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1. Methods

1.1 Materials

Magnesium nitrate hexahydrate (Mg(NOs),-6H,0), hexamethylenetetramine (HMT), lead bromide
(PbBr;), aluminum nitrate nonahydrate (Al(NO3);-9H,0), and oleylamine (OLA) were purchased
from Sigma-Aldrich, USA. Methylammonium bromide (MABr) was purchased from Xi’an Polymer
Light Technology Co., Ltd., China. Oleic acid (OA) was purchased from TCI, Japan. Toluene and N,
N-dimethyl formamide (DMF) were purchased from Shanghai Lingfeng Chemical Reagent Co., Ltd.,
China. All reagents were used as received without any purifications.

1.2 Preparation of MgAI-LDH nanoplates

MgAI-LDH nanoplates were prepared by the hydrothermal method followed by anion exchange. A
mixture of Al(NO3);-9H,0 (0.01 mol), HMT (0.026 mol), Mg(NOs),-6H,0 (0.02 mol) and water (80
mL) was heated in an autoclave at 140 °C for 12 h. The product was washed and vacuum-dried at
60°C. Then, 100 mg of the product, NaNOj3 (0.25 mol) and HNO; (5 mmol) were dissolved in 100
mL water, and mixed thoroughly by shaking under N, atmosphere for 24 h. The obtained MgAI-
LDH nanoplates were washed by water and dried for further use.

1.3 Preparation of MAPbBr; nanocrystals

MAPbBr; nanocrystals were prepared by a ligand-assisted reprecipitation method. Typically, PbBr,
(0.2 mmol), MABr (0.2 mmol), OLA (18.2 pL) and OA (0.5 mL) were added into 5 mL DMF and mixed
for 15 min. 100 pL of the mixed solution was added dropwise into 5 mL toluene under shaking.
The green product was washed with toluene for three times and then redispersed in 1 mL toluene.
1.4 Preparation of LDH-MAPbBr; heterostructures

A mixture of the MAPbBr3 stock solution (0.2 mL), LDH (2.5 mg) and toluene (5 mL) was vigorously
stirred for 10 min to realize the formation of LDH-MAPbBr; heterostructures.

1.5 Device fabrication

LDH-MAPDbBr; heterostructures and other control samples were dropped-casted on Au
interdigitated electrodes (Mecart Sensor Tech, China) deposited on SiO, (300 nm)/Si substrate.
Both the width and the gaps between electrode branches were 10 um.

1.6 Characterizations

The crystal structure and morphology of the various samples were characterized by X-ray

diffraction (XRD, with Cu Ka radiation at A = 1.54 A, SmartLab Rigaku, Japan), scanning electron
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microscopy (SEM, JEOL JSM-7800F, Japan), transmission electron microscopy (TEM, JEOL 2100
Plus, Japan), and high-resolution transmission electron microscopy (HRTEM, JEOL 2100F, Japan),
respectively. The optical properties of samples were characterized by ultraviolet-visible
spectrophotometer (Shimadzu UV-1750, Japan), fluorescence spectrometer (Hitachi F4600,
Japan), ultraviolet photoelectron spectrometer (Thermo ESCALAB 250XI, USA), and fluorescence
spectrophotometer (FLS-980, Edinburgh Instruments). The optoelectrical tests were completed by
the semiconductor characterization system (Keithley 4200SCS, USA) coupled with a laser source
(Thorlabs DC2200, USA) under different humidity. The light intensity and relativity humidity were
adjusted by using a laser power meter (Sanwa LP10, Japan) and a hygrometer (Anymetre TH21E,
China), respectively. The surface potential was tested by a KPFM (Bruker Dimension ICON with
Nanoscope V, Germany). The impedance measurement was completed by an electrochemical
station (Autolab 86567, USA).

