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Heterdlise e homolise de
ligacbes carbono:
carbocations e carbanions.
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Composicao quimica do petréleo

Fracéo numero de carbonos

Gasolina natural (leve)

Gas natural C,-C,
Destilados leves
Eter de petréleo Cs - Cq
Ligroina Cs - C
Gasolina C,-Cp,
Querosene Cp - Cig
Destilados médios
Oleos combustiveis >Cyg
Oleo diesel
Gasoleos
Destilados pesados
Oleos minerais pesados > Cgy

Ceras
Oleos lubrificantes

diéxido de

monéxido de
co carbono:
‘gas incolor,

U
Brainly o
A gasolina é uma mistura de
hidrocarbonetos com 6 a 10

! CH,
atomos de carbono. 3

Sample Molecular formula Boiling point (°C)
Water H20 100.0
Ethanol C2Hg 78.3
Pentane CsHi2 36.0
Hexane CgHia 69.0

[ Heptane CrHig 99.0 ]
Octane CgHig 126.0
Decane Ci10Hao 174.0
Dodecane C1oHog 216.4

[_Isooctane CgH;y 99.3 )

Timar, Pavol et al. 2014

Faixa da temperatura
de ebulicdo

menor que a temperatura
ambiente

0-60°C
60 - 100 °C
50 - 200 °C
175-325°C

300 - 500 °C

destilagdo a vacuo

atemperaturas maiores
que 400 °C

o s Componentes da
Gasolina

Menos resistente & compressao: 0 octanas

O

CH, -CH, "'CHz = CH77CH27—CH2~ CH,

heptano

‘-

CHy —C —CH, —CH—CH
CH,

isoctano

3

Mais resistente a compressdo: 100 octanas
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Combustion CrnHnOp + (M + n/4 = p[2)O; » MCO; + (n/2)H,0 + heat
water vapor generated CH,4 + 207 — CO; -+ 2H20 (g) + 802.5kj
CgHyz + 12.509 — 8C0O, + 9H,0 {g) + 5063.8k]
CH3O0H + 1.50; — CO; + 2H,0 (g) + 638.5kj
(kj = kJ)
Partial Oxidation CpH,0p + (m/2) O3 = (m — p) CO + pCO; + (n/2) Hy + heat
CH, + 1/205 — CO + 2H, + 39.0kj
CsHjs + 40, — 8CO + 9H, + 649.8kj
CH30H + 1/205, — CO, + 2H, + 154.6kj
Frano Barbir, in PEM Fuel Cells, 2005
..doing
science .
for better(_ 1 | Combustao
health! (e

calor de combustao do metano

H;CCH,CH,CH; + 6 1/2 0, > 4 CO, + 5 H,0 4H° = - 687,5 kcal mol-*
Butano

H;CCH(CH;)CH; + 6 1/2 O, > 4 CO, + 5 H,0 4H° = - 685,5 kcal mol-*!
isobutano
Isobutano: 2,2 kcal mol-! mais estavel do que o butano

31/05/2023
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Diagrama de energia ilustrando a diferenca de energia de
combustéo do butano e do isobutano.
CHyCH,CH,CH + 6 %20y (T‘H:,

+
2.0 keal mol™ CHyCHCH; + 6 %2 O,
v —

AH® = -687.5 keal mol™

= =1
AH® AH® ==685.5 keal mol

v 4C0;+5H0

..doing

science

for bettery
health! Neub o

Calores de combustao do
heptano (1.169,7 kcal mol)
e do

isooctane (1.209,5 kcal mol?)
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“Queima” de combustivel

..doing

Combustao: radical livre
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Combustion Reaction Energy from Bond Energies
CHy + 0, --> €O + 2H0 + heat energy
+3000 -
C+4H + 40
Break 2 0=0
bonds Form 2 C=0 bonds
+2000 - +988 kj -1598 kj
C + 4H +20,
€O, + 4H + 20
Break
+1000 — 4 C-H
bonds Form 4 O-H
+1644 kj bonds
-1836 kj
3 CHy + 2 0, | (Reactants)
7] Net Energy Change
-802 kj
Exothermic - gives CO, + 2 Hy0 (Products)
1000 off heat energy
C. Ophardt ¢.1998

