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a b

c Element wt % Atomic %

C 5.33 11.19

O 24.62 38.33

Si 50.57 45.43

Ag 19.48 4.56

Total: 100.00 100.00

50 nm 1 µm

 

Figure S1. HRTEM (a), SEM (b), and EDX (c) analyses of Ag NWs. Carbon and oxygen 

peaks were observed due to the PVP covering around Ag NWs. Silicon and oxygen peaks 

came from the Si/SiO2 substrate.   

 

 

 

 

 



3 
 

Vibration mode Wavenumber (cm
-1

) 

N-H stretchs1 3018 
S-H stretchs1 2497 
CH

2
 stretchs2 2918, 2850 

CH
2
 deformations2  1384–1393 

C–C stretchs2 1200 

NH
2 

deformations3 1587 

CH
2
 wagging deformations3 1247 

C=O stretchs3 1670 

coupled –CH
2
 deformations3 1495, 1325 

Ag-S (Ag NP and capping agent 

interaction) s4  
1372 

O-H groups4 3200 

C-N stretchs5 1071 

O-H groups5 3347 

Table S1. Vibrational mode assignment in FTIR analysis. 
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CA-Ag NPsa
Element wt% Atomic %

N 6.21 29.02

S 9.79 20.00

Ag 84.00 50.98

Total: 100.00 100.00
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Figure S2. HRTEM analysis of CA-Ag NPs. (a) EDX analysis from scanning transmission 

electron microscopy (JOEL, JEM-2100F) indicated the presence of Ag, N, and S elements. 

Carbon was excluded in the atomic composition analysis due to the interference with a lacey 

carbon TEM grid. (b) Diameter distribution of CA-Ag NPs obtained from HRTEM images.  
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Figure S3. Thermogravimetric analysis of pure cysteamine and CA-Ag NPs. CA-Ag NP 

powders were firstly obtained by centrifuging suspended CA-Ag NPs in ethanol and drying 

in vacuum oven (room temperature) for 12 h. The thermogravimetric analysis was then 

carried out using dried CA-Ag NP powders. The concentrations of cysteamine and AgNO3 

were 6×10
-5

 and 2×10
-2

 moles in the synthesis solution of CA-Ag NPs, and the theoretical 

weight ratio between Ag and cysteamine was 58:42%. The remaining weight concentration 

of CA-Ag NPs at 400 C was 62% from thermogravimetric analysis. The 38% weight loss 

corresponds to the dissociation of cysteamine. A complete dissociation of pure cysteamine 

was observed at 400 C.  
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Element wt% Atomic %

N 3.72 18.78

S 11.70 25.79

Ag 84.58 55.43

Total: 100.00 100.00

CA-Ag NP/Ag NWs

 

Figure S4. Scanning transmission electron microscopy (JOEL, JEM-2100F) analysis of 

CA-Ag NPs attached to Ag NWs. EDX analysis indicated the presence of Ag, N, and S 

elements.   
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RMS = 3.2 nm 

 

Figure S5. The surface roughness of the PC substrate measured by atomic force 

microscopy. 
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Relative weight 
concentration of CA-
Ag NPs over Ag NWs 

(w/w%) 

Curing 
Temp. 

(oC) 

Sheet 
resistance  

(Ω/sq) 

Sheet 
resistance 
Std. Dev. 

Transmittance 
(%) 

Transmittance 
Std. Dev. 

Haze 
(%) 

Haze 
Std. 
Dev. 

