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Compounds 1C and 2T were synthesized via similar procedures to those in literature.1-4 
1H and 13C NMR spectra of the synthesized compounds are provided:  

 

 

Figure S1. 1H and 13C NMR spectra of compound 1C in D6-DMSO, 400 MHz Bruker  
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Figure S2. 1H and 13C NMR spectra of compound 2T in CDCl3, 400 MHz Bruker 
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Photochromic molecules in Methanol Color Change:  

 
 

Figure S3. Ligands 1C and 2T both undergo noticeable color change upon change in 

configuration. 
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Synthesized QDs Absorbance, PL, and TEM Images: 

 

Figure S4. (a) Absorbance, (b) PL spectra, and (c) TEM images of the synthesized QDs  

 

Figure S5. Size distribution histograms of (a) 3.4nm, (b) 4.3nm, and (c) 5.7nm QDs  
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Three quantum dot batches were synthesized. The sizes of the QDs were approximated 

using TEM to be about 3.4 nm, 4.3 nm, and 5.7 nm.  

PL Results of Three 4.3 nm Samples Crosslinked with 1C and 2T: 

 

Figure S6 PL spectra of three 4.3 nm QD samples crosslinked with (a,c,e) 1C and (b,d,f) 2T. (g) 

Average relative change in PL of samples shows clear significant difference. 
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Raw Data for PL Spectra of Different Sized QDs: 

 

 

 
Figure S7. PL spectra of different sized QDs crosslinked with (a,c,e) 1C and (b,d,f) 2T  
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Lifetime Measurements: 

 

 
Figure S8. Excitonic lifetime measurements for 3.4nm QD films crosslinked with (a) 1C and (b) 

2T. Fit lines for the exponentials are shown in gray.  

 

Interestingly, the lifetime measurements obtained here can be utilized to estimate the change in 

tunneling rate in our system. We begin by considering the different charge decay mechanisms 

available in our system. These mechanisms can be grouped into three categories. Radiative 

recombination (which contributes to the PL), nonradiative recombination which includes all 

decay mechanisms other than tunneling which do not produce light, and charge tunneling which 

we also take to be a non-radiative decay process. Therefore, the total decay rate of the charges is 

given by:  

𝑘𝑡𝑜𝑡𝑎𝑙 = 𝑘𝑟 + 𝑘𝑛𝑟 + 𝑘𝑇                                                     (S1) 

Where  𝑘𝑡𝑜𝑡𝑎𝑙 is the total rate of decay,  𝑘𝑟is the rate of radiative decay, 𝑘𝑛𝑟 the rate of non-

radiative decay (by all pathways except for tunneling), and 𝑘𝑇 the tunneling rate. The change in 

the total decay rate after configuration change of the photochromic molecules can therefore be 

estimated as:  

∆𝑘𝑡𝑜𝑡𝑎𝑙 = 𝑘𝑇,𝑐𝑙𝑜𝑠𝑒𝑑 + 𝑘𝑇,𝑜𝑝𝑒𝑛                                                     (S2) 

Equation S2 therefore allows for estimates of the change in tunneling rates to be obtained 

utilizing the lifetime results. Using this equation ∆𝑘𝑡𝑜𝑡𝑎𝑙 ~ 0.0134 𝑛𝑚−1 for 1C and ∆𝑘𝑡𝑜𝑡𝑎𝑙 ~ 

0.0094 𝑛𝑚−1 for 2T 
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GISAXS Results: 

 

 
Figure S9. GISAXS measurements of molecule 1C in the (a) open and (b) closed configurations 

and of molecule 2T in the (c) open and (d) closed configurations.  

 

Since the quantum dots used for these measurements were 4.3 nm in diameter, these results show 

that edge to edge distances between quantum dots were around 1 nm in length for both 1C and 

2T and change by <0.1 nm upon configuration change. 

