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Exemplos de Moléculas Organicas

109.5° i / o

I / XS

O modelo de ligagao quimica deve explicar as informacgdes acima!



Teoria da Ligacao de Valéncia (VB)

Ligacdo quimica localizada:

Dois orbitais atbmicos se sobrepbe (cada um contendo um
elétron), gerando dois orbitais moleculares:

a) Orbital ligante: tem uma energia menor do que a dos dois
orbitais atdmicos.

b) Orbital anti-ligante: tem uma energia maior. Permanece

vazio no estado fundamental.



Combinacao de dois OA 1s

K / ¥ (antibonding orbital) \

\ 6 (bonding orbital} /

FIGURE 1.2 Overlap of two 1s orbitals gives rise to a  and a ¢” orbital.



Molécula de hidrogénio

i (empty) antibonding molecular orbital
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(full) bonding molecular orbital
the hydrogen molecule resulting from the combination of the two hydrogen atoms

Ordem de Ligacao (numero de ligacdes entre dois atomos):

(no. of electrons in bonding MOs)— (no. of electrons in antibonding MOs)
2

bond order =




Ruptura da Molécula de Hidrogénio
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we can supply energy to promote an electron from the bonding MO to the antibonding MO

Calcule a ordem de ligacao



Hipotética molecular diatomica do Hélio

(full) antibonding molecular orbital
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(full) bonding molecular orbital
the hypothetical molecule resulting from the combination of the two helium atoms

Calcule a ordem de ligacao



Hibridizacao de orbitais

Configuracdo Eletrénica dos Atomos no Estado Fundamental

C (n° atébmico: 6):
1s2 252 2p,! 2p,?

o+t =

2p  2py  2p;

N (n° atdbmico: 7):
1s2 252 2p,! 2p,t 2p,!

+ + +

2px  2py  2p;




Fatos importantes

i) Os orbitais 2p,, 2p,, 2p, estdo orientados em angulos de 90°.

density plot of 2p orbital

three-dimensional plot of the 2p orbitals



Fatos importantes

i) Dado experimental: raramente sdo encontrados dngulos de 90° em

moléculas orgdnicas. Exemplos:

g 109.5° 120° (approx.) 180°
~/ )
\\\\\“'C\ a_—c H=—C=C H
H'¢ N Al
H H H



Fatos importantes

i) Superposicdo de orbitais atdmicos gera ligacdes do tipo c e T

Ligacao o

Ligacio 6



Orbitais hibridos sp3

i) Combinacao de um orbital atdmico s e de trés orbitais atbmicos p
formam quatro orbitais sp?3.
ii) Os quatro orbitais sp3 tém energia equivalente.

iii) angulos de ligacdao de aproximadamente 109.5°

(a)




Orbitais hibridos sp3

The 2s and three 2p
orbitals on carbon
combine to form four
sp® hybrid orbitals

% - sp® hybrids T
| The four sp® hybrid orbitals are directed |
towards the vertices of a tetrahedron X

y

Ground state C atom

2 + + T + + '+' +SP3

Energy

The total energy of the four sp®
hybrid orbitals is the same as the
total energy of the s and p orbitalsj

A\




2p —% 4 mix 2s and 2p
orbitals

A4 4 4 +}

hybrid
orbitals

2s -

C (n° atdmico: 6):
1s22s2 2p,! 2p,!

Ls —— ls = S

carbon itself carbon in methane

Methane
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H—C—C—H
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H H

Ethane

Energy

O carbono forma ligacdes fortes com ele mesmo e com

outros elementos, ao contrdrio do oxigénio, nitrogénio e silicio:
Ligacdo O-O: 34 Kcal mol”!
Ligacdo N-O: 39 Kcal mol!

Ethane



Amonia e agua

Lone electron
pair in
sp3 orbital Lone
electron
pairs
Ammonia
2p —% - 4 mix 2s and 2p
orbitals hybrid
- 3 Al A A A yort
> 2(sp?) 24 1 » ! } orbitals

N (n° atomico: 7):
1s2 252 2p,t 2p,t 2p,!

