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1. Growth of VAGAs

A 300-nm thick SiO,/Si substrate (I x 1 ¢cm?) was placed into a furnace. Next
evacuated to almost 3 Pa, a mixture of 1 sccm hydrogen (H;) and 10 sccm argon (Ar)
flowed into the quartz tube. Then, heat the furnace to the desired temperature.
Subsequent closing the mixture of H, and Ar flow, 5 sccm methane (CH,) was used to
prepare the VAGAs. Finally, the furnace was cooled down to 26 °C. The samples
reported in this work were prepared at 550 °C applying a plasma power of 150 W for

40 min unless otherwise stated.

1.1 Growth temperature

As shown in Fig. S1(a), the Raman spectra of VAGAs deposited at different
temperatures. Four typical Raman peaks of VAGASs can be seen, the 2D peak at 2689
cm!', D’ peak at 1610 cm™!, G peak at 1581 cm! and D peak at 1349 cm!. As shown in
Fig. S1(b), the peak intensity ratio of Ip/Ig decreases from 3.8 to 2.6. In contrast, [,p/Ig
increases from 0.1 to 0.76 with the growth temperature increases from 400 to 550 °C,
which indicates the crystal quality improvement as growth temperature increases.[!]
Besides, the height of VAGAS is also controlled by growth temperature, as shown in
Figs. S1(c-f). The 3D AFM images of VAGAs increased gradually with growth

temperature increases can be inferred from atomic force microscopy (AFM)

characterization.
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Fig. S1. (a) Raman spectra of the VAGAs directly synthesized on SiO, substrates at the
different temperatures from 400 to 550 °C with a growth time of 40 min, plasma power
of 150 W. (b) Intensity ratios of Ip/Ig and I,p/Ig as a function of growth temperature.

(c-f) 3D AFM images of VAGAs on SiO, substrates at different temperatures.

1.2 Plasma power

The Raman spectra of VAGASs deposited at various plasma power (75-150 W) are
displayed in Fig. S2(a). The D-band intensity decreases while 2D-band intensity
increases as the plasma power increase from 75 to 150 W. The intensity ratio of Ip/Ig
decreases from 2.2 to 1.2 as the plasma power increases, however, the intensity ratio of
Lp/lg increases from 0.25 to 0.85 as shown in Fig. S2(b). The height of VAGAs
increases with plasma power increases, which can be observed clearly from atomic

force microscopy (AFM) characterization shown in Figs. S2(c-f).
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Fig. S2. (a) Raman spectra of the VAGAs deposited on SiO, substrates using different
plasma powers with growth temperature of 550 °C and growth time of 40 min. (b)
Intensity ratios of Ip/Ig and I,p/I as a function of plasma powers. (c-f) AFM images of
VAGAs deposited on SiO, substrates under different plasma powers and the height

corresponding to the white spots of the print.

1.3 Growth time
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The size of VAGASs increases with growth time increases, which can be observed
clearly from the scanning electron microscopy (SEM) morphology shown in Figs.
S3(a-d). The D-band decreases while 2D-band increases by prolonging growth time,
which can be observed in Fig. S3(e). The intensity ratio of Ip/Ig decreases as the plasma

power increases, however, the intensity ratio of I,p/I; increases, as shown in Fig. S3(f).
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Fig. S3. (a-d) SEM images of VAGAs deposited on SiO, substrates under different
time. (¢) Raman spectra of the VAGAs deposited on SiO, substrates with various
growth time from 10 to 40 min with deposition temperature at 550 °C and plasma power

for 150 W. (f) The Ip/Ig and I,p/l as a function of growth time.

2. The characterization of FAPbI; QDs

The size-distribution of as-prepared FAPbl; QDs is revealed by TEM, which
demonstrates that the synthesized FAPbI; QDs is relatively uniform. According to the
size-distribution histogram (Fig. S4, obtained by counting about 120 particles), the

average size of the FAPbI; QDs is estimated to be 13.5 nm.
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Fig. S4. The size distribution histogram of FAPbI; QDs.

0

Fig. S5 exhibits the results of the FT-IR analyses of the FAPbl; QDs. The 500-3600

cm! region contains eight superposed bands positioned around 592, 1353, 1466, 1712,
2852, 2923, 3267, 3400 cm’!, respectively.[?!
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Fig. SS. FT-IR spectra of FAPbl; QDs.

Fig. S6 displays the contact-mode atomic force microscopy (AFM) morphology of
FAPbI; QDs that are dispersed on the SiO, substrate with good uniformity. The inset
in Fig. S6 shows the profile of the white dotted line in Fig. S6, and the height of FAPbI;
QDs is approximately 1.8 = 0.2 nm.
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Fig. S6. Contact-mode AFM image of FAPbI; QDs on the SiO, substrate.

3. Characterizations of VAGAs under optimal condition

3.1 The VAGASs with special porosity and high surface to volume ratio building

Fig. S7 shows the surface topography of VAGAs and the porosity of VAGAs.

