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Chapter 10 | %T}U% fﬁﬁ;{@% # s 4
Radical (p ¢ 7 ) reactions ==

»% Bond dissociation energy

A
H

| CLom _
by = LTy .

AH = El + E2 AH =2 El AH = 2E2

—

heterolytic cleavage

A-B > Ae + Be AH°=DH°

Homolytic—T L Bond energy
bond cleavage



v The use of bond dissociation energy

H-H + CI-CI -> 2H-CI

DH® =436 DH°=243 DH° = 432 kJ/mol

assumed pathway:

H-H > He + He
CI-Cl > Cls + Cle
(He + Cle > H-Cl)x2

AH®° = DH®,,, + DH ¢ — 2DH’, ¢
=436 + 243 — (432 x 2) =-185 kJ/mol
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°% Radical stability =

CH,CH,CH, > CH.,CH,CH,» + He AH°=423 kJ/mol

CH,CH,CH, = CH,CHCH, + He AH°=413 kJ/mol

10 kJ/mol —> > more stable
""" by 10 kJ/mol
423 413 kJ/mol
] { CH3CH,CH3




422

CHj

I
HsC—C—CHz + H-

CHj

|
HC—C-CH, =+ H°

22 kJ/mol

400 kJ/mol

AH® = 400 kJ/mol

AH® = 422 kJ/mol

—> )\ more stable

ok
CH3CCHg
H

by 22 kJ/mol



% In general, overall stability:

R A i A
R-C+ > R-C- > R-C' > H-C:

R R H H

3° 27 Y methyl

Reason (similar as carbocation):
electronically radical is electron deficient
alkyl group is considered as e~ donating group

hyperconjugation



© Structure of carbon radical

Sp
l
9 9
T T
sp3 P

Low energy barrier
Interchange very quickly
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_ NTU & hemisTry -y é
% Halogenation of alkanes =

A
R-H + X, = R-X + HX a substitution reaction

hv
X =F, CI, Br but not |

v" Chlorination of methane

A

h chloromethane
V' (methyl chloride)



Polyhalogenation occurs:

A
h dichloromethane
M (methylene chloride)

A

trichloromethane

hv (chloroform)
A

tetrachloromethane
(carbon tetrachloride)

Difficult to control to stop at certain stage
Except:
use large excess CH, > CH;Cl major
use large excess Cl, > CCIl; major
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: : . NTU & hemistry é
¢« Mechanism of chlorination =

v Some observations:

e The reaction is promoted by heat or light
If promoted by light, when light is turned off,
reaction stops

e The light promoted process is highly efficient
One photon - more than one product



v The mechanism:

Step 1

Ground state

hv

A

Excited state

(2 ) (B &)
G*— —4
hv
_—
o 4
Bond order Bond order
=1 =0

an initiation step

*Some bond energy data (kJ/mol)

F-F | 159 | H,C-F | 461
Cl-Cl | 243 | H,C-Cl | 352
Br-Br | 193 | H,C-Br | 293

- 151 | H,C-l | 240
HO-OH | 214 | H,C-H | 440
H,C-CH, | 378

H,C-OH | 387




H H
YNy |
* N~ CI—H + 'C_H \ .
Cle + H”Ch H ¥ chain
' propagating
steps
e PTG Hie-Cl + Cl-) TP

*single-headed arrow for one electron flow

Termination steps:

Cl- + +CHjs Cl-CHg3

H,C-CH, | radicals disappear
-> chalin stops

HsC- + +CHjs

cl- + Cl- —> CI-Cl )

—= |nitiation required constantly



Others:

cle- + H-Cl Cl-H + CI-

unproductive
H3C ¢ + H'CH3 — H3C_H + . CH3

Polyhalogenation:

Cl- + CH;CIl —> ClI-H + -CH.CI
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*% The energetics EMiSTRY

©) Chlorination

Cl, »> 2Cl- AH° = 243 kJ/mol
E. =243 kJ/mol

*For radical combination, E, =0

EA




Cl- + CH, > HCl + CH,»  AH°=38 E, = 16 kd/mol

CHye + Cl, > CH,Cl + Cl- AH°=-109 E, =~8 kJ/mol

*For these elementary reactions:
based on Hammond-Leffler postulation, TS E
resembles the SM for highly exohermic reaction

Overall: AH° = -101 kJ/mol for chlorination



©) Fluorination

F, > 2F- AH° =159 E, =159 kJ/mol
F- + CH, > HF + CH,- AH° =-130 E_ =5 kJ/mol
CH,» + F, > CH,F + F- AH° =-302 E_,=-0

Overall: AH° = -432 kJ/mol for fluorination (highly exothermic)

*Fluorination is vigorous, difficult to control
Usually performed in dilute condition
(for example, diluted with helium)



© Bromination

Br, > 2Br- AHe =193  E, =193 kJ/mol

Br- + CH, > HBr + CHy,e  AH°=74  E, =78 kJ/mol

CH,+ + Br, > CH.Br + Br- AH°=-100 E,=-0

Overall: AH° = -26 kJ/mol for Bromination

*Bromination Is less reactive



©) lodination

, > 2l AHe = 151
|- + CH, > HI + CH,- AHe = 142

Overall: AH° =53 kJ/mol for lodination

*lodination Is not feasible

E, = 151 kJ/mol

E_ = 140 kd/mol

E

a

~0

very
difficult
step



Overall:
Initiation step is not a problem
The 2nd step of the chain rxn is easy
The 1st step of the chain rxn is critical

