‘a anes
Alk ,actions)

ylit al Re
.r and hyd
 made of carbon an ydrogen
pounds ;"2_ 3 etc. The first three mcmb; L-"’ ‘n,ey
of th;

r_:!fll’C =
{ org where 71
£

Ikanes are the simples * H
have the general formula Cplianes
R class can be rvpr('\cnl(‘d as :

©

(rree-Re

P

H H H H
& Ho 1]
l i H prel—t—t—H
H—C—H H=¢ ] [
H — Propane
Methane .
ch other by single covalent bonds. Each carbo
n

ponded to €2 :
es arzmms 0 give maximum covalence of 4. Since the
they are also called Saturated H ydrOcarbons

is again bonded to enough hydrogen
skeleton of alkanes s fully ‘saturated’ thhydmgen;’ ds. Therefore, this class of hyd
Alkanes sadcin C—Cand C—H covalent bonds. ’ Yydrocarbong
lkanes contain strong sometimes referred to as Paraffins (Latin, par:::

relatively chemically inert. Hence they are
affinis = little affinity).

STRUCTURE
Let us consider methane (CHy) and cthane (CH3—CHj) for illustrating the orbital make up of
alkanes. In methane, carbon forms single bonds with four hydrogen atoms. Since the carbon atom s
attached to four other atoms, it uses sp® hybrid orbitals to form these bonds. Each C—H bond is the
result of the overlap of an sp? orbital from carbon and an s orbital from hydrogen (Fig. 6.1). All C-H

bonds are ¢ bonds.

The carbon atoms in their molecul
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wWh "
TR oo yent Jap of an \;,1 hyhrid orhital frome arbon and an s il
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" ‘ jis et “'I'“ ‘n thl' overlap ol the sp’ orbitals, one from cach carbaon
o w [T
Ii] nd anst :
F rhe * * I“I e C ¢ bond ar¢ 0 honds.
1 i L
.\ilhl
Hl a ponds

3 o

; 154 A . 109.28

f C .‘S:Og? ( /C = C

C K A \9/’ \ H
<L ¥ ¥ ) H~” \
y o \
& H H
AR O
H " H H
Fig. 6.2- Orbital structure of Ethane.
E ; ;
(L TUR (ems of naming alkanes :

"‘JME«rC gre (WO sz em. The first four members of the series are called by their common
e (muﬂ“"" mer.haﬂ o, ethane, propane; and butane. The names of larger alkanes are
lelﬁ'\,iﬂ pam .k preﬁxcs that indicate the number of carbon atoms in the molecule.
245 G[cc .

> the has six, and so forth. See Table 6.1.

i ﬁm:e has five carbons, hexane Hs

= pentd ’ :

¥l s CE LA
Molecular l|

| \mnhur“l Name formula Structure of the normal isomer
_chonatom> '

. Methane CH, CH,
: Ethane CyHg CH,CH;
: Propane C3Hg CH,CH,CH;,
1 Butane CsHyo CH;CH,CH,CH;
< Pentanc C5H|3 CH}CHQCHQCH:C}h
;' Hexane C5H14 CH}CHZCH:;CHQ‘CH:CH3
7 Heptane C-Hie CH3CH3CH1CH2CH2CH2CH3
8 Qctane CgHis CHBCHECH3CH2C51CH3CH2CH3
0 Nonane CoHap CH;,CHZCH2(31-!1(',}13(:[{2(}13CH:,_(:1-]3
10 Decane CyoHn Cl—l;,CI-I3(:I-IZCHECHQCH2(:}-12(;1-12(;}.12(:}13
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1o heat the air which lifts them,
ane 2
prop me parent name. For example

