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Copper nanowire (Cu NW)-based flexible 

transparent electronics represent an enormous 

breakthrough for the development of efficient, 

scalable and facile processing techniques. From 

the standpoint of commercialization, a cost-

effective and eco-friendly procedure for welding 

nanowires is imperative to fabricate Cu NW 

network-based transparent electrodes. In this 

study, a photonic welding method using a white 

flash light (WFL) technique was developed in-

house for welding Cu NWs in order to  produce 

highly conductive and transparent electrodes 

under ambient conditions. Flexible Cu NW films 

with sheet resistances of 128 Ω/□ and 

transmittances of > 95% at 560 nm on PET 

substrates were obtained by using light intensity of 1.0 J/cm2 with single pulse and an irradiation time of 5 ms. The WFL 

technique facilitates localized surface heating and subsequent welding at the junction of the Cu NWs with excellent 

stability, low sheet resistance and no damage to the polymer substrates. It is expected that the WFL technique will be 

widely applied to flexible printed and optoelectronic devices such as touch panel displays and solar cells.

Introduction 

Recently, the market for ITO (indium tin oxide)-free flexible 
transparent conducting electrodes has significantly expanded for 
usage in flat touch panels of liquid crystal displays (LCDs), organic 
light emitting diodes (OLEDs), photovoltaic cells, smart phones and 
tablets; conventional ITO must be replaced due to its brittleness 
and high cost.1-4 Several materials such as conducting polymers, 
carbon nanotubes (CNTs), graphene, metal oxide nanowires and 
silver nanowires have been explored as potential candidates for 
replacement of ITO in flexible transparent electrodes.5-7 For 
commercialization, it is important to realize low-cost, large-area 
fabrication, a high transmittance of over 90 % and a sheet 
resistance lower than 100Ω/□ simultaneously.8-11 However, among 
such candidates, conducting polymers are not yet matured for 
commercialization owing to their relatively high price and high 
electrical resistance.12 Transparent electrodes based on graphene 
and CNT networks have high electrical resistance at high 
transmittance.13 Besides, metal and metal oxide nanowire networks 
with Ag, TiO2, Al-ZnO, ZnO and MoO3 form probable alternatives to 

conventional ITO.14-16 However, the most critical limitation of these 
alternative oxides is lack of achieving the required standards of 
flexible transparent electrodes due to their low conductivity, low 
transmittance and inherent brittleness.17 For flexible electronics, 
any new material has to fulfil a number of criteria in terms of cost 
and fabrication processes in addition to the usual requirements of 
the optical transmittance and the electrical conductivity. Under 
these circumstances, Cu NWs have received the increased attention 
as an alternative material for flexible transparent electrodes, 
because of their high conductivity, high transmittance, and low 
cost.18 Furthermore, Cu NW-based transparent electrodes are 
pertinent to large area fabrication of flexible electrodes, which is 
very important for the anticipated movement towards the flexible 
electronics. 

 To achieve high transmittance and low sheet resistance, it is 
crucial to have low contact resistance at the junctions between the 
nanowires.19 In order to attain a low contact resistance, appropriate 
assembly and contacting procedures are essential to assemble 
metallic nanowires into large interconnected networks. In this 
regard, Garnett et al. used a plasmonic welding process to connect 
silver nanowires. They irradiated light on the silver nanowire, and 
the silver nanowires were welded together due to plasmonic 
phenomena.20 They could achieve 80% transmiKance and a 10 Ω/□ 
sheet resistance. However, silver nanowires are still too expensive 
to compete with conventional ITO. The prices of Ag NW transparent 
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electrodes are similar to those of ITO (735 $ per kg) due to the high 
price of Ag itself (500 $ per kg).21, 22For the economic viability, 
cheaper nanowires (NWs) are required for commercialization.  

