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Detection efficiency of Andor iXon 885 low-
light EMCCD camera captures fluorescent 
interference patterns built up by individual 
massive molecules at double slit grating 

Described as the “most beautiful experiment in phys-
ics”, Richard Feynman spoke of the double-slit experi-
ment as ‘the heart of quantum physics’, emphasizing 
how the diffraction of individual particles at a grating 
is an unambiguous demonstration of wave–particle 
duality and contrary to classical physics. Matter–wave 
interference has been observed for almost 90 years, 
first for electrons, neutrons, atoms, and small mol-
ecules. The first single-electron/double-slit experiment to  
back-up Feynman’s assertion that an individual electron 
itself can behave like a wave was reported by Tono-
mura’s team in 1989.

Recently published international research led by Profes-
sor Markus Arndt at the University of Vienna, Austria, 
also shows the diffraction of single, massive molecules 
at a grating in an unambiguous demonstration of the 
wave–particle duality of quantum physics. However, 
unlike the interference patterns created by photons and 
electrons that are irretrievably lost in the detection pro-
cess, Thomas Juffmann et al [1] used fluorescent mol-
ecules and nanometric detection accuracy to provide 
clear and tangible evidence of the quantum behaviour 
of large molecules in real time.

“The study of duality in large molecules requires a 
sufficiently intense and coherent beam of slow and 
neutral molecules, a nanoscale diffraction grating, 
and a detector that offers a spatial accuracy of a few 
nanometres and a molecule-specific detection efficiency 
of close to 100%”, says Professor Arndt. “We used a 
laser-controlled micro-evaporation source to produce a 
beam of phthalocyanine and phthalocyanine-derivative 
molecules with masses of 514 AMU and 1,298 AMU 
respectively. The high-mass molecules were specifically 
synthesized by Jens Tüxen and Prof. Marcel Mayor 
at the University of Basel. Gratings were machined 
in 10-nm-thick silicon nitride membranes by the team 
around Prof. Ori Cheshnovsky at Tel Aviv University. 
Wide-field microscopy then detected the position of 
each molecule with an accuracy of 10 nm.

“Vitally, the high detection efficiency of the Andor iXon 
885 EMCCD camera allowed us, for the first time, 
to optically visualise the real-time build-up of a two-
dimensional quantum interference pattern caused by 
individual molecules arriving at the detector. In addi-
tion to providing this particularly clear demonstration 
of wave–particle duality, our approach could also be 
used to study larger natural and functionalised organic 
molecules, and also quantum dots, to explore the 
boundary between quantum and classical physics.” 
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