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TEM  

 

Fig. S1 TEM images collected for the TOPO- and S2−-capped CdSe QDs of four different sizes. The TEM 
images of the four QDs are labeled according to the size obtained from steady-state absorpDon spectra.1 
The panels (i)–(l) show the size distribuDons and average QD sizes of the TOPO-capped QDs obtained from 
TEM image analysis using imageJ 1.53a program.2   
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Table S1 QD sizes determined from stead-state absorpDon spectra1, and TEM image analysis, and the three 
lowest energy transiDons observed in the steady-state absorpDon spectra for the TOPO-capped QDs. 

QD size/ diameter 

nm 
1S 

nm               eV 

2S 

nm               eV 

1P 

nm                   eV 

Abs. spectra 

nm 

TEM 

2.6  3.0±0.5 528 2.35 496 2.50 426 2.91 

3.4  3.8±0.7 564 2.20 537 2.31 458 2.71 

4.0 4.2±0.4 585 2.12 555 2.23 504 2.46 

4.8  4.9±0.7 606 2.05 581 2.13 529 2.34 
 

 

 

FT-IR spectroscopy 

 

Fig. S2: FT-IR spectra of the (a)TOPO-capped, and (b) S2−-capped QDs of four different sizes. A spectrum of 
the pure TOPO is plo[ed together with the QD spectra. In Panel (b), it is clear that the TOPO vibraDon 
bands are absent in the S2−-capped QDs. However, contribuDon of residual NMF is observed in the S2−-
capped QDs. 
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Photoluminescence spectroscopy 

To do a quanDtaDve evaluaDon, the photoluminescence spectra were deconvoluted using two gaussian 
funcDons considering the band edge and the trap emission part as shown in Fig. S3a. The extent of band-
edge photoluminescence quenching and the enhancement of trap state emission upon S2− 
funcDonalizaDon is described by the relaDve areas obtained from the two fi[ed gaussians (Fig. S3). 

 

Fig. S3: (a) Gaussian fibng of photoluminescence spectra to evaluate the contribuDon of band-edge and 
trap-state contribuDon. Photoluminescence spectra (𝜆!" 400 nm) of (b) 2.6 nm, (c) 3.4 nm, (d) 4.0 nm and 
(e) 4.8 nm, TOPO-capped and S2--capped QDs. The right panels in the figures demonstrate the relaDve 
band-edge and the trap-state emission contribuDon obtained from the areas of the two gaussians as 
demonstrated in (a). 
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Transient absorpBon spectroscopy 

 

Fig. S4: Comparison of steady-state spectra and TA spectra (1900 ps) of the TOPO-capped QDs of 3.4 nm, 
4.0 nm, and 4.8 nm.  

 

Fig. S5: TA colour of map of TOPO-capped 2.6 nm QD at (a) lowest intensity of 2.0 × 104 µWcm−2 and, (b) 
highest intensity 4.7 × 105 µWcm−2. TA colour of map of S2−-capped 2.6 nm QD at (c) lowest intensity of 2.0 
× 104 µWcm−2 and, (d) highest intensity 4.7 × 105 µWcm−2.  
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Fig. S6: TA colour of map of TOPO-capped 3.4 nm QD at (a) lowest intensity of 7.0 × 104 µWcm−2 and, (b) 
highest intensity 7.3 × 105 µWcm−2. TA colour of map of S2−-capped 3.4 nm QD at (c) lowest intensity of 3.0 
× 104 µWcm−2 and, (d) highest intensity 7.2 × 105 µWcm−2.  

 

 

Fig. S7: The intensity-dependent TA data of TOPO-capped 3.4 nm QD depicDng (a) spectra at 2 ps, (b) B1 
kineDcs, (c) B3 kineDcs, and (d) A1 kineDcs. The intensity-dependent TA data of S2−-capped 3.4 nm QD 
depicDng (e) spectra at 2 ps, (f) B1 kineDcs, (g) B3 kineDcs, and (h) A1 kineDcs. Increasing intensity is 
represented by the arrows on the right side. 
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Fig. S8: TA colour of map of TOPO-capped 4.0 nm QD at (a) lowest intensity of 3.0 × 104 µWcm−2 and, (b) 
highest intensity 6.2 × 105 µWcm−2. TA colour of map of S2−-capped 4.0 nm QD at (c) lowest intensity of 4.0 
× 104 µWcm−2 and, (d) highest intensity 12.2 × 105 µWcm−2. 

