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in the United States by the architect Buckminster Fuller.31

This new modification of pure carbon was discovered in
1985 by Kroto et al.32 and shown to be particularly stable
and abundant when exactly 60 carbon atoms are arranged in
one molecule to form the smallest natural soccer ball we
know, the buckyball, as shown in Fig. 2.
Fullerenes are appealing candidates because a successful

quantum experiment with them would be regarded as an im-
portant step toward the realm of our macroscopic world:
Many of the known physical properties of buckyballs are
more closely related to a chunk of hot solid material than to
the cold atoms that have so far been used in matter wave
interference. The existence of collective many-particle states
like plasmons and excitons, the rich variety of vibrational
and rotational modes as well as the concept of an internal
molecular temperature are only some of the clear indicators
of the multiparticle composition of the fullerenes. And we
might wonder whether this internal complexity could spoil
the quantum wave behavior of the center of mass motion.
To answer this question, we have set up a new experiment

as shown in Fig. 3. It resembles very much the standard
Young’s double-slit experiment. Like its historical counter-
part, our setup also consists of four main parts: the source,
the collimation, the diffraction grating, and the detector.

A. The source

To bring the buckyballs into the gas phase, fullerene pow-
der is sublimated in a ceramic oven at a temperature of about
900 K. The vapor pressure is then sufficient to eject mol-
ecules, in a statistical sequence, one by one through a small
slit in the oven. The molecules have a most probable velocity

vmp of about 200 m/s and a nearly thermal velocity spread of
!v/vmp!60%. Here !v is the full width of the distribution
at half height.
To calculate the expected diffraction angles, we first need

to know the de Broglie wavelength which is uniquely deter-
mined by the momentum of the molecule
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where h is Planck’s constant. Accordingly, for a C60 fullerene

with a mass of m!1.2"10#24 kg and a velocity of v!200
m/s, we find a wavelength of "!2.8 pm.33

B. The diffractive element

Because the de Broglie wavelength is about five orders of
magnitude smaller than any realistic free-standing mechani-
cal structure, we expect the characteristic size of the interfer-
ence phenomena to be small. A sophisticated machinery is
therefore necessary to actually show them. As the diffracting
element we used a free-standing silicon nitride grating with a

nominal grating constant of d!100 nm, slit openings of s
!55$5 nm and thickness of only 200 nm along the beam

trajectory. These gratings are at the cutting edge of current
technology and only a few specialists worldwide can actually
make them.34

We can now calculate the deflection angle to the first dif-
fraction order in the small angle approximation as the ratio
of the wavelength and the grating constant,
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In elementary textbooks Eq. #2$ is usually derived using Fig.
4 and noting that the first constructive interference occurs
when the difference between two neighboring paths is equal
to one de Broglie wavelength. Because our detector is placed
at 1.2 m downstream from the grating, the separation be-
tween the interference peaks at the detector amounts then to

only L"%!1.2 m"28 &rad!34 &m.

Fig. 2. The fullerene molecule C60 , consisting of 60 carbon atoms arranged

in a truncated icosahedral shape, is the smallest known natural soccer ball.

Fig. 3. Setup of the diffraction experiment. Fullerene

molecules are sublimated in the oven at 900 K. The

spectral coherence can be improved using a mechanical

velocity selector. Two collimating slits improve the spa-

tial coherence and limit the angular spread of the beam

to smaller than the expected diffraction angle. A SiN

grating with a 100 nm period and 50 nm openings is

used to diffract the incident molecular waves. The mo-

lecular far-field distribution is observed using a scan-

ning laser-ionization detector.

Fig. 4. Textbook approach to double-slit diffraction. First-order interference

maxima of a monochromatic wave are caused by constructive interference

of the wavelets that emerge from two neighboring slits. The corresponding

path length difference between the two paths is equal to the de Broglie

wavelength. Higher order interference will be spoiled by the limited longi-

tudinal coherence in a thermal source. Velocity selection in our experiments

increases the longitudinal coherence length by more than a factor of 3 and

therefore permits the observation of higher order interference fringes.
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The fullerene “Bucky ball” molecule 



oven T=650 oC  , vp = 200 m/s	

oven to detection plane 2.4 m 	


distance between gratings 0.22 m	

gold gratings with d=990 nm

De Broglie wavelength ~pm impractical for conventional 
interferometry



Observed Counts versus 
Position 

v=115 m/s



Classical (Geometric) Trajectories	

Produce an Image of Gratings 

Observed sine-wave pattern does not prove that 	

Quantum interference has been observed.



must demonstrate p=h/λ

Classical ballistic trajectory 	

used to select speed of molecules

80<vp<215 m/s	

5.9<λ<2.2 pm

Pattern produced by geometrical trajectories 	

will not depend on velocity (weak dependence on 	


v due to van der Waals force) 



QM calculation includes van der Waals (vdW) 
interaction between molecules and grating modeled as 

a r-3 potential 

Quantum interference is observed by dependence on 
velocity (de Broglie wavelength) 


