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Experimental section

Preparation of PdCo NWs

The optimized PdCo NWs were prepared though the AAO-confined electrodeposition 

method similar to previous publications.1-3 Specifically, the samples with various 

chemical content of palladium/cobalt were prepared by regulating the molar ratio of 

PdCl2 (Palladium chloride, AR, Pd content > 59.5 wt%, CAS: 7647-10-1, Mascot) and 

CoSO4·7H2O (Cobalt sulfate, AR, ≥ 99%, CAS:10026-24-1, Aladdin) in electrolytic 

solution. In addition, the electrolytes also contained 0.2 g/L C12H25SO4Na (AR, ≥ 

99.5%, CAS: 151-21-3, Huawei Ruike) and 0.08 M H3BO3 (GR, ≥ 99.5%, CAS: 10043-

35-3, Xiya Reagent), followed by being buffered to pH ≈ 8 with NH3·H2O (ACS, 28.0-

30.0% NH3 basis, CAS: 1336-21-6, Aladdin). 

The preparation of AAO template utilizes similar procedures to previous 

publications. 4 Before electrodeposition, one side of the AAO templates was covered 

with a sputtered thick Au layer to guarantee the covering of the AAO pores. 4 Then, the 

electrodeposition was conducted with two-electrode systems using a graphite plate as 

the counter electrode, and the gold/AAO templates as the working electrode. The PdCo 

NWs grow along with the nanochannels in the AAO templates under a constant voltage 

of 1.8-2.3 V and at room temperature. 4 M NaOH (ACS, ≥ 97%, CAS: 1310-73-2, 

Aladdin) served as the etching solution to remove the AAO templates at 60 oC for 150 

min. The PdCo NWs were rinsed thoroughly in deionized water and dried at 50 oC.

Characterization

Field-emission scanning electron microscopy (FE-SEM, JEOL-6701F) was performed 
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to obtain the images of the samples. Transmission electron microscopy (TEM, JEOL-

2010) with high resolution TEM (HRTEM, JEOL-2010) was conducted for the high-

resolution image. The elemental mappings were obtained with energy dispersive X-ray 

spectroscopy (EDX) and the atomic ratio was used as the reference to the samples. X-

ray diffraction (XRD) with Cu Kα (λ = 1.5406 Å), and X-ray photoelectron 

spectroscopy (XPS, Thermo Scientific ESCALAB 250Xi) were carried out to 

characterize the crystallographic information and the chemical composition of the 

samples, respectively.

Building art of sensor prototypes and sensing evaluations

For the hydrogen sensing evaluation, the sensors prototypes were firstly built by 

integrating PdCo NWs in alcohol to the interdigital electrodes (IEDs), and dried at 50oC 

in vacuum. Then, the prepared PdCo NWs sensor was mounted in a sealed chamber 

with gas inlets and outlets. Hydrogen sensing tests were performed with a test system 

similar to the one used in previous study. 3 Liquid nitrogen was used to cool the chamber 

to create the low-temperature test background. A temperature controller driven by 

external power sources was set below the sensing platform to maintain a constant 

temperature within the operating temperatures range of 150 K - 388 K. During testing, 

the various H2 (99.99%, Air Liquide (Tianjin) co. LTD) concentrations (0.1% - 3%) 

balanced with high-purity Ar gas (99.99%, Air Liquide (Tianjin) co. LTD) were passed 

through the sample chamber, controlled by mass flow controllers (MFCs). A data 

collector (KEITHLEY, 2450 model) was used to set the applied voltage and show 

electric signals.
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The hydrogen response of these sensors was normalized and defined as the ratio (ΔR/R0 

(%)) of the electrical resistance variation (ΔR) and the baseline resistance (R0). The 

resistance variation ΔR = Rg - R0, where R0 and Rg are the real-time peak resistance value 

in background Ar gas and H2 at different concentrations, respectively. The response / 

recovery time is defined as the time taken by the sensor to reach 90% of maximum resistance 

variation after turning on / off the hydrogen flux.
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Figure S1. EDS analysis of PdCo NWs with various cobalt atomic ratios for (a) 
Pd82Co18, (b) Pd63Co37 and (c) Pd33Co67, respectively.
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Table S1. Crystallite sizes calculated from XRD data by Scherrer formula.

Samples Crystallite size (nm)

Pd82Co18 6.24

Pd63Co37 6.38

Pd33Co67 7.01
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Figure S2. The response and recovery times toward 3% and 0.1% H2 of (a) - (b) 
Pd82Co18, (c) - (d) Pd63Co37 and (e) - (f) Pd33Co67 at 273 K, respectively.
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Figure S3. The sensing response to 0.1% - 3% H2 of Pd82Co18 NWs sensor at (a) 298 
K, (b) 310 K, (c) 328 K, (d) 358 K and (e) 388 K, respectively. (f) The repeatability of 
the sensor at room temperature.
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Figure S4. The sensing response to 0.1% - 3% H2 of Pd63Co37 NWs sensor at (a) 298 
K, (b) 310 K, (c) 328 K, (d) 358 K and (e) 388 K, respectively. (f) The repeatability of 
the sensor at room temperature.
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Figure S5. The sensing response to 0.1% - 3% H2 of Pd33Co67 NWs sensor at (a) 298 
K, (b) 310 K, (c) 328 K, (d) 358 K and (e) 388 K, respectively. (f) The repeatability of 
the sensor at room temperature.
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Figure S6. The hydrogen-sensing response of Pd82Co18 NWs sensor at (a) 243 K, (b) 
210 K and (c) 180, respectively.
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Figure S7. The hydrogen-sensing response of Pd63Co37 NWs sensor at (a) 143 K, (b) 
210 K, (c) 180 K and (d) 150 K, respectively.