 

Fig. S9: The intensity-dependent TA data of TOPO-capped 4.0 nm QD depicDng (a) spectra at 2 ps, (b) B1 
kineDcs, (c) B3 kineDcs, and (d) A1 kineDcs. The intensity-dependent TA data of S2−-capped 4.0 nm QD 
depicDng (e) spectra at 2 ps, (f) B1 kineDcs, (g) B3 kineDcs, and (h) A1 kineDcs. Increasing intensity is 
represented by the lines on the right side. 
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Fig. S10: TA colour of map of TOPO-capped 4.8 nm QD at (a) lowest intensity of 1.0 × 104 µWcm−2 and, (b) 
highest intensity 4.8 × 105 µWcm−2. TA colour of map of S2−-capped 4.8 nm QD at (c) lowest intensity of 3.0 
× 104 µWcm−2 and, (d) highest intensity 4.6 × 105 µWcm−2.  

 

Fig. S11: The intensity-dependent TA data of TOPO-capped 4.8 nm QD depicDng (a) spectra at 2 ps, (b) B1 
kineDcs, (c) B3 kineDcs, and (d) A1 kineDcs. The intensity-dependent TA data of S2−-capped 4.8 nm QD 
depicDng (e) spectra at 2 ps, (f) B1 kineDcs, (g) B3 kineDcs, and (h) A1 kineDcs. Increasing intensity is 
represented by the lines on the right side. 
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Fig. S12: Intensity-dependent TA spectra (normalized at B1 bleach) of (a) TOPO-capped and, (b) S2−-capped 
QDs at 1900 ps. 
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DeterminaBon of absorpBon cross secBon 

To ensure a reliable MCMC fit result, we firstly compare the 𝛼, derived from the fit parameter 𝜎 with the 
𝛼, derived from exDncDon coefficient3. The exDncDon co-efficient for the CdSe QDs were determined using 
the empirical formula demonstrated by Yu et el.1 Using the exDncDon co-efficient (𝜖) at 400 nm, we 
determined the absorpDon cross secDon (𝛼) according to the following equaDon demonstrated by 
Leatherdale et al.3 

 𝛼# =	
2303	× 	𝜖$%%&'

𝑁(
 

where, 𝑁( is Avogrado’s number 

(1)  

 

Through the MCMC fit, we obtained an intensity parameter, 𝜎, with which we obtained absorpDon cross 
secDon as,  

 
𝛼)*)* = 𝜎	 ×	

𝑐ℎ𝑜𝑝𝑝𝑒𝑟	𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦	 × 10+

2.01	 × 10,-
 

The chopper frequency is 500 Hz. 

(2)  

 

Fig. S13 shows that the 𝛼, obtained from 𝜎 and exDncDon co-efficient are not only in the same order of 
magnitude but also are in good agreement with previous literature3 for all the QDs. This indicates reliable 
results from MCMC fit. 

 

Fig. S13: AbsorpDon cross secDon obtained from MCMC fit and calculated from the exDncDon co-efficient. 
For the TOPO- and S2−-capped QDs.  
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MCMC fit data 

 

 

Fig. S14: TX model was used for the MCMC fit of 2.6 nm TOPO-capped QD. (a) Contour plot represenDng 
the fit parameters obtained from MCMC. (b) Intensity dependent kineDcs of B1 bleach with the fit (grey 
lines).  

 

Table S2: IntensiDes used for the MCMC fit of TOPO-capped 2.6 nm QD and < 𝑁 >,  
𝜎	and, 𝛼 obtained. 