 Cu NW-based flexible electrodes have been receiving immense 
attention as an alternative to Ag NWs for optoelectronic devices 
due to their high conductivity and low cost.23,24 Nevertheless, Cu 
NW networks have their own drawbacks such as weak bonding 
between NWs and rapid oxidation that results  in the reduced 
mechanical and electrical stability.25, 26 The rapid oxidation of Cu 
NW has been considered to be the critical obstacle preventing their 
use in applications because inert or reducing gas is needed during 
the sintering and welding process, which makes the fabrication 
process complicated and expensive. Moreover, the oxide shells that 
form on Cu NWs are difficult to be eliminated under ambient 
conditions using conventional sintering methods like mechanical 
pressing, conventional thermal sintering, plasma sintering, and 
microwave sintering.27, 28 To overcome these limitations, Han et al. 
developed a plasmonic laser welding process for Cu NWs that 
selectively heats the NW junction by plasmonic-nanowelding.29 
However, this approach cannot be used for mass production 
because the laser sintering process can cover only a small sintering 
area, and the system requires a sophisticated 3D-gantry system in 
order to cover a large area.  
To overcome these limitations, we previously developed a flash 
light sintering method combined with PVP functionalized copper 
nanomaterials (Cu NP-inks).30-36 The white flash light (WFL) method 
has manifold advantages; (i) WFL sintering method can cover a 
large area, (ii) short processing time around 10-3 seconds using a 
flash light, (iii) WFL sintering method can be applied to flexible 
polymer substrate without any damage on the substrates, and (iv) 
no requirement for maintaining an inert-gas atmosphere. For these 
reasons, we applied white flash light (WFL) to Cu NWs welding in 
this work. 
 We adopted in-house developed white flash light sintering 
method for welding of ultra-long Cu NW networks. Large-area, high 
percolation conductive transparent electrodes based on Cu NW ink 
were fabricated on flexible polyethylene terephthalate (PET) 
substrates using vacuum filtration. The network of Cu NWs was 
welded at room temperature under ambient conditions in a few 
milliseconds without damaging the substrate using white flash light 
(WFL) from a xenon lamp. Upon WFL exposure, photonic sintering 
produces a large-area welded metal nanostructure network by the 
photothermal effect. This method can be used to control the 
electrical conductivity for high transmittance networks, which can 
be advantageously used for optoelectronic devices. 

Experimental 

 

Synthesis of Cu NWs 

Copper chloride dihydrate (CuCl2.2H2O), D-(+) glucose, 
hexadecylamine (HDA), ethanol, hexane and isopropyl alcohol (IPA) 
were obtained from Sigma-Aldrich and were used without further 
purification. Ultra-long Cu NWs were synthesized using a modified 
wet synthetic approach.37 First, 50 mg of copper precursor and 280 
mg of HDA were added to 20 ml of deionized water and the 
resultant solution was sonicated in vial using an ultrasonicator for 
15 min until a pale blue emulsion was formed. Then, 100 mg of 
glucose was added and the emulsion was subjected to stirring for 
30 min at 55 °C. Thereafter, the vial was capped and sealed with 

paraffin tape, and the sealed vial was heated in an oven at 102 °C 
for 6 hours. Upon completion of the reaction, the solution displayed 
a dark red-brown color, as shown in Figure S1 (Supplementary 
material), which indicated the formation of Cu NWs. The 
synthesized Cu NWs were washed with ethanol, hexane and IPA, 
and the purified Cu NWs were stored in IPA. 

Preparation of Cu NW-based transparent electrode 

Transparent conducting electrodes (TCEs) with different sheet 
resistances were prepared using a vacuum filtration method. In a 
typical preparation, Cu NW ink in IPA was placed in a filtration 
reservoir, and a 47 mm diameter membrane filter with a pore size 
of 0.45 µm was attached to the reservoir. Vacuum was applied 
downstream of the filter to capture the Cu NW percolation network 
on the membrane filter. The resulting Cu NW network can be 
transferred to any targeted substrate without using adhesive by 
placing the Cu NW network against a desired substrate and applying 
pressure against the membrane filter. The membrane filter was 
subsequently removed, and the Cu NW network was dried at room 
temperature, resulting in a transparent conductive electrode with a 
thickness of 150 µm. The resistivity was controlled by modifying the 
density of the Cu NWs network by using different quantities of the 
Cu NW solution for network formation on PET substrates. This 
formation of network was mainly driven by the applied pressure, 
vander Waals forces between the Cu NWs and capillary forces 
between the stabilizers and solvents used during the fabrication 
procedure. 