F- + CH, > HF + CH;- AH°=-130 E_, =5 kJ/mol

Cl- + CH, - HCl| + CHj: AH° = 8 E, = 16 kJ/mol
Br- + CH, 2> HBr + CH;- AH® =74 E. =78 kd/mol
|- + CH, 2> HI + CH; AH° =142 E_ =140 kJ/mol

Reactivity trend:
F,>Cl,>Br,>1,



s Reactivity and radical stability

© Chlorination

Cl,
N

hv
25 °C

)\ o
hv B

25 °C

G+ )\
45:55
s T Pl W
per H T =\I\3 %
WF2Y
)\/C| nd /;\
Cl
63:37
63 .37 _ ..
per H 9 ‘1 =1:5.3

(1% (3

FEFXFWNEF R

NTU & hemistry

=



> + + +
(0]
300 °C Cl 4
) 33 : 15

Cl
30 : 22
per H 6 ' 1 ' 2 ' 3
= 5 : 22 ) 16.5 S
- 1 4.5 : 3.3 1

Reactivity: 3°> 20> 10

Parallels radical stability



© Bromination

oLl e
> +
hv Br

. Br
127°C >090% trace

The selectivity of bromination is better
Reasons:
Hydrogen abstraction by Br- is more endothermic than Cl-
According to Hammond-Leffler postulation
- the TS has more product character
- TS has more radical character

- more stabilized radical, lower TS E
- faster reaction

CH CHs

| 3 8' | 80

TS: H3C—C8———|-|--Br H3C—(|35 -H- - -Cl
700 )
- CH3 CH3

more radical character



The energy difference between transition states is larger
for bromination
- More selective

A /Q'__ B

E




3% Stereochemistry NTU @henisi) =
cl, : Cl
N > T» \/\/\C| + W +
\Y Cl
racemic
Me  cI, e cl, Me

H\'2 cl + CI-

Pr jé Pr

equal rate from both sides



v With existing chiral center

Me

H._ 2uCl
\K

Me Me
H - Cl C|2 C|2 H > Cl
Cl- + - + Cl-
cl” \H — H'y
Et Et H SRS
(2S,3R) two sides (2S,3S)

w N
N 4

are different

" obtain diastereomers ~
In different amount

*Diastereoselectivity: in favor of one pair of diastereomers
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% Anti-Markovnikov addition of HBr NTU & hemistay :_é
CH3CH:CH2 + HBr - CHBCHZCHZBr
ROOR s
a peroxide anti-Markovnikov

addition product
This is the result of radical addition



Mechanism: |
a weak bond, homolyzes easily

_______

RO-OR 2RO - AH® ~ 150 kJ/mol
initiation{
RO- + HBr ROH + Br- AH® ~ —96 kJ/mol
Br
AN less stable
chain \ Bre + \>4/ Br/\./ not formed
propagation |
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3% Radical polymerization of alkenes =~ NTU & hemists)

Chain-growth polymers

Initiator
m (:HZZC:H2 - —CH2-CH2*<CH2—CH2>~CH2—CH2—
n
ethylene polyethylene
monomer polymer
Initiation: @ % A o o,
i |2 . .
RJ\O—O)LR R\%&@ 2R
diacyl peroxide higher conc. of initiator
- initiates more chain
Chain propagation: > shorter polymer

R+ + CHy=CH, —> R~ ™

RN + CH,=CH, — R/\/\ . RM/\.

r



Chain termination

combination - N/\/\/NR
~ R
n n
, RM' _
n

Branching extends

1

H H H '

n

" back biting n branching occurs
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3% More about chain-growth polymers ~ NTU & hemistay

Chain-growth polymers: also called additon polymers
Three types:

Radical polymerization

Cationic polymerization

o

—_—

Anionic polymerization

N K L
Z:\t/>T‘< — Z~\—< > R< > \ —» continue
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% Stereochemistry of polymers NTU @/Renisi) ____—4

/ head to tail M
— > }‘f * * * *fi

polymerization
Polypropylene (PP)

Three types of stereochemistry:

With carbon chain arranged in zig-zag form

' ' : ' atactic: random arrangement
SN NN of the substituents (Fz#t)

J\/’\)\/’ syndiotactic: substituents arranged

> regularly on alternative side (& #t)

J\/’\)\/[ Isotactic : substituents arranged on
) ~  the same side (= )

*Tacticity effects physical properties of polymers



© Some important polymers

CHZZCHZ

Cl
—/

=

CFZZCFZ

CN

polyethylene (PE)

poly(vinyl chloride) (PVC)

polystyrene

poly(tetrafluroethylene) (Teflon)
high mp, very inert
low coefficient of friction

polyacrylonitrile (Orlon)



3 1% FOHLTF &

>% Combustion of alkanes NTU @ hemistr) =
Mechanism:
RH + O, > R + H-O-O - Initiation

R. + 0, > R0O-O -
R-O-O+ + RH > R-O-O-H + R -
I

a hydroperoxide

} chain propagation

R-O-O-H - RO- + -0

N il
Y
T Initiate two more chains
BE ~ 200 kJ/mol - grows like a tree
- explosive
RO: , oy 5 ROH | g,

HO- H,O



3 Reactive oxygen species (ROS): %18 L F TR
: NTU & hemistry
unwanted health risks

Fenton reaction

H,O, + Fe2* - HO- + HO + Fe3*
H,O, + Fe3* - HOO- + H* + Fe?*

O, +e =2 0O,
superoxide

Protection mechanism in biological system:

superoxide dismutase

20, + 2 H* - H,0, + O,

catalase
2 H,0, *2H,0 + O,

r
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