Intensity × 108 

µWcm−2 
< 𝑵 > 𝝈 × 10−8 

µW−1cm2 

𝜶 

cm2 

0.0002 0.1   

0.0008 0.5 

644.1 1.6 × 10−15 0.0024 1.5 

0.0033 2.1 

0.0047 3.0 
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Fig. S15: TX model was used for MCMC fit of 2.6 nm S2−-capped QD. (a) Contour plot represenDng the fit 
parameters obtained from MCMC. (b) Intensity dependent kineDcs of B1 bleach with the fit (grey lines). 

 

 

Table S3: IntensiDes used for the MCMC fit of S2−-capped 2.6 nm QD and < 𝑁 >,  
𝜎	and, 𝛼 obtained. 

Intensity × 108 

µWcm−2 
< 𝑵 > 𝝈 × 10−8 

µW-1cm2 

𝜶 

cm2 

0.0003 0.2   

0.0006 0.5 

821.1 2.0 × 10-15 0.0015 1.2 

0.0040 3.3 

0.0059 4.8 
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Fig. S16: TX model was used for MCMC fit of 3.4 nm TOPO-capped QD. (a) Contour plot represenDng the 
fit parameters obtained from MCMC. (b) Intensity dependent kineDcs of B1 bleach with the fit (grey lines). 

 

Table S4: IntensiDes used for the MCMC fit of TOPO-capped 3.4 nm QD and < 𝑁 >,  
𝜎	and, 𝛼 obtained. 

Intensity × 108 

µWcm−2 
< 𝑵 > 𝝈 × 10−8 

µW-1cm2 

𝜶 

cm2 

0.0007 0.6   

0.0019 1.6 

864.3 2.2 × 10−15 0.0037 3.1 

0.0053 4.5 

0.0073 6.3 
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Fig. S17: TX model was used for MCMC fit of 3.4 nm S2−-capped QD. (a) Contour plot represenDng the fit 
parameters obtained from MCMC. (b) Intensity dependent kineDcs of B1 bleach with the fit (grey lines). 

 

Table S5: IntensiDes used for the MCMC fibng of S2−-capped 3.4 nm QD and < 𝑁 >,  
𝜎	and, 𝛼 obtained. 

Intensity × 108 

µWcm−2 
< 𝑵 > 𝝈 × 10−8 

µW-1cm2 

𝜶 

cm2 

0.0003 0.2   

0.0009 0.7 

875.5 2.2 × 10−15 0.0018 1.6 

0.0050 4.4 

0.0072 6.3 
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Fig. S18: QX model was used for MCMC fit of 4.0 nm TOPO-capped QD. (a) Contour plot represenDng the 
fit parameters obtained from MCMC. (b) Intensity dependent kineDcs of B1 bleach with the fit (grey lines). 

 

Table S6: IntensiDes used for the MCMC fit of TOPO-capped 4.0 nm QD and < 𝑁 >,  
𝜎	and, 𝛼 obtained. 

Intensity × 108 

µWcm−2 
< 𝑵 > 𝝈 × 10−8 

µW-1cm2 

𝜶 

cm2 

0.0003 0.4   

0.0022 3.0 

1394.8 3.5 × 10−15 0.0034 4.7 

0.0054 7.5 

0.0062 8.6 
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Fig. S19: QX model was used for MCMC fit of 4.0 nm S2−-capped QD. (a) Contour plot represenDng the fit 
parameters obtained from MCMC. (b) Intensity dependent kineDcs of B1 bleach with the fit (grey lines). 

 

Table S7: IntensiDes used for the MCMC fibng of S2−-capped 4.0 nm QD and < 𝑁 >,  
𝜎	and, 𝛼 obtained. 

Intensity × 108 

µWcm−2 
< 𝑵 > 𝝈 × 10−8 

µW-1cm2 

𝜶 

cm2 

0.0004 0.4   

0.0007 0.6 

928.1 2.3 × 10−15 0.0014 1.3 

0.0034 3.2 

0.0122 11.3 
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Fig. S20: QX model was used for MCMC fit of 4.8 nm TOPO-capped QD. (a) Contour plot represenDng the 
fit parameters obtained from MCMC. (b) Intensity dependent kineDcs of B1 bleach with the fit (grey lines). 

