When a bond is broken two radicals are produced.

Which C-H bond of propane, A or B, is stronger?
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Which radical is more stable?
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Which radical is more stable?
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Which reaction has the larger BDE (AH®)?

BDE
(BH?)

R o
A I° H=G=C—C—H ——= H=C=C—C  + H 423 kJ/mol
H H H H H

"y o
B. 2° Ho¢=C—C¢—H ——= H—cI:—c':—clz—H + H 413 kJ/mol
H H H H H

Using bond dissociation energies (BDE) estimate the
AH° of the following reaction.

|-l\ H\
£—H - ci—al —ho ¢l + H=Cl
Hy Hy
l440 kJ/mol lus kJ/mol l352 kJ/mol BDEl= AH° = 432 kJ/mo
H H
\ \
Lo+H Cl +-Cl /C +Cl H+-Cl
H H H H
bonds of _ bondsof _  heatof
reactants products =  reaction
(440+243) - (352+432)
683 - 784 = -101 kJ/mol

A -784 B.+682 C.-101 D.+439 E.+32 F.C

The mechanism for the chlorination of methane has
been proposed to involve two steps?

H\ 440 kJ/mol H\ 432 kJ/mol
_,.IC—H o — O + H-=Cl
Hy HYy
H H
\ \
/C + Cl5Cl —_— x,/c—cn « .l
Hy 243 kJ/mol H Hst kT /mol

What is the AH® of the first step in the accepted
mechanism of the chlorination of methane?

A.-440 B.+109 C.-8 D.+8 E.-109 F.+440
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The chlorination of methane involves two steps? What is the overall AH® for the chlorination of
methane?
440 k3/mol H 432 kI/mol H H
:IC—H + e — \IC + H—CI "‘\'IC_H « . — \/C + H—CI
Hy Hy AH = +8 Hy Hy AH° = +8
H H H H
\ \ \ \
LC- + cl=cCl — > C+Cl + .cl L+ c1—cCl — c—C - cl
el ol ol ol
H 243 kJ/mol H352 k3/mol H H AHP = -109
What is the AH® of the second step in the accepted AH° = -101
mechanism of the chlorination of methane?
A.-440 B.+109 C.-8 D.+8 E.-109 F.+440

Are other mechanisms for the chlorination of

What is the slow or rate determining step for the
methane possible?

E, = 16 kJ/mol

reaction?
440 kJ/mol 432 kJ/mol 440 kJI/mol 432 kJI/mol .
H " " " AH° = +8 kJ/mol
. I . | . | .
H—C—H + -clt —> H—<I:o + H—CI AH® =440 - 432 = +8 kJ/mol 1—<|:—H + gl — H—c|:~ + H—CI:
H H H H
H H
| N i . | N i . o AH® = 109 kdivol
=g+ v Qo —= H—Crol . g AH° = 243 - 352 = -109 kJ/mol —Ce v iGTar —= W—gTa gl AH® = -101 kJ/mol
H I H [ H H I
243 kJ/mol 352 kJ/mol 243 kJ/mol 352 kJ/mol
E, = 16 kJ/mol s
j AH° = +8 kJ/mol " " reactiof

energy —

AH® =101 kafmot A7 = 7109 kufieol

reaction >

What is the AH° for the second step of the second
reaction mechanism?
440 kJ/mol 432 kJ/mol

What is the AH° for the first step of the second

reaction mechanism? E, = 16 kJ/mol E, = 16 ki/mol

AH® = +8 kJ/mol

440 kJ/mol 432 kJ/mol AH® = +8 kJ/mol
| | | i
L—cxh . C| I H_?. . H—(:;]: 1—?—H + m — H—(IZ- + H—(:):\:
H H H
H H . H H .
A . | . .. AHe =-109 kJfiol | - . o= AH® =-109 kl/ivol
g+ T —> wogzo . G AH° = 101 kJ/mol J ¢+ s hmea + G AH® = 101 kJfmol l
H H H HI
243 kJ/mol 352 kJ/mol 243 kJ/mol 352 kJ/mol
440 kT /mol 352 k/mol 440 kJ/mol 352 kJ/mol
H H H H
. | ] . .
(mGTH e gi —— H—to W A. +88 [T v T HmeTe e W A. +88
h H B. -88 H H B. -88
. C. +189 . o C. +189
W =G —= w=gr - g D. -189 weoe gThs —e el e G D. -189

243 kJ/mol 432 kJ/mol




Why is the second mechanism unlikely to play a major
role in the chlorination of methan

440 kJ/mol 432 kJ/mol
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E, =16 kJ/mol

AH° = +8 kJ/mol

H AH° = 109 kJ/ivol

+ 10508 —= H—Ct AH® = -101 kJ/mol

o Tl

243 kJ/mol 352 kJ/mol

440 kJ/mol 352 kJ/mol

il |
o+ o — Hogor + o H AH° = +88 \J/mol

H H

N . . - AH® = -189 kJ/m
He o+ ig—Clr — H_g: . '('I.IZ AH° =-101 kJ/mol l
243 kJ/mol 432 kJ/mol

reaction™

Do other different C-H bonds show different rates of

reactivity in free radical reactions?
400 kI/mol 413 kJ/mol 421kI/mol 440 kJ/mol

369 kJ/mol 465 kJ/mol
2 . \l// \l// \l// ; /Q'H
" " NN/ iy 1/ NS
Z C—C—H H ? H H—C—H H /C H a H
H c H
|

A I
H H /T\H T " H
allyl 3° 2° 1° methyl vinyl
C-H reactivity
[_n [_n [_n

H ; \?/ \?/ \?/ H
H H \ g H A

7N —cCc—C¢C H=C H=C H_<‘ Z
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hyperconjugation

radical stability

From the product yields which hydrogen, 3° or 1°, is most
reactive?

