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Estrutura esquematica do atomo de sodio
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Kshell (n=1)
/\\7 L shell (n =2)

[11 Protons '
\12 Neutrons,

M shell (n = 3)
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A dualidade da matéria (particula/onda)
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# Louis de Broglie:

A :L
m.v

A — Comprimento de onda
h — Constante de Planck
m — massa do e

v — velocidade do e




Ondas estacionarias

(ressonancia)
T , Crista

nol

|

Corda presa entre dois pontos

- Membrana de um tambor




Varios modos (niveis) de
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vibracao

i
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Ondas estacionarias para 0s
eletrons
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For a hydrogen atom:

Electron wave resonance
n=1

A, =2nr =6.28q,

—2
/\-/\/ ;3'1.1 =2nr,

A, =12.57a,

l_‘_.II

A, =18.85a,  3A, =2mr,
Wavelengths for hydrogen states. b """
a, = 0.0529nm = Bohr radius




Equacao de Schrodinger
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W +h—22 m(W -V )y =0

h h — Constante de Planck
h=_— m— massa do e
W — Energia total do e
V — Energia Potencial do e




Equacao de Schrodinger
(coordenadas cartesianas)
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0w oW oy 2
+ + +—m(W-V)y=0
x> oy° 0zZ° h° ( W

h h — Constante de Planck
n ZZT m— massa do e
W — Energia total do e
V — Energia Potencial do e




Equacao de Schrédinger
(coordenadas esféricas)
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2
. L | sengd (rzawj+ 0 (sen@awj+ 1 0y +£2m(W—V)1//:O
r‘’send or o ) 06 08 ) senBdy | h

h h — Constante de Planck
h=_— m— massa do e
W — Energia total do e
V — Energia Potencial do e



Densidade de Probabilidade

P =l =gy

Densidade de Probabilidade

R, = [ P.av

Probabilidade num dado volume
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Probabilidade de encontrar o
 elétron numa regiao do

espaco :
PO b o

1s 2S 3s




Solucoes para o atomo de H

#Link para programa de visualizacao
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Solucoes para o H

@ exemplo de orbital 1s: P e Py,

# exemplo de orbital 2p: P e Py,

# exemplo de orbital 3d: xy e z?




Orbitais eletronicos para um
atomo de H isolado

n=2 B n=4 n=5




Distribuicao eletronica para o Na
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L/

35! 1 1
electron 11 n=3, [=0, m;=0, mg=+5 or—3
elecron 10 n=2, I=1, my=+1, my=—
electron9 n=2, 1l=1, my=+1, my=+

25

Mg ==

{electmnS e, el =0

SE— elecron7 n=2,[1l=1, m;=0,
\{eleetmnﬁ =2 =1, =14,
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Ligacoes quimicas
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# Ligacoes quimicas primarias:
= IOnica
= Covalente
= Metalica

#Ligacoes quimicas secundarias:
= Forcas de Van der Waals
= Ligacao de hidrogénio




Ligacao Ionica

/R

Valence electron

Na atom Cl atom Nat ion Cl- ion
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Quando ha grande diferenca de eletronegatividade
entre atomos.




Eletronegatividades

g
\
A
=
2 .
E on
2 &
=
o
g £
=
0
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0 1 ! | | 1 | F |
I A IIA II A IV A VA VIA VII A O
s1p0 5s2p0 s2p! 52p? §2p3 s2pt §2p3 §2p6

Position in the periodic table

wiBUILIEST UOSWoY | / Buiysiiand 9]00/s30019 £00Z ®



/R

Ligacao Ionica (cristais idnicos)

Os ions se arranjam no espaco devido a atracao
eletrostatica dos ions positivos e negativos

Exemplo NaCl (cristal ionico)

Link para o0 modelo
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Ligacao Ionica

# E forte, com energias entre 150 e 370
kcal/mol

#0s elétrons estao “presos” aos ions

#A ligacao nao ¢ direcional, mas os
cristais nao sao ducteis, o material €
fragil




“Condutividade eletrica (isolante)




Ligacao Ionica (clivagem)

# Clivagem em cristais ionicos

atep 1

Step 2 otep 3

l Applied farce
l Applied farce




Ligacao covalente

A
\V

Compartilhamento de elétrons entre dois atomos

+ hydrogen
molecule

2 hydrogen
atoms

+ - flucrine
molecule

2 fluorine
atoms

carbon dioxide
2 + molecula

2 oxygen carbon
atoms atam

4 fluorine carbon

a molecule of
atoms atam

carbon tetraflucride




Orbitais Moleculares

# Link para a molécula de H2




Ligacao Covalente
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# Da origem a moléculas:

@ €0 ¢o 68

Clo
hydmgen nyu&n mtqur‘l chlorine

0 o 6”6 €D

H20
nltrogen oxide water mtmgen dlnmde rarbr:m dnnmde




Orbitais hibridos

Metano

Orbitais sp3
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Ligacao Covalente
(cristal covalente)

# Pode dar origem a redes
tridimensionais de atomos (cristalinas
Ou nao):

m Link para a estrutura do diamante




Silicio




/R

Ligacao Covalente

# E forte, com energias entre 125 e 300
kcal/mol

# Os elétrons estao “presos” aos atomos

# E muito direcional, depende das
orientacoes dos orbitais




Carater I6nico em Ligacoes Covalentes
(Nenhuma ligacao ionica € "100% ionica”)
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# Definicao do “carater idnico” de acordo com a
eletronegatividade
= %CI = 100.{1 — exp[-0,25(X,-X)2]}

# Exemplos
= Na-Cl: Na=093 Cl=3,16 %CI=92,6%

«= Si-FO: Si=1,8 O=35 %CI=514%




Silica
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Si

Figure 2.16 The tetrahedral structure of silica (Si0,), which
contains covalent bonds between silicon and oxygen atoms
(for Example 2-6)




Forga e energia de ligacao

/\

|' c@mN  Core
*/ E, =E, +E;
;1 Binding E = J‘ Fdr

energy

N/ BN

-« [nteratomic >

spacing t dr
{1.2 ki | —
/ Distance

Inter-atomic Energy (IAE) /'m
Repulsion Attraction

Force
Repulsion Attraction




Cristal Ionico (Forcas e Energias)
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1 qg C
F = 2 F =—
A 47E0 r2 R r.n+l

Ex.: Modelo simples de massas e molas para o cristal

E,=—— E.=—  (s6 para dois ions)

Considerando toda a rede: Modelo de Madelung

et 2 zM. M. = 4 p/ NaCl

| I I~
4]E0r0 j rij /ro Mi ~ 1,748




Poco de Potencial
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(Energia de Ligacao)

4 3 2
i — L —
Q
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= ~100 — when bond when bond
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Dilatacao Termica e Tf

1 : Equilibrium spacing between atoms
—| Spacing after heating
5 increases energy by AIAE

:
=
o3 ———| Spacing after heating increases
0
e
@

i energy by AIAE (larger separation
' indicates higher thermal expansion)

Separation
o Ak p

Inter-atomic Energy (IAE)

!
1
l
|
|
|
1
!
I
|
|
|
|
[
|
I
I
|

T AIAE
}
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'Energia de ligagao e Tf

Table 2.3 Bonding Energies and Melting Temperatures for
Various Substances

Bonding Energy Melting
kJ/mol eV/Atom, Temperature
Bonding Type Substance (kcal/mol) lon, Molecule (°C)

i NaCl 640 (153) 33 801
MgO 1000 (239) 5.2 2800
Covalent Si 450 (108) 4.7 1410
C (diamond) 713 (170) 7.4 >3550
Hg 68 (16) 0.7 -39
+ Al 324 (77) 34 660
Metallio Fe 406 (97) 4.2 1538
W 849 (203) 8.8 3410
_ Ar 7.7 (1.8) 0.08 —189
vamderiaals oy 31 (7.4) 0.32 ~101
NH, 35 (8.4) 0.36 —78

Hydrogen H,O 51 (12.2) 0.52 0
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Relacao com a rigidez
(modulo de elasticidade)

Strong bonding

» Distance

Force
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Ligacao Metalica

Compartilhamento de elétrons entre TODOS os

atomos da estrutura

Os elétrons compartilhados
sao “livres” para orbitar
qualquer atomo.

Forma-se um “mar” ou
“nuvem” de elétrons livres.
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Ligacao Metalica

# E relativamente forte, energias entre
25 e 200 kcal/mol

#0s elétrons sao “livres”

# A ligacao nao é direcional

+ Obs.: Pode haver algum carater covalente ou
ionico
= EX.: Sn, metais de transicao, compostos
intermetalicos




'Condutividade eléetrica
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Ligacoes Secundarias