 

Table S8: IntensiDes used for the MCMC fit of TOPO-capped 4.8 nm QD and < 𝑁 >,  
𝜎	and, 𝛼 obtained from MCMC fibng. 

Intensity × 108 

µWcm−2 
< 𝑵 > 𝝈 × 10−8 

µW-1cm2 

𝜶 

cm2 

0.0001 0.2   

0.0009 1.6 

1853.7 4.6 × 10−15 0.0019 3.6 

0.0030 5.6 

0.0048 8.8 
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Fig. S21: QX model was used for MCMC fibng of 4.8 nm S2−-capped QD. (a) Contour plot represenDng the 
fit parameters obtained from MCMC. (b) Intensity dependent kineDcs of B1 bleach with the fit (grey lines). 

 

Table S9: IntensiDes used for the MCMC fit of S2−-capped 4.8 nm QD and < 𝑁 >,  
𝜎	and, 𝛼 obtained. 

Intensity × 108 

µWcm−2 
< 𝑵 > 𝝈 × 10−8 

µW-1cm2 

𝜶 

cm2 

0.0003 0.3   

0.0004 0.5 

1195.1 2.9 × 10−15 0.0014 1.7 

0.0033 3.8 

0.0046 5.5 
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MulB gaussian fit method to determine mulBexciton binding energies 

We adapt the mulD gaussian fit method described by Labrador et al.4 The equaDons used to model our 
species spectra are as follows: 

 
𝑆.(𝐸) = 	− C𝐴/, E𝑒

01203!"4!"
5
#

F +	𝐴/- E𝑒
01203!#4!#

5
#

F

+	𝐴/6 E𝑒
01203!$4!$

5
#

FH
78/

+	I
1
2
	𝐴/, E𝑒

01203!"0∆!%4!"
5
#

F +
1
2
	𝐴/- E𝑒

01203!#0∆!%4!#
5
#

F

+	𝐴/6∗ J𝑒0;
203!$

∗

4!$
<
#

KL
=>?

 

 

(3)  

 

 
𝑆/.(𝐸) = 	− C𝐴/, E𝑒

01203!"4!"
5
#

F +	𝐴/- E𝑒
01203!#4!#

5
#

F +	𝐴/6 E𝑒
01203!$4!$

5
#

FH
78/

+ C𝐴/6∗ E𝑒01
203!$0∆'%

4!$
5
#

FH
=>?

 

(4)  

 

 
𝑆@.(𝐸) = 	− C𝐴/, E𝑒

01203!"4!"
5
#

F +	𝐴/- E𝑒
01203!#4!#

5
#

F

+	𝐴/6 E𝑒
01203!$4!$

5
#

FH
78/

+ I𝐴/6∗ J𝑒0;
203!$0∆(%

4!$
<
#

KL
=>?

− C𝐴82 E𝑒
01203)*4)*

5
#

FH
82

 

 

(5)  
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(6)  

 