White flash light system 

The WFL sintering system was composed of a xenon flash lamp 
(PerkinElmer QXA, UK), an aluminium reflector, a power supply, 
capacitors, a simmer triggering pulse controller and a light filter.38 
WFL was produced using an arc plasma phenomenon in a xenon 
flash lamp. During arc plasma generation, the lamp emits photons 
that cover a wide range of wavelengths from 380 nm to 1.0 µm, as 
shown in Figure 1. This wavelength region covers the absorption 
spectra of Cu NWs. The WFL generated energy ranged from 1 J/cm2 
to 3 J/cm2 and was controlled by controlling the number of pulses 
and the intensity of the arc plasma. 
 

 

Figure 1: Spectral distribution of flash light from xenon flash lamp. 

Characterization 
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Transparent electrodes were fabricated using an Advantec glass 
vacuum filtration system with a W2V10 vacuum pump. The optical 
transmission of the electrodes was measured using a Biochrom 
Libra S50 UV-Vis spectrophotometer operating at a resolution of 1 
nm. The PET substrate was used as a reference. The particle shape, 
size, distribution and morphology of the Cu NWs were examined 
using optical and electron microscopes (SEM, S4800Hitachi model 
and JEM 2100F TEM). X-ray diffraction (XRD) analyses of the thin 
films were conducted using a D/MAX RINT 2000 (Rigaku) instrument 
operating in the Bragg-Brentano geometry with Cu Kα radiation 
(1.540 Å).IR spectra were obtained using a Thermo-Nicolet IR 200 
spectrophotometer operated at a resolution of 4 cm-1 in the region 
of 4000-400 cm-1.  The sheet resistances of the Cu NWs electrodes 
were measured using a four-point probe method with a source 
meter (2611A, Keithley). 

Results and discussion 

During the synthesis of Cu NWs, amphiphilic molecules containing a 
cationic head group and an alkyl chain can be used to form various 
morphological structures such as spheres, hexagonal rods, 
nanowires, nano tadpoles, nanocubes and polyhedral shapes.39 
HDA is an amphiphilic molecule containing a polar -NH2 group and a 
non-polar alkyl chain (-(CH2)15-CH3) that can form various 
anisotropic structures such as nanowires, rods and cubes.40-43 In this 
process, the use of HDA which can react with the copper ion to 
form the stable intermediate [Cu(HDA)2]2+ is critical for the 
formation of the Cu NWs. The possible chemical reaction producing 
the Cu NWs: 

 

 The amine groups of HDA allow it to bind onto the surface of 
copper nanostructures in solution. If HDA binds preferentially to the 
side facets of the Cu NWs, this could cause preferential growth 
along the axial [110] direction. Finally, the interaction between the 
functional groups in the alkyl shell and the surface of the copper 
core was accomplished via a simple one pot reaction.44 The size, 
shape and morphology of the as-prepared Cu NWs were 
determined using microscopy. Clean and continuous Cu NWs 
network were observed in optical microscopy images shown in 
Figure S2 (supplementary material), which indicate that the length 
of NWs varies from tens to hundreds of micrometers; some of NWs 
were as long as several millimeters. 

 

Figure 2: Low and high magnification TEM images of typically 
synthesized Cu NWs (Inset of the figure shows the adsorbent layer 
of HDA on Cu NW surface). 

 It is evident from TEM images (Figure 2) that the Cu NWs 

were covered with an absorbed layer of HDA with a thickness 

of 3±1 nm and had a diameter of 36±6 nm. The dark contrast 

suggests Cu crystals with larger mass thickness in the core 

region. Outside the core region, the light contrast suggests 

that the adsorbent layer is HDA. The inset of Figure 2b clearly 

demonstrates the interface between the crystalline Cu NWs. 

