﬁm qﬁ i een 4 il At ;::ghe ‘;n:lzcules through the formation of we(;r: b];}::l;

Since. . ive stability negatively charged electronegati fthe stherom Of one molecule Sl aliy

relative stabilitys their relative st 2 » ‘ e Wi A

gabetoole ol

st - G

&+
& St e
AR

o+

e N

rogen bond which ajth
than the van der s

. bond

_ isr-:;mo‘
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Basic Concepts in Organic Chemistry ¥

No. of electrons . Molecular orbitals N#. of electrons
in ground state

in ground state

g
s
=3)
.~
=
G
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No. of electrons
in ground state

Basic Concepts in Organic Chemistry 19

(@  The first canonical form contributes toward the resonance hybrid more than
the second one which involves charge separation. :

(5) Both canonical forms have equal contribution toward their resonance
hybrid. f

(¢) Second canonical form has greater contribution toward the resonance
hybrid because it carries the negative charge on the more electronegative atom,
whereas the negative charge in the first canonical form is on the less

_ electronegative atom,

(@) Both canonical forms have equal contribution toward their resonance
hybrid. :

(e)  The first canonical form has greater number of covalent bonds and has no
charge separation. It therefore contributes the most toward the resonance hybrid.
: involve charge Separation, and out of them the last canonical
charge on the _electronegative atom, has the least
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Basic Concepts in Organic Chemistry

8 more such
canonical forms
r

Scanned with CamScanner




Basic Concepts in Organic Chemistry

Intermolecular:

_ dnemoflﬂ-
Vdu'geovertoﬁw ;
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of a bond are shared by only two
pond. For example,

u{ll?"""'

Basic Concepts in Organic Chemistry

¢ e Oy T

Tautomerism i re o, — :
tomerism is a phenomenon in which two isomers {called tautomers)

differs is .

h;zi:,;nw:e po;mon of a proton which shifts from one atom to another (mostly

double bon:.uc ’Ihzs:::ygen or nitrogen) with the corresponding adjustment of a

Bolow: © tautomers exist as an equilibrium mixture, as shown
H

CHJ—E—-CH3 — 3 CH H,

&ME‘; ﬁ':,’g:‘n“ boiling point of ethanol than that of diethy| ether has been

hydrogen bonding, shown. in £y 7 " R e
i break thi o e). : 3

n?:g:sdﬂt:?e in di this association to volatilize ethanol, m(il;'type ot:m : f“) is
‘ iethyl ether which, therefore, volatil; association is
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contributing structures, greater the
stable than a primary carbocation.

CH,—?(‘FCH—E—-OC:Hs

hmmmahunquﬁlhimmm.ﬂnmolkfmm
) sinilar o that present in phenol. Due 10 the

iyl ok i

ke;nﬁﬂﬂ 8
Md‘“”“

Spectroscopy

SSUMMARY Gt §upemly Bgue ssunies ﬁ
2 . - [ " : !

OPy Is an analytical technique that is based on the absorpuon'\‘bf‘
radiation - as a consequence of the interaction, of thy
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intensity. The intensity is expre:

Chapter 3 .

ULTRAVIOLETIVISIBLE SPECTROSCOPY

Itraviolet (200400 nm) and visible (400-800 nm) radiations
with the excitation of valency electrons from the highest
to the lowest unoccupied molecular orbital
ic transitions which in the decreasing order of

The absorption of u
by molecules is associated
occupied molecular orbital (HOMO)

LUMO). There are four types of electron
ergy requirements are: ' :

L G5oo* > n—>o* > 1Tt > n—nt ‘
‘ An absorption band has two characteristics i.e., its position (wavelength) and its
as molar absorptivity (&) which is measured as

absorbance (4). The sbsorbance and the molar a sorptivity are related by the Beer-
,'l',lijt_as-follows: FRE A Bt EL it

L ]
o5 UVIVIS spectroscopy very useful or guanlatve gnalyss
VIS spectrophotometer is commor used to ‘measure the