The 𝑆., 𝑆/., 𝑆@., and 𝑆A. are the species spectra of X, BX, TX, and QX respecDvely. 𝐴 represent the 
amplitudes, 𝑐 represent the centers, and 𝑤 represent the widths of the peaks associated to B1, B2, and B3 
transiDons. The subscript GSB accounts for the B1, B2, and B3 peaks and the subscript PIA accounts for A1, 
A2, and A3 peaks in the spectra. The widths of the peaks associated with the same transiDons are considered 
the same (e.g., the width of B1 and A1 is 𝑤/,). The A3 in the X spectra is not fi[ed with the same shin (i.e., 
∆/.). This is because the 1Pe level with higher polarizability than the 1Se level does not necessarily result 
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in the same magnitude of carrier-induced Stark effect.5, 6 MulDexciton binding energy in CdSe QDs is 
described as bound, i.e., with negaDve binding energy. Strandell et al.7 reports negaDve mulDexciton 
binding energy upto QX of CdSe QDs of different sizes. Therefore, the posiDons of A1, A2, and A3 peaks are 
defined by negaDve shin from the respecDve B1, B2, and B3 bleach posiDons, which basically determines 
the binding energy. Similarly, the pentaexciton binding energy (∆=.) was also assumed to be from a bound 
pentaexciton state with negaDve binding energy. The SE feature in CdSe QD TA spectra is not as disDncDve 
as the GSB and PIA. However, it is typically found in resonance with A1 and B1.8, 9 In the previous works, SE 
is fi[ed by a single Gaussian idenDcal to the 1S gaussian assuming that SE source is the X state.10 Here, it is 
fi[ed with a completely independent Gaussian peak red-shined from the B1 to avoid overemphasis of its 
origin. The SE components in the X and BX spectra were ignored to avoid overparameterizaDon. This is to 
be clarified that, we do not claim that X and BX spectra do not contain SE contribuDons. The mulDexciton 
species spectra with the fit of Eq. S3 – Eq. S6 are shown in Fig. S22–S26.  
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Fig. S22: TX, BX, and X spectra of TOPO-capped 2.6 nm QD along with the respecDve gaussian fits. 

Table S10: Fibng results of gaussian fibng of TX, BX, and X spectra of TOPO-capped 2.6 nm QD. 

 

  𝑆. 𝑆/. 𝑆@. 

𝑨𝐁𝟏 / OD 
 

0.0513%.%$EF%.%G$E 0.0511%.%$+$%.%G6F 0.0609%.%$F+%.%E-, 

𝑨𝐁𝟐 / OD 0.0182%.%,E-%.%,F- 0.0213%.%-%I%.%--% 0.0341%.%-IE%.%$,G 
𝑨𝑩𝟑 / OD 

 
0.0040%.%%6-	%.%%$+  0.0128%.%%,%%.%-II 0.0305%.%,F,%.%+%% 

𝑨𝐁𝟑∗  / OD 0.0029%.%%-6%.%%6G 0.00100%.%-%6%.%--$  0.00120%.%%-I%.%-I$  

𝒘𝐁𝟏 / eV 0.0745%.%E--%.%EIE 0.0667%.%I$%%.%IF$ 0.0715%.%IE%%.%EI, 

𝒘𝐁𝟐 / eV 0.1349%.,,+E%.,G,- 0.1589%.,$-,%.,EG+ 0.1800%.%E+-%.-+,+ 

𝒘𝐁𝟑 / eV  0.0500%.%6,E%.%I+6 0.0915%.%IGE%.-E+E 0.1835%.%+-$%.,F,G 
𝒄𝐁𝟏 / eV 

 
2.3182-.6,IF-.6,FG 2.3245-.6-6G-.6-GI 2.3197-.6,+%-.6-,G 

𝒄𝐁𝟐 / eV 2.4535-.$6+$-.$I+E 2.4749-.$I-F-.$+E% 2.5069-.$I%I-.GG66 

𝒄𝐁𝟑 / eV 2.8710-.+GEI-.++$$ 2.8846-.+$,6-.F-EF  2.9100-.6-$-6.,$$, 

𝒄𝐁𝟑∗  / eV 2.7434-.E66%-.EG6F   

𝒄𝑺𝑬 / eV   2.2439,.+EF,-.6%++ 

𝑨𝑺𝑬 / OD   0.00390%.%%F%%.%,IE  

𝒘𝑺𝑬 / eV   0.1341%.%G,6%.6,F$ 

𝚫 / eV 0.0359%.%6$%%.%6E+ 0.1144%.%F-6%.,-G- 0.2036%.,F,I%.--++ 
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Fig. S23: TX, BX, and X spectra of TOPO-capped 3.4 nm QD along with the respecDve gaussian fits. 

Table S11: Fibng results of gaussian fibng of TX, BX, and X spectra of TOPO-capped 3.4 nm QD. 