1nans use

Hot air palloons i iy . » g ;
rs are distinguished pr Ojg
X

alkancs have the sa

: ic ariouSs isﬂmc I 0 L
In the common system all isomere e names © "lrmuculc- ol ES%Q
C,H,, alkanes are known as hul.'ul‘-:“‘ Irch'cnt in mo{:bons are in one continuous chaip, The
prefix indicates the type of '"]'-""‘-"]:Té-ufr:cs in which all ca - The Dreﬁ,‘
(1) Prefix n-is used for those &
7= stands for normal. GH3CH2C:H20HQCH3
CH+CH,CH2CHs n-Pentane
3 2
n-Butane thyl group (CH3-) attached
, methyl £ to
— d for those alkanes which haved the S"Cun q
(2 ref1x iso- is used 10 ¢ :
k . n.
last carbon atom of the continuous cHe (]:HS
CHs CHs—CH— CH,—CHg
CHS—-CH —CHjs Isopentane
Isobutané hich have tWo methyl groups attached tq the g
(3) Prefix neo- is used for those a!kanes ¥ “cong

last carbon atom of the continuous chain.

CH;
| cn,—CH
CHg_"'C'_'CHZ 3

[
CHjs

Neohexane

Primary, Secondary, and Tertiary Carbons. The structural formulas of alkanes contain gy,
H -}

types of carbon atoms : .
(1) A carbon atom attached to one other (or
(1° carbon; 1° = primary).
(2) A carbon atom attached to two other carb
2° = secondary). _ )
(3) A carbon atom attached to three other carbon atoms IS called tertiary carbon (3° carbon;
3° = tertiary). _ )
(4) A carbon atom attached to four other carbon atoms is called quaternary carbon (4 carbon;
4° = quaternary).

o other) carbon is called primary ¢ arboy

on atoms is called secondary carbon (2° carbop;
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alkyD). Fores wmple,

i .
\II iy D,

M

(CHa

T\R."If"m'IIP

5 oW s
s M.

NA M

yonalkyl GOUP>
E(ﬂple’ Group
-F
-
_Br
-1

' An all Vi proup e formed by removing

RH
Alkane

. CHy-

Methyl group

e Trom the name

ol TI‘ {

. R-
Alkyl group

(he names of some important alkyl groups.

:§ OF COMMON ALKYL GROUPS

e ':_'u'_hl}'.-l: f!’l'-'l'l'l an .’“ Ane “‘l"'. -

ofresponding alkane and replacin

g it by .yl

Ethyl groﬁp

Stracture

C”.;
CH;CH,
CH;CH,CH;

CH3CH,CH,CH;

o
CH;CHCH;

Alkyl group
CHy-
CH,yCH>-
CH;CH,CH,~

|
CH3CHCH;,
CH;CH,CH,CH,-

I

CH;CH,CHCH;

s

. CH4CHCH,—

s
CH;CCH,

Name of alkyl group

methyl
ethyl
n-propyl
isopropyl
n-butyl

sec-butyl
(secondary-butyl)

isobutyl

r-butyl or reri-butyl
(tertiary-butyl)

A number of nonalkyl groups are used in naming organic compounds. For

Name
fluoro
chloro
bromo
iodo

Group
-NO,

-NH,

-OH

Name
nitro
amino
hydroxy

UPAC System. The common system has some limitations. Pentane has three isomers :
@ AR 2

hexanc has five. The mo

re complicated the alkane, the greater the number of special prefixes needed to
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Clg

Ous carbon chain is p}",“‘n )
i >

. [.-mfl'"; l‘.".'".qc are parent names. ay the b
st chain TNC 6.1 The i,
Stepr 1 Name the Ionge iven i h .
for the name. The names are those E T chain has Tour carbon AMomy
I'he Jongestt l‘:’»uml i« named asa butane, 8,
CH1"'_CH'-'__C"H--GH‘1 [hus- the comer
- . - ’l' i
CHa _in the longest chain are py,
. The carbon ;rl(”l;”;:: having the lowest “«'-liu:]l cred-Th
yost chait. L s nuUIT a 0
Step 2. Nomber the ,"m:-L::‘; which will give : carb‘)h:
numbering is started from thi
; : 2 3 4
carrying substituents. L 0 O R
1 3 2 1 and not CH3 CH2 | CH3
CHg—‘CHg "_"J'CH_—-GHS CH3
CH3 Fach substituent is named, and the POsitioy,
. nts, EaC - of
. , qubstituents: = ch it is attached. ¢,

