Modulo 1 - Quimica Organica

4. Propriedades fisicas e reatividade
dos principais grupos funcionais

Alcanos, alcenos, alcinos
(aspetos fundamentais)
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ALCANOS ENVIRONMENTAL NOTE

- Em jazidas naturais de gas
(principalmente metano) ou
petrdéleo (alcanos, cicloalcanos
e aromaticos)

- Baixa reatividade

« Até C,H,,sao gases

« Entre C, e C,, sao liquidos

* A partir de C,5,H;, sao solidos
A sua densidade € muito baixa
« Forcas intermoleculares baixas crude oil that leaks into the sea

forms an insoluble layer on the
surface.
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ALCANOS no nosso dia-a-dia:

Petroleum is a complex mixture of compounds that includes hydrocarbons such as hexane and
decane, two members of the family of organic compounds called alkanes.

O gas natural é
constituido por
60-80% metano, e
pequenas quantidades
de etano, propano,
butano

CONSUMER NOTE

Natural gas is odorless. The smell
observed in a gas leak is due to
minute amounts of a sulfur addi-
tive such as methanethiol, CH5SH,
which provides an odor for easy
detection and safety.

Etano:
E fluido refrigerante

-
casono

15kg Butane

Butano

Propano
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ALCANOS no nosso dia-a-dia:

Barrel of crude oil

petroleum starting materials
for chemical synthesis (1.25 gal)

asphalt and road oil (1.3 gal)

boiler oil (2.9 gal)

lubricants, waxes, solvents (4.2 gal)
jet fuel (4.2 gal)

diesel and home heating oil (8.4 gal)

gasoline (19.7 gal)

products made from petroleum

Pirdlise dos alcanos: .
origina misturas de hidrocarbonetos mais * Gasollne: CsHip—C12Hos
* Kerosene: CysHog—CygHas

pequenos B _ + Diesel fuel: CysHay—C1gHag
-usada na producao de gasolina (CRAQUE)
-Ocorre a partir de 700 °C na auséncia de O, e

na presenca de catalisadores
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ALCANOS no nosso dia-a-dia:

CHaCH,CH,CH,CH5CHoCH,CHACH,CHoCH,

JXExx, (- i

| b w ‘; o
u’-ﬂ 3‘ ‘.24 o 34 z
undecane cyclohexane
Feromona em insectos Presente em manga

(Mangifera indica L.)
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ALCANOS

n-alcanos:

Number of C's Molecular Formula Structure Name
I CH, CH, methane
2 C.H, CH,CH, ethane
3 C;Hg CH4CH,CH; propane
4 CH,o CH,CH,CH,CH; butane
5 C.H,, CH,CH,CH,CH,CH, pentane
- CH,, CH,CH,CH,CH,CH,CH, hexane
7 CH,e CH,CH,CH,CH,CH,CH,CH; heptane
8 CeHye CH,CH,CH,CH,CH,CH,CH,CH,; octane
9 C,H,, CH,CH,CH,CH,CH,CH,CH,CH,CH, nonane
10 CyoH,s CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, decane

Os alcanos podem ser ramificados
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Conformacoes do Etano (C,H,):

eclipse A interconversao faz-se por
HH rotacao simples da ligagao C-C

! -
? Rotation occurs here.
S
o o
-— Q.'/\
o =
a \U
Qual a
suaggered  @Strela Stggered  ostrelg conformacao

mais estavel?

Projeccoes  Rotation —p
de Newman
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CICLOALCANOS

v
g F 4ty 4
i é _‘J ’ .J e ‘*/9\"

v w
-’
cyclopropane cyclobutane cyclopentane cyclohexane
CsHg CaHg CsHyo CgHyo

A 9 Q
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A ciclizacao é incompativel com a manutencao
do angulo de 109.5° do carbono tetraédrico, e a
deformacao imposta cria “tensoes” que
diminuem de compostos com 3C para 5C