  𝑆. 𝑆/. 𝑆@. 
𝑨𝐁𝟏 / OD 

 
0.0507%.%$-+%.%G+G 0.0478%.%$IE%.%$+F 0.0596%.%%$E%.,-6F 

𝑨𝐁𝟐 / OD 0.01570%.%%6-%.%I,6  0.0190%.%,+-%.%,F+ 0.04150%.%IG,%.%E6$  
𝑨𝑩𝟑 / OD 

 
0.00940%.%I$-%.%+6%  0.01300%.-I%$%.-+IG  0.0397%.%-+-%.%I-- 

𝑨𝐁𝟑∗  / OD 0.01100%.F-IE%.%F$+  0.00180%.6%FE%.%6,6  0.00100%.%,-F%.%,6,  

𝒘𝐁𝟏 / eV 0.0820%.%EEG%.%+I$ 0.0829%.%+,G%.%+$$ 0.0842%.%IG6%.,%6% 

𝒘𝐁𝟐 / eV 0.1225%.%F6%%.G6+% 0.0945%.%+6-%.,%G+ 0.1190%.%-G+%.-FIF  

𝒘𝐁𝟑 / eV  0.1324%.%G6F%.+%$G 0.1113%.%6+G%.I%+% 0.1296%.,%+6%.,IEE 
𝒄𝐁𝟏 / eV 

 
2.1363-.,6,E-.,$,% 2.1465-.,$$G-.,$+G 2.1500-.,-+%-.,I-% 

𝒄𝐁𝟐 / eV 2.3174-.-$6+-.6F,% 2.2941-.-F%--.-F+, 2.3158-.-IE$-.$I$, 

𝒄𝐁𝟑 / eV 2.5600-.$6,E-.G+,E 2.5975-.GG,E-.I$6$ 2.5615-.$IG%-.IG+, 

𝒄𝐁𝟑∗  / eV 2.4416-.6I%,-.G$66   

𝒄𝑺𝑬 / eV   2.0846,.+%F6-.,,+$ 

𝑨𝑺𝑬 / OD   0.00500%.%6%-%.%$%-  

𝒘𝑺𝑬 / eV   0.1265%.,%GE%.-,%% 

𝚫 / eV 0.0242%.%-,I%.%-IF 0.0750%.%II,%.%FI, 0.1110%.,%-6%.,-E% 
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Fig. S24: QX, TX, BX, and X spectra of TOPO-capped 4.0 nm QD along with the respecDve gaussian fits. 

Table S12: Fibng results of gaussian fibng of QX, TX, BX, and X spectra of TOPO-capped 4.0 nm QD. 

  𝑆. 𝑆/. 𝑆@. 𝑆A. 

𝑨𝐁𝟏 / OD 
 

0.0180%.%,E+%.%,+- 0.0177%.%,E-%.%,+- 0.0259%.%%EF%.%$6F 0.0247%.%%+E%.%$%+ 

𝑨𝐁𝟐 / OD 0.0159%.%,G$%.%,I6 0.0199%.%,--%.%-EG 0.0289%.%-E%%.%6%+ 0.0438%.%-FE%.,6E$ 
𝑨𝑩𝟑 / OD 

 
0.0039%.%%6+%.%%6F 0.0205%.%%+E%.%F,- 0.0269%.%%E%%.%$I+ 0.0583%.%%E+%.,-$6 

𝑨𝐁𝟑∗  / OD 0.0087%.%%+G%.%%+F 0.0241%.%,+G%.%F%I 0.0135%.%%+%%.%6$F 0.01120%.%,F%%.-,+6  

𝒘𝐁𝟏 / eV 0.0547%.%G6F%.%GGG 0.0454%.%$$$%.%$IG 0.0516%.%$$,%.%GF% 0.0512%.%$-$%.%I%, 

𝒘𝐁𝟐 / eV 0.0679%.%IG-%.%E%I 0.0748%.%I++%.%+%+ 0.0690%.%IG,%.%E-F 0.1107%.%$-$%.,EF, 

𝒘𝐁𝟑 / eV  0.0624%.%GF%%.%IG+ 0.0983%.%-E-%.$IF6 0.1000%.%IG-%.,6$+ 0.1200%.%-IE%.-,66 
𝒄𝐁𝟏 / eV 