The presence of noticeable amorphous adsorbent layer was 

presumably responsible to high resistance due to the 

obstruction of contacts between NWs. It might have been 

removed by decomposition as a function of light to generate 

superior contact between Cu NWs.45 The NWs were formed 

randomly without bundling and uniformly distributed over the 

substrate as shown in Figure 3. It revealed that, percolation 

was achieved in the Cu NW network based on the intersections 

of the NWs. Meanwhile, the Cu NWs network before sintering 

exhibited very weak connections between Cu NWs, leading to 

high contact resistance at the nanojunctions (Figure 3e and f). 

 

Figure 3: FE-SEM images of Cu NWs (a) Centrifuged nanowires (b), 

(c) and (d)Top view with different magnification, (e) and (f) Cross 
sectional view of Cu NWs on PET Substrate. 

The optical transmittance of the fabricated Cu NW flexible 
transparent electrodes was measured, as depicted in Figure 4a.   
Series of Cu NW network TCEs were prepared by varying the 
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concentration of the Cu NW ink. The TCEs prepared using a lower 
volume (40 µl) of Cu NW ink displayed high optical transmission 
>95%. It was found that the sheet resistance and the transmittance 
of the solution-processed Cu NW network electrodes decreased 
with increasing concentration of the Cu NWs inks (Figure 4b and c). 

 The surface of Cu NWs is oxidized during their fabrication in 
water according to the following equations and the surface 
oxide/hydroxide hindrances electron conduction between the 
neighbouring NWs. 

 

 

Figure 4: (a) Optical transmittance, (b) Variation of sheet resistance 
and (c) Variation of transmittance of electrodes as a function of 
concentration of Cu NW ink.  

The residual HDA prevents the NWs from forming rigid contacts. It 
is difficult to completely remove the chemisorbed capping 
molecule, HDA, by general rinsing techniques. Post annealing at  

250°C under an inert atmosphere is generally required to remove 

HDA, by which the NWs films become conductive.46 In spite of the 
low sintering temperatures, conventional heating methods are still 
not friendly with common polymer foils, such as PET due to their 
low melting temperatures.47, 48 Achieving a transmittance above 
95% with a sheet resistance (Rs) less than100 Ω/□ using Cu NWs has 
been considered as a superior challenge.49 To attain a high 
conductance, sintering of the percolation network is required to 
form the very small contact areas to wider necks, which should 
finally create  dense conducting paths between the Cu NWs. To 
address these issues, we developed white flash light sintering 
method for welding of Cu NWs network. The WFL sintering method 
can instantly reduce the copper oxide shell and sinter copper 
nanostructures at room temperature while under ambient 
conditions in just time frame of 10−3 seconds without damaging the 
substrate. Moreover, a large area of Cu NW flexible electrode can 
be sintered by flash light from a xenon lamp with broad spectral 
range of visible region of irradiated light.32 A schematic 
representation of the Cu NW welding procedure using a WFL 
system is shown in Figure 5. 

Figure 5: A schematic representation of white flash light welding 
process of percolated Cu NW network electrode. 

 To investigate the photonic welding characteristics of the 
percolated Cu NW networks, the flash light irradiation energy was 
varied from 1 to 3 J/cm2 with a single 5 ms pulse. The sheet 
resistances of the percolated Cu NW networks were measured with 
respect to flash light irradiation conditions as shown in Figure 6a. 
The sheet resistance of the Cu NWs electrode was gradually 
decreased as the irradiation light energy increased to 3 J/cm2 

because neck-like junctions were formed successfully and they grew 
larger as the irradiation light energy increased (Figure 6b-f). It is 
noteworthy that the Cu NW network junctions could be welded and 
connected without the change of the morphology of the wires 
(Figure 6g). 
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Figure 6: (a) Variation of sheet resistance as a function of photonic 
energy. FESEM images of Cu NWs at different irradiation energy (b) 
1 J/□, (c) 1.5 J/□, (d) 2 J/□, (e) 2.5 J/□, (f) 3 J/□, and (g) Cross 
sectional view FESEM images of photonic sintered (applied photonic 
energy=1J/□) Cu  NWs at 40 µl concentraZon. 

