
  
 

ISSN 2791-0091 (print); 2790-8119 (online) 
2022, 1(1): 1–8 https://doi.org/10.26599/NRE.2023.9120041 

 

R
es

ea
rc

h 
Ar

tic
le

 
 
 
 

Autocatalytic reduction-assisted synthesis of segmented porous
PtTe nanochains for enhancing methanol oxidation reaction 
Qiqi Zhang1,2, Tianyu Xia3 (), He Huang4, Jialong Liu5 (), Mengyuan Zhu4, Hao Yu4, Weifeng Xu4, Yuping Huo1,2,
Congli He1, Shipeng Shen1, Cong Lu6, Rongming Wang7, and Shouguo Wang1,4,7,8 () 

 
1 Institute of Advanced Materials, Beijing Normal University, Beijing 100875, China  
2 College of Nuclear Science and Technology, Beijing Normal University, Beijing 100875, China  
3 Key Laboratory of Materials Physics of the Ministry of Education, School of Physics and Microelectronics, Zhengzhou University, Zhengzhou

450052, China  
4 Beijing Advanced Innovation Center for Materials Genome Engineering, School of Materials Science and Engineering, University of Science and 

Technology Beijing, Beijing 100083, China  
5 Department of Physics and Electronics, School of Mathematics and Physics, Beijing University of Chemical Technology, Beijing 100029, China 
6 Synchrotron Radiation Research Center, Hyogo Science and Technology Association, Tatsuno 6795165, Japan 
7 Institute for Multidisciplinary Innovation, University of Science and Technology Beijing, Beijing 100083, China 
8 School of Materials Science and Engineering, Anhui University, Hefei 230601, China 
 
Received: 8 August 2022 / Revised: 20 October 2022 / Accepted: 21 October 2022 

 

ABSTRACT 
Morphology engineering has been developed as one of the most widely used strategies for improving the performance 
of electrocatalysts. However, the harsh reaction conditions and cumbersome reaction steps during the nanomaterials 
synthesis still limit their industrial applications. Herein, one-dimensional (1D) novel-segmented PtTe porous nanochains 
(PNCs) were successfully synthesized by the template methods assisted by Pt autocatalytic reduction. The PtTe PNCs 
consist of consecutive mesoporous architectures that provide a large electrochemical surface area (ECSA) and abundant 
active sites to enhance methanol oxidation reaction (MOR). Furthermore, 1D nanostructure as a robust sustaining frame can 
maintain a high mass/charge transfer rate in a long-term durability test. After 2,000 cyclic voltammetry (CV) cycles, the ECSA 
value of PtTe PNCs remained as high as 44.47 m2·gPt

–1, which was much larger than that of commercial Pt/C (3.95 m2·gPt
–1). 

The high catalytic activity and durability of PtTe PNCs are also supported by CO stripping test and density functional theory 
calculation. This autocatalytic reduction-assisted synthesis provides new insights for designing efficient low-dimensional 
nanocatalysts. 
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1 Introduction 
Direct methanol fuel cells (DMFCs) have attracted extensive 
attention due to their pollution-free, scalability, sustainability, 
and convenience of transportation [1]. Pt is an ideal anode 
catalyst because of its distinct electronic properties for methanol 
oxidation reaction (MOR) in DMFCs [2]. However, several 
critical issues of Pt catalysts enormously limit the performance 
of DMFCs in large-scale commercialization, such as high cost, 
easily poisoned by the intermediates, and poor durability [3–6]. 
Introducing transition metals or oxide nanoparticles into 
Pt-based nanostructures to modify the energy band structure 
through strain or ligand effects provides an effective way to 
improve the catalytic behavior [7–9]. However, preparing 

Pt-based catalysts using simple and efficient strategies for 
commercial demands remain a challenge. Numerous strategies 
to enhance the performance of Pt-based electrocatalysts 
have been reported, including crystal defect building, 
material ingredient changing, morphology engineering, and 
so on [10–13]. 

