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Single organic molecules have recently seen increased interest for use as single photon sources [1]. They emit 

photons with high efficiency and at favourable wavelengths for coupling to other quantum systems, such as alkali 

atoms [2]. I will present our recent work on growing various mixed molecular crystals [3,4] which show promise 

for interfacing with rubidium and potassium atoms. I will discuss methods that can be used to tune molecule 

emission via both applied electric fields and the application of strain [5]. We have recently shown that subsequent 

photons emitted by a single molecule can undergo quantum interference at a beam splitter [6], which is a useful 

tool in optical quantum computing and communication. I will discuss how the indistinguishability of photons can 

not only be ascertained employing pulsed excitation, which is commonly carried out for single quantum emitters, 

but can also be found via continuous wave excitation as long as measurements are carried out at more than one 

excitation power. While the excitation of molecules and their subsequent radiative emission is efficient [7], the 

generated photons can be difficult to collect. There is therefore a large amount of ongoing work on coupling 

organic molecules to nanophotonic structures to modify their emission. The simplest photonic structure one can 

imagine is an integrated optical waveguide. I will discuss methods to deposit and evanescently couple molecules 

to waveguides, and present a hybrid plasmonic structure that has shown recent promise [8]. Evanescent coupling 

has limitations as the molecules cannot sit at the maximum of the vacuum electric field of the waveguide. I will 

present our recent work on coupling molecules to interrupted waveguides using on chip micro-capillaries [9]. 

 

  

 
 

 

 

 
 

Fig. 1: (a) Schematic of an interrupted waveguide crossed by a micro-capillary. (b) Fluorescence (red) and extinction in transmission 

(blue) from a single DBT molecule in the gap, pumped via the waveguide. The transmission has a Fano lineshape due to the molecule 

position in the gap. (c) Linewidth broadening (red) and reduction of visibility of the extinction (blue) as the laser power is increased. 

A schematic of the waveguide structure is shown in Fig. 1(a). A silicon nitride waveguide with a 300 nm gap in 

the middle was patterned using electron beam lithography and reactive ion etching. To introduce molecules into 

this gap, we fabricated micro-capillaries across the waveguide using a further electron beam lithography step to 

pattern a polymer in the desired capillary shape. We then sputtered SiO2 on top of these and heated the device to 

400°C to remove the polymer, leaving open channels which intersected the nanophotonic waveguides. These were 

then filled with a molten mixture of dibenzoterrylene (DBT) molecules, the emitters, in anthracene which formed 

the host material. As this structure cannot be decomposed into a set of well-defined optical modes due to the 

presence of the gap, we developed a generalized theoretical framework to calculate the coupling efficiency, which 

was measured using extinction spectroscopy (Fig. 1(b-c)). We found a coupling efficiency of 9(2)% and are now 

working to improve this using periodic air holes in the waveguide to make a photonic crystal nanobeam cavity. 
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