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Modeling Charge Transfer in Quantum Dot/Dye Nanocomposites 
 

Svetlana Kilina  

 

Department of Chemistry and Biochemistry, North Dakota State University,  

Fargo ND 58102 Email: svetlana.kilina@ndsu.edu  

 

   
 

 

Recent focus on assemblies of the quantum dots (QDs) functionalized by various organic and 

metal-organic dyes is dictated by their promise to serve as a key element for both solar-to-electrical 

and solar-to-chemical energy conversion processes. In both types of applications, conditions and 

mechanisms of the charge transfer from the photoexcited QD to the dye or backward play a crucial 

role in the device performance. Applying non-adiabatic molecular dynamics (NAMD) and the 

Fewest Switching Surface Hopping (FSSH) methods, we have revealed ultrafast hole transfer (~10 

fs) from the CdSe QD to the Ru(II) black dye, following by a slow component (~100 fs) associated 

with the redistribution of population throughout QD states in the energy range of the initial 

excitation. As such, our calculations prove the realization of the ultrafast interfacial hole transfer 

from the photoexcited CdSe QD to the dye, which is rationalized by strong non-adiabatic couplings 

between the QD surface states and the high frequency vibrations of the isocyanide ligands of the 

black dye. We also have studied the effect of the complex heterostructures of Janus QDs, where a 

half of the QD is made from CdSe and another half is from PbSe forming an interface along a 

specific crystalline direction, which permits more control over the charge transfer processes and 

the overall efficiency of the energy conversion. We have found that the Pb-enriched (111) 

crystalline direction of the interface provides a charge-transfer character of lower energy 

transitions, with an electron more localized on the PbSe surface, while the hole is delocalized over 

the black dye. Overall, our calculations provide atomistic insights into the surface chemistry of 

QD-dye composites, which knowledge is needed for controlling charge transfer by means of the 

QD interface and QD-molecule engineering. 
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Determination of Vibrational Circular Dichroism spectra of flexible molecules 

through a classical dynamic approach using polarisable force fields  
 

Jessica Bowles1,  Carine Clavaguéra1, and Florent Calvo2   
1 Université Paris-Saclay, CNRS, Institut de Chimie Physique,UMR8000, 91405 Orsay, France ; 

 2 Laboratoire Interdisciplinaire de Physique (LiPhy), CNRS, Université Grenoble Alpes, 140 

Avenue de la Physique - BP 87 38402 Saint Martin d’Hères, France  

jessica.bowles@universite-paris-saclay.fr 

 

   
Vibrational circular dichroism (VCD) is the weak difference in absorption for chiral molecules 

between right- and left- polarized light in the infrared range. It has promising applications in 

pharmacology owing to its ability to determine absolute configurations of chiral molecules. The 

shape of VCD spectra is highly sensitive to minor changes in conformation and molecular 

interactions, which makes it a sensitive probe of conformational isomerism and solvation. [1, 2] 

As an alternative to methods based on explicit descriptions of electronic structure [3, 4, 5] and 

to circumvent their limited sampling capabilities in time and space, we have attempted to simulate 

the VCD spectrum directly from the molecular dynamics (MD) trajectories employing a 

polarisable force field, extending earlier efforts dedicated to the IR spectrum [6]. In this 

presentation, we describe our implementation of VCD spectroscopy using the AMOEBA 

polarisable force field [7] in the Tinker software package [8] and our first applications to solvated 

amino acids, emphasizing the roles of temperature and the environment on the VCD spectrum.  

Finally, electric and magnetic dipole moments and vibrational spectra will be evaluated by 

comparison with first-principles simulations. 
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How to connect 
 
Alexey Akimov is inviting you to a scheduled Zoom meeting. 
 
Topic: VISTA, Seminar 33 
Time: Mar 16, 2022 10:00 AM Eastern Time (US and Canada) 
 
Join Zoom Meeting 
https://buffalo.zoom.us/j/95209452823?pwd=RFVxd0V2d1Z4RUk2SSt6TFhOYTc4Zz09 
 
Meeting ID: 952 0945 2823 
Passcode: 251298 
One tap mobile 
+16465588656,,95209452823#,,,,*251298# US (New York) 
+13126266799,,95209452823#,,,,*251298# US (Chicago) 
 
Dial by your location 
        +1 646 558 8656 US (New York) 
        +1 312 626 6799 US (Chicago) 
        +1 301 715 8592 US (Washington DC) 
        +1 669 900 9128 US (San Jose) 
        +1 253 215 8782 US (Tacoma) 
        +1 346 248 7799 US (Houston) 
Meeting ID: 952 0945 2823 
Passcode: 251298 
Find your local number: https://buffalo.zoom.us/u/adhLwWWB4e 
 
Join by SIP 
95209452823@zoomcrc.com 
 
Join by H.323 
162.255.37.11 (US West) 
162.255.36.11 (US East) 
115.114.131.7 (India Mumbai) 
115.114.115.7 (India Hyderabad) 
213.19.144.110 (Amsterdam Netherlands) 
213.244.140.110 (Germany) 
103.122.166.55 (Australia Sydney) 
103.122.167.55 (Australia Melbourne) 
149.137.40.110 (Singapore) 
64.211.144.160 (Brazil) 
69.174.57.160 (Canada Toronto) 
65.39.152.160 (Canada Vancouver) 
207.226.132.110 (Japan Tokyo) 
149.137.24.110 (Japan Osaka) 
Meeting ID: 952 0945 2823 
Passcode: 251298 
 


