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In order to facilitate efficient energy capture and transfer in semiconductor nanocrystals, sensitizing dyes are employed to create 
assemblies that can capture photons over a wide range of visible and near-infrared regions. With proper tailoring, these 
assemblies can trigger nonlinear optoelectronic processes like triplet-triplet annihilation (TTA) and singlet fission (SF); processes 
that theoretically overcome power conversion efficiency barriers in traditional photovoltaic cells. In this work, we focus on CsPbI3 
nanocrystals (NCs) as the sensitizer and the near-infrared tricarbocyanine dye (IR-125) as the acceptor molecule. The presence 
of functional groups on the IR-125 dye helps to bind strongly on the surface of the CsPbI3 NCs with an apparent association 
constant of Kapp = 2 x 10⁵ M⁻¹, facilitating energy transfer between the two species. Fluorescence quenching of CsPbI3 NCs and 
evolution IR-125 emission was observed upon increasing the concentration of IR-125 dye (Figure 1). The origin of IR-125 emission 
was investigated using photoluminescence excitation (PLE) spectroscopy (Figure 2). The contribution of CsPbI3 excitation in the 
IR-125 emission was observed from PLE spectra. The kinetic analysis of the energy transfer was achieved using 
photoluminescence (PL) lifetime and transient absorption spectroscopy. The PL lifetime of CsPbI3 decreased from 42.8 ns to 2.4 
ns for 0 and 4.6 µM IR-125, respectively and had a calculated energy transfer efficiency of ��� = 94.4% (Figure 3). Transient 
absorption spectroscopy further supported evidence of energy transfer through faster decay kinetics of CsPbI3 bleaching at 670 
nm in the presence of IR-125 dye. Taken together, the evidence provided in this paper confidently supports the presence of a 
singlet energy transfer between CsPbI3 and IR-125 hybrid assemblies and the importance of tailoring sensitizing dye - 
semiconductor assemblies to optimize power conversion efficiency. 
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Figure 1. Progressive Addition of IR-125 to CsPbI3. Panel A shows the entirety of data set and Panel B zooms in to show 
emission between wavelengths 800-900 nm. 
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Figure 2. Overlay of CsPbI3 IR-125 assembly PLE (trace a), IR-125 PLE (trace b), and CsPbI3 absorbance (trace c). 
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Figure 3. PL Decay of CsPbI3 IR-125 assembly with emission wavelength of 673 nm. 
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Introduction
• Solar energy is an underutilized and abundant resource 

with a promising future. However, current solar energy 
devices lack the energy capture and conversion 
efficiency necessary for widespread implementation.

• Nature has optimized solar energy conversion in plants, 
so we want to create a synthetic photochemical 
architecture following that blueprint.

• Semiconductors, combined with different surface bound 
dyes, can capture and transfer energy like 
photosynthesis

The Goal of this Project is to establish a light harvesting 
assembly using CsPbI3 and IR-125 dye that can capture 
both visible and near infrared wavelengths of light, as well 
as an energy transfer between the two species 
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• near infrared 
tricarbocyanine dye 

• commonly used in 
laser diodes

CsPbI3 Semiconductor Nanocrystals
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• CsPbI3 is a Lead Halide Perovskite 
with the structure ABX3

• Perovskites offer tunable surface 
and optical characteristics, strong 
absorption, and potential for low-
cost production
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Fluorescence Quenching and IR-125 Emission
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A Singlet Energy Transfer was Established 
Between CsPbI3 and IR-125
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• Upon progressive addition of IR-125 to CsPbI3, not only was fluorescence 
quenching observed, but also the evolution of IR125 emission at 860 nm

• the origin of emission investigated using Photoluminescence (PL) Excitation 
spectroscopy, confirming the contribution of CsPbI3 in the IR125 emission.

Singlet Energy Transfer
• Singlet Energy Transfer expects a decrease 

in the lifetime of the perovskite
• PL Decay shows lifetime of CsPbI3 decreased 

from 42.8 ns to 2.4 ns for 0 and 4.6 µM     
IR-125

• Calculated Energy transfer of 94.4% at 4.6 
µM IR-125 via biexponential fits of decay 
traces

Transient absorption spectroscopy further 
supported evidence of energy transfer through 
faster decay kinetics of CsPbI3 bleaching at 670 nm 
in the presence of IR-125 dye.

• Kapp = 2 x 10⁻⁵ M⁻ˡ

• large apparent association 
indicates strong binding 
characteristics, which should 
facilitate energy transfer.

• the overlap between the 
CsPbI3  emission at  nm and 
the absorbance of IR-125,  
indicates that the energy 
absorbed and subsequently 
emitted by CsPbI3 will most 
likely be absorbed by IR-125 
and re-emitted. 
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