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A series of paperbound books which present concise and authoritative
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Please read this carefully before you start.

USING THE CHEMISTRY CASSETTE

This Chemistry Cassette learning programme has two components - an audio-
cassette and this book. The two are designed to be used together so always have
the book with you as you work through the cassette.

- As you listen you will, from time to time, be asked to switch off your tape player

and answer some questions. You should, therefore, have pen and paper ready
before you start.

The material in the book consists of reaction schemes, figures and equations,
each of which is clearly numbered. Dr Sykes will refer you to the appropriate
number whenever he wishes you to locate a particular scheme and to study its
contents. Because some of the questions asked are answered in subsequent
schemes you should use a piece of paper or card to cover any schemes beyond the
one that is being currently referred to.

This programme has been designed for individual, self-paced learning and you
can work through it at a rate related to your own needs and understanding.
Switch off the tape player whenever you want to think, to write some notes or to
answer a question. Use the rewind control to revise or to repeat material that you
might not fully understand on a first hearing. Whenever appropriate make notes
to supplement the material contained in the book; this will enable you to build
up a detailed set of personal notes which will serve as your own authoritative
guide to the subject.




RADICALS AND THEIR REACTION PATHWAYS

Ny
(i) R:C: X —— R3C@ :Xe (ion pair)

carbonium
ion

N e
(ii) R;C:X —— R3C: X® (ion pair)

carbanion

@ POLAR FISSION OF C:X BOND

~ ,
R3CLJ: X — R3C‘ -X ( radical pair)

radical radical

@ NON-POLAR(HOMOPOLAR) FISSION OF C:X BOND

yellow _evaporation  coloyrless
solution solid

molecular mass
=486

(CeHs);,C —Cl + Ag

@ : REACTION OF (C4Hs),C—Cl WITH Ag

~ .
Agn @3 C(C6H5)3 AgCl + 'C(C6H5)3

triphenylmethyl
radical

(C6H5)3CﬂuC(C6H5)3 T (C6H5)3C : C(C6H5)3

yellow colourless
solution dimer

@ GOMBERG'S INTERPRETATION OF (C4H5),C—CI/Ag REACTION



ring

heater
¢ v,
PbMe,+N, ——= %
A i
Pb “mirror” Pb “ mirror”
appearing previously deposited
R disappearing

@ FORMATION AND DISAPPEARANCE OF Pb MIRRORS WITH HEATED PbMe,

“ Y ” heat
C6H5—C_OK/: O—C_C6H5 e C6H5

benzoyl peroxide

—C—0-
benzoyloxy radicals

+ «0—C—CgHs

@ THERMAL FISSION(THERMOLYSIS) OF BENZOYL PEROXIDE

) O

CéHsr\:\_C/| \_O/- heat CeHs + O—C—=0

ring benzoyloxy phenyl
heater radical radical
T T DECARBOXYLATION OF BENZOYLOXY RADICALS
' ]!
PbMe, +Ng ——> l :Pl?+4Me- =4 +Fb: —=PbMe,+ Ny —
| b
Pb° " Pb "
ey previously deposited CHskj/Ri;‘@\)CHa —— CHy + N==N + -CH;
disappearing azoalkane
@ FORMATION OF Me- RADICALS AND THEIR REACTION WITH Pb @ PHOTOLYSIS OF AN AZOALKANE
CHyY Y CH, CH; : CH,4 MesC L N==NTLCMe, 2% Me,C- + N==N+ -CMe
"/ 2
ethane | U | :
CN CN CN CN
AIBN
@ DIMERISATION OF 2CH3- — CHj3 : CHj3 :
@ THERMOLYSIS OF AZOISOBUTYRONITRILE (AIBN)
hv
Cl : Ci Cl- + -Ci v
Mech (C\E <> Me,C—C—