H
H H g
l H H
H \88 L. / “H
i H7 —H—xH
‘Jn H
H
H 4 H H
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~ : ] Qual a
Conformacoes do ciclo-hexano: Conformacio
-~ - mais
<raer s estavel?
10} LI
®«
=
” N
z
2
=
3
g 5
&
3 ., Ainterconversao

faz-se por
rotacao simples
das ligacoes

4 b o A0 . NS, TNy N e,
e 7w e O] s \ o wh = _
Chair Mo Taist Eoat Twsr Halt
- chav coat boxt chuar
cadeira barco cadeira
© Luisa Louro Martins, ISA 10
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ALCANOS: Propriedades fisicas

Constantes fisicas dos alcanos nao ramificados

N° atomos Nome Estado fisico Pt ebulicao Pt fuséo Densidade
carbono (T amb.) (°C); 1 atm (°C) d?0 (g mL1)
1 Metano Gas -161.5 -182
2 Etano Gas -88.6 -183
3 Propano Gas -42.1 -188
4 Butano Gas -0.5 -138
5 Pentano Liquido 36.1 -130 0.626
6 Hexano Liquido 68.7 -95 0.659
7 Heptano Liquido 98.4 91 0.684
8 Octano Liquido 125.7 -57 0.703
9 Nonano Liquido 150.8 -54 0.718
10 Decano Liquido 174.1 -30 0.730

~ . ;. , Vs
Alcanos sao insoluveis em agua

N,
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ALCANQOS: Ponto de ebulicao

‘”# 111 'p:m 153{ ‘v
& 11 pm
% ‘\Q Q“*uz%—"’ Ke’
lm\.j: 109 pm b Q,
« C
Metano Etano Propano

- 161.50C - 88.60C - 42.19C o2«
> \!

Interacoes intermoleculares de que tipo?
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As propriedades fisicas sao influenciadas
pela estrutura das moleculas

-comprimento das moléculas:

CH;CH-CH,CH4 CH;CH,CH,CH5CH4 CH;CH,CH,CH,CH,CH4
butane pentane hexane
bp=-05°C bp =36 °C bp =69 °C

Increasing surface area
Increasing boiling point

-ramificagcoes das moléculas:

» n-Pentano Eb=+35°C 2=
» Isopentano Eb= +25°C @
» Neopentano Eb= +9°C N

16/11/2019 © Luisa Louro Martins, ISA

13



UJ ussoa

INSTITUTO
HE“M?.‘,%‘E“"E (@ SUPERIOR D
22N AGRONOMIA

Exercicio:

Answer the following questions about pentane (CsH,;), heptane (C;H, ), and decane (C,3H;,).

a. Which compound has the highest boiling point?
b. Which compound has the lowest boiling point?
c. Which compound has the highest melting point?

d. Which compound has the lowest melting point?
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Alcanos e cicloalcanos sao estaveis e
pouco reativos:

Reatividade de alcanos e cicloalcanos:

Ligacbes C— C e C — H fortes e pouco polarizadas:
C—C (82.6 kcal mol'1), C—H (89-101 kcal mol-1)

-S6 contém eletroes O (pouco moveis)
-Distribuicao eletronica uniforme

-Mecanismo reacional:
reacoes homoliticas (formacao de radicais livres)

-Principal tipo de reacdes: substituicdo, eliminacdo ??@@
(ex: desidrogenacao, halogenacao, oxidacao-combustao) 37
-Nao sao suscetiveis de ataques eletréfilos e nucledfilos
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Reacoes dos alcanos
-substituicao: halogenacao

, |
Da-se a CH, (g) + Cl, (9) —— CH.ClI (g) + HCI (g)

substituicdo  iniciagao:
prog ressigva — Cl, + energia — Cl- + Cl-

do H pelo ~ T T

Cl, numa 13 reacgdo: Ck'+ H /\'clz H— -?— H + HCI

reacao

;. -4 kJ/mol

fotoquimica / " H L

em cadeia _ | ~ |
28 reacGad: H—C: +Cl— Cl — H—C—@+CI-
-96 k3/mol | |

34 reaccao: CH5Cl + Cl — CH,CI, + HCI
() CH,CI, + Cl — CHCI; + HCI

16/11/2019 © Luisa Louro Martins, ISA 16



Reacoes dos alcanos
-eliminacao: desidrogenacao

A desidrogenacao dos alcanos forma alcenos com
igual nuUmero de atomos de carbono:

H2CH — HCHZ —> HzC — CHZ + Hz

16/11/2019 © Luisa Louro Martins, ISA 17
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Reacdes dos alcanos: COMBUSTAO
CH, (g) + 20, (9) — CO, (g) + 2H,0 () AH® = -890.4 kJ

(—212.8 kcal)
- - o
Gas naturalle 60 80./0 metano « Gasoline: CcHyp—CyoHog
O petroleo e uma mistura de » Kerosene: C;,H,s—CyeHas
hidrocarbonetos « Diesel fuel: C;gH;p—CgHag

A combustao € uma d._.!
oxidacdo: oy 9
CH,4 + 20, —— CO, + 2H;O + energy

flame
methane

(natural gas)

2 (CH3)3CCH,CH(CHg), + 250, 16CO, + 18H,0 + energy

_ flame
isooctane !
(high-octane component @@
of gasoline) ’
© Luisa Louro Martins, ISA 18
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. D
& @
@CD

Propane +  Oxygen gas

A combustao € uma oxidacao
mm) Quais os produtos formados?

mm) De onde provém a energia?

50, + Heat and light

Carbon
dioxide

Water + Energy

J A

Reactants

v
Products

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 2.15 Bonding Partners and Energy May Change in a Chemical Reaction
© 2004 Sinauer Associates, inc. and W. M. Froeman A Co

19
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Combustion - burning fuel for energy

Oxidacao

dos alcanos: %m G?
oxygen(Oz)

Hydrocarbon fuel

As Springstein said, you can't start a fire without a spark — or without enough heat to break the

. ~ chemical bonds between the fuel and oxygen.
A oxidacao o
dos Q00000 o)

(0
compostos o 90000000 o Py
organicos (0} 000000 o

fo rl I I a While breaking bonds takes energy. forming new bonds to make water and carbon dioxide

releases enough energy as heat to keep the combustion chain reaction rolling on and fry
CO, + H,O o=

16/11/2019 %ter (H20) m

carbon dioxide (CO2)




ALCENOS: Propriedades fisicas

eteno
propeno
1-buteno
cis-2-buteno
trans-2-buteno
1-penteno
1-hexeno

16/11/2019

-169
-185
-185
-139
-106
-165
-140

© Luisa Louro Martins, ISA

Pt fusao Pt ebulicao
(°C) (°C), 1 atm

-104
-47
-6.3
3.7
0.9
30
63

(g mL1)
0.384
0.514
0.595
0.621
0.604
0.641
0.673

Densidade d20

21



ALCENOS: reatividade

-Quebra de uma ligacao dupla (orbitais =,c) e formacao
de duas ligacoes simples (orbitais o)

-Energia de ligagao = fraca (60 kcal mol1)

-Forte densidade eletronica na dupla ligacao,
acessibilidade e disponibilidade dos eletroes n

Principal tipo de reacoes:

-Adicao eletrofila: hidrogenacgdo, hidratagdo, halogenacao,
hidro-halogenacao, adicao de acidos halogenados

-Oxidagao
-Polimerizacao

Ex: carotenos, etileno, terpenos

16/11/2019 © Luisa Louro Martins, ISA 29
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Reacoes dos alcenos:
adicao eletrofila

* Addition is a reaction in which elements are added to a compound.

Addition \[:—(:/ +  X—Y > l2|3—[|';—
/N A1

[ XY

One bond is broken. Two single bonds are formed.

H H i
N/ |
Example ED — G\ + H, — H—C|3 —t|3—H
Pd
H H H H -——H,is added
ethylene ethane

16/11/2019 © Luisa Louro Martins, ISA 23
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W FIGURE 13.4 Four Addition Reactions of Alkenes

One bond Is broken. | Two single bonds are formed.
"
| H Hy -
y " hidrogenacio
; metal catalyst L n genac
cyclohexene H
H
X — .
> halogenacao
(X = ClorBr) X
M
H
HX L ~
. y hidro-halogenacao
X = ClorB o , .
( orBn) 4 (acidos halogenados)
H
H D _H ° ~
: . hidratacio
H,S0, < OH
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Mecanismo das adicoes eletrofilas tem duas
fases:

1. Ataque eletrofilo aos eletroes ~ e formacao do carbocatiao;
ligacao do catiao a dupla ligacao
7~ N\ N +
H-C=CH, + A~-B - H-C— CH, + B"
I 5t & |
H H A

2. Ligacao do aniao formado ao carbocatiao
o 2\ 7
H—$— CH, + B - H—CI — CH,
I I
H A H A

16/11/2019 © Luisa Louro Martins, ISA 25
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Mecanismo:

"‘-"‘h.l K’f’-:"""h H-\"l ’,__,-f =lony .-'""f _

Y—E C=C > E—C—C* + Y

E— B+ ™
Eletrofilo Alceno Carbocatiao

| AT T Fasi | |

E—?—C;-I— ' — E (|I (|I Y

Carbocatiao Nucledfilo  Produto da adicao eletrofila

16/11/2019 © Luisa Louro Martins, ISA 26
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Adic3o de hidrogenio: HIDROGENACAO
Hydrogenation >G=E< + H—H E {:‘;—{:3

alkene catalyst H =———H, is added.

alkane

- O produto resultante € o alcano correspondente
(1 mol de H, por cada dupla ligagao)

R-HC=CH-R + H, —» R-HCH-HCH-R e
CH3—HC=CH2 + H2 _) CH3_CH2_CH3 @ Transition state

g @ <9
A hidrogenac&o de um alceno é uma 1
reacao exotérmica (AH%~-30 kcal mol-t) ¢ —
Os produtos formados sao mais estaveis Time g

16/11/2019 © Luisa Louro Martins, ISA 27
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Mecanismo da HIDROGENACAO

i g

Free energy —p»

TE==a TR PSR

e—

16/11/2019

-

— No catalyst
(hypothetical)

Catalyst present
(usually multistep)

—AGy,

N\ .
: CH—CH
' ’ 4 N\

Reaction coordinate —»

© Luisa Louro Martins, ISA
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finamente divididos H—1

Mecanismo da HIDROGENACAO

Z >
Z S

Pode ocorrera Tambna . . g RS,

. =C=Ca —
presenca de metais il \
H H

(catalisadores: Pt, NI, Pd, EtC.) Catalytic hydrogenation is a syn addition

C

\
H--H + /C= \
(a) (b)

Surface of
metal catalyst

b) Adsorcao do alcel

a) Adsorcdo do H, a superficie do a superficie do met
metal, utilizando os seus eletroes. \ Y
/ \

P L
H--H ;C?C\ H C ”
L bmmmonbegn . sesmmmyE ——
(c) (d)

¢, d) Adicao progressiva dos H ao alceno (cis-adicao).

16/11/2019 © Luisa Louro Martins, ISA 29
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Adicao de acidos halogenados HCI, HBr, HI:

Atague da nuvem pi ao hidrogénio
polarizado do HBr & formacio do carbo cition Atague do nucledfilo a0 catbocation

=& for adicionado reagente em excesso, o aldno
pode chegar a um dervado dihalogenado

Br ErH ErH
|/\5* &

HEC—E=L|":H + H—Br —» H.C— c CH Br= —» H.C— c CH

& I
H b H ErH

2.2 - dibram o propano

-destino do H € sempre o C mais hidrogenado VR
(Regra de Markovnikov)

-0 mecanismo reaccional favorece SEMPRE o
carbocatiao mais estavel (mais substituido)

A velocidade da reacao para diferentes alcenos é
explicada pela estabilidade do carbocatiao formado

16/11/2019 © Luisa Louro Martins, ISA 30



Alcenos mais substituidos sdo mais estaveis
(menor a energia libertada na hidrogenacao)
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R—-C=C-R

Alcenos tetrassubstituidos rla IH‘.
R—C=C-R

Alcenos trissubstituidos ||
R H
R—C=C-H

|

R H

Afcenos

dissubstituidos Trans H‘?= fI:_R
R H
“5  Rrc=cR

|

H.H
Alcenos R—C=C-H
meonossubstituidos -
H H
Alcenos ndo substituidos H-C=C-H

|
H H

Carbocatiao
terciario é

' mais estavel

o+

ESTABILIDADE

Carbocatiao
primario é
menos estavel

o+

31
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Regra de Markovnikov € explicada pela estabilidade
do carbocatiao intermédio:

_I_
CH3CHCH;
]
+
: S St =5
o AEZ -4 AET
= CH3-CHa-CHa
oz | +
= CH5CH,CH,

— e = = -— e = o= wk

-------- + H-Cl CH3-CHa-CHaCl
CHy-CHCI-CHS
Markownilkow Starting anti-Markovrnikoy
Product Materials » Product

16/11/2019 © Luisa Louro Martins, ISA 32
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Regra de Markovnikov € explicada pela estabilidade
do carbocatiao intermédio:

5+
H
I

| &+
CH3CH=CH2

This transition
state resembles
a 1° carbocation

+
CH5CH,CH,

This transition
state resembles
a 2° carbocation

+
CH5CHCH,

Free energy _ >

CH,CH,CH,}

AGt(Zc’) AG:(I o)

Reaction coordinate

FIGURE 8.2 Free energy diagram for the addition of HBr to propene. AG# (2°) is
AG* (19).

[ » 33
© Luisa Louro Martins, ISA
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H ’ —

A C/ |
Examples z’G_ : oo H_E_?_H

H H H CI
chloroethane

CH, o -
Yo=d  + HCI CHy=C—C—H or CH é c|: ;
FEaN P ﬂ L
H | (4] i
co— ot 5 )
propene 2-chloropropane 1-chloropropane

only product

* |n the addition of HX to an unsymmetrical alkene, the H atom bonds to the less
substituted carbon atom—that is, the carbon that has more H’s to begin with.

CHy H H H
odl. - ]
=G ROl ——  CHg—C—C—H
ThisChasonly 1H | H H | ' ,L

so the CF bonds here. %

!

This C has 2 H's so the H bonds here.

16/11/2019 © Luisa Louro Martins, ISA 34
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EX 1 - What product is formed when 2-methylpropene [(CH,),C=CH,] is treated with HBr?

Alkenes undergo addition reactions, so the elements of H and Br must be added to the double

bond. Since the alkene 1s unsymmetrical, the H atom of HBr bonds to the carbon that has more
H’s to begin with.

CH, H CH, H

/
T hE=CG HTBr ——  CHyC—C—H

/
This C has no H's CHa H | Br H
so the Br bonds here. 5

|
i

This C has 2 H's s0 the H bonds here. -~

EX2 « What product is formed in each of the following reactions?
a. CHCH=CHCH, + HBr — c. (CHy),C=CHCH, + HCI ——

CHa

b. + HBr — d.@ + HCOl —

16/11/2019 © Luisa Louro Martins, ISA 35
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Adigdo de dgua: HIDRATAGAO  -Reagéo catalisada
-Origina alcoois pelos acidos
-hidratacao do 2-metil-2-propeno

-Verifica a regra de
Markovnikov

16/11/2019 © Luisa Louro Martins, ISA 36
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Adicdo de dgua: HIDRATACAO
Verifica a regra de Markovnikov

* [n the addition of H;0 to an unsymmetrical alkene, the H atom bonds to the less
substituted carbon atom—that is, the carbon that has more H’s to begin with.

p This C has no H's so the OH bonds here. | -

v _~CHgqg
OH
Example + H—0OH ——
"~ H,SO, H
| H .I
1 .__,.-'"'

. This C has 1 H so the H bonds here. —

16/11/2019 © Luisa Louro Martins, ISA 37
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Adic3o de halogeneos: HALOGENACAO

Halogenation is the addition of halogen (X,) to an alkene. Two bonds are broken—one bond
of the carbon—carbon double bond and the X—X bond—and two new C—X bonds are formed.