Spec!roscop Y

INFRARED SPECTROSCOPY

Organic molec

. ani ules are i
its characteristic frequency whicl:?l
the bond.ed atoms. There are two
can be either symmetric or antisy

@cking, scissoring, twisting or wagging

! A molecule absorbs i
.l[e_vel_to a higher one such th::fze:rh
dqpole moment. Absorptions due to st

Bonds
e Absorption regions (cm™)
X . 3700-2500
2300-2100

1900-1600

~ c=C,c=N

Scanned with CamScanner

adiatio i

; pro\r}lgn‘ciijumps fro_m a lower vibrational energy

re,tchin ide thart the vibration fayolves a change?n
g vibrations are more useful than those due

a cons ibrati

depem;esmc:nsiif (if vibration, each bond vibrating with

mei V.sbren‘gth of the bond and the masses of

S L 1 _ratlor}s, 1.e., stretching vibration that
5 ending vibration that can be classified as

'l




| Chapter 3 5;066’!r05c'0py
B, CHz:CH—CH:CH-—CHj

200800 nm 2.5-50 pm 1 oy Athash two isolated carbon-carbon double bonds and gives UV spectrum
ar to that of I-pentene. B has a conjugated diene system with a methyl

—lenath | 200-400 nm -
Wavelength .2.5%10%1 3x10* 4.0x10°-2.0x10? i substituent.

Wavenumber 5.0x10°-2.5x10*
e Sk

14 12 3
1.2x107-6.0<10 ) 2() . A molecule must involve a net change in dipole moment during itss
- . vibrational motion in order to absorb IR radiation.

5;10?f-§-§’519" &

»_f s E 4 BTl 2o
L 0"10"_ —4.0x10 ) o Ha, (;-:2 aﬂd. Nz-do not absorb in the infrared region because they do not
- . 'fiveive achange in dipole moment during their vibrational motion.

Sl wuduotl ssiie 3 Lo : W o - y ; |
A © Symmetric stretching vibration of CO, does not cause a change in its

e AXM“”Q;‘--' P ~ dipole mo i
. .. R g s i:’); < ment, and is, the!'efo're, infrared inactive. The antisymmetric stretching
ey N causes a change in dipole moment, and is, therefore, expected to show
. -absorption in the IR spectrum,

¢ On the other hand, a change in dipole
olved in the C=C stretching vibration of the unyﬂunetz:al
g vibration is a must for IR
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CH& “

Saturated Hydrocarbons

““mu-t. T T s
droge h-mﬂhnhﬂm (5 mighme Syl s gl
.y “mmwm

% Somn compuundh in which he saton sows e e o e

 tnulh cacbam atom s bomded

R e Spienstion ﬁ“

peadh »

Scanned with CamScanner




34

Natural Sources of Alkanes

Alkanes are widely di
and petroleum. The natura
:v‘:msne (80%) along with the

alkanes, decreasing in the same order

brariched-chain alkanes
quantities of cycloalkanes and

snderground
by fractional distillation.
Preparation of Alkanes

i orincipal sources are natura|

but W‘." it consisting primarily of
Jower alka . butane, and higher
ixture of straight- and

ogether with small

is obtained from

into various fractions

Saturared Hydprocarbons
Reactions of Alkanes
Churnclcnsumll',_ at uﬂhnap‘, temperatyre, the alkanes are unreactrve toward
most mcnu However, they may be made to react with certain reagents if the right
conditions are used, as shown below

L Halogenation. Alkanes react with halogens either on heating at 250-400°C

- under the influence of light, usually 1o yield a mixiure of halogenated alkanes. "

&

]
'S
L

2. Nitration. Alkanes undergo nitrat treatment with 3 large sxcess of 6084
nitric acid at 400°C, in erp{u:?mymrgmcm m:molm
including products of fragmentation and oxidation