The Cu NWs could be welded at the junctions due to local heat 
generation derived from absorption of photonic energy according 
to the Zipper effect of metal nanowires.20, 50 The pulse number of 
the WFL was increased from single to four pulses, and the sheet 
resistance of the Cu NW electrodes were measured (Figure 7a).The 
sheet resistances of the Cu NW electrodes gradually decreased as 
the number of pulses increased from one to four. This was because 
more total flash light energy was irradiated to the Cu NWs with 
increasing number of pulses which might have resulted in firm 
welding of Cu NWs and their neck-like junctions grew larger (Figure 
7b, c, d and e). As shown in Figure 7, the Cu NWs were welded at 
the junctions due to local heat generated from absorption of 
photonic energy. However, if the number of pulses of the flash light 
irradiation was more than 4 pulses, Cu NW junctions were broken 
up due to the excessive irradiation energy after complete fusion of 
Cu NWs, resulting in a decrease in the number of current transport 
paths, as illustrated in Figure 7f. These results corroborate an 
increase in sheet resistance (Figure 7a).  

 

Figure 7: (a) Measurement of sheet resistance under variable pulse 
number. FE-SEM images of Cu NWs with variable pulse number (b) 
Pulse number: #1, (c) Pulse number: #2, (d) Pulse number: #3, (e) 
Pulse number: #4 and (f) Pulse number: #5 
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Figure 8: Optical transmittance spectra of Cu NWs (40 µl) ink before 
and after photonic sintered 

 Figure 8 shows the optical transmission spectra of the sintered 

Cu NW electrodes. The samples revealed high transmittance T > 

95% at an irradiation energy of 1 J/cm2 with one pulse. A 5 ms pulse 

duration seemed to be the optimal flash light sintering conditions 

required to obtain percolated Cu NW (40 µl) specimens. It was 

found that the transmittance was slightly decreased due to the 

welding of Cu NWs at the junctions on increasing the irradiation 

energy of flash light to 1.5 J/cm2. The WFL sintering enables the 

welding of Cu NW networks without damage of the polymer 

substrate due to very short WFL pulses. However, in the case of 

highly transparent Cu NW network electrode, the absorption of 

sufficient light energy becomes more difficult since most of the 

photonic energy penetrates through the Cu NWs coated polymer 

substrate, which ultimately results in a faster increase in the local 

surface heat generation of the metal nanostructures to finish the 

sintering process. Obviously, heat conduction from the Cu NW 

network to the polymer substrate will tend to increase the 

temperature of the polymer substrate. Since it remarkably affects 

optical transparency of substrates, excessive heating and thermal 

damage can be prevented by applying the energy in pulses.51, 52 In 

the optimal condition of pulse irradiation, the sheet resistance of 

the Cu NW electrode (40 µl) was decreased by about 37%(218.2 to 

128 Ω/□).  

 Wide angle XRD measurements were conducted to determine 
the structure of the percolated Cu NWs on a PET substrate before 
and after WFL irradiation (Figure 9a).  Bragg diffracted peaks were 
observed at 39.14°, 43.04°, and 50.2°, corresponding to the CuO 
(200), Cu(111) and Cu(200) facets of the Cu NWs.53, 54 In metal 
nanostructures (such as Cu NWs) based flexible electrodes, the 
oxidative stability of the metal (like Cu) is an important issue for 
practical application. Many research groups are trying to 
circumvent these problems by adopting various methods including 
laser sintering method.29 However, laser sintering method has 
several disadvantages like low speed, small spot sintering, high 
power and expensive maintenance of the sophisticated system. In 
order to overcome the aforementioned issues, photonic sintering 

method is well suited and it has more benefits such as large area 
sintering with reduction of oxide shell of copper surface. Upon 
photonic welding at 1J/cm2, complete absence of the Cu oxide 
peaks was observed, and Cu became more crystalline, as the 
reflections appear to be more prominent in the XRD patterns 
(Figure 9b). These peaks suggest significantly narrower reflection 
than those corresponding to CuO, indicating that the Cu crystallite 
size became significantly larger due to the number of welded 
junctions. The crystalline growth of the welded Cu resulted in 
significant increase in the intensity of the (200) plane direction, 
which indicates the conversion of CuO to pure Cu. Therefore, it is 
noteworthy that the flash light irradiation completely reduced the 
oxide shells covering Cu NWs to pure Cu NWs. 