/ ||

Halogenation C—C + X—X > C—C—

\ -

X X |[=——X,is added.
alkene  x = ClorBr 2

dihalide
H H H H
\ / |
Examples ,F:D\ + Cl;, —> H—L|':—E|:—H
H H Cl CI
¥ H
Br
+ B, —
’ Br
H H

16/11/2019 © Luisa Louro Martins, ISA 38
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Mecanismo da HALOGENACAO
-adicao eletrofila
Atague da nuve Ju pi &0 u:lu:uru:uapnlarizadn Atacue do doreto ao carbocation
& formacan do catocation
Cl
H.C- /N 58 H.C. ‘/\ |
C=CH, + CI—Cl —» C—CH, cr — |-|3¢:—t:H—¢I:|-|2
H H™ ¢ Cl

1,2 - dicloropropano

http://www.oocities.org/vienna/choir/9201/quimica organica2.htm
http://www.oocities.org/vienna/choir/9201/indice guimica organica.htm

16/11/2019 © Luisa Louro Martins, ISA 39
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W FIGURE 13.5 Partial Hydrogenation of the Double Bonds in a Vegetable Oil

0
I

H
I

C G- H
So” ~CH3CH,CH,CH,CH,CHACH, \?/ CH,CH,CH,CH,CH,
— | CH2\ Z cI;\
Unsaturated vegetable oll G H
*two C=C's I
« lower melting H

« liquid at room temperature

AddHytoone | | py

C==C only.
(0] H
II I
A A LM
O~ CH,CH,CH,CH,CH,CH,CH, ™ (|3 (|3H20H20H2CH20H3
r ' CHQ\C/ o
- Partlally hydrogenated oll in margarine G
* one C=C H H
« higher melting
~ « semi-solid at room temperature a C bondedto a C=C
© Luisa Louro Martins, ISA 40
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Exercicios: reacoes de adigcao

What alcohol is formed when each alkene is treated with H,O in the presence of H,50,?

CH,
a. CHyCH=CHCH, b. CH,CH,CH=CH, c. I:j[
CHa

What product is formed when 1-pentene (CH;CH,CH,CH=CH,) is treated with each reagent?

a. H,, Pd c. Bry e. HCI
b. Cl, d. HBr f. H,0, H,50,

16/11/2019 © Luisa Louro Martins, ISA 41



Oxidacao dos alcenos:

Na presenca de agentes oxidantes fortes, a ligacao
dupla rompe-se com formagao de uma cetona ou
de um aldeido: OXIDACAO ENERGICA

Carbono com Carbono com
dois radicais 1 radical e um H
H4(C H-C C{CHa )5
) — =0+ 0=C
H,C H,C H
2,4,4-Trimetil-2-penteno Propanona 2,2-Dimetilpropanal

O OXIGENIO liga-se a cada um dos C da ligacdo dupla
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EX1:
Oxidacao enérgica: a oxidacao do 2-buteno

-Carbonos primarios originam CO, e H,0;
-Carbonos secundarios originam acidos carboxilicos
-Carbonos terciarios originam cetonas

H,C CH,
., e
fc:;;gh MnO,
H3Em ;’CHE Hzof H H H HECH + ;CHE
y R KM nCy, 0 C 0 fC © © C“x
H H '”\..M e H H
N
7 N\ 1] 0]
O 0 Aldeidos
o ] H.C._ _CH,
Em meio acido o permanganato é um c=0 o=c
oxidante bastante enérgico e leva a ruptura HO “OH

acidos carboxilicos

da dupla ligacao

Os produtos formados na reacao dependem
do tipo de carbono da dupla ligacao.
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EX2:
Oxidacao eneérgica: a oxidacao do metil-propeno

Como os carbonos da dupla s&o terciario e primario,
formam-se, respetivamente cetona e CO,, + H,0O

H.C H
mcz:::t_:: MnoO,
H:C. A ordt ch L H H.C. + H
H,C H v NN H,C” “H
Mn
AN cetona [D]l
O O

© Luisa Louro Martins, ISA
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Oxidagao dos alcenos: N
OXIDACAO SUAVE - EPOXIDACAO

Na presenca de agentes oxidantes suaves, ha adicao de
OXIGENIO a ligacdo dupla, com formacdo de um epodxido.

Atacue nudeocflico ao alceno Desprotonacao
/_\ ']L::,
HO — 0. ©
< D D,;;; ?

Fearranjo intemo e ruptura da
ligacio peroxddics

. &
W Hc-cH~0l0 HC—ch, | HO(
S u _ c —
S ST T o A
m{i?enpdlj?{iedttilljenn joido acético
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Oxidacao dos alcenos: i
O epoxido pode reagir com a agua (HIDRATACAO)
produzindo um diol (dialcool).

