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Electronic conductivity measurement

The compound 1 single crystal device was fabricated using silver paste as the electrode, and two

50 um diameter gold wires attached on the silver paste as the conducting wires.
The impedance measurements

To investigate the humidity sensitive mechanism of Ag(SPh-NO,)*AgNO;, AC impedance
spectroscopy from 0.1 Hz to 10° Hz at various humidity was measured. The humidity and
temperature are controlled by the constant temperature humidity chamber. The impedance

measurements were measured by IMPEDANCE/GAIN-PHASE ANALYZER (SI 1260).
The DC instantaneous reverse polarity experiments

The corresponding DC circuit was shown in Figure S9 with the bias voltage of 5 V in Kethley
2602B source meter. The polarity of the bias was set instantaneous reversed between -5V and
+5V with duration time of 60 seconds. The humidity sensor connected to DC will form the space
charge acting as the conductive ions. When the polarity of DC was changed, the dominating
conductive ions transferred to the opposite pole, leading to a current peak when they reached the

other electrode.
Calculations of activation energy (E,)

For semiconductors, the activation energy (Ea) is typically obtained by fitting temperature—
dependent conductivity data to the Arrhenius equation :

Eq
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where o is conductivity, oy is a prefactor, k is Boltzmann constant, T is temperature/K.*®
Calculations of coefficient of variation

The coefficient of variation (CV) is defined as: CV = Rgp / Rayerage X100%, where Rsp and
Raverage are the standard deviation (SD) and average value of responses with four successive

cycles.

Table S1. Selected bond angels for compound 1.

Bond Length (A) Bond Length (A)
Ag(1)-S(1)#1 2.5823(15) 0(2)-N(1) 1.221(7)
Ag(1)-S(1#2 2.5595(15) O(1)-N(1) 1.221(7)
Ag(1)-S(1)#3 2.8147(16) N(2)-0(3) 1.248(5)

Ag(1)-0(5) 2.519(4) N(2)-0(4) 1.226(6)
Ag(2)-S(1) 2.5057(16) N(1)-C(4) 1.474(6)
Ag(2)-0(3) 2.527(5) C(1)-C(2) 1.384(6)
Ag(2)-0(3)#4 2.515(5) C(1)-C(6) 1.388(7)
Ag(2)-0(5)#4 2.537(4) C(6)-C(5) 1.382(7)
Ag(2)-0(2)#5 2.653(5) C(2)-C(3) 1.381(7)
S(1)-Ag(1)#6 2.8146(16) C(4)-C(3) 1.360(8)
S(1)-Ag(1)#1 2.5823(15) C(4)-C(5) 1.362(8)
S()-Ag(1)#2 2.5595(14) C(3)-H(3) 0.9300
S(1)-C(1) 1.765(4) C(6)-H(6) 0.9300
O(5)-Ag()#7 2.537(4) C(5)-H(5) 0.9300
0(3)-Ag(2)#7 2.515(5) C(2)-H(2) 0.9300
O(5)-N(2) 1.234(6)

Symmetry codes: 1 =1-X,1-Y,1-7Z;2=-X,-Y, 1 -Z;3=-12+X,12-Y,-12+Z; 4 =+X,1+Y +Z; 5=1-X,1-Y,1 - Z;

6=12+X,1/2-Y,12+Z; 7 =+X, -1+Y +Z



Table S2. Selected bond lengths for compound 1.

Bond
S(1)#1-Ag(1)-S(1)#3
S(1)#2-Ag(1)-S(1)#3
S(1)#1-Ag(1)-S(1)#2

S(1)-Ag(2)-0(5)#4
S(1)-Ag(2)-0(3)
S(1)-Ag(2)-0(3)#4
S(1)-Ag(2)-0(2)#5

O(3)#4-Ag(2)-0(5 )4

0(3)-Ag(2)-0(5)#4
O(3)#4-Ag(2)-0(3)

O(5)#4-Ag(2)-O(2)#5

0(3)-Ag(2)-0(2)#5

O(3)H#4-Ag(2)-O2)#5

0(5)-Ag(1)-S(1#1
0(5)-Ag(1)-S(1)#2
0(5)-Ag(1)-S(1)#3

Ag(D#3-S(1)-Ag(1)#6

Ag(#3-S(1)-Ag(1)#2

Ag(1)#2-S(1)-Ag(1)#6
Ag(1)-0(5)-Ag(2)#7
Ag(2)-S(1)-Ag(1)#2
Ag(2)-S(1)-Ag(1)#6
Ag(2)-S(1)-Ag(1)#3
Ag(2}#7-0(3)-Ag(2)

