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REVIEWER COMMENTS 

 

Reviewer #2 (Remarks to the Author): 

 

This revised manuscript should be suitable for Nature Communications. Here are the remaining 

concerns. 

1) I must be convinced that the Cl-Br anions are evenly distributed, as it is one of the central claims in 

this manuscript. It is clear that the EL emission is not symmetrical from Fig. S5. If it arises from a high 

density of trap states, how is it possible to show the high PLQYs and decent device performance? As I 

said, it is not reasonable to draw a conclusion simply by TA photobleaching. Even for the samples with 

severe heterogeneity, one may see a single but broadened photobleaching band like the work of Feng 

Gao’s group. In the case without a comparison, I do not believe the conclusion is solid. I recommend 

that the authors do additional tests like Urbach energy or hyperspectral imaging to evaluate the 

heterogeneity. 

2) What makes the UV-Vis absorption of I-Br QWs so weird? 

3) I still cannot be convinced that the perovskites are quantum-confined. I suggest the authors test 

fluence-dependent PLQYs or PL decays to investigate recombination kinetics. 
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Reviewer #2 (Remarks to the Author): 
 
This revised manuscript should be suitable for Nature Communications. Here are the remaining 
concerns. 
Response: We sincerely thank the reviewer for the positive recognition. 
 
1) I must be convinced that the Cl-Br anions are evenly distributed, as it is one of the central 
claims in this manuscript. It is clear that the EL emission is not symmetrical from Fig. S15. If 
it arises from a high density of trap states, how is it possible to show the high PLQYs and 
decent device performance? As I said, it is not reasonable to draw a conclusion simply by TA 
photobleaching. Even for the samples with severe heterogeneity, one may see a single but 
broadened photobleaching band like the work of Feng Gao’s group. In the case without a 
comparison, I do not believe the conclusion is solid. I recommend that the authors do additional 
tests like Urbach energy or hyperspectral imaging to evaluate the heterogeneity. 
Response: We thank the reviewer for the valuable question and suggestion. In the manuscript, 
the statement is “According to the TA spectra in Supplementary Fig. 7, a single relatively 
narrow GSB peak can be found, indicating that no energy transfer is observed and PeQW is of 
high compositionally homogenous. Here, the term “compositional homogeneity” indicates the 
halide anions are uniformly distributed in mixed halide perovskite. It has been reported that a 
high compositional homogeneity can significantly improve the phase stability, thus suppressing 
the halide segregation.”. We would like to emphasize that our PeQWs have a relatively high 
compositional homogeneity, but it doesn’t mean that the Cl-Br anions are completely evenly 
distributed. We have revised the statement to avoid any misunderstanding and marked it in red. 
If an electric bias is applied to device, perovskite will experience ion migration and lattice 
distortion, leading to a broadened and asymmetric EL emission. In Figure. S15, we applied >7V 
bias which is quite high for mixed-halide perovskite. In the same bias, the EL emission changes 
dramatically in the work of Feng Gao’s group. However, the emission peak position remains 
almost unchanged despite a broadening EL emission for our PeQWs-based devices. 
To analyze the trap density of our PeQWs, we also performed Space charge-limited current 
(SCLC) measurement using a hole-only device structure (shown in Figure S1). We calculated 
the total trap state density inside the PeQWs by the equation as below: n୲ = ε଴V்ி௅eLଶߝ2  where n୲ is the trap state density, V்ி௅ is the trap-filled limit voltage, L is the thickness of the perovskites, e is the elementary charge, ε଴ and ߝ are the vacuum permittivity and relative permittivity, respectively. The calculated lowest trap density is 1.77 × 10ଵ଺ ܿ݉ିଷ 
which is comparable to the value reported in an earlier work (Nature 611, 688–694). 
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Figure S1. Device structure of hole-only devices 

 

 
Figure S2. Space charge-limited current (SCLC) measurement for a, 6-4 Cl-Br PeQWs. b, 4-