PHOTOLYSIS OF Cl : Cl

@ RADICAL STABILISATION THROUGH DELOCALISATION



Qe heat MeO,C(CH,) ,CH,CO,: MeO;C(CH2)7CH2- Me02C(CH2)7CH2
(i) MesC—OITO—CMe; —= MesC— O +-O—CMe, —co, ' 2
—_— —_—
peroxide peroxy radicals ‘>
MeO;C(CH,) CH,COy MeO,C(CH,) CHy: MeO,C(CH,) CH,
decarboxylation dimerisation (70% yield)
(ii) R,C— OH R,C— OH .
J - )
new radical KOLBE ELECTROLYTIC SYNTHESIS
Me:;COﬁ (H Me3CO—' H .
peroxy p orbital sp? hybrid orbital

radical / \\ / \
INDUCED RADICAL FORMAT ~
p— e x

>C—R _ _>C—R
R/O R/O RR/ \R R//\

Fe2® + HO—OH Fe3® + HO®+-OH

hydroxyl ) carbonium ion radical radical carbanion
radical (planar) planar? ' or pyramidal ? ( pyramidal)
@ FENTON'S REAGENT : GENERATION OF HYDROXYL RADICALS
SHAPES OF RADICALS, CARBONIUM IONS AND CARBANIONS
@ CH2CMe20H H,O + EH2CMe2OH CH,CMe,OH He. () a.. () O @
— - >C—H ___>C—cl
o o \
OV Hy— CH2CMe2OH H,O + (EH2CMe20H CH,CMe,OH 0 97 H / 0 ~OH 1 \
hydrogen atom- dimerisation (36 % yield) H
abstraction 'CH3 'CC|3 ‘CHon CF3

planar planar bent pyramidal

PREPARATIVE USE OF FENTON'S REAGENT .

ACTUAL SHAPES OF SOME SIMPLE ARADICALS

o o . ‘ , | éH
RCO, o RCO,; MeCH=CH—CH, @ :

carboxylate carboxylate
anion radical allyl benzyl
radical radical

@ ANODIC OXIDATION OF CARBOXYLATE ANIONS @ CONJUGATED RADICALS



MeCH ==CH—CH, +<— MeCH— CH==CH,

allyl radical

benzyl radical

@

STABILISATION BY DELOCALISATION IN CONJUGATED RADICALS

é

\dihedrol angle
out of plane
R4 30°

shape for maximum
stabilisation

actual shape

@

SHAPE AND STABILISATION OF (C6H5)3C°

CH,—H

CH2=CHCH2 —H

®

methyl
435

R—H ——=R- + -H

bond dissociation energy = ?kJmol -1

MeCH2—H M92CH _H Me3CH "—H
primary secondary tertiary
406 395 380 kJmol™!
(i) increasing ease of formation of radical

aliyl
355

(ii)  increasing stability of radical so formed

CeHsCHy—H  (GHy),CH—H
benzyl diphenylmethy!
- 355 331

]

triphenylmethyl

314 kJmol™

RELATIVE (i) EASE OF FORMATION AND (ii)STABILITY OF RADICALS

CMe,
Me3C O

CMe,
STABLE 2.,4,6 —TRI(Me3C) PHENOXY RADICAL

H/H INTERACTION IN (CgHs),C-

[ArO-= (Me,C), CH,0"]

STABILITY TO DIMERISATION OF 2,4, 6 —~TRI{Me;C) PHENOXY RADICAL



PhyHg ~ —™—= 2Ph- + Hg (¥ Fvearadual) | Ph Ph
styrene
(")J ?' (.) Rdﬂ@-@ S RO—CH“‘—CH2° [polymerisation]
Ph \)(N Ph—N (spin trapping) new radical
| o o
CMe, CMe, ﬁ ”J .
Mredical . compou muchloggerved [P = oty g P T — Ph—N [soeins |
}
RADICAL LIFE-PROLONGATION BY SPIN-TRAPPING CMe, CMe,
new radical
(i) '/C'\—\‘J' ——cl- + -C | @ RADICAL + REACTANT —=NEW RADICAL
(i) COHFARY ~Cl—H + °H
——cl - _c. + . initiator radical
(iii) Hﬂkc:!/_/éIN - H cl + -Cl Ui nitiator ica
g
PHOTOCHEMICAL FORMATION OF HCI Claf 5=CCly A s €l —=ChG——CCly  new (pentachlorocthyl)
e | eala
 Jhomareccion Cl- + ClhC—CCly
Ph Ph Ph new initiator radical f cl addition product
| Fl’h I - to repeat cycle
Roﬂ@/:ﬂ —» RaCH—CH,- Wi S [CH ——CH-;|- @ ADDITION OF Cl, TO Cl,C=CCl, : CHAIN REACTION
further
phenylethene odditions polymer n+l
(styrene) (polystyrene)

