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a b s t r a c t 

Broadband light absorption is important for applications such as infrared detectors, solar energy collectors, and 

photothermal conversion. We propose a facile and common strategy to fabricate light absorbers with strong 

ultra-wideband absorption. Due to their excellent thermoplastic forming ability, metallic glasses could be pat- 

terned into finely arranged nanowire arrays, which show extremely low reflectivity ( ∼0.6%) in the visible and 

near-infrared regimes, and a low reflectivity ( ∼15%) in the mid-infrared regime as caused by multiscale nano 

spacing, multiple reflections, and plasmonic behavior. The strong absorption at surfaces with nanowires provides 

excellent photothermal conversion properties. The photothermal properties show that a surface with nanowires 

can be rapidly heated up to ∼160 °C at a rate of 28.75 °C/s, which is 30 times higher than smooth surfaces. 

Meanwhile, a surface with nanowires shows a high photothermal conversion efficiency ( 𝜂PT = 56.36%). The fab- 

ricated metallic glass absorbers exhibit adaptability as they can be easily formed into various complex shapes 

and meet the requirements under harsh conditions. The outcomes of our research open the door to manufac- 

turing high-performance absorbers for applications in photothermal electric power generation, desalination, and 

photodetectors. 
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. Introduction 

The ideal blackbody is a perfect absorber, which can completely ab-

orb light over a wide range and be used for photothermal (PT) conver-

ion. To date, absorbers with near blackbody performance have been

idely used as infrared detectors [1–4] , solar energy collectors [ 5 , 6 ],

olar energy desalination [7] , and other fields [ 8 , 9 ]. Near-blackbody ab-

orbers are generally multilayer structures obtained by combining plas-

onic metamaterials [10–12] with other materials. However, the ab-

orption of such absorbers is limited to narrow wavelength ranges, and

pplicability in the field of PT conversion still needs to be boosted due

o the costs and preparation cycle. Absorbers fabricated from carbon

anotubes [13] and carbon nanotube composite materials [ 14 , 15 ] via

praying and vapor deposition can achieve full broadband absorption

nd excellent PT performance, but the durability of the carbon nanotube

ayer on absorbers is insufficient in real environments, which hinders the

urther development of absorbers [16] . 

To date, the surfaces with nanostructures have great potential as ab-

orbers to obtain PT converters with excellent performances [ 17 , 18 ].
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hen light hits the absorber surface, the nanostructures cause multiple

eflections, which enhances light absorption [19] . Plasmonic behavior

an be easily achieved by adjusting the size of nanostructures and the

pace between them [ 20 , 21 ]. Existing nanostructures also reduce the

hermal conductivity of the absorber [22] , which greatly benefits the

T performance. Most nanostructures have been used to enhance the

bsorption performances, which include cylindrical nanoholes [23] , di-

lectric microspheres [24] , nanocones [25] , and nanoshells [26] . How-

ver, only narrowband absorption can be achieved through such nanos-

ructures, and the processing methods to prepare them are complex,

specially on metallic surfaces. Therefore, developing facilities to fabri-

ate nanostructures on advanced metallic materials is crucial for strong

ideband absorption with a high PT performance. 

Metallic glasses (MGs) have attracted significant attention due to

heir excellent properties since they were discovered [27–34] . The

nique atomic structure allows them to be thermoplastic formed (TPF)

n certain temperature span which is called the supercooled liquid re-

ion (SLR) [ 35 , 36 ]. Therefore, MGs were considered as the ideal mate-

ials for the miniature fabrication [37–39] . Previous works have tried
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A  
o form micro/nanopatterns on MG surface and studied their PT prop-

rties [40–42] . However, this shows great limitations focused primarily

n studying specific wavelengths. It is still an open question of exploring

he absorption ability of MGs with nanostructures over wide wavelength

anges and the PT applications. 

Here, large-area, uniform and ordered nanowire arrays were fabri-

ated on the MG surface (Pt-MG) by utilizing TPF. The surface with

t-MG nanowires (Pt-MG NWs) shows an extremely low broadband re-

ectance of less than 20% (400 nm to 20 𝜇m), which is less than 1%

rom 400 to 1800 nm. We also studied the PT properties of the sur-

ace with nanostructures at five different wavelengths o (405, 532, 655,

08, 1064 nm). When irradiating the Pt-MG NWs with an 808 nm

aser at 6.4 W/cm 

2 , the surface rapidly heated up to ∼160 °C at a

ate of 28.75 °C/s. Meantime, the system exhibited a high PT effi-

iency ( 𝜂PT = 56.36%), which is better than most reported PT materials.

he prepared nanosurface with excellent broadband absorption and PT

roperties is expected to be applied in many PT fields, such as switch-

ng, therapy, and electric power generation. In addition, the prepared

anosurface have excellent flexibility and can be formed into complex

hapes such as arc, folded, and dome, which is suitable for applications

hat require complex shapes. 