 

QD size = 4.3 nm 

Connecting Ligands Photochromic Molecule – 

“Closed” state Average 

Inter-QD Distance 

Photochromic Molecule – 

“Open” state Average 

Inter-QD Distance 

Molecule 1C 53.3 Å 53.2 Å 

Molecule 2T 53.3 Å 53.9 Å 

Table S1. Inter-QD distance values obtained from GISAXS measurement. The displayed values 

are the average of the values obtained by measurements using an X-ray incident angle from 0.10 

to 0.25 ̊. 
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DFT Absorbance, Orbital, and Energy Level Calculations:  

 
Figure S10. Calculated absorbances of ligands 1C and 2T in their open and closed 

configurations.  Calculations were run using the hybrid functional B3LYP and the 6-311G basis. 

 

 

 

Free Ligand HOMO/LUMO gaps: 

Molecule B3LYP/6-311G 

energy gap (eV) 

PBE/PW energy 

gap (eV) 

Experimental 

energy gap (eV) 

PBE/PW vs 

B3LYP/6-311G 

Error 

1C-closed 2.35 0.83 2.29 1.52 

1C-open 4.10 2.52 4.13 1.58 

2T-closed 2.20 0.68 2.07 1.52 

2T-open 3.91 2.28 3.54 1.63 

Table S2 HOMO/LUMO gaps for molecules 1C and 2T in their open and closed configurations 

obtained using DPV, B3LYP/6-311G functional, and the PBE functional. B3LYP/6-3111G 

results show good agreement with DPV results. PBE results show good agreement when 

accounting for an offset of ~1.55eV 
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Figure S11. Orbital diagrams for ligands 1C and 2T in their open and closed configurations. 

Calculations were run using the hybrid functional B3LYP and the 6-311G basis. 
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Free Ligand DOS and Total Adsorbed Ligand DOS Results: 

  
  

Figure S12. Calculated total DOS results for adsorbed ligands (a) 1C and (b) 2T using the PBE 

functional. Fermi energies are set to zero. Calculations were run using PBE (plane wave, PW 

basis set). 

 

 

 
Figure S13. Calculated DOS for free ligands 1C and 2T using PBE functional. Fermi energies 

are set to zero. Calculations were run using PBE (plane wave, PW basis set). 

  

  

Adsorbed vs Free Ligand HOMO/LUMO gaps: 

Molecule Adsorbed Ligand PBE/PW 

energy gap (eV) 

Free Ligand PBE/PW  

energy gap (eV) 

1C-closed 0.68 0.83 

1C-open 2.36 2.52 

2T-closed 0.55 0.68 

2T-open 2.05 2.28 

Table S3 Calculated HOMO/LUMO gaps for molecules 1C and 2T in their open and closed 

configurations in their free state and when adsorbed to a PbS QD surface.   
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Auxiliary ligand exchange mechanism in acetonitrile bath: 

  

An auxiliary ligand exchange method was also attempted by submerging the QD-coated slides in 

a photochromic molecule-acetonitrile solution. 0.1 mL of a 10 mg/mL solution of QDs in 

tetrachloroethylene (TCE) was dispensed on cleaned and UV treated glass slides, and the slides 

were spin-coated at 2000 rpm for 60 s. Photochromic molecules were dissolved in a 200 mL 

acetonitrile bath until a concentration of 0.1 mM was achieved. The slides were carefully deposited 

in the acetonitrile bath. The bath was stirred using a magnetic stir bar and sealed to minimize 

solvent evaporation. After the target time elapsed, the slides were extracted from the bath, dried 

with air, and sealed with epoxy. 1C and 2T slides were found to reach an asymptotically maximal 

PL switching amount after roughly 30 minutes in the bath. Results mirrored those in Fig. 3, with 

1C samples displaying greater relative change in PL than the 2T samples. 

  

 
Figure S14. Relative change in PL of 3.4nm QD slides crosslinked with 1C and 2T after different 

times in the acetonitrile bath. 
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