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Science and technology of nanoparticle-based materials such as semicon-

ductor quantum dots (QDs) involve surface and interfacial phenomena that 
may be tuned by tailoring the surface state energy and by varying the specific 
electronic interactions with molecules attached to such interfaces. The main 
obstacle on the path to develop efficient QD-based energy materials is our 
limited understanding of QD surfaces, their interaction with attached mole-
cules, and their impact on charge/energy transfer QDs↔ molecule. 

To approach the goal of identifying specific electronic surface interac-
tions we present (temperature dependent) spectroscopic and time resolved 
photoluminescence (PL) experiments on TOPO-capped CdSe/ZnS QD-
Porphyrin nanoassemblies for bulk solutions and single nanoobjects. We 
found that self-assembly of only one meso-pyridyl substituted porphyrin mol-
ecule with one CdSe/ZnS QD modifies not only the QD (PL intensity but cre-
ates new energetically clearly distinguishable electronic states opening addi-
tional effective relaxation pathways. The related energy modifications are in 
the range of 10 – 30 meV and show a pronounced sensitivity to the nature of 
porphyrin molecule. We assign the emerging new energies to surface states. 
Time-resolved PL spectroscopy in combination with spectral deconvolution 
unravels that surface properties of QDs are a complex interplay of the nature 
of the dye molecule and the topography of the ligand layer across a tempera-
ture range from 77 K – 290 K. This includes a kind of phase transition of 
TOPO ligands switching the nature of surface states from below to above the 
phase transition temperature. Most importantly, our findings can be closely re-
lated to recent calculations of ligand induced modifications of surface states of 
QDs. The identification of the optical properties emerged from a combination 
of spectroscopy on single QDs and QDs in an ensemble. We present a general 
concept of formation principles for self-assembly of porphyrin molecules onto 
the surface of colloidal QDs in competition to ligand dynamics. 
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