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Fig. 1. Schematic diagram of the preparation of CMP material.
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Fig. 2. (a) XRD patterns, (b) FT-IR, (c) XPS spectra of MOF-801, CM, MP, and CMP materials; (d) N, sorption isotherms of
MOF-801 and CMP materials.
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Fig. 3. (a)—(c) TEM images of MOF-801 and CMP materials; (d)-(h) EDS mapping of CMP material.
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Fig. 4. (a) Response curves and (b) response values of the MOF-801, CM, MP, and CMP based humidity sensors in the humidity
range of 7% RH-85% RH (20 °C, AC 1 V, 1 kHz); (c) linearity and (d) humidity hysteresis of the CMP sensor.
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impedance spectroscopy, CIS) FlZE3% HL % (equi-
valent circuit, EC) #hG 704 1RG5 7K 43+ [1H]
FHAH EAE AL FNBOR B N B9 AL A 7o (99531 [

(@) 7% RH (b) 7% RH » (c) 102K 7% RH
60 60 ¢ a 11% RH
i 101 E, 39
% % % Meaas o 4 , 4 AB%RH
o 40F o 40+t > 100 Worvvv—v—v—y y—— 7 33% RH
O o o
g ] =]
_g _g _tg 10-1 43% RH
g 20} & ool 4 54% RH
g g Z 1072
75% RH
ok 85% RH 103
. 8%% RH | . Ot L . N . * ¢ [ 85% RH
0 5 10 15 20 0 5 10 15 20 0 20 40 60 80 100
Time/s Time/s Time/day

[l 5  CMP & 1E 7%—85% RH [0 #J (a) FEFF ML 5 (b) WL /K SZBFTE]; (c) OMP &4 /£ AR EE T 90 d P Y BB {22 fh i 2%
Fig. 5. (a) Cycling curve and (b) corresponding response and recovery time of the CMP sensor switching between 7%-85% RH;
(c) impedance values of the CMP sensor within 90 days in different humidities.

#£ 1 CMP 1L 5218 MOFs H B4 B IR e T e

Table 1.  Humidity sensing performance of CMP based sensor to reported MOF's based sensors.

ket IR/ % RH LEINALES M /% RH Wel 7/ PRSI 1] /s 275 3k
CuCl,-MOF-303 0—95 5.7x10* 1.3 5.0/86.0 [31]
U-DPA-Zn 11—97 8070 1.8 2/105 [32]
Ui0-66-SO3Na 33—95 165 1.2 3.1/1.5 3]
LiCl@UiO-66-NH, 33—95 10* 4 6/18 [18]
a-PdRuO,@MOF-303 3.4—97 3839 Hz 0.28 9/7 [33]
TpPa-SO3Na 0—95 None 3 6/69 [34]

CMP 7—85 1.24x10° 1.9 2.8/1.2 AT A
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WH, YR TR, R B PR T
BRI KAR SRR S IR BRFRE 1 1. 4anf&l 6(b) T
N, T 11% RH T, MR 17 CHEE 23 C
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MOF-801 \ CMC-Na \‘-\_\M & Water molecule () Na*
N n
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Fig. 6. CMP sensor: (a) The complex impedance spectroscopy plots and equivalent circuit at different humidities; (b) impedance

value of the CMP sensor at 11% RH wvs. different temperatures; (c) schematic mechanism of the CMP sensor under low and high

humidity.
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Fig. 7. (a) Photograph of monitoring finger humidity by using CMP sensor; (b)—(d) the response curves, response values, and fitted

curves at different distances to the finger; (e) response of the system to finger humidity from health volunteers and simulated

patient with palmar hyperhidrosis (the picture is the optical photo of the palmar hyperhidrosis diagnosis system based on the CMP

sensor).
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Proton conduction enhanced CMC-Na/MOF-801/PPY for
highly sensitive and fast response humidity sensing”
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Abstract

High-performance humidity sensors have received widespread attention due to their numerous applications
in fields, such as healthcare, archaeology, and electronic device manufacturing. Therefor there is an urgent need
to develop humidity sensors with a wide sensing range, high response, narrow humidity hysteresis, fast
response/recovery, and excellent stability. Humidity-sensitive materials are the core components of humidity
sensors. To obtain high-performance humidity sensors, humidity-sensitive materials should have high
hydrophilicity, conductivity, and stability. Metal organic frameworks (MOFs) are promising humidity-sensitive
materials due to their special characteristics, but often limited by the poor conductivity and hydrophilicity.
Herein, a proton conduction enhanced CMC-Na/MOF-801/PPY (CMP) humidity-sensitive material is prepared
through in-situ polymerization, and the corresponding humidity sensor is fabricated through drop-casting. The
structure, functional groups, specific surface area, and element distribution of the CMP material are
investigated by powder X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), X-ray

photoelectron spectroscopy (XPS), N, sorption isotherm, transmission electron microscopy (TEM), and energy-
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dispersive X-ray spectroscopy (EDS). The abundant hydrophilic groups and continuous hydrogen bond network
results in a strong dependence of the proton conductivity and impedance of the sensing material on humidity.
The results show that the optimized CMP sensor is highly sensitive to humidity change, with response values of
516.7 at 43% RH and 1.24x10° at 85% RH, It also features a narrow hysteresis of 1.9% RH and short response
and recovery times of 2.8 s and 1.2 s, respectively within a humidity range of 7% RH-85% RH. Compared with
the MOFs-based humidity sensors reported previously, the CMP sensor exhibits unique technical
characteristics. Furthermore, the humidity sensing mechanism of the CMP sensor is studied using a
combination of material characterization, water adsorption kinetics, carrier concentration analysis, complex
impedance spectroscopy (CIS) plot, and equivalent circuit (EC). As proof of concept, we evaluate the potential
applications of the CMP sensor in noncontact sensing by monitoring the humidity on the finger surface.
Moreover, a palmar hyperhidrosis diagnosis system based on the CMP sensor is assembled, enabling quick,
intuitive, and accurate diagnosis of the severity of palmar hyperhidrosis. It is believed that this work provides a

reasonable strategy for constructing high-performance humidity sensors.
Keywords: humidity sensor, metal organic framework, highly sensitive, fast response
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