6 Cl-Br PeQWs. c, CsPbBr3 QWs. d, I-Br PeQWs. 
 
We extracted the absorption coefficient spectrum from the absorbance spectrum which are 
shown below. In this way, the Urbach energy can be calculated as follow: ߙ = ଴݁௛ఔாೠߙ  
where ߙ is the absorption coefficient and ݄ߥ is the photon energy. The Urbach energy was 
found to be 23.1 meV, 24.1 meV, 31.5 meV and 89.1 meV for 6-4 Cl-Br, 4-6 Cl-Br, CsPbBr3 

and I-Br PeQWs, respectively. The Urbach energy is a parameter used to quantify energetic 
disorder in the band edges of a semiconductor. The low Urbach energy indicates a low 
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electronic disorder in the band edges for our PeQWs (ACS Appl. Mater. Interfaces 2022, 14, 6, 
7796–7804). The PL full width of half maximum (FWHM) is 19 nm, 19 nm, 18 nm and 30 nm 
for 6-4 Cl-Br, 4-6 Cl-Br, CsPbBr3 and I-Br PeQWs, respectively. The narrow emission 
linewidth also suggests that the Cl and Br anions are not completely separated into different 
domains. Therefore, we believe that conclusion can be drawn that our PeQWs have a relatively 
high compositional homogeneity based on the evidence presented. 
 

 
Figure S3. Absorption coefficient spectra for a, 6-4 Cl-Br PeQWs. b, 4-6 Cl-Br PeQWs. c, 

CsPbBr3 QWs. d, I-Br PeQWs. 
 
2) What makes the UV-Vis absorption of I-Br QWs so weird? 
Response: We thank the reviewer for raising this comment. We fabricated new samples and 
measured the absorbance of I-Br PeQWs again. The new result is shown in the figure below, 
and we believe it is quite normal as it is similar to the result from the earlier work (Nature 612, 
679–684). We attribute the weird UV-Vis absorption of old sample to either poor quality after 
fabrication or material degradation after being taken out of the glovebox for measurement. 
 

 
Figure S4. Photoluminescence and absorbance spectrum of I-Br PeQWs. 

 
3) I still cannot be convinced that the perovskites are quantum-confined. I suggest the authors 
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test fluence-dependent PLQYs or PL decays to investigate recombination kinetics. 
Response: We thank the reviewer for the valuable advice. Unfortunately, we are unable to 
measure fluence-dependent PLQY or PL decays at present because our equipment is not 
equipped with an intensity-tunable laser diode. However, we did carry out temperature-
dependent PL to evaluate the exciton binding energy of our PeQWs. The temperature-
dependent PL spectra are shown in Figure S6. We obtain the estimate of exciton binding energy 
by the temperature dependence of integrated PL signal in terms of the aforementioned method 
(Nature 612, 679–684): IሺTሻ = I଴1 ൅ Aeି ୉ౘ୩ా୘ 
where I଴ is the integrated PL intensity extrapolated at 0 K, A is a constant, Eୠ is the exciton 
binding energy, and kୠ is the Boltzmann constant. Note that the exciton binding energy of 
perovskite might be over-estimated due to the possibility of structural transition at low 
temperature. As a result, the exciton binding energy is approximately 271 meV, 207 meV, 161 
meV and 106 meV for 6-4 Cl-Br, 4-6 Cl-Br, CsPbBr3 and I-Br PeQWs, respectively. For 3D 
perovskite thin film, the exciton binding energy is usually less than 100 meV (Nature 612, 679–
684, Nature 611, 688–694 and Sci Rep 6, 28618). The high exciton binding energy of our 
PeQWs indicates that our perovskite experiences a strong quantum confinement effect from 
the diameter reduction (Nature 612, 679–684 and Nature 611, 688–694). Additionally, the 
exciton Bohr diameter of CsPbBr3 is 7 nm (Nature 612, 679–684) and the diameter of our 
PeQWs is around 6.4 nm (<7 nm). Thus, we are confident that our perovskite experiences 
confinement in two dimensions. 
 

 
Figure S5. Temperature-dependent PL spectra of a, 6-4 Cl-Br PeQWs. b, 4-6 Cl-Br PeQWs. 



 

5 

 

c, CsPbBr3 QWs. d, I-Br PeQWs. 

 
Figure S6. 1/(Integrated PL intensity) versus inverse temperature of a, 6-4 Cl-Br PeQWs. b, 

4-6 Cl-Br PeQWs. c, CsPbBr3 QWs. d, I-Br PeQWs. 



 

 

REVIEWERS' COMMENTS 

 

Reviewer #2 (Remarks to the Author): 

 

This manuscript can be accepted without futher revision. 
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