. Material and methods 

.1. Materials 

The Pt-based MG system (Pt-Ni-Cu-P) was selected as it has excellent

ow properties and thermal stability in the SLR [ 35 , 37 ]. An MG rod

ith a diameter of ∼5 mm was prepared from an alloy ingot with a

ominal composition of Pt 57.5 Cu 14.7 Ni 5.3 P 22.5 by conventional water-

ooled copper mold casting. The prepared Pt-MG rod was cut into disks

ith thicknesses of ∼1 mm, and both sides of the disks were polished to

educe the influence of surface roughness. 

.2. TPF 

The polished MG disks were stacked with the anodic aluminium ox-

de (AAO) template using a through hole having a diameter of ∼200 nm,

hich was then placed in a heated vacuum chamber. After the vacuum

as below 10 − 3 Pa, the sample was heated to its SLR (see Fig. S2) at

 heating rate of 60 K/min. A pressure of 300 MPa was applied to the

pecimens at a rate of 0.05 mm/s and was maintained for 10 s. The pres-

ure was then quickly removed, and the specimen was removed from the

hamber. 

.3. Secondary tpf (STPF) 

The AAO template was retained to avoid nanowire destruction in the

TPF. The samples with an undissolved AAO template were heated to

515 K, and the samples were treated via STPF. After the temperature

as cooled to room temperature, 15 wt% NaOH solution was used to

issolve the AAO template remaining on the sample surface. 

.4. Reflectance simulation 

The Pt-MG NWs with a diameter of 200 nm and a length of 1600 nm

ere formed on the MG surface via TPF. The 3D model of the Pt-MG

Ws was established based on this parameter (see Fig. S3), and periodic

oundary conditions were set to simulate the periodic nanowire arrays.

he physical wave optical field was selected after setting the material

f the Pt-MG NWs. A visible light source (wavelength range from 400

o 750 nm with a step size of 5 nm) was vertically incident on the es-

ablished model, and the reflectance under the model was obtained. 
2 
.5. PT effect 

The laser with wavelengths of 405 nm (PGL-V-H-405), 532 nm (PGL-

-H-532), 655 nm (PGL-V-H-655), 808 nm (5 W, fiber-tailed, multimode

iode laser), and 1064 nm (PGL-V-H-1064) were used to characterize

he PT effect of the samples. The sample was placed on quartz, the laser

witch cycle was 100 s, and the laser irradiated the sample vertically

ill 450 s. An infrared imaging camera was used to monitor the thermal

esponse of the MG surface during this process. 

.6. Multiscale structural characterization 

X-ray diffraction (XRD; RIGAKU miniflex600) with Cu K 𝛼 radiation

nd differential scanning calorimetry (DSC; Perkin–Elmer DSC-8000) at

 heating rate of 20 K/min were used to detect the amorphous nature of

he Pt-MG plate and Pt-MG NWs. Scanning electron microscope (SEM;

ei quanta FEG 450) was applied to determine the morphology of Pt-

G NWs on the MG surface. The reflectance of the sample in the visible

egime (400–800 nm) was measured using a microspectral measurement

ystem (Hangzhou SPL; ProSp-Micro40-VIS). Fourier transform infrared

pectrometer (Vertex 70; Bruker) with an integrating sphere was used

o measure the sample reflectance in the NIR and MIR regimes. A gold

irror was used as the reference sample. An infrared imaging camera

Fotric 286) with a data acquisition frequency of 1 Hz collected thermal

mages. The optical constants of Pt-MG were measured with an ellip-

ometer (VE-mapping) at incidence angles of 70° over wavelengths of

00–750 nm. The atomic structure was characterized in a JEM-2100F

EM with energy disperse spectroscopy (EDS). 