Mudanga de energia liquida: - 192 kcal mol*
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O metano, com quatro ligacdes carbono-
hidrogénio, ¢ altamente reduzido.
O diéxido de carbono na outra
extremidade ¢é altamente oxidado

H OH o 0 0

| [l Il

- L _C. _C C

H¢ ~H H¢ "H H™ "H H”™ ~OH I
H H 0

Y most oxidized

most reduced ¢

ReacOes radicalares

Lembrando...
Estabilidade de radicais de carbono

= Por serem espécies desprovidas de 1
elétron, apresentam deficiéncia eletrbnica,
e sua estabilidade ¢é perfeitamente
analoga a dos carbocations.

i i i I
R—Cl- e R—C|- > R—C|- > H—(li-
R H H H

tertiary radical secondary radical primary radical methyl radical
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Comparagao da energia de
dissociacao de ligacao homolitica

CHy—CH,—CH,—H ——» CH,—CH,—CH, + H- AH = +423 kJ/mol

propyl radical (primary 1°)

CHy—CH—CH; ——= CH;—CH—CH; + H- AH = +413 kJ/mol

H isopropyl radical
(secondary 2°)

Hiperconjugacao

...O conceito de hiperconjugacéao é aplicado
[...] a ions carbénio e radicais, em que ha
interacao entre ligagdes o e orbitais 11 ou p
nao preenchidos ou parcialmente
preenchidos...

IUPAC Gold book

partial overlap of half-filled
2p and sigma bond orbitals

/H C—H sigma bond

half-filled 2p orbital

- e,

N

14
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Hiperconjugac¢ao:
carbocations & radicais

®
Hyperconjugation in _ethyl carbocation{CHz — CHz} :

Hyperconjugation

Filled O- bond ——s .°\ _____ ~,| E;nptybp— orbital
orhital \,f i _—H ot carbon

Re; o
H
R H®
H—{—\'—CHz ~—= H-C—CH,
H H

15

Intermediarios de Reacdes
Organicas - Radicais

Hibridizacdo sp? do radical metila
H.: Formado pela quebra homolitica de uma

A7H  ligagdo C-H ou C-X (X = Cl, Br ou S).
Estrutura sp? similar a dos carbocations

bond formed by H
sp’-s overlap "‘ Ro R Ro
RR RR RR

\H
‘ carbocation carbon radical carbanion

(neutral)
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: Geometria
RINR .
R Piramiderasa trlgonal plaﬁa
9 1~0
H —~
_c/ ~c—¢

o 0
Hiperconjugacgodes

3°>2°>1°>CH;

Methl Fadical Ethd Radical | ?Hs

) H CH;=C: —> 9
e
Ho o e o—on, CH,
H H.\‘\'*‘(’ 2 H
H CH
H E | 3
A CH;-CH- — 6
gingle resorance StruUCe TW0 rEsonance SEUCIEs .
odd electron localized on carbon odd electron dedocalized onta bets hydragens CH;-CH; — 3
fio hyperconjugatve stablizaton hyperoorjugatve resonance stabilizaton .
CH; — 0

ReacOes radicalares

Lembrando...
Estabilidade de radicais de carbono

= Por serem espécies desprovidas de 1
elétron, apresentam deficiéncia eletronica,
e sua estabilidade ¢é perfeitamente
analoga a dos

i i i I
R—Cl- e R—C|- > R—C|- > H—(]}
R H H H

tertiary radical secondary radical primary radical methyl radical

s iy |


file:///G:/Meu Drive/0Montana2022/IQSC/0Grad/QO1/Aulas/Carbocations.pptx

Intermediarios de Reacoes
Orgéanicas - Radicais
Formacéao de radicais de carbono
Reagentes para a formagéo de radicais de carbono
Peroxido de hidrogénio (H,0,)
Peroxidos de alquila (R-O-O-R)
Luz

