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Fig. S1. (a) Structure of bare QCMs with an AT crystal (§ mm in diameter) and two silver
electrodes (5 mm in diameter); (b) Structure of bare QCMs with an AT crystal (15 mm in

diameter) and two gold electrodes (10 mm in diameter).



(a) Cleaning bare QCM (b) Depositing Cu layer

(¢) Growing Cu(OH),
nanowires

(e) Annealing the nanowires (d) Cleaning the nanowires
Fig. S2. Flow protocols of the fabrication for CuO nanowires based QCMs. (a) Cleaning bare

QCMs, (b) depositing Cu layer, (¢) in-situ growing the Cu(OH), nanowires in solution, (d)

Cu(OH); nanowires QCM humidity sensor, (e) in-situ annealing Cu(OH), nanowires in air.



Humidity source

Fig. S3. Schematic diagram of the experimental setup for humidity detection by QCM-D.
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Fig. S4. Water droplet on CuO (111) surface (a) Cu; (b) O; (¢) stripe groove; (d) vertical and
horizontal groove; Water droplet on CuO (002) surface (e) Cu; (f) O; (g) stripe groove; (h) vertical

and horizontal groove.



Fig. S5. Adsorption geometries of H,O on the CuO surfaces. (a) (002); (b) (111). The salmon pink,

red and gray balls represent Cu, O, and H atoms, respectively.
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Fig. S6. The SEM images of the nanowires annealed at (a) 25°C, (b) 200°C, (c¢) 300°C, (d) 400°C,
(e) 500°C, () 600°C, (g) 700°C, (h) 800°C last for 1 hour with a heating rate of 5 °C/min.
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Fig. S7. The width of the nanowires vs. annealing temperature.
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Fig. S8. SEM images of the CuO nanowires after annealing at 300 °C for (a) O h, (b) 1 h, (¢) 3 h and
(d) 5 h; at 300 °C for 3 h with a heating rate of () 1 °C min-!, (f) 2.5 °C min™!, (g) 5 °C min’! and (h)

20 °C min’!.
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Fig. S9. TEM images, HRTEM images, SEAD images and Element mapping of the nanowires

before and after annealing.
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Fig. S10. EDS images of the nanowires before and after annealing.
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Fig. S11. XRD pattern of the Cu(OH), nanowires before annealing.
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Fig. S12. XPS curves of Cu element of sensing materials at (a) 30°C; (b) 100°C; (¢) 140°C; (d)
160°C; (e) 200°C; (f) 300°C; (g) 400°C.
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Fig. S13. XPS curves of O element of sensing materials at (a) 30°C; (b) 100°C; (c) 140°C; (d)
160°C; (e) 200°C; (f) 300°C; (g) 400°C.
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Fig. S14. (a) The weight of the sensing materials vs. temperature; (b) differential coefficient of
the weight of the sensing materials vs. temperature (25°C~1000°C). (¢) The weight of the
sensing materials vs temperature; (d) differential coefficient of the weight of the sensing

materials vs temperature (25°C~200°C).
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Fig. S15. The performance of the sensor with different (a) reaction times and (b) growing types.
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Fig. S16. The response/recovery time of the sensor under different humidity levels.
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Fig. S17. The response curves of the sensor after long-term storage.
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Fig. S18. Water droplet on the (002) CuO surface with (a) flat Cu; (b) flat O; (c) groove array;

(d) micro-pit array after simulation. Water droplet on the (111) CuO surface with (e) flat Cu;

(f) flat O; (g) groove array; (h) micro-pit array after simulation.
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Fig. S19. (a, ¢, e) AFM images and (b, d, f) sectional views of the single CuO nanowire at
different magnifications; (g) Height distribution image of the single CuO nanowire and (h) its
corresponding sectional height curves.
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Fig. S20. Adsorption geometries of H;O on the CuO surfaces after optimized. (a) (002); (b)

