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To President 

 
      Department： Science and Technology  

Position： Postdoctoral fellow   
Name：   Li Wang        

 
I report the outcome of  the research as follows.  
 

Nam e of  the  

Fund/Program  

□Sabbatica l  leave wi th  grant  □Sabbatica l  leave wi th  no grant 

□KGU Joint Research   □Ind ividual  Specia l  Research  

⊠Postdoctora l  f e l low  

※Please report by designated f orm  as f or “In ternational  Research 

Col laboration”. 

Research  

Them e 

界面エンジニアリングによる高効率青色発光半導体量子ドットの合成とキ

ャリア素過程  

Research  

Si te /Venue  
Tam ai  Group  

Research 

period  
2021/04/01 ～    2021/09/30 （  6 m onth）  

 

◆  Summary of the research outcome （ ap p ro x . 2 ,500  wo rd s）  

Please write down the outcomes in detail  regard ing  the research theme above.  

 

Colloidal quantum dots (QDs) exhibit  unique size-tunable optoelectronic  properties by  

strong quantum confinement effects, making them as potential candidates for 

optoelectronic devices. Recently, heavy metal-free QDs become interesting to reduce 

environmental impact. ZnSe with 2.7 eV bulk bandgap is a suitable choice for violet -blue 

nano-emitters. All the applications are based on exciton dynamics in colloidal QDs. 

Nonradiative Auger recombination in  semiconductor QDs becomes  much efficient  owing to  

relaxation of momentum conservation  and increasing Coulomb  coupling in  strong spatial  

confinement. However, carrier dynamics, especially Auger recombination, in ZnSe QDs has 

been seldom reported. In  my research,  ZnSe QDs  with various  sizes were synthesized,  and  

their carrier dynamics were monitored by transient absorption (TA) spectroscopy with 266, 

330, and 400 nm excitation. 

Six ZnSe nanocrystals were prepared  by a hot  injection method with  slight modifications  

and characterized by steady-state and transient absorption spectroscopies . As shown in 

Figure 1a, 1S peak  wavelengths of  steady-state absorption  spectra shift  to the red  with  

increasing their sizes. Bleach signal in TA spectra of semiconductor QDs is induced by  
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state filling of excited electron in conduction band.  In Figure 1b, bleach peak wavelengths 
of TA spectra also  shift to  the red corre spondingly.  In Figure  1c, TA  spectra of  ZnSe426  

at 100 ps time delay with high excitation fluence of 330 nm were illustrated. The 
transitions are characterized by Gaussian fitting of TA spectrum and the second derivative 

of steady-state absorption spectrum. Bleach at 426 nm with a shoulder on 410 nm in TA 
spectra of ZnSe426 are corresponding to the transitions of 1S(e)-1S3 / 2(h) and 

1S(e)-2S3 /2(h), respectively. The transition of 1S(e)-1S1 / 2(h) at 396 nm becomes  
distinguishable. Another broad bleaching signal from 390 to 360 nm was usually assigned 

to transitions of 1P(e)-1P3 /2(h) and 1S(e)-2S1 /2(h). TA signal around 380 nm represents 
an additional fast decay for high excitation fluences. With h igher excitation influence, 

the lowest excited state 1S  is much more  populated and multiexciton  exists. Then  the  
exciton populated at 1P state participates in multiexciton Auger recombination with a 
faster decay component. Therefore, the broad band from 39 0 to 360 nm is assigned to overlap  

of 1P(e)-1P3 / 2(h) at 380 nm and 1S(e)-2S1 / 2(h) at 370 nm. TA spectroscopy with  different  
excitation fluences was conducted to determine Auger recombination lifetime in ZnSe QDs. 

As shown in Figure 1d, Auger lifetime of ZnSe QDs is roughly proportional to D 3, which 

is in good agreement with reported semiconductor QDs.  

 
In summary, ZnSe with 2.7 eV bulk bandgap is a suitable choice for violet -blue 

nano-emitters. Six sizes of ZnSe QDs were prepared.  Spectral species and thei r  carrier  
dynamics were characterized by steady-state absorption and TA spectroscopies. 

Size-dependent Auger recombination in ZnSe QDs follows volume scale and multi-exciton 
recombination represent to be a free carrier model. 
 

The above research is summarized and will be submitted to The Journal of Physical Chemistry 
C.  

Deadl ine：With in two m onths af ter f in ish ing the research period.  

Sabbatica l  leave wi th  grant: Subm i t th is report to  President wi th  conf i rm ation by the dean  of   

school  you belong to . 

※ Postdoctora l  f e l low  is requi red  to  subm i t th is report wi th  conf i rm ation by the  dean of  graduate 

school  before the end of  em ploym ent period.  

Where to  subm i t：Organization f or Research and Development and Outreach (NUC)  

◆We put th is  report on the web of  KGU.  If  there is any problem  about i t because of  d iff icu l ties on 

your research, p lease le t us know. 

Figure 1. Steady-state absorption  

spectra (a), TA spectra at 10  ps  

delay time after 330 nm excitation 

(b), and Auger recombination 

lifetime obtained by the difference 

of decay profiles at 1S peak  

wavelength with two different 

excitation intensities (d) of  ZnSe  

QDs with six different sizes. TA 

spectrum (black) at 100 ps time 

delay under high excitation fluence 

with Gaussian fitting curves (green 

and gray) and 2 n d derivative of 

steady-state absorption spectrum 

(red) of ZnSe426 QDs (c) 
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