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This file includes: 
Figure S1 Growth curve of borophene-MWCNT heterostructures. 
Figure S2 SEM images of bare borophene, bare MWCNT and borophene-MWCNT heter- 
ostructures. 
Figure S3 AFM images and height distribution histograms along the white arrows (insets): 
(a) borophene, (b) MWCNT, and (c) borophene-MWCNT heterostructures. 
Figure S4 (a-c) High-resolution TEM images of the borophene-MWCNT interface cap-
tured at different regions, together with the corresponding selected-area electron diffrac-
tion (SAED) patterns. 
Figure S5 (a-d) STEM-HAADF-EDS elemental mapping images of the heterostructures. 
Figure S6 Full-range XPS survey spectra of borophene, multi-walled carbon nanotube 
(MWCNT), and borophene-MWCNT heterostructures with a molar ratio of 10:1. 
Figure S7 Real-Time Absolute Current Response Curves of the Borophene-MWCNT (10:1) 
Humidity Sensor. 
Figure S8 Cyclic response of the borophene-MWCNT (10:1) sensor at 11%, 75%, 85%, and 
97% RH, respectively. 
Figure S9 Linear fit based on baseline data. 
Figure S10 Borophene-MWCNT humidity sensor long-term normalized stability. 
Figure S11 Response and recovery curves at 97% RH for sensors based on different mate-
rials. 
Figure S12 Dynamic response curves at 97 % RH for three independently fabricated Boro-
phene-MWCNT (10:1) heterostructure humidity sensors: (a) Sensor 1, 55,047 %, (b) Sensor 
2, 54,805 %, (c) Sensor 3, 55,701 %. 
Figure S13 Response curves of the heterostructured sensor upon exposure to typical or-
ganic vapors. 
Figure S14 Real-time dynamic response of the sensor to D2O vapor at 75% RH. 
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Figure S15 DFT calculations of H2O adsorption on borophene-MWCNT heterostructures 
surface. 
Figure S16 UPS of borophene and MWCNT and the schematic band diagram of boro-
phene-MWCNT heterostructures. 
Figure S17 PL spectrum of borophene. 
Figure S18 Band diagram of the contact between Au and borophene-MWCNT Schottky. 
Figure S19 Adsorption process of H2O on the surface of borophene-MWCNT heterostruc-
tures. 
Figure S20 Responses of the fabricated humidity sensors to environmental variations. 
Figure S21 Responses of the humidity sensor to spoken words. 
Figure S22 Schematic illustration of wireless monitoring system of respiratory behavior. 
Table S1 Comparison of reported resistive humidity sensors.  
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Figure S1 Growth curve of borophene-MWCNT heterostructures. 
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Figure S2 SEM images of (a, b) bare borophene, (c, d) bare MWCNT and (e, f) borophene-MWCNT heterostructures. 
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Figure S3 AFM images and height profiles along the white dashed lines (insets): (a) borophene, (b) MWCNT, and (c) borophene-
MWCNT heterostructures. 
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Figure S4 (a-c) High-resolution TEM images of the borophene-MWCNT interface captured at different regions, together 
with the corresponding selected-area electron diffraction (SAED) patterns. 
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Figure S5 (a-d) STEM-HAADF-EDS elemental mapping images of the heterostructures. 
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Figure S6 Full-range XPS survey spectra of borophene, multi-walled carbon nanotube (MWCNT), and borophene-MWCNT hetero-
structures with a molar ratio of 10:1. 
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Figure S7 Real-Time Absolute Current Response Curves of the Borophene-MWCNT (10:1) Humidity Sensor. 
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Figure S8 Cyclic response of the borophene-MWCNT (10:1) sensor at 11%, 75%, 85%, and 97% RH, respectively. 
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Figure S9 Linear fit based on baseline data. 
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Figure S10 Borophene-MWCNT humidity sensor long-term normalized stability. 
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Figure S11 Response and recovery curves at 97% RH for sensors based on different materials: (a) borophene and MWCNT, (b) boro-
phene-MWCNT (5:1), (c) borophene-MWCNT (30:1), and (d) borophene-MWCNT (50:1). 
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Figure S12 Dynamic response curves at 97 % RH for three independently fabricated Borophene-MWCNT (10:1) heterostructure hu-

midity sensors: (a) Sensor 1, 55,047 %, (b) Sensor 2, 54,805 %, (c) Sensor 3, 55,701 %. 
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Figure S13 Response curves of the heterostructured sensor upon exposure to typical organic vapors: (a) ammonia, (b) benzyl alcohol, 
(c) acetone, (d) carbinol, (e) ethanol, and (f) isopropyl alcohol. 
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Figure S14 Real-time dynamic response of the sensor to D₂O vapor at 75% RH. 
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Figure S15 DFT calculations of H2O adsorption on borophene-MWCNT heterostructures surface. (a) Side and top views of the boro-

phene-MWCNT heterostructures with the most stable configuration. (b) Charge density difference (CDD) plot for H2O adsorption 

on the borophene-MWCNT heterostructures. 
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Figure S16 (a) UPS of borophene. (b) UPS of MWCNT. (c) Band diagram of borophene -MWCNT heterostructures. 
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Figure S17 PL spectrum of borophene. 
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Figure S18 Band diagram of the contact between Au and borophene-MWCNT Schottky. 
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Figure S19 Adsorption process of H2O on the surface of borophene-MWCNT heterostructures. 
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Figure S20 Responses of the fabricated humidity sensors to environmental variations: (a-f) wind and (g-h) temperature. (i) Correla-
tion between sensor temperature and output current. 
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Figure S21 Responses of the humidity sensor to spoken words: (a) 'abandon', (b) 'goodness', (c) 'orange', (d) 'monkey', (e) 'elephant', 

and (f) 'fine'. 
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Figure S22 Schematic illustration of wireless monitoring system of respiratory behavior. 
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Table S1 Comparison of reported resistive humidity sensors 

 
 