Step 3. Locate and name the mrl’f.;ﬂe carbon atom to whi Ach

substituent is indicated by the number ©
ocated on carbon 2 of the chajp,

oup is |
4 : S 2 1 L ;,u;zched group 18
CHs —CHQ——?H'—' CHs af:(];“ is a methyl group-

CH3 . -
in and substituents Il to the name. The position anq
Step4. Combine the longest cha e hain and written as one word,

Ion
of the substituent are added to the name of the long T
2
3
CH3
2.fethylbutané

o] [

Attached Longest
chain

th& narne

4
CHs

Position
of alkyl group  alkyl group

Additional steps are needed when more than one substituent is attached to the Iﬂngest chain
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I I
CHs (;chcH,gcH21::Ht3Hc>|~|20H2c:H3 CH3CH,CH,CHCH,CH,CHCH,
|

CHchs CHcha CH3CHCH
3,3,6-Triethyl-7-methyldecane

jollowing examples further illusteate (he
(|3I
CH;;CHCllHCHa

2-Bromo-3-chlorobutane

(IZH«:CHS

CH:;CHz‘?HCHz(I?HCHa CH3CHQCCHQCHQCHCH3
CH; CHs CHs CH3

2 4-Dimethylhexane 5-Ethyl-2,5-dimethylheptane

CH,CHs <|3Hs CHs

v:l:H3 (|3H3 (|3H20H3
CH,CCH,CHCH, CH4CHo,CHCHCH,CHCH,CHy
| | |
CHs CHs CH,

2.2 4-Trimethylpentane

W iy as ONe Wongd,

! : 2 :
CHy = CHy— GH—

e 1Y
\ 1 ) r
\ . ik
L \1 ik i ik } . oy
1IN \ UL T Ot ated) by \ SOPAEME Tt I et s . Yeten
VAN " WE MR sl "" Y vl A o th nh ] Vil III. o3 Vo vl
\‘: a ORI 11-\\|, o] | “‘.1 A
LM, CH '
i h |
_ CH G = CH~CN, o T i . |
o CHy=CH, ~CH—CHy—CH, l
“H.'- I~ . ‘:
CHy i
v 4-Dimethvipentang ) E
L I

J3-Dimathylpentane

Present, the e '
thetr names arg alphabetized and added to the name of the

CHy~CH— éH: —CH, “"‘EHs
CH,

S-Elhyl-a-nmthyiocmne

application of the above rules :
CH,CH;q

CHSCHQCHCH?_?HCHzCHB

CHg
3-Ethyl-5-methylheptane

Br

5-Isopropyl-2-methyloctane

6-Ethyl-3,4-dimethyloctane
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NATURAL sOURCES OF Al KANES L il g protenm. Both ol these Wiy,
w are P sintlit \'qlllll;l' pis A ontadns about Kooy, ey Ibh'ﬁn
¥ 2 roleum is g Mg e

ag (0 alkam

1
WEOIWAARY FTRANIY ML
”-“nllll

i "ol ki
Jhet rllt'llll"l v I Chie i
ah - “ouy, 't
o

hl'

I l!l""“'