Height (nm)

Fig. S7. (a) 3D AFM image of the VAGAs on SiO; substrate. (b) The porosity of AGAs

on Si0O, substrate. (¢) SEM image of VAGASs/Si0,.

3.2 Raman mapping

The G-band and 2D-band shift Raman mappings of VAGAs/SiO, are also
displayed, as shown in Figs. S8(a-b). The uniformity of VAGAs can be inferred. The
corresponding G-band and 2D-band displacement histograms of VAGA are shown in
Figs. S8(c-d), respectively. By Gauss fitting, it can be known that the G-band position

and 2D-band position are at 1581 cm™!' and 2689 cm!, respectively.
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Fig. S8. Two-dimensional Raman maps of (a) G-band position and (b) 2D-band
position for VAGASs/Si0,. (¢) G-band frequency histograms of VAGASs/Si0,. (d) 2D-
band frequency histograms of VAGAs/Si0,.

The corresponding G-band and 2D-band shift distribution histograms of FAPbI;
QDs functionalization of VAGASs/Si0O, extracted from Raman mappings are shown in
Fig. S9(a) and Fig. S9(b). The G-band position is at 1590 cm™! while the 2D-band

position is at 2699 cm!.
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Fig. S9. (a) The G-band frequency histograms of FAPbI; QDs functionalization of
VAGASs/Si0;. (b) The 2D-band frequency histograms of FAPbI; QDs functionalization
of VAGASs/Si0,.

4. Characterizations of FAPbI; QDs/VAGAs heterojunction
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4.1 Survey XPS spectra of FAPbI; QDs/VAGAs

The Pb state Fig. S10(a) reveals two contributions appearing at 136.91 and 138.44
eV, which are attributed to Pb® and Pb?*, respectively. The N-1s (Fig. S10(c)) state is
made of two components appearing at a binding energy of 398.51 and 400.72 eV. These
two contributions are associated with the nitrogen from the oleylamine used as a

capping ligand and the one from the formamidinium.3-4
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Fig. S10. (a) Survey XPS spectra of Pb after functionalization of VAGAs by FAPbI;
QDs. (b) Survey XPS spectra of I after functionalization of VAGAs by FAPbI; QDs.

(c) Survey XPS spectra of N after functionalization of VAGAs by FAPbI; QDs.

4.2 The surface morphology and surface potential of the VAGAs/SiO, with and
without FAPbI; QDs

After performing FAPbI; QDs functionalization, the surface topography of
VAGASs/Si0; does not change, and the curves extracted from Figs. S11(a-e) indicate

that the heights of the five samples are approximately 300 nm.

S-8



Pristine VAGAs

5 3

Height (nm)
]

|

[ Pristine VAGAs

4 6 8 10

Height (nm) Length (um)
11000 rpm

—_
£
£
-—
=
L
@
T

0
Height (nm) Length (um)
800 rpm
F‘ k‘xﬁ
1 |
5 it!v ﬁ 1
| N W
0
Height (nm) Length (um)
1600 rpm
600 rpm
£ \W
£ .
z |
D
@
T
0o 2 8 10
Length (um)
— 400 rpm
r | i (é
- '
TN
0 2 4 6 8 10

Height {(nm)

Length (um)

Fig. S11. (a) Scanning Kelvin probe microscopy (SKPM) morphology of pristine
VAGASs/Si0; (left) and the height curves of pristine VAGAs/SiO; (right). (b) SKPM
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morphology of VAGASs/SiO, (left) and the height curves of VAGASs/SiO, (right) with
FAPbI; QDs spin-coating speed of 1000 rpm. (c) SKPM morphology of VAGASs/SiO,
(left) and the height curves of VAGASs/SiO, (right) with FAPbl; QDs spin-coating
speed of 800 rpm. (d) SKPM morphology of VAGASs/Si0O, (left) and the height curves
of VAGASs/SiO, (right) with FAPbI; QDs spin-coating speed of 600 rpm. (¢) SKPM
morphology of VAGASs/SiO, (left) and the height curves of VAGASs/SiO, (right) with

FAPbI; QDs spin-coating speed of 400 rpm.

4.3 The surface potential of the VAGAs/SiO; and histogram statistics of the surface

potential distribution.
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Fig. S12. (a) Surface potential distributions of the pristine VAGAs in the dark. (b)

Histogram statistics of the surface potential distribution of VAGAs.

4.4 The influence of FAPbI; quantum dots concentration on VAGAs/SiO, light

absorption.

As shown in the Fig. S13, as the spin coating speed increases, the light absorption
of VAGAS/SiO, gradually increases,’! which explains that FAPbI; quantum dots can

effectively improve the light absorption of VAGAs.
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Fig. S13. The influence of FAPbI; quantum dots concentration on VAGAs/Si10, light

absorption.
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