Recently, morphology engineering has been demonstrated as 
one of the accessible ways to meet high-quality catalysts [14–18]. 
Among various architectures, open nanostructures are of 
great importance due to their large surface-to-volume ratio, 
abundant surface defects, considerable conductivity, and low 
Pt consumption, which endows outstanding catalytic behavior 
in MOR [19–21]. However, some drawbacks still exist, such as 
random stacking on the electrode, reducing the transmission 
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and diffusion of the ions and electrons, lowering structural 
stability due to the hollow nanostructure, and further limiting the 
long-term electrochemical performance [13, 22]. In contrast, 
one-dimensional (1D) nanocatalysts compensate for these 
deficiencies because of their robust architecture, strong shape 
anisotropy, higher flexibility, and efficient conductivity [23, 24]. 
However, the flat and smooth surface cannot offer enough 
active sites for the reaction, restraining their catalytic activity. 
Hence, 1D Pt-based porous nanostructures, combining the 
morphology advantages of patulous and 1D nanostructures, 
are promoted as reasonable candidates for superior 
electrocatalysts. Additionally, the segmented construction can 
further extend the structural benefits to establish more active 
sites and promote catalytic performance. 

Moreover, the tedious steps and harsh reaction conditions 
strictly limit large-scale manufacturing in commercial 
applications. It is essential to explore a simple strategy to 
efficiently fabricate 1D Pt-based porous catalysts with high 
electrochemical performance. The autocatalytic process has 
been used to synthesize porous and branched nanostructures, 
particularly in the reduction of Pt2+ or Pt4+ precursors, which 
is a spontaneous reaction occurring under suitable conditions 
[25, 26]. This reaction can not only affect the interfacial energy, 
thus, modify the growth environment in the following reactions, 
but also save avoidable reductants during the synthesis. The 
growth of Pt-based materials with specific morphologies using 
an autocatalytic process can simplify the reaction process and 
improve the catalytic efficiency of the products [27, 28]. 

Here, 1D PtTe porous nanochains (PNCs) were successfully 
synthesized with the assistance of the autocatalytic reduction 
process at room temperature. The Te nanowires (NWs) and 
Pluronic F127 are served as self-sacrificial and soft templates 
to maintain the linear shape and mesoporous structures, 
respectively. Furthermore, Pt autocatalytic reduction mainly 
determines the formation of protruding structures on the PtTe 
NWs. The exotic 1D PtTe PNCs possess large specific surface 
area, abundant defects, fast mass/charge transport rate, and 
bimetallic alloy synergistic function, jointly leading to enhanced 
catalytic activity and durability during the MOR process. 
Finally, the CO stripping test along with the density functional 
theory (DFT) calculations indicate the high CO adsorption 
capacity of PtTe PNCs. 

2 Experimental details 

2.1 Materials and chemicals  

Na2TeO3 (99.9%) and N2H4·H2O (80%) were purchased from 
Aladdin Industrial (Shanghai, China) and Xilong Scientific 
(Guangdong, China), respectively. NH3·H2O (8 wt.%), 
poly(vinylpyrrolidone) (PVP, K-30, AR), and ascorbic acid 
(AA, 99.7%) were bought from Macklin (Shanghai, China). 
Pluronic F127, K2PtCl6, and Nafion solution (5 wt.%) were 
purchased from Sigma-Aldrich. Commercial Pt/C (40 wt.% Pt) 
catalyst was purchased from Alfa Aesar. All reagents were of 
analytic grade and were used as received. 

2.2 Synthesis of Te NWs 

First, 92 mg Na2TeO3 and 1 g PVP were dissolved in 35 mL 
deionized water and stirred vigorously, then, 3.35 mL NH3·H2O 
and 1.75 mL N2H4·H2O were added to the mixed solution. The 
resultant solution was heated to 180 °C and maintained for 3 h 
in a 50 mL Teflon-lined stainless-steel autoclave. The solution 

was then cooled to room temperature, yielding dark-blue 
products, and stored in a sealed environment. Finally, 0.75 mL 
of the obtained solution was dispersed in 1.25 mL acetone and 
2 mL deionized water, then the Te NWs (precipitate) were cleaned 
several times with water and centrifugated under 12,000 rpm. 
Finally, the product was dissolved in 1 mL deionized water for 
further use. 

2.3 Synthesis of PtTe PNCs 

Firstly, 20 mg F127 was completely dissolved in 6.5 mL K2PtCl6 
(5 mM) water solution, then 0.3 mL Te NWs was added to 
the solution in an ultrasonic bath. Five minutes later, 3 mL AA 
(0.1 M) was added, and the homogeneous solution was sonicated 
for 2 h. Finally, the obtained PtTe PNCs were washed severally 
with water, precipitated by centrifugation at 5,000 rpm for five 
min and dispersed in the alcohol solution. PtTe mesoporous 
nanotubes (MNTs) were successfully obtained when 0.3 mL Te 
NWs and 3 mL AA were simultaneously added to the mixture 
under the same experimental conditions. 