3. Sulfonation. Alkanes . ]
e mwumﬂmﬁﬁ_ﬂ_ |

4. Combustion. Alkanes burn readi if ignited in the of an
ﬂnwbmdmmmhd;m‘
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Saturated Hydrocarbons ¥

two main categories, i.¢., aliphatic hydrocarbons and aromatic hym'm
aliphatic hydrocarbons include the open-chain compounds and those cyclic
compounds that resembie the open-chain compounds in their behaviour. They are
further classified as saturated and unsaturated hydrocarbons. The saturated
hydrocarbons are those compounds in which the carbon atoms are joined to sach
other only by single bonds, and cach carbon atom is bonded to four other aioms.
They include alkanes, eg, ethane (CH,—CH;), and cycloalkanes, =.g.

t
W(I&Hz).MWanum

(CHy=CH,) and alkynes, e.g., ethyne (CH==CH). The aromatic hydrocarbons

‘l,-'ﬁﬂ'.m(o;uumums-—sw

. naptatalene ( QIO

By 5
%

Scanned with CamScanner




Saturated Hydrocarbons
C¢Hia,

n-Hexane CH,
-C, tw
.fZZ-C, fonﬁ- Isohexane or 2-Methylpentane
; pri-C, three
sec-C, two
rert-C, one

() CH—CH,—CH,—CH,—CH,—CH; (ii) CH,—‘]TH——CHT—CHZ—CHJ

H;

CH;—f—CHZ—CH,' (iv)CH;—CH:—TH—CHr—CHJ
! "‘CH; 3 ; ]
Xane or 2,2-Dimethylbutane
- pri-C, four
sec-C, one

CH;

1 .
B ip=

==
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Saturated Hydrocarbons

Hs
o) CH—EH—CH—cH (viii)  CI—CHy—C—CHs
Cl  CH;, CH;
2-Chloro-3-methylbutane 1-Chloro-2,2-dimethylpropane
C4HsCl,
(i) Cl—fH——CHHH; (ii) CI—-CHH—CHH3
Cl ' '

1 l-chhlorobunme 1,2-Dichlorobutane
(ni) CI—CHz—CHz—fH—CH, (iv) Cl——CHz—CHz—CHz—CHI‘—CI

't -
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Saturated Hydrocarbons

42
(CH;3)CH

() () CH—CH | i) 4 : A

Methylcyclopentane
1-Isopropyl-3-methylcyclohexane
3-Ethyl-l,l-dimethylcyclooctane
tert-Butylcyclodecane
2,2-Dicyclopropylpropane X
2—C[1loro-f—cycloheptyl-Z-methylpropane
Bicyclo[4.4.0]decane
M:ttgylblcyclo[z 2.1]heptane
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Saturated Hydrocarbons

Cl I Cl | C 1
éc'{] ﬁ
' CH,
’ X H;

1,1-Dichloro- 1,1-Dichloro- 1,1-Dichloro-
2-met.!_|ylcyclohexane 3-methylcyclohexane ~ 4-methylcyclohexane

Petroleum is a complex mixture of straight- and branched-chain alkanes
ranging in carbon content from C; to Cy, together with some quantities of
cycloalkanes and aromatic hydrocarbons. Small amounts of oxygen-, nitrogen-

d sulfur-containing compounds are also present in the mixture. Crude
oleum is obtained from underground pockets by drilling wells, as a viscous
-k liquid. It is separated into various fractions by fractional distillation. For
‘main fractions obtained by the fractional distillation of petroleum, see Table.
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2 Ircan be

' Mﬁa

Chopler 4

ﬁﬁmd’ﬁhwm

(CHCH:CHRCuli =

amﬂ

Mpwmmm!he

}*’CHj +
ZnCI;

H;'l'

Saturated Hydrocarbons

CH,CH
fe) >CHBr +Zn+HCl — > CH;CH,CH;CH; + ZnCl
CH;

CH;CH,CH CH;CH
16. (a) Three; CH;(CH,):CH,X, 2>CHX, }\CHX
CHJ CH3CH1

s CH,C : ?H: ~ (CH;)C
. (& Foug HCHX, CH,CH:?X, HX,

CH; CH;
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Saturated Hydrocarbons