33%
Co

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.00

0.05

0.10

0.15

0.20

On 

Off 
1% 

2% 3% T= 243 K

Time (ksec)

ΔR
/R

0 (%
)

0 1 2 3 4 5 6
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20

T= 210 K

1% 

2% 

3% 

On 

Off 

Time (ksec)

ΔR
/R

0 (%
)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.00

0.01

0.02

0.03

0.04

0.05

Time (ksec)

ΔR
/R

0 (%
)

T= 180 K On 
Off 3% 

0 1 2 3 4 5

-0.08

-0.06

-0.04

-0.02

0.00
1% 2% 3% 

T= 150 K

Time (ksec)

ΔR
/R

0 (%
)

Off 
On 

(c)

(a)

(d)

(b)



S-14

 

Figure S8. The hydrogen-sensing response of Pd33Co67 NWs sensor at (a) 243 K, (b) 
180 K, respectively.
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Figure S9. The selective response of Pd63Co37 NWs sensors toward 2% H2 and 
interfering gases, including 2% NH3, CO, H2S and 0.5% NO at room temperature.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

ΔR
 (m

Ω
)

Time (ksec)

H2

NH3 CO H2S NO



S-16

Figure S10. The hydrogen-sensing performance of pure Co NWs sensor at (a) 273 K, 
(b) 298 K, (c) 358 K, respectively.
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Figure S11-1. The transient response curves of the Pd82Co18 NWs sensor towards 
various H2 concentrations at (a) 388 K, (b) 358 K, (c) 328 K and (d) 310 K, respectively.

0.00 0.25 0.50 0.75 1.00 1.25 1.50
4.574

4.575

4.576

4.577

4.578

4.579

4.580

4.581

4.582

1% 

1% 

2% 

2% 

3% 

3% 

On 

Off T=388 K  

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5
4.445

4.450

4.455

4.460

4.465

0.2% 0.2% 
0.1% 0.1% 

0.5% 
0.5% 

1% 
1% 

2% 
2% 

3% 
3% 

On 

Off T=358 K 

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5 6 7
4.2750

4.2775

4.2800

4.2825

4.2850

4.2875

4.2900

4.2925

4.2950

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.1% 
0.2% 

0.5% 
1% 

2% 

3% 
T=328 K Off 

On 

0 1 2 3 4 5 6
4.1800

4.1825

4.1850

4.1875

4.1900

4.1925

4.1950

4.1975

4.2000

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.1% 
0.2% 

0.5% 
1% 

2% 
3% T=310 K
Off 

On 

0 1 2 3 4 5 6 7 8 9 10 11
3.961

3.962

3.963

3.964

3.965

3.966

3.967

3.968

0.1% 0.1% 

0.2% 0.2% 

0.5% 0.5% 

1% 
1% 

2% 2% 

3% 
3% 

Off 

On 

T=298 K 

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

3.655

3.656

3.657

3.658

3.659

3.660

3.661

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.1% 
0.2% 

0.5% 
1% 

2% 

3% 

On 

Off 
T=273 K

0 1 2 3 4 5 6
3.427

3.428

3.429

3.430

3.431

3.432

3.433

3.434

0.2% 0.5% 1% 

2% 3% 

On 

Off T=243 K  

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5

3.283

3.284

3.285

3.286

3.287 T=210 K 

1% 

2% 

3% 

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

Off 
On 

0.0 0.5 1.0 1.5 2.0 2.5
2.9555

2.9560

2.9565

2.9570

2.9575

2.9580

2.9585

2.9590

Re
sis

ta
nc

e (
Ω

)

Time (ksec)

3% 

3% T=180 K  

Off 
On 

18%
Co

(c)

(a)

(d)

(b)

(a)

(d)

(b)

(e)

(c)



S-18

S11-2. The transient response curves of the Pd82Co18 NWs sensor towards various H2 
concentrations at (a) 298 K, (b) 273 K, (c) 243 K, (d) 210 K and (e) 180 K, respectively.

