Estrutura molecular e
supramolecular da agua.
Gelo e clatratos.



Quatro pontos de conexao




Interacoes entre moléculas

e Atomos em moléculas: forcas "quimicas",
intramoleculares.

— Muito intensas (7100 kJ mol1)
— Pequenas distancias (< 0,1 nm)

* Forca entre moléculas: forcas "fisicas",
intermoleculares.

— Menos intensas, nao permitem grande
proximidade. —
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lon — ion (Coulombianas)

As forcas intermoleculares de maior alcance
sao as eletrostaticas.

As interacoes entre monopolos de cargas sao
as de maximo alcance.

Podem ser atrativas (+,+ ou -,-) ou repulsivas
(+1_)°
Em cristais: energia de Madelung.

— Principio de superposicaoll
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Interacoes ion-dipolo

Uma molécula neutra (sem carga) pode ter um momento dipolar, resultante
da separacao de cargas.

Moléculas que tém um momento dipolar sao chamadas de polares.
Agua tem um momento dipolar de 1,85 Debye (3.3 x 10-3° Coulomb meter).
Agua solvata ions, dissolvendo sais e formando solucdes eletroliticas.
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Orientacao

Calcula-se a energia de interacao entre ions e
moléculas polares admitindo que estas sao formadas
por duas cargas separadas, iguais e opostas.

As forcas entre cargas e dipolos dependem da
orientacao das moléculas.

As forcas podem ser atrativas ou repulsivas,
dependendo da orientacao.

Na meédia, os dipolos orientam-se de maneira a
alcancarem um minimo de energia.

Configuracoes repulsivas ocorrer, como flutuacodes.



Dipolo-dipolo

* Forcas dipolo-dipolo sao
também calculadas
decompondo cada dipolo em
duas cargas iguais e opostas e
somando o resultado das
interacoes entre cargas.




Efeito de interacdes dipolo-dipolo

Substancia Massa molar Momento Ponto de

[g/mol] dipolar ebulicao
[Debye] normal [ K
]

Propano 44 0,1 231

Eter dimetilico 46 1,3 248

Clorometano 50 2,0 249

Acetaldeido 44 2,7 294

Acetonitrila 41 3,9 355



forte associacao

Agua:

Vd




Difusao de atomo de hidrogénio

e http://www.theallineed.com/video/diffusion-

hydrogen-atom-
water/B94404m3Rp4&feature=youtube gdat

é[ Diffusion of a Hydrogen Atom in Water

by hexaw ater




Associacao e dissociacao

e http://www.theallineed.com/video/bulk-
water-/CeRLggic510&feature=youtube gdata/

bulk water

by comy coww




e http://www.theallineed.com/video/molecular
-water-dance-motion/cThvGD-
o 90&feature=youtube gdata/

Molecular Water Dance In Motion
by LabEquipment




Dinamica de congelamento
e http://www.theallineed.com/video/molecular

-water-dance-motion/cThvGD-
o 90&feature=youtube gdata/

Freezing Dynamics of Water
by vitnoid0
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EPS Research Spotlight Archive

DEC 2010 - Simulations predict water ice to become a metal at megabar pressures

Water ice is one of the most prevalent substances in the solar system, with the

majority of it existing at high pressures in the interiors of giant planets. The

known phase diagram of water is extremely rich, with at least fifteen crystal

'L.]:-JI,. L ) ,:F.'."," phases observed experimentally. In our article in Physical Review Letters (see

Ii-“' V"‘ 5. also cond-mat), Hugh Wilson and | (Burkhard Militzer) explore the phase

2 . - diagram of water ice by means of ab inifio computer simulations and predict two

new phases to occur at megabar pressures. In the figure from top to bottom, you
see

L

Y
i
.

. .

i

W= v, W—u_ & .
'

i A Bl 1) ice X the highest pressure phase seen in experiments,

S 2) the Pbcm phase that was predicted with computer simulations in 1996,

3) our new Pbca phase that transforms out of the Pbcmphase via a phonon
instability at 7.6 Mbar, and finally

4) our new Cmcm structure that is metallic and predicted to occur at 15.5 Mbar.

The known high pressure ice phases VI, VI, X and Pbcmas well as
our Pbca phase are all insulating and composed of two interpenetrating hydrogen
bonded networks, but theCmem structure is metallic and consists of corrugated
sheets of H and O atoms. The H atoms are squeezed into octahedral positions
between next-nearest O atoms while they occupy tetrahedral positions between
nearest O atoms in the ice X, Pbcm, and Pbca phases.

http://eps.berkeley.edu/research/spotlight_list.php




Supersaturation (g/m?)
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Clatrato de metano

e http://www.indigo.com/models/gphmodel/m
olymod-hydrate-methane-clathrate-
structure.html

- www.indigo.com




Ocorréncias de clatratos de metano

e http://www.geologyinmotion.co
m/2010 _06_01_archive.html

World Gas Hydrate
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Resultado controverso: estruturas

duraveis, de Emoto

e http://www.theallineed.
com/video/messages-
water-
/mIPQSeKHhOE&feature
=youtube gdata/

e "The James Randi
Educational Foundation
has a standing offer to Demon
Emoto since 2003 to
give him 1 million U.S.
dollars if he can
demonstrate his claims

Love with a double blind

procedure. Emoto has

not responded to the
offer."




Exercicios

e Compare, quantitativamente, a viscosidade e a
densidade da agua liquida a de trés outros
liquidos, a sua escolha. Procure explicar as
diferencas observadas.

e Calcule a temperatura de equilibrio entre agua e
gelo a 1 kbar. Em um ambiente de industria
guimica, onde se encontra pressoes dessa
ordem?

 Faca uma estimativa da diferenca de densidades
entre as formas Il e V do gelo.