0 

85 34.2 1.90 96.5 0.19 0.96 0.03 

110 32.0 1.44 96.6 0.35 1.04 0.03 

130 31.4 1.50 96.4 0.25 1.03 0.09 

160 32.2 1.66 96.5 0.11 1.04 0.04 

0.04 

85 28.4 5.68 96.5 0.15 1.09 0.04 

110 30.5 2.36 96.4 0.12 1.22 0.03 

130 27.4 2.42 96.6 0.19 1.14 0.07 

160 31.4 7.70 96.4 0.21 1.18 0.08 

0.08 

85 26.5 3.57 96.4 0.20 0.98 0.04 

110 26.4 2.38 96.3 0.09 1.16 0.05 

130 26.1 2.02 95.6 0.24 1.13 0.11 

160 29.5 6.03 95.2 0.15 1.20 0.12 

0.16 

85 24.1 0.80 96.4 0.09 1.04 0.05 

110 24.9 1.54 96.5 0.07 1.04 0.04 

130 25.6 1.81 96.1 0.25 1.17 0.28 

160 27.2 3.75 95.5 0.25 1.19 0.30 

0.32 

85 26.4 3.40 96.2 0.13 1.00 0.04 

110 28.0 2.43 96.0 0.23 1.00 0.08 

130 56.6 5.62 95.3 0.50 1.39 0.30 

160 
Out of 
range - 94.5 0.52 1.60 0.35 

0.65 

85 31.0 3.53 95.9 0.11 1.16 0.02 

110 34.4 5.80 96.0 0.09 1.24 0.10 

130 111.6 6.78 94.6 0.55 2.31 0.35 

160 
Out of 
range 

- 94.1 0.71 2.50 0.50 

Table S2. Sheet resistance, transmittance, and haze of TCFs corresponding to the data 

in Fig. 3b. Sheet resistance was measured at 27 different locations of each sample. 

Transmittance and haze were measured at 9 different locations of each sample. The mean 

values and standard deviations (Std. Dev.) are provided. 
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Figure S6. SEM images of pure Ag NWs (a) and cysteamine-added Ag NWs (b) heat-

treated at 160 ºC on Si/SiO2 substrates. The cysteamine concentration was 6×10
-5

 moles.  
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Figure S7. Differential scanning calorimetry analysis of pure cysteamine. Endothermic 

peaks at 97 and 175 ºC indicate melting and dissociation of cysteamine. 
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Figure S8. Haze of TCFs made using pure Ag NWs, cysteamine-added Ag NWs, and 

CA-Ag NP/Ag NWs cured at different temperatures. The cysteamine concentration was 

6×10
-5

 moles. The relative concentration of CA-Ag NPs over Ag NWs was 0.16 w/w% for 

CA-Ag NP/Ag NWs. 
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Figure S9. The UV-Vis-NIR transmittance spectra of TCFs shown in Figs. 3e and 3f. (a) 

Ag NW TCFs. (b) CA-Ag NP/Ag NW TCFs. 
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Conductive 

material 

Sheet 

resistance 

(Ω/sq) 

Transmittance 

(%) 
Haze (%) 

Ag NW 

Length 

Ag NW 

Diameter 

Fabrication 

Method 
Annealing 

condition 

CA-Ag NP/Ag 

NWs  

(This work) 

24.1 
21.3 

17.0 

13.9 
11.5 

96.4 
95.00 

93.57 

92.15 
90.38 

1.04 
1.13 

1.36 

1.74 
2.34 

18 μm 20 nm Bar coating 
85°C 

 for 10 min 

Ag NWs s6 

21 

38 

110 

76 

81 

92 

10 10 μm 40-100 nm Bar coating 120 °C 

Ag NWs s7 
24 
109 

97 
94 

3.4 
1.6 

20-230 μm 91 nm Drop coating 
200 °C for 10 

min 

Ag NWs s8 24.8 92.9 2.7 NA NA Bar coating 
140 °C for 4 

min 

Ag NWs s9 

12.7 
14.1 

22.5 

26.8 
27.6 

92.5 
93.9 

96.9 

97.3 
97.5 

NA Few tens of μm 25 nm Spin coating 
120 °C for 5 

min 

Ag NWs s10 

59 
20 

11 

97 
92.1 

87 

2.5 
4.9 

7.5 

13.5 μm 62.5 nm 
Electrostatic 

spray deposition 

120 °C for 8 

hours 

Ag NWs s11 
35 
45 

74.8 
77 

31 
12.5 

20 μm 
25 μm 

150 nm 
60 nm 

Vacuum 
filtration 

Room 

temperature 

 

Table S3. The properties of TCFs made using Ag NWs were compared. 

 

 

 

 



14 
 

 

Figure S10. Visual demonstration of uniform sheet resistance of the CA-Ag NP/Ag NW 

TCF (25×20 cm
2
) after the protective layer coating. The logos used in the figure were 

reproduced with permission from Samsung electronics and Sungkyunkwan University. 
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