Abettura do cido

Atague ao eletrafilo e formacio do carbocation Atague nudeofilico
a0 carbocation
//_\’ H
- W
IR H PN | 0.

OH I OH
|
— - HEE - EHE — HEE - EHE
|

Q. OH
H H 1.2 - etanodil (glical
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Polimerizacao dos alcenos:

Polymers are large molecules made up of repeating units of smaller molecules—called
monomers—covalently bonded together. Polymers include the naturally occurring proteins that
compose hair, tendons, and fingernails. They also include such industrially important plastics as

polyethylene, poly(vinyl chlonde) (PVC), and polystyrene. Since 1976, the U.S. production of
synthetic polymers has exceeded its steel production.

W FIGURE 13.6 Polymers in Some Common Products

H - . CHa CHa CHa

I I I W W= I~
%CHQ—CI:—CHQ—C—CHZ—CI:% —cH, ? CH, (|3 CH, ?%

Cl o] Cl CHs. CHy CH,

poly(vinyl chloride) polyisobutylene

PVC .

H H - I

I I | §—0H2—C—CH2—C—CH2—C—§
§—CH2—<I:—CH2—C—CH2—cI:—§

CN CN CN

polyacrylonitrile

sle

polystyrene
(Styrofoam)
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ethylene _ _ _
ronomers | CHz=CHy + GCHy=CH, + CH;=CH,
polymerization
polyethylene . _ New bonds are
polymer g_GHEGHE CHaCH, GHEGHE_E shown in red.

HDPE (high-density polyethylene) three monomer units joined together

and LDPE (low-density polyethylene)

are common types of polyethylene o pgjymerization is the joining together of monomers to make polymers.
prepared under different reaction

conditions and having different

physical properties. HDPE is opaque

and rigid, and used in milk containers

and water jugs. LDPE is less opaque Three monomer units joined together

and more flexible, and used in plastic

bags and electrical insulation.

H H H
I | |
CH;—CHZ + CH,—=CHZ + CH,—CHZ —— E—GHE?—GHEE'.‘-—GHE?—E
yd

Repeating unit: CH2E|}H ~— Many monomers are
Z In joined together.

shorthand structure
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TABLE 13.2 Common Monomers and Polymers Used in Medicine

H

Cl
vinyl chloride

e

I I I
CH2<I:—CH20—CH2cI;—§

Cl Cl Cl
poly(vinyl chloride)
PVC

H

C/H
CH=
e

propene

Ha

tetrafluoroethylene

I I I
CH2C|2—CHQC—CH2(IJ—§
CHy CH; CH,
polypropylene

anare

—O—m

F F B FF
e L
EENES.
polytetrafiuoroethylene

Teflon

dental floss

16/11/2019
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What polymer is formed when CH,=CHCO,CH; (methyl acrylate) is polymerized?

Draw three or more alkene molecules and arrange the carbons of the double bonds next to each
other. Break one bond of each double bond, and join the alkenes together with single bonds.
With unsymmetrical alkenes, substituents are bonded to every other carbon.

Jointhese 2C's.  Join these 2 C's. Answer:
Ho A Ho A H H H H
/S VA / 5 | | |
CHy=C=—  CHy=C-~  CHy=C_ 3 GHE—?—GHE—?—GHE—G—E
COzCH4 CO2CH4 CO2CH4 COsCHy CO.CH; COsCHg
Break one bond that joins each C=C. New bonds are drawn in fEd-]
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ALCINOS: reatividade

A ligacao tripla € menos reativa do que a dupla

-Menor comprimento de ligacao

-Maior energia de ligacao =«

-Eletroes = menos moveis do que na ligacao dupla
-Forte densidade eletronica

Principal tipo de reacoes:

-adicao eletrofila (por reagentes eletrofilos,
carbocatidoes R*, acidos de Lewis, H*)

-Hidrogenacao, hidratagao, oxidagao, polimerizacao
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ALCINOS terminais tém carater acido:

Em meio alcalino ha formagao de um
carboaniao:

Y~ 2\
R-C=C-H + OH —- R-C=C + H-OH

Este comportamento € designado por
labilidade do H terminal

O H em alcinos terminais é labil e o
composto sofre rutura heterolitica.
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