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© 1913 Nature Publishing Group

PHYSIOGRAPHERS lead us to believe that the earth 
is defended from a profound glaciation, cumulative 
from year to year, by the law that water is heaviest at 
a temperature of four degrees above centigrade zero. 
If the main cause lies here, it is desirable that this 
measure should have its peculiar power set forth with 
more precision than has been customary.

W. B. Croft

Nature, 1913
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Propriedades da água são distintas das esperadas, 
comparadas com outros substâncias
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“ It is the hydrogen bond that determines the magnitude and 
nature of the mutual interaction of water molecules and that is 
consequently responsible for the striking thermodynamic and 

spectroscopic properties of this uniquely important substance”
Linus Pauling - “ The Nature of Chemical Bond”
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E. Brini et al, Chem. Rev. 2017, 117, 12385−12414
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Gelo Ih

Gelo é menos denso 
que a água líquida
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estiramento
simétrico

~3657 cm-1

estiramento
assimétrico

~3700 cm-1

deformação
 angular

~1600 cm-1
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http://www.webexhibits.org/causesofcolor/5B.html
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J.	C.	C.	S.,	et	al,	JACS	140,	17141	(2018)
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M. K. Petersen et al, 
J. Phys. Chem. C, 116, 4903 (2012)

J. Wang et al, 
J. Phys. Chem. C, 116, 14382 (2012)



• Diferentes estruturas de água
Ru

O. Björneholm et al, Chem. Rev., 116, 7698 (2016)

Pd

130 K

100 K

150 K
Cu

145 K
Ru

140 K

Pt

METAL-ÁGUA (MONOCAMADA)

METAL-ÁGUA

Pt

140 K



A. Poissier et al,
 Phys. Chem. Chem. Phys., 13, 3375 (2011)

• Descrição quântica  

METAL-ÁGUA (1 H2O)

METAL-ÁGUA



SÓLIDO-ÁGUA

LSP et al, Chem. Science, 142, 034706 (2017)
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Obrigada!