 

Figure 9: XRD spectra of before and after photonic sintering of Cu 
NWs on PET substrate  

Recently, Nam et al. discovered that such alkyl amines could act like 
a long-chain alkyl groups and serve as a new class of reductant 
whose reducing power is active in the kinetically controlled 
reduction of CoO to Co nanoparticles.55 Therefore, the same 
mechanism can be adopted without difficulty as an explanation for 
the copper oxide reduction mechanism in the present case. The 
possible chemical reactions that occur during WFL welding of the 
percolated Cu NW electrodes are as follows (Figure 10a). In this 
mechanism, the adsorbed HDA alkyl chains on the Cu NW might 
play a role as the reductant for the reduction of the CuO to pure Cu. 
The C-N bond cleavage of amines is known in photocatalytic 
hydrodenitrogenation reactions.56,57 The subsequent reaction 
sequences are well-accepted reactions in organometallic chemistry, 
such as β-hydride elimination of the alkoxide, oxidative addition of 
C-H bonds, reductive elimination of NH3 and C16H32O.58,59 The 
surface hexadecyl species undergo β-H elimination to produce the 
hexadecanoic acid.60, 61 Romeas et al. investigated the existence of 
intermediate formic, acetic acids and tetradecanoic acid during 
hexadecanoic acid photonic degradation by UV light irradiation 
using high-performance liquid chromatography (HPLC) and gas 
chromatography mass spectrometer (GCMS) analysis.62 The 
temperature increase in the TCEs is caused by the adsorption of 
WFL with wavelengths ranging from 380 nm –1.0 µm by the Cu@ 
CuO structures. The WFL spectrum contains a large amount of 
visible region of light. The coated Cu NW network films are 
expected to adsorb a significant proportion of the energy supplied 
from the irradiation. Therefore, the nanowires absorb energies 
greater than or equal to the bandgap of CuO, promoting electrons 
across the bandgap.63, 64 As the electrons relax to lower energy 
states, phonons are generated in the crystal lattice and cause a 
temperature rise in the material. The high intensity of the photons 
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creates a large number of phonons, which can elevate the 
temperature of the films from room temperature to several 
hundred degrees centigrade during the millisecond pulse.65 
Simultaneously, the photonic irradiation might have converted the 
alkyl chain to primary alcohols, secondary alcohols and carboxyl 
acid through photodegradation phenomena involving OH radical 
attack with O2.66,67 

 

Figure 10: (a) Scheme 1: Proposed reaction pathway:  reduction of 
CuO to Cu by HDA with decomposition mechanism under photonic 
irradiation. (b) Scheme 2: Conversion of HDA into Hexadecane and 
their photonic decomposition phenomena.  

 The high temperature of the Cu NWs may superheat their 
surface and generate energetic copper ions instantly. Therefore, the 
intermediate alcohol and acids resulting from photothermal 
degradation of HDA might reduce the copper oxide shell on the 
superheated Cu NWs. The XRD results clearly show that the 
absorbed HDA was decomposed and could play a role as the 
reductant to transform CuO to the pure Cu. The deamination of 
HDA followed by β-hydride and reductive eliminations of surface 
species on Cu proposed in Figure 10b would produce ammonia and 
hexadecane. The decomposition of hexadecane was explained by 
Ford, based on Fabuss, Smith and Satterfield mechanism.34 The C16 
radicals are produced mainly as secondary radicals and decompose 
by β-scission to give smaller alkyl radical and straight-chain alkenes. 
The alkyl radical, because of the high concentration of C16H34, 
preferentially abstracts hydrogen to give a straight-chain alkane and 
an alkyl radical that continues to decompose into CO2 and H2O.68 