AT LIS of

fhwe “1 1
geentiy found together in ML

Y% ctha .,
cthane, the remaiming 1 Pty a4

alk anea
Lan vantarming upl.-ilh_uhmh

::‘L.;T:N ki h‘”‘m\l;;!: .',"-i l .l\l;h-nvm: a:!k}'rn:"‘,il-""\'t u-u'l'Il_\'allt‘:tvuinlhu N
L] oyt ron o al 1L . (e B . it T an be use = ‘ ‘.‘
of mickel .l: ™ r' i;.‘:t.;“'l;n\-:[;“l .,I" RS- ()HI(-I"-;II.I'}. to whieh el LU TN "“!lln"“l :}%
LRIALYM T - - 4 oo alk: l
palladium .
Ni —CHs=—C-
(@) R—CH=CHy * Hs A » R—CHx=—CHjy
. . Alkano
Alkene
Ni ,  CHy—CH:
CH,=CH, + Ho —a 3 3
# ‘ Ethane
Ethylene t
CHy—CH=CH, + H: _Pt, CHy—CH2—CHy
’ M o Propane
Propene
Ni
() R—C=CH + 2H2 ~& » R—CH,—CHj
Alkyne Alkane
Ni _
CH=CH + 2H> -——\—’ CHs; CHj
Acetylene Ethane

(2) Reduction of Alkyl Halides. AIkyl halides undergo reduction with nascent hydrogen ¢ -
’ ’ |

alkanes.
=) ¢ &H —* R—H + HX
Alkyl halide Alkane
CH;—I + 2H —* CHy + HI
Methyl iodide Methane
CH3CH2_'BF + 2[H — CHS—CHs + HBr
Ethyl bromide Ethane

> g(’; "’;df ogen for reduction may be obtained by using any of the following reducing a gents

n+ HCI ; Zn + CH;COOH : Zn—Cu couple in ethanol : or LIAIH, : Hyd ; - :
3 : anol ; i : Hvdrogen gas &

may also be used. 4 s+ Hydrogen gas and Nior Pt catalyst
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oed. Notice that o " B
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=00
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MNa . NaOm s AM : NaSCO:

{‘ll Al ana

A CO0ONa :
5 a3 NaO) ) . :
Sodiim ncelate ! * CH, + Na,CO;4

Mathane

vy LR :
' pvdrolysis of Grigng .
el 1y AErents - reagents) :,r,:.,,},f;.l,l._.,:,l

aring AlKY halides with magnesium i
i : mi

ay T

n

i

ATV magnesium halides (Crigns

n anhydrons ether, These on treatment with water give

(4

HX ! MCI (\.lhnr’ HM()X
A“‘Y;magnesium halide

RM _
9X + HOH ——» RH + MgX(OH)
CH3M9| + B Alkane
OH OH
Methylmagnesium » CHy; + Mgl(OH)
iodide Methane

vty S wic Hiohae , ;
& Wurtz ynthesis. Higher alkanes are produced by heating an alk}'lha'ide(Rx)w“h sodium

. dry ether solution.
indry ¢ Two molecules of the alkyl halide lose their halogen atoms s NaX. The net

Seral
R—R type) having an even

. .

-« the joining of two alkyl :
ult is e < yl groups to yield '
A S yield a symmetrical alkane (

um
H_-X + 2Na i X-—R ether R—R + 2Nax
symmetrical
e 3 i alkane
CHs—Br + 2Na + Br—CHj e, GCHy—CHg + 2NaBr
Methyl bromide Ethane

The mechanism involves the formation of an extremely reactive organosodium intermediate:

RX + 2Na — [RNa] + NaX

RX + [RNa] — R—R + NaX

The reaction between two different alkyl halides and sodium gives a mixture of products that are

fficult to separate. For example, methyl chloride and ethyl chloride when treated with sodium give
d ethyl chloride; ethane from the

ree products : propane from the combination of methyl chloride an
mbination of two molecules of methyl chloride ; and n-butane from two molecules of ethyl chloride.

ether
"% (CHsCH,—CH; + 2NaCl

CHgCHz_‘CI + 2Na +Cl—CHj,
Propane

Ethyl chloride Methyl chloride

_ether,  GHy—CH, + 2NaCl

CHg—'CI + 2Na + Cl_"CH3
Ethane

Methyl chloride

CHyCH,—Cl + 2Na +Cl—CH,CHa _ether, 54, CHy— CHoCHg + 2NaCl
n-Butane

Ethyl chloride
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AL 1wt I -””‘“ | alkanes "' iy,