400 kJ/mol 421 kJ/mol
o
A. 3 " \l/H \l,u
—\C—(IZ—H H—(IZ—H
B.1° 7 "
. o
3° 1°
CH3 CH3 CHg
initiator. | |
-130—(|3—H + Ch —_— Hac—?—cx + H3C—(IZ—H + H—Cl
CHz CHy H,C—Cl
37% 63% actual yield
10% 90% statistical prediction
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Which compound would be predicted to react faster in a free
radical chlorination reaction?

A o H
R—éH + Cl—Cl ——» R—ém + H—Cl
H H
H H
R—éH + :Cl — R—< + H—Cl
H H

What would be predicted to be the product yields of
the following compound if all C-H bonds had the same
reactivity?

CHy CH3 CH3
130—(I:—H + Ch M» HiC—C—Cl + H;C—C—H + H—Cl

(I:H3 tI:H3 HQ(I: —cl
A 37% 63%
B 50% 50%
4 10% 90%
D 67% 33%
E 33% 67%
F 100% 0% 16

How many times more reactive is 3° compared to a 1° C—H
bond?

400 kJ/mol 421 kJ/mol
N Ly
—\C—(IZ—H H—(IZ—H
| I
/?\H H
3° 1° reactivity f—o
CHy QHa CHy
initiator 37
130—(|:—H + Cl —_— H3C—(|:—CI + HC—C—H + H—Cl 63/925
CHz CHz H,C—Cl
37% 63% actual yield
10% 90% statistical prediction

A=%05 Bx2 (Cx5 D=9 E » 100 F = 200

18




What is the selectivity of bromination in this reaction?

400 kJ/mol 421 kJ/mol
\%/H
H—C—H
"
3° 1 ivity >
reactivity T
CH3 (I:H3 (|3H3
initiator. 37
—Cc— cl —_— —Cc— —Cc— H—Cl —= %5
HiC ? H + Ch HqC <I: Cl + HC ? H o+ 6379
CH3 CHs H,C—Cl
37% 63%
CHs (IDHe [|3H3
initiator 994
430—(|:—H +  Br E—— H30—C|1—Br + H3C—(IZ—H * HTBr st 1600
CHy CHs H,C—Br
99.4% 0.6% 19
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What is the mechanism of this reaction?
(IDHi/4OO kJ/mol (|:H3 432 kJ/mol

HC—C=FH+ 0l —= HC—C: + H=C AH® = 400 - 432 = -32 kJ/mol

Why isn't chlorination more selective?
CHy 400 kJ/mol cH, 432 k3/mol
i

HgC—(IZ—H+ cl— H3C—(|3' + H—Cl AH® = 400 - 432 = -32 kJ/mol

CHy CHs
CH, 243 kJ/mol CH, 349 kJ/mol
Ho—- + oo —=Ho—g¢Lai+ AH® = 243 - 349 = -106 kI /mol
CHs CHg
CHy CHy CHy
initiator. |
> H3C—(|2—C\ + HgC—(IZ—H + H—CI
CHs H,C—Cl
IAH® = -138 kJ/mol
reaction” 21

What is the reactivity of 3°to 1° if AAH* = 21 kJ/mol?
?Hi/mo k3/mol o, 432 KI/mol

HoC—C 5 + “cl — HeC—Ce + H—Cl

CH3 CHy 3"/ 1°
o, 421kI/mol cH, 432 KI/mol
HiC—C—H/% *Cl —» H3C—(|:—H +H=Cl A= 1
H,C—H HoCe B= 5
CH, CHo c= 50
HC—C—H === HO—C: D= 500
) H,Ce ChHs E= 5000
2 W““ Wmol transition state theory (Ch 6)
e K., = 102157 = 1037 % 5000

AAH® =21 kJ/mol

reaction” 23

CH. CHy
o, 243K3/mol o, /349 kT/mol
ch—c::- oo —= ch—c::—cw . AH® = 243 - 349 = -106 kT /mol
CHj CHj - 3°
reactivity 1—0
CHs CHs CHs
ot . initiator, . é o . é . h—c 37 5
N Initiator, e v me—e— - ~5
Ha : H o Ha : | Hy H 6379 "1
CHj CHj H,C—Cl
37% 63%
Is the first step exothermic?  A. yes B. no
What is the AH® for the overall reaction?
20
What is the difference in AH® of the first two steps?
CHy 400 kT/mol o, 432 KI/mol
i . .
Ho—gFe ol —= Ho—C- + WOl AH® = 400 - 432 = -32 kI/mol
CHj, CHy
cHy  421KI/mol ch, 432 KT/mol
i o - 421-432+ -
==/ ol —= no—E—n s o AH® = 421 - 432 = -11 kI/mol
H,C—H H,C-
CHy CHy CHj
] initiator.
130—?—H + Ch — ch—<|:—0| + H3C—(|:—H + H—Cl
CHs CHs H,C—Cl
1
>
o
j
Q p—
§| C—H O
C.Q
AAH® =21 kJ/mol
reactior” 22
Why isn't chlorination more selective?
CHi/4OO KT/mol o, 432 KI/mol
i i o .
Ho—gSe ol = HO=C + KOl AH® = 400 - 432 = -32 kI /mol
CHj CHy 3°/1°
c,  421KI/mol ch, 432 KI/mol
HOC—C—i/% +Cl —= HC—C—H +H=CI A= 1
H,C—H H,C+ B= 5
c= 50
C—H -Cl =>c- H-Cl 3.5 D= 500
1
E= 5000
T C--H-Cl
>
=l
;N
2
S| C~H C

AAH® =21kJ/mol

reactior” 24
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