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Materials and Methods  

Regents: 

Tris(trimethylsilyl)silane (TTMSS, 97%), copper (II) chloride dihydrate (CuCl2·2H2O, 

99.999%), oleylamine (70%), oleic acid (90%), and nitrocellulose filter membranes (25 

mm diameter, 220 nm pore size), were purchased from Sigma-Aldrich and used as 

received. Unless otherwise stated, all of other chemicals were purchased from Sigma-

Aldrich and used as received. 

Experimental details: 

Synthesis of copper nanowires:    

In a typical reaction, 85 mg of CuCl2·2H2O (0.5 mmol) and 5 g of oleylamine were 

mixed in a reaction vessel and then sonicated at room temperature to fully dissolve 

copper precursor. 0.5 g of tris(trimethylsily)silane (2 mmol) was added in to the solution 

as reducing regent. The resulting clear blue mixture was heated up to 120 °C until the 

solution turned into light yellow. Afterwards, the reaction temperature was slowly turned 

up to and kept at 165  for 10 h while stirring. The color of the solution turned reddish 

brown, indicating formation of copper nanowires. The product was harvested by 

centrifugation at 6000 rmp for 5 mins. Then, the nanowires were washed repeatedly with 

toluene using centrifugation-redispersion cycles to remove excess oleylamine. Finally, 

the product was dispersed in toluene for further characterization and film fabrication.  

Synthesis of silver nanowires1 

Silver nanowires were synthesized following reported method in literature1. 0.34 g of 

PVP (poly vinylpyrrolidone) was dissolved in 20 ml ethylene glycol in a reaction tube. 

The solution was heated up and kept at 170 °C. Then, 0.025 g of AgCl was added to the 

mixture upon vigorous stirring. After three minutes, 0.1 g of AgNO3 dissolved in 

ethylene glycol was added drop wise to the mixture. The reaction was allowed to carry 

out for another 30min when it was cooled down. Ag nanowires was centrifuged down 
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and washed with methanol 3 times. Finally, the nanowires were redispersed in methanol 

for further characterization and film fabrication.  

 

Fabrication of copper nanowire transparent conductor 

To make a conductive thin film, copper nanowires were diluted using toluene and 

sonicated for 15 min to form a homogenous suspension. The thin film was constructed by 

filtering down the nanowires from the dispersion onto a nitrocellose porous membrane 

(pore size 220 nm) via vacuum filtration. The nanowire network was transferred to a 

transparent substrate (glass or PET) by applying pressure to the back side of the 

membrane and forcing an intimate contact with the substrate. The copper nanowire thin 

film was then annealed under forming gas (10% H2 and 90% Ar) at 200  for 30 min to 

improve junction contact. 

Fabrication of silver nanowire transparent conductor 

Ag nanowires were diluted using methanol and sonicated for 15min to form a 

homogenous suspension. The thin film was constructed by filtering down the nanowires 

from the dispersion onto a polytetrafluorethylene (PTFE) membrane filter (purchased 

from Sartorius, pore size 450nm). The nanowire network was transferred on to a 

transparent substrate (glass) by applying pressure to the back side of the membrane.  

Characterizations: 

The morphologies of the as-grown copper nanowires were examined using a transmission 

electron microscope (TEM, Hitachi H7650) and scanning electron microscope (SEM, 

JOEL JSM - 6340F). The structure of copper nanowires was analyzed using high 

resolution transmission electron microscopy (HRTEM, FEI Tecnai G20), selected area 

electron diffraction (SAED) and X-ray diffraction pattern analysis (Bruker D8 Advance). 

Exit-wave reconstruction was performed using MacTempas software. Sheet resistance of 

nanowire thin film was measured using a four-point probe method (CDE-RESMAP-270). 

The transmittance and haze measurement was carried out on an ultraviolet-visible near-

infrared spectrophotometer with an integrating sphere (Shimadzu UV-2550). AFM 

images of the copper nanowires and their junction were taken using an Asylum MFP 3D 
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in tapping mode. The as-made Cu nanowire film on glass without heat treatment and the 

one with 30 minutes forming gas annealing were used for the measurements. 

Haze measurement 

The haze measurement is carried out by D1003-13 standard2. Shimadzu UV-2550 

ultraviolet-visible near-infrared spectrophotometer with an integrating sphere was used 

for haze measurement. Four transmittance scans of a sample with different configurations 

were acquired for its haze calculations: T1, incident light; T2, total light transmitted by the 

specimen; T3, light scattered by the instrument and T4, light scattered by the instrument 

and specimen. The haze factor of one specimen can be calculated by the equation:    

Haze, % = [(T4/T2) - (T3/T1)]. 

Unless specified, all haze factors in discussion is the value measured at 550 nm of 

wavelength. The contribution of glass substrate is already excluded.  

 

References: 
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Table S1. The effect of TTMSS quantity, copper precursor concentration and reaction 

temperature on copper nanowire synthesis. The red highlighted condition is the optimized 

reaction condition used for copper film fabrication. 

CuCl2 

(mmol) 

TTMSS 

(mmol) 

Temperature 

( ) 
Results 

0.5 0 165 No Copper product 

0.5 0.05 165 Copper cubes only 

0.5 1 165 Nanowires with D ~ 22.5 ± 3.9 nm 

0.5 2 165 Nanowires with D ~ 17.5 ± 3.0 nm 

0.5 4 165 Nanowires with D ~ 15.5 ± 2.7 nm 

0.25 1 165 Nanowires with D ~ 32.3 ± 11.0 nm 

1 4 165 Nanowires with D ~ 18.5 ± 4.7 nm 

0.5 2 135 No copper product 

    

When no TTMSS in the reaction system, copper chloride cannot be reduced to copper 

metal. When small amount of TTMSS (10 % of CuCl2) is added, copper cubic 

nanoparticles are observed in the product. However, the yield of Cu (0) is very low. 

These imply that TTMSS does act as the effective reducing reagent of copper precursor, 

and insufficient loading of silane cannot fully reduce CuCl2. The nanowire diameter can 

be tuned by controlling the molar ratio of TTMSS/CuCl2. With set amount of CuCl2, the 

nanowire diameter decreases as TTMSS increases. The size of the nanowire is also 

sensitive about reactant concentration. Smaller concentration results in thicker nanowires. 

The red highlighted condition is chosen as the optimized condition for typical nanowire 

growth in this work for the reason that it gives less particle byproducts. 
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