Wern TR | TRy winte The pry ynetiicst
this & ) ' . . .
Wt hewd cepwaration of only 1 | palide is firstconverye

an alkane,

An ik y )
IH}'I\‘I {

h'"'hii
i

Wy nthesls :
ih an MISYALL yhde

;Ih‘

oty Hlowise AThpne

Thic e thmn i e v

/ Bromide

y mn?
’ ‘“?H'\“- l R P TT '..ej,h\!-frf.i f

U, CH,C fl CH4CH,, /"C‘-lLi

il (‘“ Cl |)

CHLCH,Br »
| ithi thium dje
- | jum ’"'l
Bromoethant ;_[hyl‘hl‘ Ylee, ll'Jl’i
- HaCH.

from bromocyclohexane,

wane',
Example 2. Svathesis of ethyleye lohe

Cul
Li Li
O = O = (O
Lithium d'CYC'Ohei o
Bromocyclohexane yle

Culi + CHaCHzE" QCHaCH

Bromoethane Ethylcycmhex

This method is particularly suitable for the preparation of unsymmetrica] alkanc

lype R—R".
7 - e QO sis. When a concen
(7) Kolbe's Synthesis ar b“"?lic

electrolysed, an alkane is formed. g
Iy

’ <€,
»th

trated solution of sodium sat ¢ a
C

i P R—R + 2002 +
2RCOONa + 2H,0 e 2NaQH +H

Sodium carboxylate at Cathoge 2
2CH,COONA + 2H,0 — > CHz—CH3 + 2C0, 1+ 2Nnaoy vH,

Sodium acetate atanade at cathogg

This reaction is only suitable for the preparation of symmetrical alkanes, ¢, , thoge of the
R-R. :

PHYSICAL PROPERTIES
(1) First four alkanes methane, ethane, propane un‘d butane are gases. Next fifteen i
(C, to C,,) are colorless liquids. Higher alkanes are wax-like solids. Cmbers

(2) Solubilities of Alkanes. Alkanes are nonpolar compounds. Their solubility characterig;
may be predicted by what is commonly known as the ‘like dissolves like” rule. What this ryle memssnc
that nonpolar compounds are soluble in other nonpolar solvents and that polar COmpoundsa:
generally soluble in other polar solvents. Thus, alkanes are soluble in the nonpolar solvents [

carbon tetrachloride and benzene, but they are insoluble in polar solvents such as water,
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CHAPTER 6 : ALKANES | 199

r, alkanes undergo two types of reactions :
jevely B i S
gubstitution RLJ‘--“O‘H'\ y
" rhermal and Catalytic Reactions
) reactions take place at high temperatures or on absorption of light energy through the
Thes of highly reactive free radicals. .
,'l\nn:umn A the important reactions of alkanes are described below :
qﬂlﬂc {

°" Halogenation. This involves the substitution of hydrogen atoms of alkanes with halogen
(

Hm\

jfoms: orination. Alkanes react with chlorine in the presence of ultraviolet light, or diffused sunlight,
y Chle serature of 300-400°C, yielding a mixture of products. For example, methane reacts with

[és
© ratem .
ke [ni\‘ﬂ methyl chloride and HCI.

v :
Hlonné ©
wll

CHs + Cl, —5”"7. CHsCl + HCI
r

Methane Methyl chloride |
(Chloromethane)

The reaction does not stop at this stage. The remaining three hydrogen atoms of methy] chloride
. he successively replaced by chlorine atoms.