2.4 Structural characterization 

The morphology, microstructure, and composition of the 
as-synthesized samples were characterized by scanning electron 
microscopy (SEM, Hitachi S-4800, Hitachi, Tokyo, Japan), 
transmission electron microscopy (TEM, JEM-2200FS, JEOL, 
Tokyo, Japan), energy dispersive spectroscopy (EDS, X-Max80T, 
Oxford Instruments), spherical aberration-corrected transmission 
electron microscopy (JEM-ARM200F NEOARM, JEOL, Tokyo, 
Japan), and inductively coupled plasma mass spectrometry 
(ICP-MS, Thermo Scientific, USA). The crystal and elemental 
electronic structure analysis were conducted by X-ray diffraction 
(XRD, Ultima IV, Rigaku, Tokyo, Japan) and X-ray photoelectron 
spectroscopy (XPS, ESCALAB 250Xi, Thermo VG Scientific, 
West Sussex, England), respectively. 

2.5 Electrochemical characterization 

The electrochemical properties of the samples for the MOR 
process were determined using a CH Instruments 660D 
electrochemical workstation at room temperature. A typical 
3-electrode system consists of a glass carbon disk (0.071 cm2),  
Pt wire, and a saturated calomel electrode as the working, 
the counter, and the reference electrodes, respectively. The 
glass electrode was successively polished with 0.3 and 0.05 m 
alumina powder to obtain a mirror-finish surface and cleaned 
under sonication with ethanol for further testing before the 
measurements. Then, 2 mg PtTe PNCs was dissolved in 10 mL 
ethanol and the solution was ultra-sonicated for 20 min. After 
that, 10 μL of the resultant suspension was dropped onto the 
surface of the working electrode. Finally, the electrode was 
air-dried and coated with 5 μL of 5 wt.% Nafion membrane. 
The samples with PtTe MNTs and commercial Pt/C (40 wt.% Pt) 
were prepared following the same process outlined for PtTe 
PNCs, with the same Pt quality obtained. 

2.6 First-principles calculation 

First-principles calculation in this work was conducted by the 
DFT implemented in the Vienna Ab initio simulation package 
using the generalized gradient approximation with the Perdew– 
Burke–Ernzerhof functional [29–31]. Then, a 4 × 4 Pt (111) 
and PtTe (111) slabs with Te substituting Pt on the top layer 
were constructed. Different adsorption configurations of CO 
on Pt and PtTe slabs were enumerated to obtain the most 
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stable sites. The cutoff energy was set to 520 eV and a 3 × 3 × 1 
Monkhorst–Pack k-point mesh was sampled. The vacuum 
layers were set larger than 15 Å to avoid periodic boundary 
condition interaction [32]. The DFT-D3 method was adopted 
to consider the van der Waals interaction for CO adsorption/ 
desorption [33]. All structures were fully relaxed until the 
total energy, and residual force convergence reached 10−5 eV 
and 0.02 eV·Å−1, respectively. The Gibbs free energy change (ΔG) 
of CO adsorption on the Pt and PtTe slabs were calculated 
according to the following: 

ΔG = GCO+sub − Gsub – GCO             (1) 
where GCO+sub and Gsub represent the Gibbs free energies of 
the slabs with and without the adsorbed CO. GCO represents 
the Gibbs free energy of the CO molecule. Especially, the 
corresponding Gibbs free energy was evaluated by considering 
the zero-point energy and vibrational entropy effect, which is 
defined as follows: 

ΔG = E + Ezpe – TΔS              (2) 
where Ezpe and TΔS represent the zero-point and vibrational 
entropy energies of adsorbed CO. Temperature was set to 
298.15 K. All these energy corrections were conducted using 
the Vaspkit package [34]. 

