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news & views

One of the best-known features of 
metals is that they are usually opaque 
and reflect visible light. But now it 
seems that huge pressures comparable 
to those at the centre of the Earth can 
change everything. Yanming Ma of Jilan 
University in China, and colleagues 
from Switzerland, Germany, Russia and 
the United States, have demonstrated 
(Nature 458, 182–185; 2009) that sodium 
becomes transparent to visible light at 
pressures of about 200 GPa (about two 
million atmospheres), and Matsuoka and 
Shimizu (Nature 458, 186–189; 2009) 
have observed a 10,000-fold increase 
in the electrical resistance of lithium 
at 80 GPa.

The key to this feat is to compress 
metals into a new phase in which valence 
electrons are held hostage in pockets 
formed between now overlapping 
atomic cores. The ‘metals’ are no longer 
metals, but more like a semiconductor 
or dielectric.

Metals are usually thought of as a 
lattice of positively charged atomic cores 
surrounded by a sea of free electrons that 
form an electronic plasma. If light striking 
the metal has a longer wavelength than 
the plasma wavelength — corresponding 
to the resonant frequency of oscillation 
of the collective sea of electrons — 
the photons do not propagate within 
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the metal, because the light’s energy is 
drained into oscillation of the plasma, 
and the light is efficiently reflected. This 
is how all metallic mirrors work, and 
sodium and lithium are described well by 
this free-electron model under normal 
circumstances. At very high pressures, 
however, it now seems that the situation 
changes utterly.

To achieve giant pressures, Ma’s team 
clamped sodium with a metallic rhenium 
gasket between diamond anvils. Up to 
100 GPa, the sodium showed the standard 
body-centred cubic phase, then passed 
through various other opaque phases (face-
centred cubic, cI16, oP8 and tI19) before 
reaching a state of particular interest about 
200 GPa. Photographs taken through the 
diamond anvil show that whereas sodium is 
typically a white metal at pressures below 
110 GPa, it turns black at 130 GPa and 
becomes transparent at around 200 GPa.

The researchers could not definitively 
determine the structure of the new phase 
at 200 GPa, but theory corroborated by 
Raman spectroscopy suggests that it 
could be Na-hP4, a double-hexagonal 
close-packed lattice. The dense structure 
no longer resembles the free-electron 
model of metals; instead, the positively 
charged atomic cores are pushed so close 
together that negatively charged electrons 
are trapped in interstitial regions.

The demonstration of optically 
transparent metals shows that pressure 
places limitations on the typically 
assumed model of electronic behaviour 
of metals and provides opportunities 
to extend our understanding of matter. 
The researchers say that other metals 
are likely to show similar transparency 
under pressure.
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When a semiconductor in a solar 
cell absorbs light, electrons in 
the valence band are excited into 

the conduction band1, and their absence 
in the valence band creates positive charge 
carriers known as holes. A goal of solar cell 
design is to transfer these separated charges 
out of the cell so that they can become a 
useful electrical current.

The common solution for collecting 
the charges is to use a pair of opposing 

electrodes and an electric field to pull 
electrons towards one electrode and holes 
towards the other. One of the greatest 
obstacles that researchers face when trying 
to make solar cells efficient is ensuring that 
the electrons and holes reach the electrodes 
before undergoing recombination — the 
process whereby an electron returns to 
the valence band and can thus no longer 
contribute to generating a current. When 
high-quality films of crystalline inorganic 

semiconductors are used to make a solar 
cell, it is usually not too difficult to collect 
all of the charge carriers because they 
travel quickly and encounter few traps on 
their way to the electrodes. The internal 
quantum efficiency, which is the fraction 
of the excited charge carriers that are 
collected before they recombine, can often 
be close to 100%. Unfortunately, growing 
such high-quality materials is expensive. 
Consequently, generating electricity 
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overcoming recombination
The construction of a polymer solar cell that can successfully collect an electron and hole for almost every incident 
photon suggests that great improvements in the efficiency of organic photovoltaics should be possible.
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