. Results and discussion 

.1. Nano engineering of Mg surface 

A schematic diagram for the fabrication of uniform and ordered

anowire arrays over a large area is shown in Fig. 1 a. The nanowires

an be rapidly fabricated on the MG surface via TPF. The morphology

f the prepared nanowires is shown in Fig. 1 b (see Fig. S1). The large

rea of the Pt-MG NWs grows densely on the MG surface and shows a

niform distribution. These Pt-MG NWs are self-supporting structures

hat endow themselves with excellent durability [43] . The details of the

anowire arrays are depicted in Fig 1 c. The spacing between nanowires

s also at the nanoscale, which helps capture light [44] . The average

iameter of Pt-MG NWs is counted based on the SEM image, and the re-

ults are summarized in Fig. 1 d. The average diameter of the Pt-MG NWs

s consistent with the nanoscale cavity size ( ∼200 nm) of the AAO tem-

late. Both the as-cast Pt-MG plate and surface with Pt-MG NWs show

ully amorphous structures, which can be ascertained from the XRD pat-

erns in Fig. 1 e. This means that the Pt-MG NWs on the MG surface are

estroyed, and the glassy surface can be reused to help restructure the

anowires via TPF (see Fig. S4). Fig. 1 f shows the morphology of a sin-

le nanowire under low-resolution TEM, and the corresponding high-

esolution TEM image is displayed in Fig. 1 g. The disordered atomic

tructure in nanowires indicates that they are in a glassy state. The se-

ected area electron diffraction image of the halo ring shown in the inset

grees with the high-resolution TEM image. The elemental distribution

f the nanowire is displayed in Fig. 1 h, where the elements of Pt, Cu,

i and P are uniformly distributed. These results demonstrate that we

an fabricate precise and dense nanostructures on MGs through a facile

ethod due to their excellent TPF abilities. 

.2. Reflectance of Pt-MG NWs 

The MGs exhibit significant optical change due to the nanostructures.

s shown in Fig. 2 a, the surface with the Pt-MG NWs becomes dark black
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Fig. 1. Fabrication and characterization of Pt-MG NWs. (a) Schematic diagram of the Pt-MG NWs fabrication. (b) Micromorphology of the Pt-MG NWs under low 

magnification. (c) Micromorphology of the Pt-MG NWs under high magnification. (d) Size distribution of the Pt-MG NWs. (e) XRD patterns of the Pt-MG NWs and 

Pt-MG plate. (f) Morphology of a single Pt-MG NW. (g) High-resolution TEM image of the Pt-MG NW, where the inset is a selected area electron diffraction image. 

(h) Element distribution of the Pt-MG NW. 
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hen exposed to natural environments, which means it is an excellent

ight absorber. The optical constants of the Pt-MG are measured to quan-

itatively investigate the optical properties of the nanosurface. Fig. 2 b

nd c show the refractive index ( n ) and extinction coefficient ( k ) of the

t-MG. The absorption properties of surfaces with Pt-MG NWs are sim-

lated via wave optics (COMSOL) that combine the optical constants

nd size parameters of Pt-MG NWs. The COMSOL simulated spectra are

resented in Fig. 2 d. The simulated surface exhibits a low reflectance ( <

%) from 400 to 750 nm. Thus, the absorption of the simulated surface

eaches more than 95% by the following Eq. (1) : 

 = 1 − 𝑅 − 𝑇 (1)

here A represents the absorption, R is the reflectance, and T is the

ransmittance. The T is chosen to be zero (see Fig. S5) [10] . 
3 
To understand the reflection mechanism of the nanosurface, we pro-

ose the possible interactions between light and Pt-MG NWs, as shown in

ig. 2 e. When light hits the nanosurface, the spacing between nanowires

aptures the light, which is reflected multiple times between nanowires.

ach reflection increases the light path and causes part of it to be ab-

orbed. Multiple reflections also greatly increase the absorption of the

anosurface, which is verified by the electric field distribution in the

anowires as observed at three specific wavelengths (see Fig. 2 f). The

lectric field distributions on the Pt-MG NWs shows the formation of

tanding waves on their surface. The formation of hot spots on the Pt-

G NWs is due to the coherent phase length of the light, which indicates

he light is strongly localized around the nanowires. Therefore, the elec-

ric field distribution spots on all the nanowires indicate the strength of

he light binding ability. 
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Fig. 2. Optical properties of Pt-MG NWs. (a) Photograph of the MG surface with the Pt-MG NWs. (b) Refractive index of Pt-MG. (c) Extinction coefficient of 