3 Results and discussion 
The morphology and microstructure of the as-prepared  
PtTe PNCs were first characterized by SEM and TEM. 
Figures 1(a), 1(b), and Figs. S1(a)–S1(d) in the Electronic 
Supplementary Material (ESM) show the SEM images of PtTe 
PNCs, indicating that the dominant products are segmented 1D 
porous nanochains enclosed by continuously mesoporous 
structures. The entire length is approximately hundreds of 
nanometers, where the diameter of these pellets is around   
80 nm. Many uniform mesoporous with a size of around 12 nm 
can be observed on each spherical structure, which may greatly 
increase the contact area between the catalysts and the acid 
electrolytes, thus, improving catalytic performance. The atomic 
percentages of Pt and Te is determined to be 95% and 5% by 
ICP-MS. Figures 1(c)–1(e) present the typical TEM images at 
different magnifications, which are used to highlight the 
detailed structure of the obtained PtTe PNCs. As shown in 
Fig. 1(c), the 1D PtTe PNCs consist of multiple nanospheres 
with uneven surfaces, in good agreement with the SEM results. 
The SAED pattern of PtTe PNCs is shown in the inset of 
Fig. 1(c), which can be calibrated into (111), (200), (220), and 
(311) facets of the face-centered cubic (fcc) crystal structure, 
also indicating the high crystallinity of PtTe PNCs [35]. The 
high-resolution TEM (HRTEM) images shown in Figs. 1(d) 
and 1(e) confirm that the porous spheres were composed of 
many small nanoparticles with an average size of 3 nm, and 
these nanoparticles have numerous low index facets, steps, 
and corner atoms (Figs. S2(a)–S2(c) in the ESM). The lattice 
spacing of 0.22 nm was calculated from Fig. 1(e), corresponding 
to the (111) as a typical fcc crystal structure for Pt. The high 
angle annular dark-field scanning TEM (HAADF‐STEM) and 
elemental Pt and Te mapping of a single 1D PtTe PNC (Fig. 1(f)) 
reveal that Pt is homogeneously distributed throughout the 
nanochain, while the distribution of Te is relatively concentrated 
in the central part. These special porous structures, numerous 
steps corner atoms, and efficient Pt-rich surface are greatly 
favorable for electrocatalytic applications. The crystal structure  

 
Figure 1 Structural characterization of PtTe PNCs. (a, b) SEM and (c, d) 
TEM images. Insets are the selected area electron diffraction (SAED) 
pattern. (e) HRTEM image for the square area. (f) HAADF–STEM image 
and their corresponding EDS mapping profiles for Pt (red) and Te (blue). 

 
Figure 2 (a) XRD pattern for PtTe PNCs. (b) XPS spectra of Pt 4f with 
two peaks from metallic Pt0 and oxidized Pt2+ for PtTe PNCs. 

of PtTe PNCs was also determined by XRD (Fig. 2(a)), where 
three distinct diffraction peaks at 39.90°, 46.27°, and 67.77° 
can be indexed to the (111), (200), and (220) facets of fcc 
crystal structure of Pt, respectively, in good agreement with 
the SAED pattern. Compared to the Pt standard peaks (PDF 
#04-0802), the diffraction peaks of PtTe PNCs are slightly 
shifted without any single Te diffraction peaks, indicating the 
PtTe-alloyed nanostructure. The XPS measurements were 
conducted to analyze the surface composition and electronic 
properties of PtTe PNCs, as shown in Fig. 2(b). The Pt 4f 
peaks can be divided into two pairs, including metallic Pt0 and 
oxidized Pt2+, and the majority state of PtTe PNCs is Pt0, which 
primarily contributes to enhancing the electrocatalytic activity 
during MOR. Pt 4f5/2 and Pt 4f7/2 peaks for Pt0 are located at 
74.9 and 71.5 eV, respectively. These two peaks marginally 
deviate from the standard peaks at 74.25 and 70.9 eV for Pt 
4f5/2 and 4f7/2, respectively [36], indicating that Te may lower 
the d-band center of Pt, which could be a crucial factor in 
enhancing the electrocatalytic performance of the PtTe 
alloy [37]. The XRD and XPS for Pt/C and Te NWs are provided 
in Figs. S3 and S4 in the ESM. 