RADICAL DETECTION BY POLYMERISATION OF PhCH=CH;

(i) cfy ;e cl—cl

L (i) CoHsC—8g—CegHs =

(i) Mes

@D

O
I

O O
| |

heal . 2CHsC—O- ——> 2CHs + 2CO,

benzoyl peroxide

O =N
R e

CN

heat
—2 > 2Me,C- + N=N

CN CN

AIBN

READY SOURCES OF RADICALS (INITIATORS)

Cl Cl ct Ci

(ii)

c13c—-c|ﬂuc—cc13 —— > ClC—C—C—CCly

- e

c a ca <
pentachloroethyl radicals
cl cl
(iii) Clc—c;al ———— Cl;c—C—Cl
al a

TERMINATION OF CHAIN REACTION BY RADICAL DIMERISATION



@] cl cl
further
Clyc—CY;0—0" — ClIC—C—0—0"  ~ypr™ ClC—C=0
Cl Cl
ntachloroethyl peroxy trichloroethanoy! chioride
pe radical Y radical (isolable from reaction)
@ INHIBITION OF CHAIN REACTION BY OXYGEN
H
CH,==CH, + HBr CH, —CH,
Br
ADDITION OF HBr TO CHy=CH,
H

Me —CH—CH,

HBr
radical Br

pathway 1-bromopropane

Me — CH==CH,

polar

® .
Me —CH —CH, Me —CH—CH,
H Br

J secondary J secondory

n® Br.

Me — CH =—CH,

propene
He Br.
polar radical
@ pothway pathway .
Me —CH—CH, Me —CH—CH,
H ’ Br
X primary X primary
carbonium ion radical
_intermediates intermediates
INTERMEDIATES FROM POLAR AND RADICAL PATHWAYS

propene O athway Br
Me —CH—CH,
H
2-bromopropane
@ RADICAL AND POLAR ADDITION OF HBr TO PROPENE
Y ® ©
Polar pathway: H Br > H + Br bold type
indicates
attacking
LA species

Radical pathway: H_C'/‘Br — H- + -Br generated

ALTERNATIVE ATTACKING SPECIES IN HBr ADDITION

_Q
Br ) Br
' ® |
Polar pathway : Me—CH—CH; —— Me— CH—CH;

| |

carbonium ion 2-bromopropane

intermediate

N
H Br H +  Br
G
Radical pathway: Me — CH —CHy — Me — CH—CH,

Br Br
radical 1-bromopropane
intermediate -
COMPLETION OF POLAR AND RADICAL ADDITIONS



RO

(i) “TOR RO- + -OR
(i) RO HLBN > RO—H + Br-
(i) RO7YABr; LRy = RO—Br + H:
INITIATION OF RADICAL ADDITION OF HBr
Addition | Heats of reaction (kJmol™)
of: step (i): step (ii): X
H—F -188 +155 0
CH2==CHj + X > -CH,—CH,
H—CI -109 21 I l(n)
, X—H X
H—Br - 21 -46 X + cHz—cl:Hz
H—I + 29 -3 H

HEATS OF REACTION FOR STEPS IN RADICAL PATHWAY :H-X+CH,=CH,

|

_molecule
" of polymer
Ro(cnz)mCH{)Q-I Ra(CHz), CH3 (CHa)3,,
’ . n CHy==CH,
Ra(CH), CHICH,), Ra(CHy), CH(CH,), ~i——2 RalCHy), CH(CH),

growing chains branched polymer

CHAIN BRANCHING THROUGH H-ABSTRACTION

molecule
growing chain of polymer
Ra (CHz)mC:f) RalCH>) CH3
S —_— Yy nCH,=CH, further
RS ~—H RSY{CHy=CH% — RS(CH>); 2 molecule
-/ @ 2 22 of polymer

chain transfer
agent

CONTROL OF POLYMERISATION BY CHAIN TRANSFER AGENTS

peroxides or

(@)  Initiation: ————= Ra- (initiator radical)
—_— azocompounds
{n-1)CH,=CH
(b)  Propagation: Raﬂ{nb—_—.(cm ——+ RaCH,CHy* = Ra(CH3)3,
(c) Termination: RO(CHz)Q?U(CHﬂg n&u —_— RO(CHZ)AnRO