CHgCl + C|2 — > CHQC'Q + HCI

Methylene chloride
(Dichloromethane)

CH20|2 + C|2 e CHC]3 + HCI
Chloroform
(Trichloromethane)
CHCl; + Cly, —» CCl, + HCI

Carbon tetrachloride
(Tetrachloromethane)

Inactual practice, all the four substitution products (CH4Cl, CH,Cl,, CHCl3, CCly) are obtained.
Theextent to which each product is formed depends upon the initial chlorine to methane ratio. Carbon
erachloride is the major product if an excess of chlorine is used. Methyl c
fanexcess of methane is used.

Ethane and higher alkanes react with chlorine in a similar way and all possible substitution

products are obtained. For example, ethane reacts with chlorine to give chloroethane as the
flonosubstitution product.

hloride is the major product

hv

CchHs + Ciz T3 CHaCHzC' + HC]
or heat

Ethane Chloroethane

Wo types (primary and secondary) of hydrogens. Therefore, it gives two =
ucts. Generally speaking, a tertiary hydrogen is more readily replaced than a

Propane containg

. i
mnusubsmuuon prod
secundar}r hyd

yérogen. A secondary hydrogen is more readily replaced than a primary hydrogen.
(.|7I
—* CH3;—CH—CHg &
2-Chloropropane ’
CHS-‘CHz——'CHS + C|2 ] = I
Propane
I 1-Chloropropane ]
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200 | ADVANCED ORGANIC CHEMISTRY
I alkanes mkcs_Pl E
he following SIEps. :
jergoes homolytic fission tg gj _
le underg give chlﬂnne

ace through the formation of free ryq;
i

MECHANISM. The chlorination of Cals, Py

g ; ane involvest
example, chlorination of methane involv inii
. ; -1 olec
(1) Chain-Initiation Step. Chlorine m

radicals, hv ; Cl-
gi § G =gx > G

- ical attacks methane t
(2) Chain-Propagation Steps. (@) Chlorine fr?e;?j:'iﬂfmm s movememoofp:?,?l}ce .
methyl free radical. Notice that fishh ook arrows are use 8le efecfroﬁ
i3 VH; Oy —* HGl o+ LN
&Jm - Methyl radical

etha

(b) Methyl free radical attacks chlorine molecule to give methyl chloride and chlorine fe, Tadicy)

HaC /:N@ral — HgC:Cl + CI

fr&g

Methyl chloride

- Steps (a) and (b) are repeated over and over again. )
(3) Chain-Termination Steps. The above chain reaction comes to halt when any two free radicg)

| combine. For example,
’ c- + -cil — Cl—Cl

CHs + ‘Cl —> CHz—Cl
CHz- + ‘CHy —» CH3—CHg3

Free-Radical Reactions Yield Mixtures of Products. Free-radical reactions are often characterized
by a multitude of products. The chlorination of methane can yield four organic products. The reasop
for the formation of these mixtures is that the high-energy chlorine free radical is not particularly
sclective about which hydrogen it abstracts during the propagation step.

While chlorine is undergoing reaction with methane, methyl chloride is being formed. In time,
the chlorine free radicals are more likely to collide with methyl chloride molecules than with methane
molecules, and a new propagation cycle is started. In this new cycle, chloromethyl free radicals
(+CH,C1) are formed. These undergo reaction with chlorine molecules to yield methylene chloride
(CH,C1,). As in the previous cycle leading to CH,CI, another chlorine free radical is regeneratedin
the process.

H H
o n Y |
s —Cl — CI:H + -Cc—cl
H !
Methyl chloride Chloromethy|
radical
H

I
- C"‘—?——CI + ClI-
H

e . : ; Dichloromethane
SIITI.IIJI‘I}’, (,l.llornform (tnchlorumelhanc} and carb : hloromem
are obtained by further chain reaction +oon feteachloride: (tesas
The free-radical chlorination of ' prod’j
‘ nethane yie 7 .
even larger numbers of prod, ki our organic products. Higher alkanes %" gy

ICts because |
. . e e t
propagation reactions, here are more hydrogens available that can en

s TN
< ;

e

I—Q—=

mlc:'

