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Semiconducting Nano-Multipod Heterostructures (NMHs) show synergistic properties in addition to size-

dependent quantum confinement of individual nanoparticles. Therefore, for understanding their novel 

optical and electrical properties, it is necessary to map charge separation across junctions of NMHs.1 

Ensemble photoluminescence (PL) measurements are useful to study such charge redistribution, but the 

extrinsic distribution of size and geometry requires a complimentary study of individual NMHs for better 

understanding of charge transfer processes across the interface. 

  

We synthesized PbS core - CdS arms NMHs that exhibit PbS{111}<011>||CdS{0002}<112̅0> epitaxial 

relations. The PbS–CdS interface is chemically sharp as determined by exit-wave reconstruction using 

aberration adjusted transmission electron microscopy (TEM) and compared to density functional theory 

calculations. PL measurements show quenching of optical emission from CdS arms indicating charge 

separation due to the heterojunction with PbS. Finite-element 3-dimensional calculation of the Poisson 

equation shows a type-I heterojunction, which would prevent electron-hole pair recombination in the CdS 

arm after optical excitation. To verify this assumption, our goal was to measure charge redistribution in an 

individual NMH. Thus, we used off-axis electron holography in the TEM to map electrostatic potential 

variations across the heterojunction.2-4  

 

Electron holography was applied at an accelerating voltage of 80kV to NMHs cooled below 100K.   The 

use of 80 keV electrons was motivated by improving the modulation-transfer-function of the charge-

coupled-device detector and a larger interaction constant, thus resulting in a substantial increase of 

sensitivity to potential variations (Fig.1a.). We measured the mean inner potential of PbS and CdS particles 

at 13.5±0.2V and 14.8±0.3V, respectively.   

 

Figure 1b compares measured phase variations across the NMH to thickness variations: The phase variation 

across the sharp interface is gradual and, in particular, the phase values along the planar CdS arm show a 

gradual increase towards the PbS core. A built-in potential of 500 meV is estimated across the junction 

though as opposed to the thermal equilibrium calculations, significant accumulation of positive charge at 

the CdS side of the interface is detected.  We conclude that the multipod geometry of the CdS arm prevents 

efficient removal of charge generated by the high energy electrons of the TEM. Calculations of the 

generated electron-hole pairs using Bethe-Bloch equation in the insulated CdS arm of the HNP indeed show 

charge accumulation in agreement with experimental measurements. 
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Thus, we show that off-axis electron holography is as a complementary methodology to ensemble 

measurements by mapping charge distribution in individual HNP with complex geometries. 

 

 
Figure 1. (a) Reconstructed phase of the electron wave from a hologram of a PbS-CdS NMH. (b) Averaged 

reconstructed phase values and relative thickness from 10 holograms following correction for sample drift. 

Arrow in (a) shows direction of the phase profile from the region marked schematically by the white 

rectangle. (c) Conversion of phase variation to potential with respect to vacuum for the region marked 

between blue dashed lines in (b). (d) Potential variations after subtracting the mean-inner-potential 

measured from separate PbS and CdS nanoparticles from their corresponding regions in (c). 
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