1s —fr—;l/—- 1s —T'TL_

nitrogen itself nitrogen in ammonia



Metilamina

Para a amonia ocorrem
2.10" inversdes por segundol

unhybridized
2p orbital

sp3 hybrid ==

CH,CH;

H,C

Lone electron pair




Orbitais hibridos sp?

i) Combinacdo de um orbital atdmico s e de dois orbitais atdmicos p

formam trés orbitais sp2.
i)  Os trés orbitais sp? t€ém energia equivalente.

i)  Angulos de ligacdo de aproximadamente 120 °.

90
/

2p orbital

(a) An sp2 orbital (b) Three sp2 orbitals (c) Three spz orbitals and an
unhybridized 2p orbital



Energy ——

(a)

25

Ground electronic
state of carbon

S

Higher energy electronic
state of carbon

2p orbitals

sp” hybrid
state of carbon

sp?2 » formacdo de

ligacoes duplas



Ligacao

a) sobreposicao de orbitais paralelos 2p,
b) ambos os elétrons no orbital ligante (n);
orbital anti-ligante (n*) fica vazio.
c) a rotagcdao nao é livre para uma ligacao dupla.
d) seis dtomos no mesmo plano,
angulos proximos a 120° .
e) duplas sao menores do que as simples

f) C-Cnt é mais fraca do que C-Co.




qb Aspectos importantes na sobreposicao de orbitais

Pz and py pz and py,

here the different
phases of the p
orbital are labelled

positive and negative —
this can be confusing
and so is best avoided

pands
(end-on)

here the different
phases of the p
orbital are shown
by shading one half
and not the other

efficient overlap of p orbitals
of the same size (same
principal quantum number n)

inefficient overlap of p orbitals
of different size (different
principal quantum numbers n)




Ligacao

Ligacdo 7t: Carbono vs Silicio

n C-C: cerca de 65 Kcal/mol Si——Si

n Si-Si: cerca de 24 Kcal/mol




E]b Orbitais ligante (m) e anti-ligante (™)

(LUMO) Lowest Unoccupied Molecular Orbital
A i

O Q Q : 0 7* orbital higher in
Cc—C .- C—E—C energy than carbon
0 O 0 ' D p orbital
out-of-phase combination of
p orbitals gives a n* orbital

nodal plane between
the two atoms

increasing energy of ombitals

é 5
in-phase combination of
p orbitals gives a n orbital

than carbon p orbital

»> C——C norbital lower in energy

(HOMO) Highest Occupied Molecular Orbital
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Alcenos

i) Planar;

i) Dois atomos de carbono trigonal planar (sp2);
iii) Angulos de 120¢°;

iv) Uma ligacao ¢ e uma ligagao .

v) Ligacao mnao tem rotacao

/\/ sp? orbital 100

2p orbital



Aldeidos e cetonas

114°<

1.124 A
121°

125°
1.204 A

1.500 A

(a) Ethylene (b) Formaldehyde
p orbital p orbital H3C
R |
~120° i Lone electron
R v\ pairs
120° B Hibridizacao do

A 2
o bond (overlap of two sp2 hybrids) CedoOe Sp-.




Aldeidos e cetonas

>=O 8+>=O O grupo C=0 ¢ polar:
R R (n =2,2-3,0D)
vetor momento de cargas parciais
de dipolo p da C=0 na carbonila

(a) 1-Butene (CH;CH,CH==CH,) (b) Propanal (CH;CH,CH=0)




Diagrama de Energia Simplificado

A

High " " .
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energy ‘
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P1 bonding
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Sigma bonding
energy .