(111). The salmon pink, red and gray balls represent Cu, O and H atoms, respectively.
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Fig. S21. PDOS of hydrogen bond between two H,O moleculars (a) no hydrogen bond, (b)
strong hydrogen bond, (¢) thick hydrogen bond. Charge density distributions of hydrogen bond

between two H,O moleculars (d) no hydrogen bond, (e) strong hydrogen bond, (f) thick
hydrogen bond.
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Fig. S22. Human breath (a) under normal conditions and (b) after sporting.
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Fig. S23. The robust humidity sensing capability of the CuO nanowires based QCM:s.
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Table S1. Performance summary of some QCM humidity sensors.

Sensitivity

Response/recovery

Materials (Hz/% RH) time (s) Ref.
This work 82.5+7.7 0.18/16.17 —
ND-MXene 82.45 28.00/7.00 1
Au@MOF-303 48.27 14.00/15.00 2
In,O3 QDs 56.3 14.00/16.00 3
ZnO nanoneedle 21.4 2.00/2.00 4
Hollow ball TiO, 33.8 5.00/2.00 5
MoS,/Cu(OH), 60.8 1.90/3.80 6
Cu (OH), 85.9 30.40/1.90 7
NCNCs 25.6 18.00/10.00 8
PAN/BC NF 64 26.00/24.00 9
MoS,/GO/Cg)-OH 31.8 1.30/1.20 10
GO/Carbon 47.61 2.00/2.00 11
Ce0/GO 31.00 34.00/5.00 12
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Table S2. The water contact angles of different CuO surfaces.

('Irysta.ll Value Flat-Cu Flat-O Groove Block array
orientation
(002) Average 73.288 72.745 83.347 80.164
Standard deviation 4.894 1.256 2.378 0.168
(111 Average 73.528 81.172 76.263 74.203
Standard deviation 2.928 2.243 7.971 1.930
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Charge

Adsorption Initial  Final Aeads Mode of Bond transfer )
. » . Population
mode position position (ev) action length(a) amount
(ev)
. Covalent
Top-horizontal Top Top -1.078 ; 2.0398 0.16 0.16
adsorption
Electrostatic  2.19561 0.12 0.08
Bridge-horizontal Brid Bridge -1.066
ridge-horizomtal - Bridge - Bricee adsorption 225583 0.1 0.06
Electrostatic  2.63652 0.1 0.03
Hollow-horizontal Holl Holl -0.955
orow-horizontal Hotow  HoHowW adsorption  2.25501  0.13 0.11
) Covalent
Top-vertical Top Top -1.091 ; 2.03546 0.17 0.2
adsorption
Covalent
Bridge-vertical ~ Bridge  Top -1.105 oo 201777  0.18 0.2
adsorption
Covalent
Hollow-vertical Hollow Top -1.053 ' oot 202255  0.16 0.17
adsorption

Table S3. The adsorption of single-H,0 on different CuO surfaces.
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Table S4. The adsorption of mulit- H,O on different CuO surfaces.

Number  AEads Mode of action and Bond ) Adsorption
of H,0O (eV) number of bonds length(A) population position
1.08/- covalent
L0l bond(1)/Electrostatic ~ 2.02/2.33  0.18/0.07 top/bridge/hollow
adsorption
2 -1.57 covalent bond(2) 2.06 0.21 top
3 -1.51 covalent bond(3) 2.33 0.156 top
covalent
4 -2.66 bond(2)/Hydrogen  2.01/1.63 0.23/0.13  top/between H,O
bond(2)
covalent
8 -5.60 bond(2)/Hydrogen  2.08/1.76 0.18/0.10  top/between H,O
bond(7)
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Movie S1. The morphological evolution of droplet bouncing on the obliqued CuO
surface with micro-pit.

Movie S2. The self-cleaning process of droplet bouncing on the horizontal CuO surface
with micro-pit.

Movie S3. The self-cleaning process of droplet bouncing on the obliqued CuO surface
with micro-pit.
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