H,
(iii) CHr—f—CHzCH, (iv) CH,CH,?HCH:CH;
o CHy

’

~ “CH; CH,
(@ The isomer (v) will give two monochloro- derivatives.
“The isomers (i) and (i) will give three monochloro- derivatives.
The isomer (iv) will give four monochloro- derivatives.
The isomer (ii) will give ﬁv\m:ochlom. derivatives.

v) CH;EH HCH;
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Chapter 4
H,Cl

CICH,—C—CH,C]
Cl

H,Cl

w cicH—CH—CHCle

 ClcH—C—CHC
al '
: ?i"enmdalorO- deﬁ;'h‘ﬁ"“ (a2 H,C

I H‘
HClb ClCH:——T—CCl:b

ChC 2 GHC
et et
H;
ChCH—CH—CCl,  CIC
 Hexachloro- derivatives (s%):

Saturated Hydrocarbons

Decachloro- derivative (one):
Cly

chc—c—ccy,
Cl

(@ CH:CH:CH:CH;NO; + CHyCH; HCH; + CH;Cl*lzCI'IzN("‘2 &

1-Nitrobutane

CH;CH:NO; +
Nltroethane - Nitromethane

NO,
CHJ HCI‘I)NO; + CH;TCH; . + : CH}C
.' | CH: 1 A "L 7%

Scanned with CamScanner




¢ 2
Chaprer : ‘ Saturated Hydrocarbons

0{;—£——CH» + CHNO; (iii) - By subjecting cyclohexanone to Clemmensen reduction.
" Nitromethane |
‘ ef Ye
——
’ '.lcl .

2-del-2-

luw nitropropane

On pyrolysis the u'bon-cllbﬂ\ bonds of pentane cleave to produce smaller - 28 In a dilute solution, there is less possibility of two molecules to come close
iy HyCHy ;_“0“8;' to undergo Wurtz reaction, and each molecule is independent to undergo
; CHye + CHiCHC . . . Freund reaction. In a concentrated Solut:on the moleculesm closer to each other

to be able
g CHOMCHOMCH—_ & . e cHiCHy able to give Wurtz reaction.
These radicals then recombine to form ammofmm
CH,* +CHy*
CH;* + CH;CHy
CH,* + CH;CH:CHy*

25.
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P A \_ e gl |
o Chapter 4 '
55

Saturated Hydrocarbons

54
3 o ___’_“_., CH:CHzCH?CH’ the presence of a ring in the molecule,
C 2 ; ;
D“ 3 80°C - ) _Any atom in a molecule normally tends to have bond angles matching to its
ne requires more vigorous conditions. bonding orbitals. Any deviation from these normal bond angles causes a strain in
The hydrogemltion of cyclobuta . . the molecule. This type of strain is called angle strain.
Ni CH,CH.CH3 (k) Any two bonds on adjacent tetrahedral carbon atoms in a molecule, like
+H —oec o ' C—H bonds of ethane, tend to be as far apart as possible to decrease repulsive
: i ar : : :‘qwmctloge bt:twe,et;l1 the electrons of the bonds. Any decrease in the lateral
for hv (CH,Cl + Other chloro- derivatives T istance between the bonds on two adjacent carbon atoms causes strain in the
¢ 31, (g CHiCHCHy*+Ch —2? CICH;CH: ) of propane ; LR molecule. This type of strain is called torsional strain.
& . ] a ; £ - () When the nonbonded atoms in a molecule are close enough to cause a
H,C! : H, ol rl : strain in the molecule, the strain is called steric strain.

‘ : i Hopie—2" -Cl e, (m) In cycl I e ST
, SR H, F oy = Sl P - (m Incyclopropane, the tetrahedral carbon atoms cannot permit their bonding
| EPIEETCN 2k ok Alcotol: - apged : e orbitals to be directed along the line joining their nuclei for bond formation. The

: b : e g ~~ bonds formed by the overlap of orbitals which are not directed along a straig]

~line are called bent bonds,

Natural gas is a mixtury{ld \
nstitutes about 80% of the
. propane, and higher alk
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