0.00 0.25 0.50 0.75 1.00 1.25 1.50
4.574

4.575

4.576

4.577

4.578

4.579

4.580

4.581

4.582

1% 

1% 

2% 

2% 

3% 

3% 

On 

Off T=388 K  

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5
4.445

4.450

4.455

4.460

4.465

0.2% 0.2% 
0.1% 0.1% 

0.5% 
0.5% 

1% 
1% 

2% 
2% 

3% 
3% 

On 

Off T=358 K 

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5 6 7
4.2750

4.2775

4.2800

4.2825

4.2850

4.2875

4.2900

4.2925

4.2950

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.1% 
0.2% 

0.5% 
1% 

2% 

3% 
T=328 K Off 

On 

0 1 2 3 4 5 6
4.1800

4.1825

4.1850

4.1875

4.1900

4.1925

4.1950

4.1975

4.2000

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.1% 
0.2% 

0.5% 
1% 

2% 
3% T=310 K
Off 

On 

0 1 2 3 4 5 6 7 8 9 10 11
3.961

3.962

3.963

3.964

3.965

3.966

3.967

3.968

0.1% 0.1% 

0.2% 0.2% 

0.5% 0.5% 

1% 
1% 

2% 2% 

3% 
3% 

Off 

On 

T=298 K 

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

3.655

3.656

3.657

3.658

3.659

3.660

3.661

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.1% 
0.2% 

0.5% 
1% 

2% 

3% 

On 

Off 
T=273 K

0 1 2 3 4 5 6
3.427

3.428

3.429

3.430

3.431

3.432

3.433

3.434

0.2% 0.5% 1% 

2% 3% 

On 

Off T=243 K  

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5

3.283

3.284

3.285

3.286

3.287 T=210 K 

1% 

2% 

3% 

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

Off 
On 

0.0 0.5 1.0 1.5 2.0 2.5
2.9555

2.9560

2.9565

2.9570

2.9575

2.9580

2.9585

2.9590

Re
sis

ta
nc

e (
Ω

)

Time (ksec)

3% 

3% T=180 K  

Off 
On 

18%
Co

(c)

(a)

(d)

(b)

(a)

(d)

(b)

(e)

(c)



S-19

Figure S12-1. The transient response curves of the Pd63Co37 NWs sensor towards 
various H2 concentrations at (a) 388 K, (b) 358 K, (c) 328 K and (d) 310 K, respectively.
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Figure S12-2. The transient response curves of the Pd63Co37 NWs sensor towards 
various H2 concentrations at (a) 298 K, (b) 273 K, (c) 243 K, (d) 210 K, (e) 180 K and 
(f) 150 K, respectively.

0.0 0.5 1.0 1.5 2.0 2.5 3.0

5.5175

5.5200

5.5225

5.5250

5.5275

0.1% 
0.2% 

0.5% 

1% 

2% 

3% 

T= 388 K

Re
sis

ta
nc

e (
Ω

)

Time (ksec)

Off 

On 

0 1 2 3 4 5 6
5.280

5.282

5.284

5.286

5.288

5.290

5.292

Re
sis

ta
nc

e (
Ω

)

Time (ksec)

T= 358 K

2% 
1% 

3% 0.5% 
0.2% 

0.1% 

Off 

On 

0 1 2 3 4 5 6 7 8 9

5.280

5.285

5.290

5.295

5.300

5.305

5.310

0.1% 

0.2% 
0.5% 

1% 
2% 

3% 

On 

Off T= 328 K

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5 6 7
5.176

5.180

5.184

5.188

5.192

5.196

5.200

0.1% 

0.2% 
0.5% 

1% 

2% 
3% 

T= 310 K

On 

Off 

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5 6 7
4.940

4.941

4.942

4.943

4.944

4.945

4.946

4.947

4.948

0.1% 
0.2% 0.5% 

1% 

2% 
3% 

2% 

T= 298 K

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

Off 

On 

0.0 0.5 1.0 1.5 2.0 2.5
4.346

4.347

4.348

4.349

4.350

4.351

4.352

4.353

0.1% 0.2% 
0.5% 

1% 

2% 

3% 

On 

Off T= 273 K

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

4.062

4.064

4.066

4.068

4.070

4.072

4.074

3% 
2% 

1% 

On 

Off 

T= 243 K

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0 1 2 3 4 5 6

3.754
3.755
3.756
3.757
3.758
3.759
3.760
3.761
3.762
3.763

1% 
2% 

3% 

On 

Off 

T= 210 K

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
3.4715

3.4720

3.4725

3.4730

3.4735

3.4740

3.4745

3.4750

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

T= 180 K3% 

Off 
On 

0 1 2 3 4 5
3.169

3.170

3.171

3.172

3.173

3.174

3.175

3.176

Time (ksec)

Re
sis

ta
nc

e (
Ω

)

1% 

2% 

3% T= 150 K

On 
Off 

33%
Co

(c)

(a)

(d)

(b)

(a)

(d)

(b)

(e)

(c)

(f)



S-21

Figure S13-1. The transient response curves of the Pd33Co67 NWs sensor towards 
various H2 concentrations at (a) 388 K, (b) 358 K, (c) 328 K and (d) 310 K, respectively.
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Figure S13-2. The transient response curves of the Pd33Co67 NWs sensor towards 
various H2 concentrations at (a) 298 K, (b) 273 K, (c) 243 K, (d) 213 K and (e) 180 K, 
respectively.
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