 
2.0858-.%+G,-.%+I$ 2.0892-.%++,-.%F%- 2.0873-.%E,--.,%66 2.0722-.%I-6-.%+-% 

𝒄𝐁𝟐 / eV 2.1952-.,F6F-.,FIG 2.2100-.-%6+-.-,I, 2.2038-.-%,G-.-%I, 2.2013,.FIGG-.$6E- 

𝒄𝐁𝟑 / eV 2.4401-.$6E--.$$6% 2.3946-.-I+E-.$-F, 2.4267-.6E6$-.$+%% 2.4377-.6-$6-.GG,, 

𝒄𝐁𝟑∗  / eV 2.3193-.6,+,-.6-%I    

𝒄𝑺𝑬 / eV   2.0415,.-E$$-.+%+E 2.0836-.%IIG-.,%%E 

𝑨𝑺𝑬 / OD   0.00060%.%,IE%.%,+%  0.0046%.%%,-%.%-,E 

𝒘𝑺𝑬 / eV   0.0535%.%,+E%.-F$E 0.0342%.%%%I%.%IEE 

𝚫 / eV 0.0227%.%--,%.%-6$ 0.0662%.%GG%%.%EG% 0.1096%.%+EF%.,-EE 0.1556%.%F,E%.-%++ 
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Fig. S25: QX, TX, BX, and X spectra of TOPO-capped 4.8 nm QD along with the respecDve gaussian fits. 

Table S13: Fibng results of gaussian fibng of QX, TX, BX, and X spectra of TOPO-capped 4.8 nm QD. 

 

   

 

 

 

 𝑆. 𝑆/. 𝑆@. 𝑆A. 

𝑨𝐁𝟏 / OD 
 

0.0237%.%,EE%.%-FI 0.0240%.%-,,%.%-I+ 0.0294%.%%FF%.%$++ 0.0353%.%,I%%.-6,6 

𝑨𝐁𝟐 / OD 0.0176%.%,-%%.%-6, 0.0235%.%%EF%.%GG% 0.03680%.%GI,%.,-FE  0.0465%.%,I-%.%G$F 
𝑨𝑩𝟑 / OD 

 
0.0052%.%%,E%.%-+- 0.0265%.%,G+%.%+++ 0.0379%.%,II%.%$$- 0.0675%.%,I-%.%+II 

𝑨𝐁𝟑∗  / OD 0.0111%.%,%%%.%6-- 0.0301%.%%EE%.%+6G 0.0218%.%,$E%.%G-% 0.0011%.%%%F%.%6I- 

𝒘𝐁𝟏 / eV 0.0448%.%$,F%.%$EE 0.0411%.%6+I%.%$6E 0.0442%.%6IF%.%G,I 0.0506%.%,G6%.%+GF 

𝒘𝐁𝟐 / eV 0.0789%.%$%6%.,,EI 0.0836%.%I%+%.,%I$ 0.0845%.%6,$%.-%%$ 0.0888%.%+$,%.-I,E 

𝒘𝐁𝟑 / eV  0.0781%.%,-I%.,I++ 0.0943%.%,6E%.-%-$ 0.10730%.F6FE%.,G$-  0.1189%.%EG+%.6G6G 
𝒄𝐁𝟏 / eV 