To gain more insight into the morphological evolution of 
PtTe PNCs, the morphologies at different growth stages were 
observed by SEM and TEM (Fig. S5 in the ESM), and the process 
is illustrated in Fig. 3. As shown in Fig. 3(a) and Fig. S5(a) in the 
ESM, the Te NWs with an average diameter of around 7 nm act 
as self-sacrificial templates to maintain the linear structure of 
the samples. At the initial stage of the reaction (Fig. 3(b) and 
Fig. S5(b) in the ESM), PtCl6

2− ions were reduced on the Te 
NWs surface to form PtTe NWs according to the galvanic 
replacement reaction [38]: 

[PtCl6]2−+ Te + 3H2O → Pt + TeO3
2−+ 6Cl−+ 6H+      (3) 
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Once Pt atoms are formed on the surface of PtTe NWs, the 
autocatalytic process will be triggered in a highly concentrated 
solution of PtCl6

2− ions. As the reaction proceeds, more 
zero-valent Pt atoms are auto-catalytically reduced out from 
PtCl6

2− ions at an ultrahigh reaction rate and stacked on the 
surface of PtTe NWs as new autocatalytic reaction sites and 
assembled locations [25, 39]. The composition of these PtTe 
NWs decorated by Pt nanoparticles are identified as Pt75Te25 
from the analysis of EDS (as shown in Fig. 2(b)). After the AA 
is added, the precursors are slowly reduced and continue to 
accumulate on the surface, which raised the sites of the 1D 
nanostructures (Figs. 3(c), 3(d) and Figs. S5(c)–S5(f) in the 
ESM). The uniform segmented 1D porous nanostructures are 
well formed after 120 min, as shown in Fig. 3(e). Whether the 
autocatalytic reaction of Pt can proceed smoothly and even 
eventually form chain-like nanostructures was directly determined 
by the additional time of AA and the concentration of Pt 
precursors. As previously reported [40], if AA and Te NWs 
were added simultaneously, the products named PtTe MNTs 
would be assembled without surface undulation (Fig. S6 in the 
ESM). Alternatively, when the amount of Pt precursors is 
decreased to 10 or 20 mmol, only incomplete 1D nanostructures 
can be formed (Figs. S7(a) and S7(b) in the ESM) due to the 
lack of enough quantities of Pt atoms to participate in the 
formation of porous structures. Conversely, when the concentration 
of Pt precursors is increased to 40 mmol, as shown in Fig. S7(c) 
in the ESM, a large excess of Pt atoms is stacked on the  
surface of the 1D structural bulge by thermodynamic factors, 
resulting in a nonuniform growth of the bulge. The dose of Te 
NWs as sacrificial templates were also similarly studied, and 
irregular shapes can be observed in Figs. S7(d)–S7(f) in the 
ESM. Additionlly, the porous nanostructures are attributed to 
the joint effect of F127 and AA. During the reaction, PtmCln 
complex formed by the precursors combined with water 
molecules was easily adsorbed on the ethylene oxide chain of 
F127 [41]. Since the ethylene oxide chain is an evanescent 
chain structure, the PtmCln adsorbed on its terminals can still 
maintain the initial structure after being reduced by AA, and 
finally, form a 1D porous nanostructure [42].  

When F127 is replaced by other surfactants (such as PVP 
shown in Fig. S8(a) in the ESM), nonporous structures can  
be observed in the as-prepared products. Once the strong 
reductant NaBH4 is added in this system instead of AA, the 
final products will consist of two components (NWs and 
nanospheres) because the PtCl6

2– ions are directly reduced to 
form the Pt nanospheres (Figs. S8(b) and S8(c) in the ESM).  

 
Figure 4 CV curves of PtTe PNCs, PtTe MNTs, and commercial Pt/C in 
(a) 0.5 M H2SO4 and (b) a mixed solution of 0.5 M H2SO4 and 1 M CH3OH. 
(c) LSV of the three catalysts in a mixed solution of 0.5 M H2SO4 and 
1 M CH3OH. Inset of (c): amplification of LSV curves between 0.3–0.6 V. 
(d) Specific and mass activities of PtTe PNCs, PtTe MNTs, and commercial 
Pt/C, respectively. 