Reagentes sulforados (RSH)
Outros (p. ex., azoisobutironitrila, AIBN)

¢

~N

i ¢
CN

Intermediarios de Reacoes
Organicas - Radicais

o 60 - 80°C

—_ » 2X
O/O AG* = 139 kd/mol
o)

NC 66 - 72°C CN
X,,N —_— 2x)\ + N,
N X AG* = 131 kJ/mol -
CN

31/05/2023
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initiation

) _(‘B (heat or light)

A + ‘B

propagation
AT Y

A—C + ‘D

m'ﬂ?_@ D—E + ‘F ——e¢tc.

D

termination

LCDAVIS General Features of
F— G LIBRARY Radical Reactions

F +G
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One of the first radical reaction to be investigated was:

HBr
= - - ?

Morris Kharasch found that the regioselectivity of adding H-Br to
isobutene dependent on if or not you had O, or HO-OH present!

In the former reaction-
HBr you have an addition
Br  reaction involving the

initial formation of a
stable carbocation.

Br Here the  Br-radical

HBr attacks the less hindered

end of the alkene. This

@ then generates a 3°
radical.

Thorfinnur Gunnlaugsson, School of Chemistry. Trinity College Dublin

11
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Overall this reaction is as following:
0, — 20
or
H202 —> 20H°

These radicals then ‘help’ break the H-Br bond to generate a new
radical. In the case of peroxide this would occur like this:

H_O/_\\H—CBr —_— HZO + Br-

This is a ‘radical abstraction’ by the peroxide radical. And we use
the “fish-hook’ to describe the movement of the “single electron’

A Ny

We have now generated a carbon centred radical, by using a
radical addition reaction. This radical will then react further.

Neoukien

n! VX L<

Reacgodes radicalares

Radical stability increases in the order methyl < primary < secondary < tertiary

gHs gHs
.C < c < “Cu <
“H H™ ™H H” “CH,
Methyl radical Primary radical Secondary radical

Least stable

o

.C
HsC” “CH,

Tertiary radical
Most stable

12
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aA+bB—>cC+dD|

2 oo 2 PB
¥ Q
N2,

Low concentration = Few collisions High concentratlon = More collisions

..doing ..
science Controle cinético &
for better . A .
health! Wre Controle termodinamico
kinetic control thermodynamic control
aA + B — cC + dD = o

transition state

transition state

/
w —_— No reaction / \
N/

/ A
IF mr.ermedmte AG AGH \I
@00 — @:0 /‘ b fa b

More CO, formation i [ \ intermediate \
B 15 RiT8 [
5 |
2 g starting |
Transition state = AG" ‘materials AG* |
| ﬂ
| sassan: |
] Kinetic
2 product ‘
o
: _R
-
g
s
s 7y N F  eiiMssasssuusis
L3 themwdynamic
product
. Extent of Reaction
Extent of reaction

From Wikipedia, the free encyclopedia

13



31/05/2023

Reacdes de Alcenos
ReacOes radicalares
Regiosseletividade anti-Markovnikov

Adicdao eletrofilica—ibnica — regiosseletividade Markovnikov

Br

|
CH;CH,CH=CH, + HBr — > CH3;CH,CHCH;
1-butene 2-bromobutane

Reacéo radicalar —regiosseletividade anti-Markovnikov

CH:CH,CH—CH, + HBr —P&¥9e. -y CH,CH,CH,Br

1-butene 1-bromobutane

..doing B
science .
for better Regra de Markovnikov i
health! Neoubien
7
CHsCH==CH, + HBr ————»  CHgCHCHs

Br

28

14
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major product
+ HCI
CHa
CHg ol
minor product

..doing
science
for better Markovnikov's Rule

healthl  Nebio
e & |
8 r" X

A regra de Markovnikov prevé a regioquimica da adicao de
HX a alcenos substituidos assimetricamente.

