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Firstly, bulk B precursors are grounded in a mortar for 30 minutes, making it partly
exfoliate and thin along the direction of layered horizontally. Secondary, the thinned
B precursors are dispersed into a mixed solution of N-methyl pyrrolidone (NMP) and
butyl alcohol (NBA) and stirred for 12 hours at a speed of 400 rpm, a transparent
dispersion is obtained. Then it is probe sonicated for 6 h in an ice-bath, an
intermediate consisted of BQDs and borophene with few-layers and relatively small
size is obtained. Thirdly, the intermediate is bath ultrasound treated for 2 h at a power
of 600 W, and the obtained dispersion is centrifuged under 7000 rpm for 20 min,
BQDs with a lateral size of 4 nm and a thickness of about 2 nm are finally prepared.
Research results indicate that borophene with few-layers and large size can be
obtained in a short time when NMP solvent is only used.! While using a two-solvent
system of NMP/NBA to treat B bulk precursors, the mixing enthalpy of the system
plays a leading role, and the hydrogen bond existed in the system makes the
intercalated molecules occupy a larger space range and causes the van der Waals
force between B layers easier overcome, greatly improving the stripping efficiency
and the stability of the obtained dispersion.

The probe sonication power and time are important controlling factors for QDs
preparation from its native layered precursors. If the ultrasonic energy for probe
sonication is high enough, the ultrasonic cavitation will greatly increase the rate of
heterogeneous reaction and realize the uniform mixing between heterogeneous
reactions, favourable for the size and distribution control of the obtained QDs.? In
order to investigate the effect of the probe sonication power and time on the size,
uniform, and distribution of the obtained BQDs, different probe sonication times at a
power of 600 W are selected to observe the influence, and the experimental results are
shown in Figure S2. TEM images of the obtained BQDs with different resolutions at
different probe times show that their size and uniform are connected with the probe
time. Although BQDs can be obtained at different probe sonication times, their size,
uniform, and distribution are changed with the probe sonication time. By prolonging
the probe sonication time, the size of the obtained BQDs is gradually decreased.

Moreover, from the size distribution analyses of the obtained BQDs at different probe



sonication times, it can be seen that although BQDs with 3-4 nm can be prepared, the
particle size is relatively uniform and the size distribution is very closer to the normal

distribution when the probe sonication time is 6 h.
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Figure S1. Schematic illustration of the preparation of BQDs obtained by grinding
assisted probe ultrasonic treatment in a mixture solvent of NMP and NBA (a), SEM

image of bulk B (b), TEM images of intermediate (c) and BQDs (d).



gure S2. TEM morphologies of BQDs with different sonication power treatment in a

mixture solvent of NMP and NBA (a) 400 w, (b) 500 w, and (c) 600 w, respectively



Figure S3. TEM morphologies with different resolutions of BQDs with different sizes
obtained by grinding assisted probe ultrasonic treatment in a mixture solvent of NMP

and NBA for different times: (a-c) 4h, (d-f) 6h, and (g-1) 8h, respectively.



Counts
Counts

1.6 1.8 2.0 22 24 26

Diameter (nm)

Diameter (nm)

Diameter (nm)

Figure S4. Dynamic Light Scattering of BQDs obtained by probe ultrasonic treatment

for different time: (a) 4 h, (b) 6 h, and (c) 8 h.
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Figure S5. XRD patterns of bulk B and BQDs obtained by grinding assisted probe

ultrasonic treatment in a mixture solvent of NMP and NBA for 6 h.



0.3 nm 2.0nm 3.7nm bulk

8.23eV

® 1.58eV

-10 4

-12 4

ul
w
w
o

<

-14 4

Figure S6. First-principles DFT calculations of band gap for size for BQDs increases

from 0.3 nm to 2.0 nm to 3.7 nm to oo (bulk).
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Figure S7. UV-Vis absorption spectrum of bulk boron (a) and corresponding optical
band gap (b).



Figure S8. The schematic diagram of the device.
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Figure S9. SEM images for a top-view region and the corresponding B, C, O, Sn, and

Ti elemental mappings.
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Figure S10. Ultraviolet photoelectron spectroscopy spectra of TiO, and TiO,

modified by BQDs.
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Figure S11. Band diagram of the energy level of EVBM, Ecutoff, and EF
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Figure S12. (a) Steady-state PL spectra and (b) time-resolved PL spectra of CsPbl,Br

films without and with BQDs.
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Figure S13. Nyquist plots of the control and optimized CsPbl,Br PSCs; the inset

depicts the equivalent circuit employed to fit the Nyquist plots.
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Figure S14. EQE spectra of the CsPbl,Br PSCs without and with 0.01 mg/mL BQDs.
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Figure S15. Statistic distributions of (a) PCE and (b) V,. and (c¢) FF and (d) J. for the
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CsPbl,Br PSCs without and with 0.01 mg/mL BQDs.
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Figure S16. XPS O1ls and Ti 2p spectra of TiO, films without and with BQDs.
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Figure S17. The air stability (humidity:~20%) of CsPbl,Br PSCs without and with

BQDs treatment.



Table S1. Fitting parameters of the PL decay spectra for CsPbl,Br films without and

with 0.01mg/mL BQDs on TiO,.

Samples Tave (DIS) T (ns) A1 (%) T, (ns) A; (%)
without BQDs 11.84 16.83 44.25 7.88 55.75
0.01mg/mL BQDs 6.50 14.17 12.58 5.45 87.42

Table S2. Fitting parameters of the PL decay spectra for CsPbl,Br films without and

with BQDs on glass.
Samples Tave (DS) T (ns) Ay (%) T, (ns) Ay (%)
without BQDs 17.24 18.71 89.57 4.61 10.43
with BQDs 25.82 26.95 66.76 2.64 33.64

Table S3. Fitted EIS parameters for the control and optimized CsPbl,Br PSCs.

Sample Rs (Q) Rtr (Q) Ctr (F) Rrec (Q) Crec (F )

without BQDs 80.45 1907 3.88x108 28690 6.65x10°
with BQDs 51.98 7966 1.61x10°8 47860 9.34x107°
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