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uperlatives stick to diamonds, if noth-

ing else does. Diamonds are the hard-

est, most thermally conductive materials

known, their atoms more densely packe d

than in any other substance. They can be

excellent insulators or good conductors,

and they are transparent to wide swaths of

the electromagnetic spectrum, from ultravi-

olet (UV) to microwaves. In gem

form, they are also among the most

costly of materials, their ancient

mystique and value enhanced in

recent decades by catchy slogans

and massive advertising campaigns.

But in the past few years, that

mystique has started to break down

as the quality of manufactured dia-

monds has increased and allowed

i n d u s t ry to harness the material’s

r e m a r kable properties (Figure 1).

Perhaps most dramatically, small

but growing numbers of manufac-

tured gem-quality diamonds have

begun to enter the market in the

past year to challenge the far- f l u n g

DeBeers organization, which held a

near monopoly on natural gem-dia-

mond sales. More important for

industry, advances in chemical-vapor-

deposition (CVD) diamond films are

opening up new applications in electronics,

pollution control, and energy technology.

Extreme properties
The key to diamond’s extreme properties

lies in the closeness of its atomic bonds. In

diamond, each carbon atom is  only

0.15 nm from each of its four closest neigh-

bors. As a result, at all but the highest pres-

sures, diamond has the highest atomic den-

sity—number of atoms per unit volume—of

any known substance. (Strictly speaking,

isotopically pure carbon-13 diamond holds

this title because it is slightly more densely

p a c ked than diamond with a natural iso-

tope mix.) And because diamond’s bonds

are so short, they are extremely strong, lead-

ing to its hardness and chemical inertness.

The strength of the bonds, combined

with the relative lightness of the carbon

atoms, is responsible for diamond’s thermal

properties. Because vibrations can travel

extremely quickly through the lattice, dia-

mond has the highest thermal conductivity

of any substance at room temperature—six

times that of copper. At the same time, the

strength of the bonds resists disruption,

giving diamond the highest melting point—

more than 4,200 K, some 500 K higher

than that of tungsten.

Strong bonds mean not only that the car-

bon atoms are bound tightly to each other,

but also that their electrons are bound tight-

l y, leading to a large bandgap of 5.5 eV. That

is, it requires that much energy to knock an

electron into the conduction band. In turn,

this means that photons with an energy of

less than 5.5 eV cannot dislodge electrons,

making diamond transparent to radiation

from 225-nm wavelength in the UV to deep

in the microwave region (except for a narrow

absorption band in the infrared). Diamond’s

refractive index of 2.42, among the highest

known, also results from its large number of

atoms per unit volume and accounts for dia-

mond’s beauty as a gemstone.

In addition, diamond’s high bandgap

makes it a first-class insulator, with an abili-

ty to resist fields as

strong as 10 MV/cm before

breaking down, a far better performance

than common insulators. Yet when doped

with boron, or when exposed to radiation

more energetic than 5.5 eV, diamond can

conduct electricity, although not as well as

a metal. This property makes it into a semi -

conductor—one with an unusual,

wide bandgap.

High pressure
The first property of diamond

exploited by industry was its hard-

ness, and for decades diamond

abrasives have been vital to cutting

tough metals. As a result, when

World War II threatened the dia-

mond supply to the United States,

the government started a secret

project to produce diamonds

i n d u s t r i a l l y. However, attempts to

duplicate the enormous pressures

and high temperatures that form

natural diamonds deep within

Earth failed until the mid-1950s,

when teams at Sweden’s ASEA and

at General Electric (GE) dissolved

carbon in a metal and precipitated

out diamond crystals. GE scien-

tists used a 1,000-ton press to generate a

pressure of 50 tons/cm2 and an electric cur-

rent to heat the solution to 1,400 °C.

The crystals produced initially were less

than 1 mm across, which made them suit-

able for diamond gri t. In the 1970s,

researchers found a modified technique

that could grow large, gem-quality cry s t a l s .

By placing a heating unit at one end of the

pressure chamber and diamond seed cry s-

tals at the other end, experimenters could

dissolve graphite or diamond grit into a

metal at the hot end and precipitate it out

on the seeds at the other as diamonds as

large as several carats (1 carat = 200 mg). 

H o w e v e r, given the slow growth of the

c rystals and the expense of the huge press-

es, production of gem-quality diamonds

was not economical. Nor did General Elec-

tric actively pursue the cost reductions
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Figure 1.  When exposed to short - wave ultraviolet radia-

t i o n , this diamond shows a fluorescence pattern typical

of synthetic diamonds—-a square with extensions from

the four corn e rs .
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needed to pro-

duce synthet ic

gems. In part, the

company may

have wanted to

avoid another

bruis ing  batt le

with DeBeers,

which had fought GE over the diamond-grit

m a r ket before agreeing to buy a license for

the technology from GE.

Soviet researchers, however, picked up

the challenge and in secret defense work

developed much smaller presses that could

deliver the same pressure for far less cost.

The GE presses delivered pressure from

either two or four directions. The Soviet

presses, no larger than washing machines,

had a spherical geometry that evenly dis-

tributed the pressure. In post-Soviet Russia,

these efforts became public, and by 1995,

several Russian laboratories were trying to

reliably and eco-

nomically pro-

duce gem-quali-

ty diamonds

(Figure 2). 

Process con-

trol is the key to

making gem dia-

monds. The temperature and pressure of

the process must be carefully controlled to

prevent metal from entering the diamond

and creating metallic inclusions. 

In 1996, an American entrepreneur,

retired U.S. Army general Carter Clarke, got

involved. “A scientist in St. Petersburg told

me about the diamond-making and, of

course, I was interested,” he recalls. He con-

tracted with University of Florida scientists

led by Reza Abbaschian to work with the

Russian team to develop the essential

process-control systems. After much work,

the combined American–Russian team

learned how to control the process to elimi-

nate the metal inclusions—an important

achievement because they could be seen

under a standard gem microscope, which

hurt the value of any synthetic gemstone.

To reduce the color, the researchers used

aluminum as a nitrogen “getter,” which

attracted much, but not all, of the nitrogen.

The result was a golden yellow diamond, vir-

tually identical in appearance to relatively

rare, and thus highly valued, natural yellow

diamonds. Starting last year, Clarke’s compa-

n y, Gemesis (Longboat Key, FL), began

small-scale commercial diamond production.

“We are producing a diamond every four

days with each of 24 machines, but we are

building more machines and ultimately hope

to have 700 in our new facility,” says Clarke .

Gemesis is working on developing a col-

orless diamond as well, but Clarke admits

that the problem is a tough one. “T h e

nitrogen not only colors the stones, it helps


