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Carbon in Quantum Dot-Land  

_  

  

Michael J. Felton 

Biologists, for the past several 
years, have been able to watch 
proteins and other molecules 
travel in and around cells and 
tissues thanks to the invention of 
tiny little specks of matter called 
quantum dots. A blast of light 
makes these little specks glow 
different colors according to their size, allowing the masterpiece 
of life to become visible and color coded. However, current 
quantum dots are far from ideal for biology and medicine 
because they contain poisonous cadmium. But researchers at 
Clemson University (SC) have taken a new step in quantum 
dot-tery–making quantum dots from carbon (J. Am. Chem. Soc. 
2006, 128, 7756–7757). 

The Normal World 

In the large scale world we are used to, some materials 
fluoresce, that is, they give off light when they are exposed to a 
different color light. The light inside a fluorescent light bulb is 
ultraviolet (not so good for humans), but it hits the phosphors 
that coat the inside of the glass, which absorb the UV and then 
fluoresce and emit light we can see and use. 

When a fluorescent material absorbs light, some electrons 
move from their ground state into a higher energy excited state. 
This leaves a vacant spot called a hole where an electron had 
been. Both the electron and hole can travel, but when they 
encounter each other again, the electron returns to the ground 
state, filling the hole and emitting excess energy as light. The 
color of the light corresponds to the energy difference between 
the electron's excited state and its ground state; in normal 
materials, these energy levels are properties of the materials 
themselves. Therefore, in the normal world, materials that 
fluoresce red, will always glow red and never fluoresce blue. 
For example, to make a fluorescent lamp that glows a different 
color, you need to use a different fluorescent material. 

The Surface Matters 

But this is not so at the nanoscale. Quantum dots are so small, 
typically <10 μm in diameter, that the size of the dot controls 
the energy levels that electrons can obtain. Therefore, the size 
and not the material control what colors are produced. 

Although quantum dots made from cadmium selenide (CdSe) 
have been extensively researched and are what comes to 
researchers' minds when quantum dots are mentioned, they 
may be only one way to obtain quantum fluorescence. 

The discovery of quantum dots made from carbon and previous 
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work on silicon quantum dots are now showing that there may 
be more variety in how quantum dots work. "The mechanism 
[for carbon quantum dots] is different from that of CdSe, which 
are generally believed to be band-gap in origin," says Sun Ya 
Ping, one of the researchers at Clemson University. This 
means that for CdSe, the semiconducting nature of the material 
is important in how light is made, but for carbon something else 
is at work. 

To make carbon quantum dots Ya Ping and colleagues used 
laser ablation of graphite power and cement to make carbon 
particles. These particles formed aggregations and did not 
fluoresce. The particles were treated with nitric acid, but were 
still not fluorescent. The researchers then coated the particles 
with simple organic molecules, passivating the surface. The 
result: bright luminescence. 

The simple organic molecules, such as diamine-terminated 
oligomeric poly(ethylene glycol) and poly(propionylethylene-
imine-co-ethyleneimine), had no luminescent activity on their 
own, but when attached to the carbon dots, the carbon dots 
became luminescent. 

As a result, Ya Ping and colleagues believe that the surface of 
the carbon quantum dots is source of their luminescent abilities 
and that the surface passivation is the key to this ability. This 
may mean that the carbon surface, rather than the entire dot, is 
the essential part of carbon quantum dots. "[Surface 
passivation is] somewhat complicated, at least mechanistically, 
and challenging thing for us to pinpoint and understand," says 
Ya Ping. "Generally speaking, passivation changes the surface, 
such as the surface terminal atoms, becoming different after 
attachment of organic species in our case." 

Blinking 

Carbon quantum dots' different mechanism of luminescence 
may already bring about an advantage over traditional types of 
quantum dots. Carbon dots don't blink. Blinking is not 
intrinsically bad; but in some applications, the tendency of 
some quantum dots to blink on and off is a problem. Ya Ping 
commented, "We speculate that the no-blinking in our dots is 
probably a result of the different luminescence mechanism." 

The discovery of carbon quantum dots will no doubt lead to 
more research, but these dots have the potential to be used in 
medicine where cadmium-based ones cannot. And like other 
quantum dots, they could be used to make the next generation 
LEDs, lasers, and even lighting. 
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