 
2.0111-.%%F6-.%,-F 2.0158-.%,$G-.%,E, 2.0122-.%,%,-.%,$6 2.0111	,.FEF%-.%$6- 

𝒄𝐁𝟐 / eV 2.0958-.%+%I-.,,,% 2.1123-.%GII-.,IEF 2.1134-.%$E+-.,EF% 2.1130-.%FI,-.6-%% 

𝒄𝐁𝟑 / eV 2.2478-.,GGG-.6$%- 2.3050-.%+6F-.IF$% 2.3227-.6%E$-.IF-F  2.3250-.6%-F-.$-E, 

𝒄𝐁𝟑∗  / eV 2.3372-.,,6%-.GI,$    

𝒄𝑺𝑬 / eV   2.0066-.%%6I-.%EF% 1.9739,.$-I,,.F+6+ 

𝑨𝑺𝑬 / OD   0.00100%.%EE6%.%EF6  0.00220%.,6FE%.,$$,  

𝒘𝑺𝑬 / eV   0.0869%.%6FG%.FI+F 0.0615%.%6-$%.%+GG 

𝚫 / eV 0.0181%.%,I-%.%,FF  0.0496%.%-GF%.%G+6 0.0708%.%$EE%.F,F-  0.1021%.%+6E%.,-E+ 
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Fig. S26: QX, TX, BX, and X spectra of S2−-capped 4.8 nm QD along with the respecDve gaussian fits. 

Table S14: Fibng results of gaussian fibng of QX, TX, BX, and X spectra of S2−-capped 4.8 nm QD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 𝑆. 𝑆/. 𝑆@. 𝑆A. 

𝑨𝐁𝟏 / OD 
 

0.0763%.%I-,%.%F%G 0.0819%.%EF6%.%+$$ 0.0971%.%+66%.,,%F 0.0905%.%+6,%.%F+% 

𝑨𝐁𝟐 / OD 0.0479%.%$$I%.%G,- 0.0394%.%6-I%.%$I- 0.0519%.%6,E%.%E-, 0.0629%.%,-,%.,,6+ 
𝑨𝑩𝟑 / OD 

 
0.02750%.,--F%.,EEF  0.0888%.%+I6%.%+FE 0.05210%.6IFF%.$E$,  0.0723%.%I-,%.%EIG 

𝑨𝐁𝟑∗  / OD 0.02360%.,-FF%.,EE,  0.0947%.%F6-%.%FG6 0.02940%.$,,I%.$E%$  0.0077%.%%I+%.%%EF 

𝒘𝐁𝟏 / eV 0.0383%.%6I$%.%$%- 0.0401%.%6F%%.%$,,	 0.0430%.%$,,%.%$$F 0.0400%.%6+I%.%$,G 

𝒘𝐁𝟐 / eV 0.0850%.%E%E%.%FF6  0.0995%.%F-6%.,%IE 0.0825%.%I66%.,%,E 0.1149%.%-FG%.-GF- 

𝒘𝐁𝟑 / eV  0.09290%.%,$+%.%-%%E  0.10480%.E+,G%.FF,-  0.08300%.%%$+%.,E%E  0.0948%.%6F%%.G-+E 
𝒄𝐁𝟏 / eV 

 
2.0297-.%-+$-.%6%F 2.0348-.%6$6-.%6G$ 2.0323-.%6,E-.%6-+ 2.0297-.%-+$-.%6%F 

𝒄𝐁𝟐 / eV 2.0721-.%G+6-.%+G+ 2.1089-.%F$6-.,-6$ 2.1301	-.,%GI-.,G$I 2.0721-.%G+6-.%+G+ 

𝒄𝐁𝟑 / eV 2.3713-.%IG%-.IEEI 2.3361-.6-,I-.66FI 2.3501	-.%E-G-.I-EE 2.3713-.%IG%-.IEEI 

𝒄𝐁𝟑∗  / eV 2.2875-.%,+E-.GGI6    

𝒄𝑺𝑬 / eV   2.0113,.+6FE-.,+6% 2.2875-.%,+E-.GGI6 

𝑨𝑺𝑬 / OD   0.01140%.%,$-%.%6E%  0.0097%.%%$%%.%I%% 

𝒘𝑺𝑬 / eV   0.0897%.%,G+	%.,I6I  0.1145%.%,6,%.-$-% 

𝚫 / eV 0.0129%.%%E$%.%,+G 0.0370%.%6--%.%6F$ 0.0580%.%GE-%.%E6- 0.0646%.%G,$%.%E%I 
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