
 

 

 

1 

Supporting Information 

 

Role of surface states in photocatalysis: study of 

chlorine-passivated CdSe nanocrystals for 

photocatalytic hydrogen generation 

Whi Dong Kim†, Ji-Hee Kim‡,  Sooho Lee†, Seokwon Lee†, Ju Young Woo†
,∥ , Kangha Lee†, Weon-

Sik Chae
 Λ, Sohee Jeong∥, Wan Ki Bae¶, John A. McGuire⊥, Jun Hyuk Moon∇, Mun Seok Jeong‡

,

§, Doh C. Lee†
* 

† 
Department of Chemical and Biomolecular Engineering (BK21+ Program), KAIST Institute for 

the Nanocentury, Korea Advanced Institute of Science and Technology (KAIST), Daejeon 

34141, Korea. 

‡ 
Center for Integrated Nanostructure Physics, Institute for Basic Science, Sungkyunkwan 

University, Suwon 24233, Korea. 

∥
Nanomechanical Systems Research Division, Korea Institute of Machinery and Materials 

(KIMM), Daejeon 34103, Korea. 

Λ 
Analysis Research Division, Daegu Center, Korea Basic Science Institute, Daegu 41566, Korea 



 

 

 

2 

¶ 
Photo-Electronic Hybrids Research Center, Korea Institute of Science and Technology (KIST), 

Seoul 02792, Korea. 

⊥
Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan 

48824, USA.  

∇
Department of Chemical and Biomolecular Engineering, Sogang University, Seoul 04107, 

Korea. 

§ 
Department of Energy Science, Sungkyunkwan University, Suwon 24233, Korea. 

 

 

 

 



 

 

 

3 

 

Figure S1. X-ray photoelectron spectra of CdSe NCs after Cl treatment with (a) in-situ, (b) ex-

situ and (c) modified process, and (d) without Cl treatment. (e) Normalized Cl 2p spectra by area 

of Cd 3d signal. Intensity reveal relative fraction of Cl in nanocrystal depending on Cl treatment 

method. 
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Figure S2. UV-vis spectra of CdSe NCs after (a) in-situ and (b) ex-situ treatment processes at 

various Cl concentrations. 
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Figure S 3. Photograph of ex-situ Cl:CdSe NCs disperse in hexane (right) and 

N-methylformamide (left). 
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Figure S4. X-ray photoelectron spectra of OA and MUA capped CdSe NCs with and without Cl 

treatment after light irradiation. The binding energy of SeO2 is 58.8 eV.. 
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Figure S5. (a) Time-resolved photoluminescence (TRPL) decay of MUA-capped CdSe (black) 

and Cl:CdSe (red) NCs and OA-capped CdSe NCs (blue). (b) TRPL (straight line) and transient 

absorption (TA) (dotted line) kinetics of Cl-treated (red) and untreated CdSe NCs (black) 

showing the different decay traces up to 1 ns. 
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Figure S6. Cyclic voltammogram of CdSe NCs before and after Cl treatment.  (Inset) cyclic 

voltammogram magnified in the range of 0 to -2.0 V vs. Ag/AgCl.  The shift of reduction 

potential after Cl treatment is distinct from the plots.   
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Figure S7. 
1
H NMR spectra of (a) OA- and (b) MUA- capped CdSe NCs dispersed in 0.1M of 

ferrocene and ethanol as reference solution, respectively.  Insets of (a) and (b) show peaks of the 

resonances from vinyl in OA and methylene proton in MUA, respectively.  

 

 Ligand quantification. 

OA- and MUA- capped CdSe NCs are dispersed in 0.1 M of ferrocene d-benzene and 0.1 M of 

ethanol water solution, respectively, for 
1
H-NMR analysis. In order to estimate ligand density of 

NCs, NC concentration of prepared solution is calculated using UV-vis spectrum based on Beer-

Lambert law, and number of ligand is quantified by comparing the integrated areas of resonance 

peak from ligand and reference (i.e., ferrocene and ethanol) as shown in Figure S7.  

 

 

 