Pt-MG. (d) Simulated spectra of Pt-MG NWs from 400 to 750 nm. (e) Schematic diagram of the interactions between visible light and nanowires. (f) Electric field 

distributions at wavelengths of 520, 640, and 740 nm. (g) Reflection spectrum of the Pt-MG plate and Pt-MG NWs from 400 to 800 nm. (h) Reflection spectrum of 

the Pt-MG plate and Pt-MG NWs from 800 to 1800 nm. (i) Reflection spectrum of the Pt-MG plate and Pt-MG NWs from 1.8 to 20 𝜇m. 
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It is noted that the electric field distribution in the spots weakens

rom the top to the bottom, and the surface light is gradually absorbed

etween the nanowires. Meanwhile, as the nanowires are arranged in

he simulations, a high density of surface plasmon polariton (SPP) mode

s excited at the hot spots, which results in their broadband absorption.

ased on the simulation results, we measured the reflectance spectrum

f the surface with Pt-MG NWs. The experimental reflectance spectrum

400 nm to 20 𝜇m) is shown in Fig. 2 g-i, and the reflection spectrum of

t-MG plate is also summarized as a comparison. The surface with Pt-MG

Ws exhibits extremely low reflectivity ( ∼0.6%) in the visible and near-

nfrared (NIR) regimes and a low reflectivity ( ∼15%) in the mid-infrared

MIR) regime. These results, which are superior to the simulation re-

ults, are attributed to the slight tilt of some Pt-MG NWs growing on the

urface. The partial tilt of Pt-MG NWs leads to the multiscale spacing

etween nanowires, which captures different light wavelengths. 

Furthermore, the experimental Pt-MG NW arrays are a mixed ar-

angement of ordered and disordered compared with the simulated or-

ered arrangement of Pt-MG NWs. There was some aggregation of Pt-

G NWs in the prepared structures, and optical simulations were per-

ormed. A significantly enhanced electric field was observed on the in-

erdependent Pt-MG NWs (see Fig. S6), which indicates excitations of

igh-density localized surface plasmon resonance (LSPR) in the exper-

mental Pt-MG NWs. The results indicate that the experimental results
 h  

4 
re better than the simulations, which leads to its excellent broadband

400 nm to 20 𝜇m) absorption performance [ 45 , 46 ]. 

.3. PT conversion property of nano engineering surface 

The surface with Pt-MG NWs shows a very low reflectance and high

bsorption for wavelengths from 400 nm to 20 𝜇m, which is expected

o play a crucial role in the energy field. Thus, the PT conversion per-

ormance of the surface with Pt-MG NWs is investigated, as illustrated

n Fig. 3 a. The tested samples were placed horizontally on quartz plates.

he switching frequency of the laser is periodically controlled to irradi-

te the sample surface, and an infrared camera is used to record temper-

ture changes at the surface. Fig. 3 b shows the PT response of the surface

ith Pt-MG NWs irradiated by NIR light at 808 nm (power density from

.8 to 6.4 W/cm 

2 ). It is noted that the temperature of the surface with

t-MG NWs increases to 160 (see Video S1), 134, 82, 54.9, and 41.6

C rapidly at power densities of 6.4, 4.8, 3.2, 1.6, and 0.8 W/cm 

2 , re-

pectively. Thus, the surface with Pt-MG NWs shows an excellent and

ontrollable PT performance when irradiated by NIR light. 

After the Pt-MG NWs have been placed for some time, a repeatability

xperiment was performed on the Pt-MG NWs using the 808 nm laser at

ifferent power densities (see Fig. S7). The Pt-MG NWs also show rapid

eating, and the maximum temperature ( T ) of the surface remains
max 
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Fig. 3. The PT conversion performance of Pt-MG NWs. (a) Schematic diagram to test the PT performance of Pt-MG NWs. (b) PT cyclic curve of Pt-MG NWs 

irradiated by an 808 nm laser at different power densities. (c) PT cyclic curve of Pt-MG NWs and Pt-MG plate irradiated by 405 nm laser at 0.8 W/cm 

2 , (d) at 532 nm, 

(e) at 655 nm, (f) at 808 nm, and (g) at1064 nm. (h) Heating rate of the Pt-MG plate and Pt-MG NWs under different wavelengths at 0.8 W/cm 

2 . (i) Heating rate of 

the Pt-MG plate and Pt-MG NWs under different power densities at 808 nm. 

5 
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Table 1 

Summary of the various PT materials for 𝜼PT , T max , and heating rate. 

Sample 𝜂PT T max (°C) Heating Rate (°C/s) Ref. 