# Ocorrem entre atomos que ja estabeleceram
ligacdes primarias, por exemplo, entre
moléculas (ligacao intermolecular)

# Sao fracas, com energias de 0,7 a 7 kcal/mol

# Sao de origem eletrostatica, entre moléeculas
polares ou devido a flutuacao eletronica de
moléculas apolares

# Sem direcionalidade




Ligacoes Secundarias
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# Forcas de Van der Waals
= Energias de até 6 kcal/mol

s Ocorre basicamente de duas formas

+ Com a presenca de dipolos (moléculas polares)
= 0,2 a 6 kcal/mol
= Ex.: HCI

+ Pela formacao de dipolos instantaneos e
induzidos (Forcas de London), sao as mais
fracas

s < 0,2 kcal/mol
= EX.: Alcanos




Temperaturas de fusao e

vaporizacao em alcanos

m Tfuséo
¢ T vapor
——Tamb

p
N
500 -
400 -
pe
300 s
R4
O 200 - ‘0’
) R
— 100 - ’0
0O o ?
¢ =
100 ¢ =
[
-200 Jg |
0 20

40 60

Numero de Carbonos

80

100




Plasticidade em Polimeros
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L

(a)

(S
g

i O Fa & e +O Was .
CI\;) ; \_) : \?; ‘ ,.f an der Waals bonds
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Ligacoes Secundarias

# Ligacao de hidrogénio
= Quando existem pares O-H, N-H ou F-H na
estrutura

= E a mais forte das secundarias, com
energias de 3 a 9 kcal/mol
+ Ex.: H,0




'Ligagao de hidrogénio




Outro exemplo da presenca de
ligacoes secundarias
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# Grafita

m Link para a estrutura da grafita




Outro exemplo da presenca de
ligacoes secundarias
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@ Caullnlta (arg|lom|neral)

5kx 5 .0pm SBO3




Recordando: Energia de
ligacao

/R

TABLE 2-3 W Binding energies for the four bonding

mechanisms

Bond Binding Energy (kcal/mol)
lonic 150-370
Covalent 125-300

Metallic 25-200

Van der Waals <10




Railsback's Some Fundamentals of Mineralogy and Geochemistry

Chemical Bondin — ), Melting
At 4 molecules bond b g Nature — Behavior of » Conductivity ™ point and
fou.?:nn?leac%arqﬂilson?scu 'I%ﬁeso; y of bond valence electrons of electricity hardness
mechanisms are differenti- Covalent  Sharing of elec- Little Very high
ated by the behavior of bonding  trons between ggi%céﬁﬁﬁggqﬁ conductivity me\:g':? r?:rlgts'
T oaorsons o Saveonare e (A
ggy;srigﬂr?irgqﬁgies, overlap of atoms) ' liquid state  pions hardness = 10)
table at the right. = Little Melting
. : Electrostatic ivity i i
Solid Hy0 (ice) onic attraction t;f atqm,j.oretof whicrét:ﬁve chlrigj szf;;\gfyblﬂ z%?)lil;]}é
Solid CO : oppositely ~ 9ain€d eieclrons andinus — gondycts when  (2825°C for Mgo;
) 2 bonding charged ions have positive charge (and so qiten (i.e., asa 1418°C for CaFy:
Solid I, (cations and a"r‘:ff Et‘]”'r?r‘s)’la"td ISOTE of liquid, where ~ 801°C for NaCl;
v which have lost electrons hardness =
van der Waals | molecular ) and so have positive charge '™ Seeeto e4s2
(and so are cations). : respectively)
: Valence electrons flow freel Broad range of
S ot from atom to atom to atomy Conducts — melting points
i lect
mGtaliic e in all directions, so that the , S1eCtriCity IN —(.39°C for Hg;
bonding across entire S e s both solid and  1085°C for Cu;
solid : . P liquid state 3200°C for W)
AICI3 entire solid, not of one atom. ralleablc
AlBr Weak ' Val lect Very low
3 van der Wals eak attractions, alence electrons are " e y
Elemental Ga or often as result of constrame:d lQ one group of Lllll|e:tﬁ0ﬁduﬂ:li\ﬂly me!t'ng
molecular  Slight localization atoms, which in some cases N 8ItNErSOUG AN points

of charge within
individual
molecules

bonding

constitute a molecule. liquid state  (0C for H,0)

emental Cu, Ag, Au
Natural Alloys

Covalent
Diamond SiC

The degrees of conductivity and melting points in the two
rightmost columns above can be seen as results of the
behaviors of electrons and natures of bonds, respectively.

The seeming discreteness of this table
conceals the fact that most substances
have bonding intermediate between these
ideal end-members. The tetrahedron at
left attempts to represent those
intermediate conditions.

Both the table and the figure are based on M. Liang
(1993) A tetrahedron of bonding: Education in Chemistry, v. 30, p. 160-163.

LEBR 8150BondingTetrahedron06 10/2004 rev. 2/2008
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