Additionally, the amount of F127 also dominates the pore size 
of the porous nanostructures, and when the amount of F127 is 
increased, the pore diameter gradually decreases, leading to a 
denser porous structure (Figs. S8(d) and S8(e) in the ESM). 
As for the catalytic performance, the PtTe PNCs, PtTe MNTs, 
and commercial Pt/C (40 wt.% Pt) catalysts were investigated 
under the same test conditions. The electrochemically active 
surface area (ECSA) was calculated from the CV curves in 
N2-saturated 0.5 M H2SO4 at a scan rate of 50 mV·s−1, as shown 
in Fig. 4(a). The ECSA value is determined to be 104.34, 82.80, 
and 54.95 m2·gPt

−1 for PtTe PNCs, PtTe MNTs, and commercial 
Pt/C, respectively. The high ECSA value for PtTe PNCs can 
mainly be attributed to their uniform 1D porous nanostructure, 
small-sized Pt nanoparticles, and more index facets, which will 
be discussed in detail later. The CV curves were also acquired 
to evaluate the electrocatalytic properties in 0.5 M H2SO4 and  
1 M CH3OH mixed solution at a scan rate of 50 mV·s−1. Two 
typical prominent peaks located at 0.42 and 0.62 V can be 
observed in the forward and backward scanning curves, 
respectively (Fig. 4(b)). The forward current density (jf) of PtTe 
PNCs (28.94 mA·cm−2) was brightly larger than that of PtTe 
MNTs (17.41 mA·cm−2) and commercial Pt/C (8.14 mA·cm−2), 
indicating the higher activity of PtTe PNCs. Linear sweep 

 
Figure 3 Schematic of the synthesis of the PtTe PNCs. 
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voltammetry (LSV) curves were obtained at a slow scan rate 
(5 mV·s−1) in a mixed solution containing 0.5 M H2SO4 and 
1 M CH3OH (Fig. 4(c)). For a given oxidation current density, 
such as the baseline of 4 mA·cm−2 shown in the inset of Fig. 4(c), 
the corresponding oxidation potential of PtTe PNCs (0.41 V) 
is lower than that of PtTe MNTs (0.43 V) and commercial 
Pt/C (0.47 V), indicating that a faster methanol-oxidized 
process occurs on the surface of PtTe PNCs and it can deliver 
high quality current to the device at a lower voltage. Figure 4(d) 
shows the specific and mass activities of the three catalysts 
calculated from the values of ECSA and Pt loading mass 
normalization of the forward peak current density. The PtTe 
PNCs exhibit a superior specific activity (9.80 A·mPt

−2), resulting 
in 1.3- and 1.8-fold improvements over PtTe MNTs (7.43 A·mPt

–2) 
and commercial Pt/C (5.23 A·mPt

–2), respectively. The mass 
activity of PtTe PNCs was 1.02 A·mgPt

–1, leading to 1.6- and 
3.5-fold improvements over PtTe MNTs (0.62 A·mgPt

–1) 
and commercial Pt/C (0.29 A·mgPt

−1), respectively. The good 
electrochemical performance of PtTe PNCs greatly depends on 
the special segmented PtTe porous nanochains, some active 
facets, and modification of the surface electronic environment 
between the Te and Pt atoms. 

The electrocatalytic durability of the three catalysts was 
measured via chronoamperometry in 0.5 M H2SO4 and 1 M 
CH3OH mixed solution at a fixed potential of 0.6 V (Fig. 5(a)). 
The continuous currents show a rapid drop with respect to 
time for the three catalysts due to the poisoning species and 
intermediates accumulating on the catalyst surface, which 
induces a decrease in active sites [43]. After 1,000 s, the oxidation 
current density of PtTe PNCs is still much larger than that of 
PtTe MNTs and commercial Pt/C.  

The accelerated durability test was also acquired to evaluate 
the durability of the three catalysts based on the CV curves  
in 0.5 M H2SO4 and 1 M CH3OH mixed solution at a scan rate 
of 50 mV·s−1. The CV curves before and after 2,000 cycles are 
shown in Figs. S9(a)–S9(f) in the ESM. After 2,000 cycles, the 
ECSA value of PtTe PNCs was 44.47 m2·gPt

−1, which was 
considerably larger than that of PtTe MNTs (18.34 m2·gPt

−1) 
and commercial Pt/C (3.95 m2·gPt

−1), as shown in Fig. 5(c). It 
can be seen from Fig. 5(d) that the PtTe PNCs still retain 65% 
of their original mass activity (0.67 A·mgPt

−1), whereas it is only   

 

Figure 5 (a) Chronoamperometry curves of the three catalysts obtained 
in 0.5 M H2SO4 and 1 M CH3OH mixed solution at a fixed potential of  
0.6 V, (b) TEM image of PtTe PNCs after 2,000 cycles, (c) ECSA values 
and (d) mass activities (jm) of the three catalysts in a mixture of 0.5 M 
H2SO4 and 1 M CH3OH before and after 2,000 CV cycles. 