Pt-MG NWs 56.36% 160 28.75 This work 

ZnPB-3 39.79% 63.4 0.123 [51] 

Zr-PDI 52.3% 160 16 [50] 

Cu 10 MOF / 48.4 0.078 [52] 

CuS@HKUST-PDA / 57 0.1067 [53] 

Cocrystals 18.8% 71.3 0.1188 [54] 

CuS/GO / 54 0.048 [55] 

Mg/H-PCL/ICG / 52.3 0.0275 [56] 

NH2-MIL-125-GO-Pt / 54.2 0.081 [57] 

Cu 2-x Se Nanocrystal 22% 58 0.0183 [58] 

sSMONRs-PDMS / 400 20 [59] 

CS-3 22.26% 56 0.47 [60] 

Au–CuS_T_FW 30.56% 31 0.015 [61] 

P1 NPs 30.1% 64.8 0.216 [62] 

Au-Cu 9 S 5 NPs 37% 50 0.417 [63] 

Fe 3 O 4 @CuS-PEG NP 19.2% 60 0.0583 [64] 

n  

p  

s  

s  

w  

d  

p  

a  

t  

M  

d  

w

 

t  

P  

w  

P  

d  

h  

h  

P  

i  

s  

6  

p  

o  

B

o  

[

∑
 

w  

h  

e  

N

 

(  

e  

r  

t  

r  

i  

(  

t  

m  

p  

a

 

W  

a  

a  

N  

t  

T  

e  

a  

T  

r  

p

3

 

f  

S  

s  

r  

s  

c  

a  

W  

S  

r  

T  

i  

h  

T  

i  

t  

e  

g

 

p  

m  

n  

p  

r  

t  

r  

w  

T  

r  

t  

a

4

 

s  

P  

r  

t  

a  

f  

t

D

 

work. 
early the same as in previous experiments under different irradiation

ower densities. The results indicate that the PT performance of the

urface with Pt-MG NWs has good repeatability. In addition, the PT re-

ponses of the Pt-MG plate and surface with Pt-MG NWs irradiated by

avelengths of 405, 532, 655, 808, and 1064 nm at a constant power

ensity of 0.8 W/cm 

2 are shown in Fig. 3 c–g. The IR images of the sam-

les with the highest and lowest temperatures under these illuminations

re on the right side. When different wavelengths irradiate the surface,

he temperature rise for the Pt-MG plate is only ∼2 °C, but when the Pt-

G NWs are introduced, the temperature rapidly reaches ∼44 °C. This

emonstrates that surfaces with Pt-MG NWs can absorb light of different

avelengths and rapidly convert it into thermal energy. 

Surfaces with Pt-MG NWs still show excellent PT performance after

hree alternating irradiation cycles, as shown in Fig. 3 c–g. Thus, the

t-MG NWs have a high PT stability under laser irradiation of different

avelengths. Fig. 3 h summarizes the heating rate of the Pt-MG NWs and

t-MG plate under laser irradiation of different wavelengths at power

ensities of 0.8 W/cm 

2 . The surface with Pt-MG NWs shows a much

igher heating rate than Pt-MG plate, indicating the enhanced surface

eating rate is fully ascribed to the Pt-MG NWs. The heating rates of the

t-MG NWs and Pt-MG plate at different power densities are illustrated

n the Fig. 3 i. The heating rate at the surface with Pt-MG NWs increases

harply with the power density. When the power density increases to

.4 W/cm 

2 , the surface shows a heating rate of 28.75 °C/s. The Pt-MG

late also increases with the power density, but at a relatively slow rate

f about 0.9 °C/s, which is far lower than the surface with Pt-MG NWs.

ased on the cooling rate curve for Pt-MG NWs (see Fig. S8), the 𝜂PT 

f Pt-MG NWs is calculated as 56.36% by the energy balance equation

47–50] : 

𝑖 

𝑚 𝑖 𝐶 𝑖,𝑝 

d 𝑇 
d 𝑡 

= 𝑄 − 𝑄 𝑙𝑜𝑠𝑠 (2)

here m i and C i,p are the mass and heat capacity of the system, Q is the

eat energy to the Pt-MG NWs, and Q loss is the thermal energy lost to the

nvironment. (The calculation details are shown in the Supplementary

ote). 

We subsequently summarized the PT performance of some materials

see Table 1 ). Compared to the previously reported 𝜂PT and heating rate

xhibited by various PT materials, such as Zr-PDI ( 𝜂PT is 52.3%, heating

ate is 16 °C/s) and ZnPB-3 ( 𝜂PT is 39.79%, heating rate is 0.123 °C/s),

he Pt-MG NWs exhibit the best performance in both the 𝜂PT and heating

ate. In addition, the Pt-MG NWs also exhibit a higher T max under laser

rradiation than most reported PT materials such as CuS@HKUST-PDA

 T max is 57 °C) and Cocrystals ( T max is 71.3 °C). These results indicate

hat surfaces with Pt-MG NWs have an excellent PT conversion perfor-

ance, PT stability and a high heating rate. These properties provide
6 
romising PT applications, such as seawater desalination, and PT ther-

py. 