1.7 Neuromorphic computing simulation

A multilayer perceptron (MLP) simulator NeruroSimV3.0 was used to recognize the MNIST
handwritten digital images. The tailored MNIST graphs (20 x 20 pixels) were entered into the 400
input neurons with output of 10 classes of digits from 10 output neurons. After the 2-layer MLP
neural network was constructed, the nonlinear weight update behavior in the simulation was

emulated by the following equations®:

P

2
Grrp = B(l -€ ) + Gin (1)

P-P
max

)
GLTD=—B(1—e )+G

(2)

B= (Gmax - Gminﬁ'fdi)/(l -e 4 )
(3)

where Grrp and Grrp are the conductance for long-term potentiation and long-term depression,

Gnin are the maximum conductance, minimum conductance. P and Prnax

respectively, and GmaX,
are the number of spikes and the maximum of P. A is the parameter related to the nonlinearity
(NL), and B is a fitting constant. To simplify the simulation, the NL for the long-term depression is

the negative of that of the long-term potentiation. The NL was extracted from the experimental

data by trying the value of B to find the best fit of weight update, then looking up the table in
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NeruroSimV3.0 to obtain the NL. Subsequently, stochastic gradient decent method is used to

update the weight in back propagation in this simulation.

Figure S1. a) SEM image of MgAI-LDH. b) TEM image of MAPbBr;. Optical images of c)

MgAIl-LDH, d) MAPbBr; and €) LDH-MAPbBr; exposed under 405 nm laser.

Figure S2. Dispersions of a) LDH and b) LDH-MAPbBT; in toluene.



Figure S3. TEM image of LDH-MAPDBr; in which the surface ligands oleylamine/oleic acid

on MAPDbBr; were not largely removed by washing.
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Figure S4.

a) UV-vis adsorption spectra of LDH, MAPbBr; and LDH-MAPbBTr3. b) Tuac plot

of MAPDbBr;. UPS spectra of MAPbBr; measured ¢) under 0 eV bias to acquire its valance band

maximum (VBM) position and d) under -5 eV bias to acquire its work function.
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Figure S5. PL spectra of a) MAPbBr; and b) LDH-MAPbBr; at varied temperatures.

a —— 023.wiom?| b ——  0.23 pWiom?
— —— 567 uWiem?| ——  5.67 pWicm?
2 —— 18.85 pWiem?| 2 —— 18.85 pWiem?
> ——127.39 yWien?| 3 ———127.39 pW/em?
g ———509.55 p\W/cm? qg: ——509.55 p\W/cm?
= =
| I
o o /\

LN
500 550 600 650 500 550 600 650
Wavelength (nm) Wavelength (nm)

Figure S6. PL spectra of a) MAPbBr; and b) LDH-MAPbBr; under varied power intensities.
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Figure S7. PL lifetime of a) MAPDbBr; and b) LDH-MAPbBTr; at varied temperatures.
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Figure S8. PL decay and their fitting curves of a) MAPbBr; and b) LDH-MAPbBr; under

varied power intensities.
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Figure S9. Humidity-dependent a) impedance plots of LDH and b) the corresponding ionic

conductivity. (LDH powders were pressed into a pellet and then measured by an

electrochemical station. lonic conductivity was calculated using the equation: ¢ = L/(R*S),

where L and S are the thickness and cross-sectional area of the pellet, respectively, and R was

extracted directly from the impedance plots.?)
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Figure S10. Photo response of LDH-MAPDbBr; under vacuum condition.
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Figure S11. Optical duration modulated synaptic plasticity of LDH-MAPbBT; optoelectronic

synapse.
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Figure S12. Photoresponse of a device based on randomly assembled LDH-MAPDbBr;

composite.
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Figure S13. a) EPSC responses of LDH-MAPbBr; synapse exposed to ten successive light
pulses and b) their fitting curves of LTP behavior with nonlinearity (NL) of 2.9, 2.6 for 33%

RH and 57% RH, respectively.

Table S1 Parameters of the fitted PPF index under various humidity conditions.

Humidity C C C 1) 1)

conditions 0 1 2 1 2
57% RH 91.5 618 315 19  114.8
33% RH 100.5 774 91 11 152
11% RH 100.6 214 70 20 8.4

Table S2 Comparison of performance of solution-processed two-terminal optoelectronic
synapse devices upon light stimuli.