Formaldeido
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C_ i b it 3 0
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Formaldehyde = “CO
4 | 4
=T ; |
3 %, Lt T L 4 Nonbonding oxygen AOs
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comprimento

de ligacao (A) ~1,54 ~1,32 ~1,34

forca de ligagao
(kcal/mol) 83-85 85-91 146-151

Um alto valor de energia de ligacao nao implica
necessariamente em baixa reatividade.

2 2]

173-181



Orbitais Hibridos sp

i) Combinacao de um orbital atdmico s e de um orbital atdmico p
formam dois orbitais sp;
ii) Os dois orbitais sp tém energia equivalente;

iii) angulos de ligagao de aproximadamente 180 ©.

(a)



Nitrogénio

Two sp hybrid orbitals combineﬁ
to form a o-bonding orbital 5

In the valence bond 1
theory, the triple bond |
in N, is formed by one ¢ [

Py

— “
‘N==N:
Two p, orbitals combine to | Each nitrogen atom
form a n-bonding orbital | | has a lone pair which

consists of two electrons
L in a sp hybrid orbital

o

(Directed out of

t
he page) I Two p, orbitals combine to
[ form a n-bonding orbital




1.203 A Trés ligacdes carbono - carbono:

H C:’\Cf H uma ligacdo o (sp - sp)
A
duas ligacdes n (p - p)

A A
2p == ——

i
{ i

2~ -

Ground electronic Higher energy electronic sp hybrid
state of carbon state of carbon state of carbon




p orbital 7 bond

sp orbital /\/r)

-
-

Como deve ser o Diagrama Simplificado para

Energia dos Orbitais Moleculares do Acetileno?



Etano vs. Eteno vs. Etino

Bond Bond ;
Orbital Length Bond Strength
Molecule Bond Overlap A) [kcal/mol (k] /mg
Hi H
| c—C sp3-sp’ 1.54 90 (377)
H—=C~~=GH
|| C—H sp-1s 1.11 98 (410)
H: "
H H et o -
A 4 C—=G sp>-sp?, 2p-2p 1.34 146 (611) =
il N C—H sp>-1s 1.10 104 (435)
C—C sp-sp, two 2p-2p 1121 200 (837)
H—C=C—H

C—H sp-1s 1.08 125 (5238
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Ligacdes entre atomos distintos
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combine %, """ s orbital on more
in-phase ‘., ¢ e electronegative
Wy Fouctd element

increasing energy

Quanto mais eletronegatfivo for um datomo, mais
baixos serdo os OAs e, assim, quaisquer elétrons neles
serdo mantidos com mais forca.




Energies of AOs both the same
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Ligacdes polares

AO on atom B is a little lower
in energy than AO on atom A

AOon .

atom A i3
i AO on
by atom B

MOs

AO on atom B is a /ot lower
in energy than AO on atom A

AO on
atom A

b2
e
X |
LY Y
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Classificacao das ligacdes quimicas

Diferenca de Eletronegatividade Tipo de
Entre os Atomos Ligados Ligacao

menor do 0,5 covalente nao polar
0,5a1,9 covalente polar

maior do que 1,9 iOnica

Em ligacdes covalentes polares: atomo mais eletronegativo: &
atomos menos eletronegativo: 5*
Exemplo:
ligacao C-0: 3,5-2,5=1,0 &t &

covalente polar C-0O



Valores de Eletronegatividade de Pauling

H and First Row

0.91——Li
1.58 —— Be
206— B
A e o
2.54 mmmmm C
3.07——N
361 — 0O

419 —F

Hybrids on C
54 i
26 —— sp
8.1 =—8p

Second Row
0.87 —— Na
1.29—— Mg
1.6 Al
1.92 —— Si
225 —— P
269 —S
2.87 — Cl

Third Row
0.73—— K
103 —— Ca
1.76 —— Ga
1.99 —— Ge
2.21 —— As
2.42 —— Se
2.69 —— Br

Fourth Row
0.71 —— Rb
0.96 —— Sr
1.66 —— In
1.82 —— Sn
1.98 —— Sb
2.16 —— Te
2.36 — |