[
d
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+, Rea 3CN0N Wi Suiiu YU nloride 'l"\(‘l(_] )\ '\]k e reaClI\.
..- o] -\_'_"'0\“-“ at 60-80°Cto tom] all\\l h'llld < anes react With SUHUT\I ; i
o ‘-P O "'hl\‘!‘Idc N the .
R—H + CI——ﬁ—-—CI W R
—Q 4
O SO + He

i< is a free-radical reaction. It is initiat
s Iy & LA < ' ey
D ik G e TR ith \UItur\] bl d by the du.on]po\ltml'l of benzoy] i
5-3ls, which 1n tum chlonde to genenate chlorine . aton 7 Perovide g
- atoms,
O @]
('é o e, (”3 80-80°C II
,_-;I_!:_ S . R
C ' A CBH:: S CGHS-—-—C-.__

enzoyl peroxide

0
CeHs—C—0O —» CeHs® + CO.
Phenvyl free
radical
T i
F il ™ <
gHsw + "Cl:S—Cl ——> CzH:—Cl + -S—]
C' - \_/ ” . b "

O
@)

Sulfuryl chloride
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ADVANCED ORGANIC CHEMISTRY

i Lo

iR

I\ o
Fnrcxmnp]c.

CHy CH, CHz CH, CHa e,
CHg"—-(l!'}-—-(llj—-CHa e CHy—C—C—CHCl 4 CHS‘“?‘“*i:?HcHa
H H H H C
2,3-Dimethylbutane 1 -Chloro-2.3ég$:ethylbutane 2-(3hlcm}-2,:3(531;2mhylhume

(3) Nitration of Alkanes. Another reaction of alkanes i's nitratipn, in which a nitr,, Oup, 2y
1s substituted for a hydrogen. This reaction requires except!(:!nal_ly Vigorous conditiong and p;m,iol'
very small yields of product. With methane, the only product is nitromethane, CH,-NO e

: §
5 this rep e
i ; >
is carried out with methane and concentrated nitric acid at 400 to 500°C and under high Pl'essm;ﬂ

CH3__N02 + H20
Nitromethane

400-500°C
pressure

CH; + HO—NO,
Methane (HNO3)

With higher alkanes, a mixture of products is obtained, some of which result from pypp,

carbon-carbon bonds. For example, the nitration of ethane results in a mixture of “itmmethaneanﬁ

nitroethane:
400-500°C
thane

Nitroethane Nitromethane
MECHANISM. Free-radical mecha

nism s involved. The reaction is initiated by thermal splitting |
of alkane molecules into free radicals.

Y 400-500°C
CHCH,: H ———~, CHaCH,+ +  H-
Ethane Ethyl free radical
400-500°C
and CH3 LEH:; N 2 CH3'

Methy! free radical

Chain propagation occurs as follows :

CH4CH,*
Ethyl free radical

CH,CH, C\
o

+ HO* — CH3zCH,+ +  H,0

+ HO' N02 > CHSCHz_—NOQ + HO'

Nitroethane Hydroxyl
radical
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ALKANES | 907
w2 involves the recombination of any two free radicals o
s 1 iy,

CHz* + CHy» ——» CHa:c:H:1
Ethane
CH:CHs* + CH;CH,- ’ CHSCHQ: CH,CH,

Butane

Jhanes is exclusively a commercial process. As a

‘ result of the low ield
(N e » ' 1 S
b ] wn TN _'l‘.‘ﬂ‘.;.‘\J". “.hpha“c R COITIpOU“dS ol Se}dom ¢ y o thc

- Ncountered. On the |
_ —smnounds are easily prepared and widely used, e

iom This involves the substitution of a hydrogen atom of alkane with
~erarures neither concentrated nor fuming sulfuric acid reacts with alka
- shjected 10 @ prolonged reaction with fuming H,SO,,

~SO;H group.
nes. However,
one hydrogen atom on the

: =y the sulfonic acid group (-SO;H).

