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Potencial Lennard-Jones
~ Ton12 Tor
V(T') — Ed [(?) -2 (?) ]

Potencial de Morse
V() = Eg[(1—emar0)’ — 1]

onde E, (energia de dissocia¢do) é o
potencial de referéncia, r, é a posi¢do
de menor energia e a esta associado
a forga de atracgao.

Potenciais Moleculares

John Lennard-Jones
(1894-1954)
fisico

Philip McCord Morse
(1903-1985)
matematico
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Expansao
Potencial Lennard-Jones
36
V(r) = Eg4 [—1 + = - 'ro)z]
To
Potencial de Morse
V(r) = Eg[-1+a*(r —1)?]
comparando com L-], a = TE
0
Equivalente mecanico: constante elastica
72E,
k=—
o
&
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Modelagem Matematica

* Mudanga de variaveis na equagdo Schrodinger sobre
o Potencial de Morse

2mkE 2mE
X =ar, Xo=ary, )= d = n

Equacao de Schrédinger (indendente do tempo)

cujo potencial
V = 22(e72(~%0) — 2¢=(*%0))

E e ——
a’h2’ ™ q2p2
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Modelagem Matematica

" Autoestado e fungdes de Laguerre
1

nl(2A-2n-1)|2 1 _z
Pl = [ (1"(2,1 —) 2 oz 31 2Aam i )
com
: 7= ApZ gn
C LP(z) = —— o (E"e™), z= 2)e~(*=%0)
Autovalor

. 1,2

T e £n=12—(l—n——)
Edmond Laguerre 2
(1834 -1886)
matematico
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Energia Morse

Autoenergia (limitada)

E§
En =Eon — 4E::
com
1
Eyn = hwy (n + E)
6 [2E;
Wog=— |—
To| H
2E,
n=2012.., (— -1

‘ ha)o

)

Energy

Internuclear Separation (r)

Numero quantico vibratério
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Dimero de Arg

810 "erpadpyim 1d 1Jay

Empirical
Lennard-Jones -

o o
n

100

o
U

ATEoV ABisus uoinorisu|

-100 }

8.0

70

6.0

5.0

4.0

3.0

R (A)
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Amplitude e For¢a

Energia nos deslocamentos extremos, 1, ¢ty

V(Tn,extr) = —E; + E, (Tn,extr)
leva a amplitude esquerda e direita (assimétricas)

Tnmin 1 En Th,max 1 En
M —1—Zln|14+ |[—=]|, 2 —1—_"hn|1- |[=
T 6"\ " T |5, o 6 /E

e deslocamento total

Ar, = Tomax — "™mmin

Empirical

A e Forca nos extremos

/2 (Tn,extr) =—k- (Tn,extr - TO)

Ref.: 231110 l l 9de 16
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Unidades de Medida

V,E4,E, ], joule

Energia

Massa reduzida U
Frequéncia 1o
Posicao 7,7
Forga F
Constante k
Elastica

kg, quilograma

Hz, hertz

m, metro

N, newton

N/m, newton
por metro

Unidade =

1eV=1,607x10"19]
_m-m,
“= my +m,
1THz =102 Hz
wy = 21fy
1pm=10"1m
1nN=10"°N

%
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Moléculas Diatémicas

NaCl
NaF
NaH
NaBr
LiCl
LiH
Lil
KCl
KBr
RbF
RbCl
Csl

*Handbook of Chemistry and Physics, 85th ed. New York: Chemical Rubber Co., 2004 B
**Paul A. Tipler, Ralph A. Llewellyn. Fisica Moderna. 62 ed. Rio de Janeiro: LTC, 2014. ;}

4,27
5,34
1,92
3,81
4,86
2,47
3,58
4,49
3,94
512
4,43
35

193
189
250
202
159
239
267
282
227
279
332

2,316
1,727
0,1603
2,965
0,9639
0,1462
1,093
3,087
4,359
2,581
4,161
10,78

49
g9
25
60
140
41
24
18
34
20
9

51
8
74
38
7
41
87
103
72
106
176
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Absorcao-Emissao de Radiacao (Morse)
Mudanga de nivel: n; = n, tal que Ef; = Ef — E;
Efi _ fl(i)o 1 < ﬁ(l)o 1 .
=t ag )| +[1-gg ()]
ng > n;=> Ef; > 0 > absorgao,
ng < n;=> Ef; < 0 > emissdo : infravermelho
Radiac¢ao (Planck)
[Efi| = hf
&
Ref.: 231110 I l 12 de 16
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Potential energy, eV

Exemplo: KCI

dn
IS

Exclusion-principle S
repulsion Net ionization
E energy
= 0.72 eV
_______________ L Kaer
I'fo' et —t—t—| = K+ Cl
: 1.0 2.0 3.0 ”
|
: Electrostatic
| . (Coulomb)
Total potential potential energy

energy

_@ eV

4,49 267 3,09 24,4 0,0998

%
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Potential energy, eV

5
4
3
2
1
0

-

D

g

—4

-5

0.2 04 0.6.+0.8

m

_________________________ Na* + CI”

}153ev

70 12 14 16 rnm Na+Cl
Ed=4266V

Exemplo: NaCl

NaCl 4,26 3,09 31,1 0,127 r;}
Ref.: 231110 l l 14 de 16
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Frequéncia/Hz 10°-10"!

S Comprimento 1 3
g de Onda/m 107 -10
=
5 Ener}’;ia/ 1024 _ 10722
R (J/molécula)
Processo Rotai;ﬁo
olecilar de moléculas
poliatémicas

O

Ref.: chemkeys.com, igm.unicamp.br

Resumo

1011 _ 1013
103-107
107%2-1072
Rotacao

de pequenas
moléculas

Regido Microondas Infravermetho Infravermelho Visivel e
gt distante Ultravioleta

10%-10"*  10™-10%

102 -107° 106-1077

10-20 _ 10—19 10-19 _ 10-18

Vibragao o
L Transigoes
de ligagdes 2
A eletrénicas
flexiveis

%
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