In this regard, we performed desalination using the Pt-MG NWs.

hen 1 μL of 3.5% wt NaCl solution was dropped on the Pt-MG NWs

nd Pt-MG plate, the NaCl solution was still present on the Pt-MG plate

fter 300 s of irradiation with the 808 nm laser. However, water in the

aCl solution on the Pt-MG NWs completely evaporated, and the forma-

ion of NaCl particles was observed from the Pt-MG NWs (see Fig. S9a).

his indicates that the PT performance of Pt-MG NWs promotes water

vaporation. The evaporation performance of water for the Pt-MG NWs

nd Pt-MG plate was also evaluated under 1 kW/m 

2 solar irradiation.

he evaporation rate of Pt-MG NWs is twice as high as the evaporation

ate of Pt-MG plate (see Fig. S9b), which implies that Pt-MG NWs have

ractical applications in desalination. 

.4. Flexible nano engineering of MG surface 

The samples remain amorphous after forming Pt-MG NWs on its sur-

ace by TPF, which provides the surface with Pt-MG NWs to carry out

TPF. Fig. 4 a shows the STPF process. Then, the arc, folded, and dome

urfaces are formed with Pt-MG NWs (see Fig. 4 b–d), and the surfaces

emain black after STPF. The left, middle, and right positions of the arc

urface are observed by SEM, and the Pt-MG NWs on the surface did not

hange (see Fig. 4 e), indicating the STPF has no effect on the Pt-MG NWs

nd the surface still has a very strong optical absorption (see Fig. S10).

e also investigate the intrinsic characteristics of the Pt-MG NWs after

TPF, and the samples are fully amorphous (see Fig. S11). The high-

esolution TEM image of the nanowire after STPF is shown in Fig. 4 f.

he disordered atomic structure under high-resolution TEM (see Fig. 4 g)

ndicates the nanowire is also amorphous. Thus, the glassy properties

ave not changed after STPF, and complex structures could be formed.

he elemental distribution of the nanowire is shown in Fig. 4 h, which

s consistent with the materials used. We believe that the surface with

he Pt-MG NWs can be customized with various shapes, which broad-

ns its applications in some fields, such as foldable PT electric power

eneration devices and wearable light-thermal management devices. 

The nanosurface has a strong absorption over a wide range com-

ared with the reported literature. Fig. 5 summarizes an absorption of

ore than 80%, as reported previously. This includes carbon nanotubes,

anocomposites, nanostructured materials, and metamaterials. These

reviously reported absorbers can achieve high absorption but over nar-

ow ranges. For example, the taper arrays of the alumina–chrome mul-

ilayered metamaterial (Al-Cr metamaterial/Au) exhibit an absorption

ange from 400 nm to 3200 𝜇m, and that for a Ta absorber of multi-

alled carbon nanotubes (Ta/MWCNTs) is from 300 nm to 1100 nm.

he absorption range (400 nm to 20 𝜇m) of the Pt-MG NWs is supe-

ior to most previously reported materials. In addition, the surface with

he Pt-MG NWs contributes to the engineering applications due to the

dvantages of easy processing and flexibility. 

. Conclusion 

In summary, we developed a facile method to generate a surface ab-

orber with excellent absorption using the TPF process. The large area

t-MG NWs are grown on the surface and exhibit a very low broadband

eflectance (400 nm to 20 𝜇m). The results are ascribed to the mul-

iscale nano spacing, multiple reflection and plasmonic behavior. We

lso explore the PT effect of the surface and the characteristics of sur-

ace flexibility, which provides a promising route for the applications of

he surface. 
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Fig. 4. The flexible MG surface with Pt-MG NWs. (a) Schematic diagram of nanosurface via STPF. (b) Nanosurface of arc shape. (c) The folded shape. (d) The 

dome shape. (e) SEM images of the arc nanosurface on the left, top, and right. (f) Morphology of a single Pt-MG NW after STPF. (g) High-resolution TEM image of a 

Pt-MG NW after STPF. (h) Element distribution of a Pt-MG NW after STPF. 

Fig. 5. Comparison of the absorption ranges between this work and pre- 

vious reports. (more details in Table S1). 
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