s—H + HO—SOH —> R—goH

e (fuming)

+ H20

<2

Alkanesulfonic

acid
2 = (2. or larger alkyl group. Lower alkanes like methane and ethane do not give this

. .—huston (Oxidation). The general equation for the combustion
: “the mostimportant chemical reactions of modern socje
v for a wide range of purposes.

of a hydrocarbon is given
ty. Itis the major route by

y
':.::_:3 -'_-'I\X + T) O, — XCOQ + ‘g—HQO + heat

CHs + 2 02 —l C'Og + 2 H20

= 1 1
Energy input needed |  Energyreleasedon |
to break bonds | . forming bonds !
{Endothermic process) | - (Exothermic process) !

"%z fzat Dberared during combustion is substantial. We make use of it in our homes and

== wien we bum natural gas, kerosene, and other hydrocarbons.

24z imporiant deductions about the relative stabilities of hydrocarbons by comparing

- icmoustion. The heat of combustion is the energy liberated when a compound is

pietely. Compare the heats of combustion of the two isomers, pentane and 2-methylbutane
= which are. respectively, 845.2 kcal/mole and 843.5 kcal/mole. The mass balance

stion of these two isomers are the same, as shown below.

=
2 combusti

.....

-
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; : CHEMISTRY
ADVANCED ORGANIC
. 208 / /mole). and we conclude that it

S o 1.7 kea i is ison ;
i content than does Z—mclhy]l’"h"“-ltlhl};cnlﬂllc by 1.7 keat/mole. This comparison js illllstr[%'h

A .y th ;
thermodynamically mor¢ stable b
Figure 6.8.

Pentane + 80; I1_7 kcal/mole
(CHaCHzCHgCHzCHQ) T—— Z_Methylbutane " 802 |
(CH3?HCH2CH3)
CH,

AH® = —845.2 kcal/mole
AH® = —843.5 kcal/molg

’ 5C0, + 6H0
bustion of pentane and
iq.6.8. Energy changes on com )
?%21: Ibutar?g Pentane has a more exothermic heat of
? thylbutane. We infer that pentane has

combustion than does 2-me :
a higher energy content than does 2-methylbutane, thatis, pentane

is thermodynamically less stable than 2-methylbutane.

We interpret this result as indicating that 2-methylbutane has strorllger bonds‘than does penty,
Stronger bonds correlate with greater stability. An important general point to keep in mind throughgy
our discussion is that energy content and thermodynamic stability correlate inversely. The higher
the energy content, the lower the thermodynamic stability. Thermodynamically ess stable compoyy
react more exothermically in the combustion reaction than do their more stable isomers,

Differences in energy content between isomers of ordinary open-chain alkanes are usually g E
small, as in the comparison above. The principal theme that emerges from many comparisonsis thy
branching generally leads to an increase in stability.

(6) Isomerization. Normal alkanes are converted to their branched-chain isomers in the presence |
of aluminium chloride and HCl at 25°C. For example,

CH;
CHs— CH,—CH, — oo I
3 2 H2 CH3 _HC_I_’ CHa'_'CH_"CHs
n-Butane Isobutane

(7) Pyrolysis (Cracking), The decomposition of a céi;,:;e::ypbr;p;:;)is called pyrolyss |
(Greek : pyro, fire + lysis, loosening). This process when applied to alkanes is known as cracking. |
When alkanes are heated to a high te mperature in the absence of air, a thermal decomposition occu
Large alkane molecules are broken down into a mixture of smaller,, lower molecular weight alkané:

alkenes, and hydrogen. Pyrolysis generall i i
Yy requires tem i -800° wever, i
the presence of a catalyst (finely divided Slica: peratures in the range 500-800°C. However

temperatures. This is called Catalytic Cracking
Ethane when heated to 500°C j :
hydrogen.

alumina) reactions can be carried at less I

n the absence of air, gives a mixture of methane, ethyl‘“"wj
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