STEPS IN ALKENE POLYMERISATION

1

{

h
__"__>C|. +

Cl—d -Cl

\ A
%(‘-a —2=R-+ H—Cl
’ nett reaction:

Gi) ja-ci R—H + Cl,—>=R—Cl + HCI

Cl- + R—CI

PHOTOCHEMICAL CHLORINATION OF AN AILKANE



PbEt, —= ~ Pb + 4Et-

120° l

C‘Zfll—Clr\'Ef——»Cl- + Cl—Et

|

R—H + :Cl—=R + H—CI

e

Cl- + R—CI

INITIATION OF CHLORINATION BY PbEt,

R—H +-Cl — R+ H—C(I

1 1 x 102 4-4 x 102 6-7 x 102

RELATIVE RATES OF CHLORINATION AT 25°

CH,CI CHs CH,

CH,CI CIIHZ—H CH4
relative relative
CH3-——(|Z———H ~=— CH;—C—H —; CH3-——(i—CI
CH, CH, CH,
1-chloro- 2-methylpropane 2-chloro-

2- methylpropane 2-methylpropane

} MONOCHLORINATION OF 2-METHYLPROPANE
I

I reltuti\ae l ::I’:livée7
rate= =0
CB:; C H number of Ctl' C "U" number of CH3 C CI
| available I Ha:oilabl:
H atoms=9 atoms = ..
CHs CHj CH,
1-chloro- 2-methylpropane 2-chloro-
2-methylpropane : 2-methylpropane
9 , 100 o
1 —chloro : 1x9 =90 15-7 = 57 %
67 4 100 .
2 —chloro : 67 x ';I,- = 67 15-7 = 437
157
MONOCHLORINATION OF 2-METHYLPROPANE (CONCLUDED)
Halogen : Heats of reaction{k Jmol1) ran
step(i): step (ii): N
F -134 -292 ST
i
Cl, -4 -96 CH;—H +-x-‘LCH3-+H—X
Bry +63 -88 l x—x l 0]
P +138 -75 X: * CH—X
@ HEATS OF REACTION FOR STEPS IN CHAIN REACTION : X2+ CH4

CH;—H < MeCH,—H < Me,CH—H < MeC—H

1 103 22 x 103 2 x 107

®‘ RELATIVE RATES OF BROMINATION AT 25°



Me Me . Me

| - |
Ph—C—Me —22+ Ph—C—Me —""» Ph—C—Me

| N

R—H + O, > RO OH
hydroperoxide

| ®
HYDROPEROXIDE FORMATION IN AUTOXIDATION J;L O‘—QH —(:‘OH
2-phenylpropane hydroperoxide H
(cumene) .
(') ‘H2°
RaO(H  Ra—H [Ph=Cqts 0 mrton o
—
R R: —2—2— RO—O-" peroxy
radical / .
R—H Me Me Me
propanone I ® I |
H'/ H, 0 (i) HyO:
» O=—C—Me — HO—C—Me =+—o— &C—Me
R- + RO—OH hydroperoxide . hydrolysis I (i) -H® I
phenol PhOH PhO PhO

HYDROPEROXIDE-FORMING CHAIN REACTION

INDUSTRIAL PREPARATION OF PhOH + Me2C=0 FROM PhCHMe, (CUMENE)

H,C—H. H,C—OOH o
-
-02- .02.
@ 5 @ Ok~ oo
benzylic H allylic H
H OOH

| .04 |
MeCHOCH,Me — - MeCHOCH,Me

ether o« —H

H OOH
(j:) "% dg

tertiary H

@ SELECTIVITY IN HYDROPEROXIDE FORMATION





