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Abstract  
 
The excitonic nature of optical excitations in monolayer transition metal dichalcogenides (TMDCs) 
opens up possibilities to construct hybrid architectures in which different nanomaterials are coupled 
through efficient nonradiative energy transfer. Energy transfer between donor and acceptor materials 
can be used to enhance optoelectronic device performance, enabling broadband optical down-
conversion and color shifting in light-emitting devices as well as energy transfer sensitized 
photovoltaics. One possible approach is to interface two-dimensional TMDCs with zero-dimensional 
semiconductor nanocrystals, also known as quantum dots (QDs). 
 
We report highly efficient nonradiative energy transfer from cadmium selenide (CdSe) quantum dots to 
monolayer and few-layer molybdenum disulfide (MoS2).1 Interestingly, we observe an increasing energy 
transfer rate (and efficiency) as the number of MoS2 layers decreases. This result is counterintuitive, as 
additional MoS2 layers should offer additional pathways for energy transfer. We can, however, explain 
these observations in the context of recent theoretical predictions2,3 of anomalous dielectric screening 
effects that can present themselves in thin semiconductor structures with highly anisotropic permittivity. 
Thin MoS2 flakes turn out to be characteristic examples of materials that exhibit this effect. MoS2 has a 
large permittivity,4,5 and its dielectric function is reported to be highly anisotropic with the resonant 
transitions polarized completely in the plane of the material.6 As a result, the energy transfer efficiency 
reaches as high as 95% for monolayer MoS2. These results demonstrate the advantages that 0D-2D 
hybrid architectures can offer for enhanced optoelectronic device performance.  
 
 
 
References 
 
[1]  Prins, F.; Goodman, A. J.; Tisdale, W. A., Nano Letters, 14 (2014) 6087-6091. 

[2]  Gordon, J. M.; Gartstein, Y. N., J. Phys.: Condens. Matter, 25 (2013) 425302. 

[3]  Gaudreau, L.; Tielrooij, K. J.; Prawiroatmodjo, G. E. D. K.; Osmond, J.; García de Abajo, F. J.; 
Koppens, F. H. L., Nano Lett. 13 (2013) 2030−2035. 

[4]  Mak, K. F.; He, K.; Lee, C.; Lee, G. H.; Hone, J.; Heinz, T. F.; Shan, J., Nat. Mater. 12 (2013) 
207−211. 

[5]  Castellanos-Gomez, A.; Agraït, N.; Rubio-Bollinger, G., Appl. Phys. Lett. 96 (2010) 213116. 

[6] Schuller, J. A.; Karaveli, S.; Schiros, T.; He, K.; Yang, S.; Kymissis, I.; Shan, J.; Zia, R.,          
Nat. Nanotechnol. 8 (2013) 271−276. 