N(2)-0(5)-Ag(1)
N(2)-0(5)-Ag(2)#7
N(2)-0(3)-Ag(2)

N(2)-0(3)-Ag(2)#7

Angles (°)
100.85(5)
141.85(5)
100.29(4)
133.12(10)
95.89(11)
115.02(11)
98.19(11)
50.04(12)
109.14(13)
149.08(19)
115.74(14)
98.40(16)
77.21(15)
97.31(10)
113.18(9)
95.13(9)
79.62(4)
141.85(5)
79.24(4)
158.15(17)
82.20(4)
148.18(5)
100.22(5)
149.08(19)
106.5(3)
95.2(3)
101.5(3)

95.9(3)

Bond
0(5)-N(2)-0(3)
O(4)-N(2)-0(5)
O(4)-N(2)-0(3)
0(2)-N(1)-C(4)
0(1)-N(1)-0(2)
O(1)-N(1)-C(4)

C(1)-S(1)-Ag(1)#2

C()-S(1)-Ag(1)#3

C(1)-S(1)-Ag(1)#6
C(1)-S(1)-Ag(2)
C(2)-C(1)-8(1)
C(2)-C(1)-C(6)
C(6)-C(1)-S(1)
C(1)-C(2)-H(2)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(3)-C(4)-N(1)
C(3)-CH)-C(5)
C(5)-C(4)-N(1)
C(2)-C(3)-H(3)
C(4)-C(3)-C(2)
C(4)-C(3)-HQ3)
C(1)-C(6)-H(6)
C(5)-C(6)-C(1)
C(5)-C(6)-H(6)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)

C(6)-C(5)-H(5)

Angles (°)
118.8(5)
120.9(5)
120.3(5)
117.8(6)
123.8(5)
118.4(5)

111.18(16)

104.95(16)

105.73(15)

105.00(15)
120.7(4)
118.9(4)
120.4(4)

119.6
120.8(5)
119.6
119.2(5)
122.3(5)
118.5(5)
120.6
118.7(5)
120.6
119.9
120.2(5)
119.9
119.1(5)
120.4

120.4




Symmetry codes: 1 =—1/2 + X, 1/2- Y,~1/24Z; 2 =~ X,1- Y,1- Z; 3= - X~ Y,1- Z; 4 = +X, 1+Y +Z; 5= 1- X, 1- Y,1- Z; 6 =

124X,1/2- Y, 1/247; 7T = +X,— 1+Y,+Z

Table S3. Recent progresses on high-performance humidity sensors.

Material The highest Detected RH Res (s)/Rec (s) Device type Ref.
response range
Single SnO, 32 5.0%-85% 120-170/20-60 Resistive [1]
(NBuy),Cu,(dhbq)s 2.1<10* 30%-90% 54 /6 Resistive [2]
Graphene (CVD) 0.003 1%-96% 06/0.4 Resistive [3]
Multilayer graphene 0.17 15%-80% <1 Resistive [4]
GO 33.2 0%-95% 50/79 Resistive [5]
rGO 0.353 20%-95% Resistive [6]
rGO/MoS, 24.94 5%-85% 6.3/30.8 Resistive [7
Black phosphorus/graphene 0.434 15%-70% 9/30 Resistive [8]
Borophene—graphene 42 0%-85% 10.5/8.3 Resistive [9]
Few-layered graphene 0.06 0%-85% Resistive [9]
a’-4H borophene 15 67%-85% 2.3/0.7 Resistive [9]
graphene/Ag colloids 0.035 12%-97% 54 /132 Resistive [10]
WS, 2357 20%-90% 5/6 Resistive [11]
TaS, nanosheets 187.6 11%-95% 0.6/2.0 Resistive [12]
cellulose 10* 20%-90% 1500 /— Resistive [13]
cellulose 1647 41.5%-91.5% 19/472 Resistive [14]

SiO, NPs 10* 10%-93% 31.4/65 Resistive [15]
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LiCI@UiO-66-NH, 10* 33%-95% 6/18 Capacitive [37]

This

Ag(SPh-NO,)*AgNO; 10° 10%-90% 198/5 Resisitive work

Table S4. Equivalent circuits and the dominating conductive ions under various RH.