 To investigate the in-depth phenomena, the vibrational spectra 
of the molecules adsorbed on the surfaces of the Cu NWs were 
investigated using characteristic transmittance peaks in FTIR 
spectroscopic studies. Figure 11 shows FTIR spectra in the region of 
4000 - 400 cm-1 before and after WFL welding of Cu NWs. 
Vibrational peaks were observed at 3429, 2920, 2356, 1656, 1011-
1404 and 538 cm-1. The FTIR spectrum of the as-deposited films 
clearly showed the presence of organic residues, with peaks for the 
NH2, C-H, C=O, and C-H bonds being observed (Figure 11a). The 
strong band at 3429 cm-1 is the N-H stretching band, which 
indicates binding of amine groups to the metal nanostructures. The 
peak at 2920 cm−1 corresponds to -C-H stretching of terminal -CH3 
and -CH2 group of adsorbed HDA alkyl chains.69 the strong peak at 
2356 cm−1 is mostly due to the end-on coordination of C-N with the 
copper atoms at the surface of the obtained nanostructures.70 The 
sharp peak at 1656 cm-1 is associated with scissoring mode of NH2 
vibrations.  The stretching vibrations in the 1011-1404cm−1 range 
correspond to strong of strong C=O vibrations, carboxylic acids and 
alcohols and medium-to-strong C-N vibrations of amines.71 FTIR 
analysis of the as-deposited Cu@CuO films was performed to 
understand the point at which the WFL treatment removed the 
organic residues from the electrodes. The films were subsequently 
treated with single pulse of light using an energy density of 1.0 
J/cm2, resulting in a significant reduction in the peak intensity for all 
of the bonds (Figure 11b).The absence of peaks in the 
corresponding FTIR spectrum indicated that the entire organic 
residue had been removed and thermally decomposed to form the 
reducing atmosphere. The peaks between 1000-1400 cm−1 are due 
to carboxylic acids, alcohols and residues of HDA, were removed by 
decomposition of the adsorbed HDA alkyl chains. The reduced peak 
at 2356 cm−1 is associated with dissociation of C-N with copper 
atoms at the surface of nanostructures. The decreased band at 
2920 cm−1 corresponds to decomposition of -C-H 
stretchingterminal,-CH3 and -CH2 group of adsorbent alkyl chain of 
HDA. The increased bands at 1656 and 3429 cm-1 suggest that the 
attachment of -NH2 group with copper atom at surface of NWs. 
Therefore, single pulse of light at this intensity appears to be 
sufficient for the electrode temperature to reach the 
decomposition temperature of the organic components 
surrounding the NWs. The decomposition products are acetone, 
formaldehyde, acetaldehyde and also include CO2, C2H4 and H2O.68 
Therefore, from the decomposition products of the organic 
residuals it is clear that OH* is a key component of the reducing 
gases. Nevertheless, further optimization of the WFL process 
parameters (including energy, pulse number and duration time) is 
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required for the complete removal of the organic residues from the 
Cu NWs. 
 

 

Figure 11: FTIR spectra of before and after photonic sintered Cu 
NWs. 

Conclusions  

In conclusion, we have demonstrated a hydrazine-free 
hydrothermal method for growing high aspect ratio Cu NWs. 
Photonic sintering using WFL provided a percolated Cu NWs 
network morphology with welded junctions due to local heat 
derived from the absorption of photonic energy according to the 
Zipper effect. We found that TCEs prepared using a low volume (40 
µl) of ultra-long Cu NW ink exhibited an optical transmission of T 
>95%. The sheet resistance (RS =128Ω/□) of the electrode 
decreased due to the photonic welding of wires enabling large 
interconnected networks. XRD results confirmed the absence of 
copper oxide and HDA after photonic sintering. WFL photonic 
sintering results in large-area welded metal nanostructured 
networks fabricated using an eco-friendly, simple and rapid 
sintering method. These TCEs can be used in printed and flexible 
display technologies. 
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