Materials Humidity PPF STP/STM  LTP/LTM  Ref.
CsPbBr; / 133%* Y Y 3
MAPbI;:Si NCs / 137% Y / 4
P3HT / 131.6% Y Y 5
ZnO/P3HT / 149% Y Y 6
WSS e v v
SnO,/MAPbI; / 155%* Y / 8
DPPDTT / 121% Y Y ?
(PEA),Snl, / 153%* Y / 10
N:ZnO/MoS, / 132%* / Y 1
Au/LSNO/Au / 138%* Y Y 12
SnO, Humid air 125%* / / 13
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Cs,AgBiBrg/

P(VDFTrFE)/ 60% RH 123% / Y 14
pentacene
This
LDH-MAPbBBr; 57% RH 158% Y Y
work

* Data estimated from the references

short-term memory (STM), long-term memory (LTM)

10



References

10.
11.

12.

13.

14.

P. Y. Chen, X. Peng and S. Yu, San Francisco, CA, USA, 2017: 6.1.1-6.1.4.

Y. Ye, W. Guo, L. Wang, Z. Li, Z. Song, J. Chen, Z. Zhang, S. Xiang and B. Chen, J. Am. Chem.
Soc., 2017, 139, 15604-15607.

F.Ma, Y. Zhu, Z. Xu, Y. Liu, X. Zheng, S. Ju, Q. Li, Z. Ni, H. Hu, Y. Chai, C. Wu, T. W. Kim
and F. Li, Adv. Funct. Mater., 2020, 30, 1908901.

W. Huang, P. Hang, Y. Wang, K. Wang, S. Han, Z. Chen, W. Peng, Y. Zhu, M. Xu, Y. Zhang, Y.
Fang, X. Yu, D. Yang and X. Pi, Nano Energy, 2020, 73, 104790.

P. Zhao, R. Ji, J. Lao, W. Xu, C. Jiang, C. Luo, H. Lin, H. Peng and C. G. Duan, Org. Electron.,
2022, 100, 106390.

P. Zhao, R. Ji, J. Lao, C. Jiang, B. Tian, C. Luo, H. Lin, H. Peng and C. G. Duan, ACS App!.
Polym. Mater., 2022, 4, 5688-5695.

L. Huang, L. Wu, Q. Sun, C. Jin, J. Wang, S. Fu, Z. Wu, X. Liu, Z. Hu, J. Zhang, J. Sun, X. Zhu
and Y. Zhu, J Phys. Chem. Lett., 2021, 12, 12098-12106.

W. Huang, P. Hang, X. Xia, B. Li, B. Li, C. Kan, H. Zhang, C. Zhu, C. Wang, X. Zhu, D. Yang,
X. Pi, X. Yu and X. Li, Appl. Mater. Today, 2023, 30, 101728.

P. Zhao, X. Peng, M. Cui, Y. Li, C. Jiang, C. Luo, B. Tian, H. Lin, H. Peng and C. G. Duan, ACS
Appl. Polym. Mater., 2023, 5, 8764-8773.

L. Qian, Y. Sun, M. Wu, C. Li, D. Xie, L. Ding and G. Shi, Nanoscale, 2018, 10, 6837-6843.
L. Xu, W. Wang, Y. Li, Y. Lin, W. Yue, K. Qian, Q. Guo, J. Kim and G. Shen, Nano Res., 2023,
17, 1902-1912.

L. Zhao, Z. Fan, S. L. Cheng, L. Q. Hong, Y. Q. Li, G. Tian, D. Y. Chen, Z. P. Hou, M. H. Qin,
M. Zeng, X. B. Lu, G. F. Zhou, X. S. Gao and J. M. Liu, 4dv. Electron. Mater., 2020, 6,
1900858.

P. Y. Le, H. Nagib, L. A. Sylvander, M. W. Allen, D. G. McCulloch, J. G. Partridge and H. N.
Tran, ACS Appl. Electron. Mater., 2023, 5, 2885-2892.

J. Lao, C. Jiang, C. Luo, N. Zhong, B. Tian, F. Yue, X. Tang, H. Peng and C. G. Duan, Adv.
Mater. Technol., 2023, 8, 2201779

11