Dominating Conducive

RH Equivalent Circuits .
Species
R1
%

40% ct H'

1}

R2 Wsl
Vave
60%, 75% ) H;0"

VAVe — AN
85%, 90%, 95% o I_(‘:3 a2 | H;0'& Ag
i L

Detailed method of humidity control.

The sensor characterization was conducted by a home-made system as shown in Figure. S1.
The control of the relative humidity was based on the dynamic volumetric method. It takes ~0.65
min to fulfil the quartz chamber when the gas flow was 600 mL/min. MFC1, MFC2 and MFC3
in Figure. S1 were utilized to control the Carrier Gas (dry air for blank measurement), Mixed
Gas (dry air for mixing with humidity gas) and Bubbling Gas (dry air for bubbling into the
water). The target moisture gas with specific relative humidity (RH %) was produced by mixing

the Bubbling Gas and Mixed Gas in a proper ratio controlled by the mass flow controllers (CS-



200C, Beijing Sevenstar Qualiflow Electronic Equipment Manufacturing Co., Ltd., China). The

relative humidity was calculated by following equation:

X% (RH) - Bubbling gas flow 100%

Mixed gas flow + Bubbling gas flow

After the equilibration time of 7 min, the target relative humidity gas was introduced into the
quartz tube with the chemiresistive sensor inside. The constant flow was 600 mL/min, the bias

on the sensor was 1 V and the current was recorded using Keithley 2602B Source meter.

M
0—600 scem
Dry Air
Ty —

I_Ei

0—600 scem

—— Stop Valve
-
D%J Four-way Tube TEEES
Three-way Valve

% Digital Multimeter
Mixer

Figure S1. Schematic diagram of the home-made set-up used to measure the humidity sensor
performance.(1-Stainless Steel Tube; 2-Mass Flow Controller; 3-Water Bubbling Bottle; 4-Gas
Mixer; 5-Relative Humidity Monitor; 6-Tube Furnace; 7-Quartz Tube; 8-Gas Sensor for testing;

9-Digital Multimeter, Keithley 4200 source meter).



Figure S2. SEM image of compound 1 crystals.
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Figure S3. N, adsorption—desorption measurement at 77 K of compound 1.



[o—
(—]

~ 0.8
=
&
o 0.6
9
=
<
£ 0.4
)
wn
=
< 0.2
0-0 T L T b ] L L) b T b
20 400 600 800 1000 1200
Wavelength (nm)
Figure S4. UV-Vis DRS of compound 1.
A, —ecc 70 °C b 0.03] —2c
— 80°C — 90°C
20{—100°C 110 °C ~ 0.02
< ——120°C <
£ 10 £ 0.01
= =
E 0+ g 0.00+
E-104 5-0.01+
2 L2 Conductivity = 2.716x10™ S-m™!
_30 T T T T T —0-03 T T T T T
-4 -2 0 2 4 -4 -2 0 2 4
Voltage (V) Voltage (V)

Figure SS. (a) Temperature-dependent I-V curves and (b) room temperature electronic

conductivity of single crystal 1.
Possible conduction path for electron in the structure of crystal 1

Refer to the research of Lu et al,” they reported a new highly conductive MOF, [Cux(6-
Hmna)(6-mn)*NH4],, composed of a 2D (-Cu-S-)n plane. Through electronic structure
calculation, they determined that the high conductivity of this material comes from a highly

dense pathway generated from (-Cu-S-)n For the structure of Ag(SPh-NO;)*AgNOs, the (-Ag-S-

10



)n plane contained in its inorganic layer is similar to the (-Cu-S-)n plane. Therefore, as shown in

Figure S6, we speculate that the possible conduction path of electrons is the (-Ag-S-)n chain.

(-Ag-S-)n plane

Figure S6. The possible conduction path for electron in the structure of Ag(SPh-NO,)*AgNOs.

Figure S7. Optical photos of compound 1 crystal (a) before and (b) after under 100% RH 1 days.
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Figure S8. Nyquist plots for compound 1obtained from 0.1Hz to 10° Hz at various RH.
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Figure S10. The structure models simulated for gibbs free energy ( A G) calculation of reaction

Ag(SPh-NO,)* AgNO; + nH,0 — AgNO; + Ag(SPh-NO,)*nH,0 (n= 1, 2, 3, 4, 5, 6)
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