~ Mecanismo:
| Mecanismo

Markovnikov

O proéton é adicionado primeiro a ligagdo dupla C=C.
) mais substltwdo forma o carbocation (nome especifico: carbénio) mais estavel.

15
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P—{ ZaR"
R cat. AIBM Br

. Mecanismo:

N
Wmﬁ\é& T NV TR

N o N, Nat H
-gﬂ/

As reag0es radicalares requerem uma etapa de iniciacdo.
Neste exemplo, um radical bromo é formado.

..doing
science
for better

health! Neoubien

e an " K\/‘v R
RﬁRm B R : ﬁ_g

H R T |
Anti-Markovnikov

Areversao da regioquimica de adic&o € o resultado da
reversdo da ordem em que os dois componentes somam-se
ao alceno.

A adigdo do radical leva a formacé&o do radical mais estavel,
gue reage com o0 HBr para dar o produto e um novo radical
bromo.

https://www.organic-chemistry.org/

16
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H H o H H H H
| HBr | |
F
H:C=C—C=Cil,  -~C—C C CHy = . mc—c c—Chh
.+ Kineta
L In some cases Br
— - the catbocation
Br — g prouet positive charge will
- move to a primary carbon
7% Prodoct o to form a more stable
- product
. H H H H
o] My
Thermodsnomi Iil H
Shrer
Kinetic vs. Thermodynamic Control of Reactions. (2020,
B December 21). Retrieved June 7, 2021, from
T https://chem.libretexts.org/@go/page/67305
..doing N .
science A protonagao do butadiento
for better,

health! .  produz um carbocation estabilizado
por conjugac¢ao (ressonancia)

¥

Br—H<7 H)*(&)\,// HIZ\@ H‘2®

2 2 1 - >(\/4 g

14\3% 4 > H H ® H 'H 3 '_?q\a/
major contributor minor contributor resonance
(more stable (less stable hybrid
carbocation) carbocation)

17
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3.
2% (1,4)
Product
2 -
98% (1,2)
Product
Ener
9y 4, —— Bigger Barrier
The intermediate
is low in energy
B due to charge
’ delocalization
Major product »
at low bl c
temperature
~(80°C) / | |NERG——— ‘ T
< [ Major product at
The 1.2 product is The 1.4 product isl AH® high temperature
H H higher in energy A lower in energy |
| 1.4 H,c—=lcH,
5', . Br Y Br
K!netlc 6.Thermodynamic
Higher Energy Product Lowest energy
Reaction Coordinate
Kinetic or Thermodynamically q 1,2-adduct : 1,4-adduct
Temperature Controlled Speed of Reaction ! Rati o’
-15°C Kinetic Fast 70:30
0°C Kinetic Fast 60:40
40 °C Thermodynamic Slow 15:85
60 °C Thermodynamic Slow 10:90

Mas, por que ha um produto TD e outro cinético?

https://chem.libretexts.org/

18
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..doing . . ; N ,
science O cation mais estavel ndo é apenas
for better - , 'yo
healthl s secundario, mas também alilico e,
portanto, desfruta de estabilizacao
por ressonancia (ou conjugacao)
o X
X /—.\ > H -
I -
4 3
H NP
\ X
: H \/\‘\\)
4
..doing
science .. .
for better O produto termodinamico: frans-1-

health! Neoukieo

bromobut-2-eno (4)

19
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Em condi¢cbes de formacao de
radical livre...

1,2 and 1,4 addition of HBr to butadiene under free-radical conditions

HBr
N LS
3 ROOR
(Xj\b —

O radical alilico, representado
como um sistema de trés orbitais
2pz paralelos compartilhando trés

elétrons.

https://www.masterorganicchemistry.com

2
BrWJ

More stable radical

2 .
BFW4
3

Less stable radical

H—Br H H
— Brw4 +Bre
3
1,2 product

less substituted double bond
kinetic product

1,4 product
more substituted double bond
thermodynamic product

20



