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Diamondoids: The Future on Display
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Flat-panel TV enthusiasts are awaiting the day when ý eld-emission 
devices (FEDs) based on nanosized electron emitters can replace 
current liquid-crystal display and plasma technologies. FEDs hold forth 
the promise of sharper images, wider ý elds of view, and substantially 
lower power consumption. Techno-pundits have predicted that carbon 
nanotubes will serve as the electron emitters for FED technology, but 
thereôs a new kid on the blockðdiamondoids! 
A study led by researchers at Berkeley Lab and Stanford University 
has provided the ý rst experimental demonstration that diamondoids, 
which are nanometer-sized molecules that feature diamond-crystal 
cage structuresðand are also known as cage hydrocarbonsðcan be 
excellent electron emitters, potentially superior to carbon nanotubes for 
FEDs.
ñOur results showed that certain diamondoid self-assembled monolayers, 
when grown on metal substrates, yield the sharpest energy distribution 
peaks among all the electron emitters previously studied,ò says Wanli 
Yang, a physicist at Berkeley Labôs Advanced Light Source (ALS). Yang, 
with ALS scientist Zahid Hussain and Stanford physicist Zhi-Xun Shen, 
headed the multi-institutional collaboration that conducted the study. 
The collaborators studied the electron-emission properties of a 
tetramantane diamondoid, one consisting of four diamond cages, on 
substrates of both gold and silver, using x-rays from ALS Beamline 10.0.1 
and analytical techniques that included photoemission spectroscopy. 

Like all diamondoids, the outer surfaces of the tetramantaneôs carbon cages feature dangling chemical 
bonds that are terminated by hydrogen atoms. To improve the functionality of their diamondoids and enable 
them to self-assemble in monolayers, collaborators modiý ed the tetramantane by replacing one of the 
hydrogen atom terminators with a thiol group (a molecule with a sulfur-and-hydrogen-atom tail) then grew 
the modiý ed tetramantanes into self-assembled monolayers.

Diamondoids are hydrocarbon 
molecules whose carbon-carbon 
cage structure is that of a diamond 
crystal. The simplest diamondoid 
is adamantane, which consists 
of a single cage, followed by 
diamantane with two cages, 
triamantane, tetramantane, and 
so on. The unusual optoelectronic 
properties of diamondoids include 
negative electron afý nity, making 
them candidates for the kind of 
ý eld-emission devices used in 
þ at-panel screens.

A tetramantane ý tted with a thiol tale, left, forms the unit 
of a monolayer on a metal substrate. The diagram at 
right illustrates how a monolayer of such diamondoids 
on metal absorbing x-ray photons leads to the 
monochromatic emission of electrons. An electron 
(green) in the metal substrate absorbs an x-ray (black 
wavy line) and is promoted to an excited state. The 
electron then loses energy within the metal, exciting 
other electrons, some of which are transferred to 
unoccupied energy levels in the diamondoid monolayer 
(far right). Further energy loss may take place within 
the monolayer before the electrons reach the lowest 
unoccupied molecular orbital (LUMO). Since the LUMO 
has higher energy than the vacuum (dashed line), 
the electrons are emitted with an energy equal to the 
difference between the LUMO and vacuum energies.
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