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S1. Temperature-dependent steady-state PL spectral contours

Fig. S1. (a)-(c) Steady-state PL spectral contours of Cd1-xZnxS/ZnS QDs (x=0.5, 0.4, 
and 0.2) measured at the temperatures range from 80 to 350 K.

S2. Time-resolved PL dynamics at representative temperatures

       
Fig. S2. (a)-(c) Time-resolved PL dynamics of Cd1-xZnxS /ZnS QDs (x=0.5, 0.4, and 

0.2) at 80, 140, 200, 260 K probed at corresponding emission peaks.

S3. The decay-associated spectra of Cd0.7Zn0.3S/ZnS QDs

Fig. S3. The decay-associated spectra, as well as the peak positions and lifetimes, of 
the Cd0.7Zn0.3S/ZnS QDs obtained from ns time-resolved PL spectra.

We didn’t measure the ns time-resolved PL spectra of the x=0.4 and 0.5 Cd1-

xZnxS/ZnS QDs. The excitonic state lifetimes of the x=0.4 and 0.5 QDs are quite similar 
as the time resolution of the intensified CCD (ICCD) detector (~2 ns), and the PL peaks 
are too close to the excitation light (400 nm), so the fast components are seriously 
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disturbed by excitation light and the reliable exciton lifetime cannot be obtained in our 
ns time-resolved PL measurements using ICCD. Thus, we analyzed the average PL 
lifetimes measured by the time-correlated single photon counting (TCSPC) system in 
Fig. 3d, the IRF of the TCSPC system is ~0.2 ns.

S4. Exciton number and absorption cross-section estimation

We use the method provided by Lian [1] and Jiang [2] for estimating the average 
exciton number in QDs. With a usual assumption, TA signal can be described by the 
state-filling effect, and the number of excitons per QD generated by the excitation pulse 
is assumed to obey a Poisson distribution [3]
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where Pn(w) is the probability of having QDs with n excitons when the average number 
of excitons per QD is w. In the case of short-pulse excitation, we can calculate w as a 
product of the per-pulse fluence measured in photons per centimeter squared (jp) and 
the QDs absorption cross-section at the pump wavelength (σa), w = jpσa.

The average number of excitons per QD can be quantified by examining the 
photoinduced bleach signals as a function of excitation power. Due to the double 
degeneracy of the lowest emission level for II-VI type-I QDs [2, 4], the amplitudes of 
normalized PB signals are given by [5]
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where 
 
is the normalized bleach signal at t0, when no exciton decay has occurred, 

0t
S

and is the normalized bleach signal at tL, when the biexciton states have decayed 
Lt

S
to single exciton states and there is negligible decay of single exciton states. We use the 
pump fluence dependences of the normalized bleach signal amplitudes at t0 = 1 ps, and 
tL = 1 ns to fit the average number of excitons per QD w. The fitting results are shown 
in Fig. S4. The obtained absorption cross-section at 400 nm for Cd0.8Zn0.2S/ZnS and 
Cd0.7Zn0.3S/ZnS QDs are ~2.1×10-15cm2 and ~1.8×10-15cm2, respectively.

    
Fig. S4. Normalized transient photoinduced bleach signals for  (red circles) and 

0t
S

 (black squares) in (a) Cd0.8Zn0.2S/ZnS and (b) Cd0.7Zn0.3S/ZnS QDs as a function 
Lt

S

of average number of excitons per QD. The solid lines are fits according to the model 
described above.
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S5. Transient absorption 2D contours at representative pump fluences

 

 

Fig. S5. The spectral 2D contours of (a) (b) Cd0.8Zn0.2S/ZnS and (c) (d) 
Cd0.7Zn0.3S/ZnS QDs at representative low and high pump fluences.

S6. Transient absorption spectra of Cd0.7Zn0.3S/ZnS QDs at representative  

pump fluences

  

Fig. S6. Transient absorption spectra of Cd0.7Zn0.3S/ZnS QDs at different delay time 
at (a) low (w=1.0) and (b) high (w=15.0) pump fluences. The inserts in panel (a) and 

(b) show the TA spectra before and after 1 ps, respectively.
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S7. The non-normalized dynamics probed at the PB and PA regions

 

Fig. S7. Dynamics of (a) Cd0.8Zn0.2S/ZnS and (b) Cd0.7Zn0.3S/ZnS QDs probed at PB 
and PA regions under different pump fluences. The inserts shows the rising edge of 

the dynamics.
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S8. The maximum at PB and PA regions under different pump fluences

Fig. S8. The maximum at PB and PA regions as a function of average number of 
excitons per QD, w.

S9. Fitting parameters for the photoinduced bleach dynamics of Cd1-xZnxS/ZnS 

QDs
Table S1. Fitting parameters for the photoinduced bleach dynamics of Cd0.8Zn0.2S/ZnS and 

Cd0.7Zn0.3S/ZnS QDs excited to different average number of excitons per QD, w.

w τ1, ps (A1, %) τ2, ps (A2, %) τ3, ps (A3, %)
17.6 (71) 103 (17) 15 (12)
15.4 (70) 126 (18) 18 (12)
13.2 (69) 130 (20) 20 (11)
11.0 (71) 138 (19) 25 (10)
8.8 (72) 131 (20) 23 (8)
6.6 (72) 132 (21) 26 (7)
3.3 (73) 130 (22) 30 (5)
2.2 (81) 112 (19) (0)
1.7 (80) 125 (20) (0)
1.2 (83) 118 (17) (0)
1.0 (82) 120 (18) (0)
0.8 (82) 131 (18) (0)
0.7 (100) (0) (0)
0.4 (100) (0) (0)
0.3 (100) (0) (0)
0.2 (100) (0) (0)

Cd0.8Zn0.2S/ZnS

0.1

>>1 ns

(100) (0) (0)
15.0 (49) 180 (20) 18 (31)
13.1 (47) 185 (30) 16 (23)Cd0.7Zn0.3S/ZnS
11.2

>>1 ns
(56) 169 (22) 17 (22)
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9.4 (56) 175 (25) 19 (19)
7.5 (62) 170 (20) 21 (18)
5.6 (58) 170 (29) 25 (13)
2.8 (62) 168 (27) 23 (11)
1.9 (71) 155 (29) (0)
1.4 (74) 165 (26) (0)
1.0 (75) 181 (25) (0)
0.8 (76) 177 (24) (0)
0.7 (100) (0) (0)
0.6 (100) (0) (0)
0.4 (100) (0) (0)
0.3 (100) (0) (0)
0.2 (100) (0) (0)
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