38% and 3% of the original values of PtTe MNTs (0.24 A·mgPt
−1) 

and commercial Pt/C (0.01 A·mgPt
−1), respectively. The activity 

decrease can be primarily attributed to the dissolution of Pt atoms 
on the surface and the accumulation of some Pt nanoparticles 
during the catalytic oxidation [44]. The microstructure of PtTe 
PNCs after 2,000 cycles was examined by TEM (Fig. 5(b) and 
Figs. S10(a) and S10(b) in the ESM). Notably, the PtTe PNCs 
still maintain a stable and linear nanostructure due to the 
robust porous structure and that only the edges are slightly 
ablated, which supports the above viewpoint. Additionally, the 
overall well-maintained PtTe PNCs nanostructure is essentially 
responsible for its excellent durability. Furthermore, the EDS 
analysis for the PtTe PNCs before and after 2,000 cycles was 
determined, where the composition of Te changed from 5% to 
0.2% due to the gradual precipitation of Te atoms during the 
MOR (Figs. S11(a)–S11(f) in the ESM) [45]. 

To better illustrate the resistance of the electrocatalysts 
to poisoning, the adsorption/desorption capacity of PtTe 
PNCs for CO was tested and further demonstrated using 
DFT calculations. As shown in Fig. 6(a), the DFT calculation 
shows that both pristine Pt (111) and PtTe (111) slabs possess 
negative CO adsorption energies, indicating the thermodynamic 
adsorption capacity of CO. However, when Te substitution   
is introduced, the change of Gibbs free energy (G) for CO 
adsorption becomes higher, leading to higher efficient CO- 
removing capacity and better resistance of the electrocatalyst 
surface to CO poisoning. This result also demonstrates that in 
PtTe slab, the Pt 3d transitional metal has a more negative 
d-orbital band center as well as a more electron occupation 
at the splitting anti-bonding orbitals near the Fermi level, as 
shown in Fig. 6(b). Meanwhile, the CO stripping curves were 
collected by the three-electrodes cell on CO monolayer in 0.5 M 
H2SO4 at a scan rate of 50 mV·s−1 (Fig. 6(c). The CO oxidation 
peak of PtTe PNCs is located at 0.59 V, which is lower than 
PtTe MNTs (0.61 V) and commercial Pt/C (0.71 V), indicating 
that the highly efficient CO removes the capacity of PtTe PNCs, 
in good agreement with the conclusion drawn from the above 
first-principles calculation. 

Based on the above discussion, it is reasonable to conclude 
that the enhanced electrocatalytic performance of PtTe PNCs 
depends on the following three aspects. (i) The 1D PtTe PNCs 
are constructed from the special segmented porous nanostructure, 
which not only possess robust structural durability but also 
exhibit high electronic conductivity and rapid electron/mass 
transport ability [46]. Furthermore, small-sized nanoparticles 
with numerous active (111) facets are also significant factors 
for this outstanding activity. (ii) The autocatalytic process   
of Pt can effectively reduce the dosage of organic reagents, 
such as structure-directing agents and reducing agents, greatly 
streamline the reaction and finally improve the catalyst 
efficiency. (iii) The synergistic effect between Te and Pt atoms 
could modify Pt surface electronic environment, thus lowering 
the d-band center of Pt atoms and allowing more electrons to 
occupy split anti-bonding orbitals near the Fermi energy level, 
and subsequently enhancing the activity during MOR.  

4 Conclusions 
In summary, uniformly segmented PtTe PNCs have been 
successfully synthesized using a template method along with 
Pt autocatalytic reduction. The key to this morphology is 
greatly related to the autocatalytic surface-growth mechanism, 
which provides the growth site to tune the whole nanostructures.  
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Both Te NWs and F127, which served as self-sacrificial and 
soft templates, respectively, also play significant roles in 
maintaining the linear shape and porous structures. The PtTe 
PNCs exhibit an excellent electrocatalytic performance during 
MOR, especially with highly efficient CO remove capacity, 
as demonstrated by CO stripping test and DFT calculations. 
Such remarkable activity primarily depends on the special 
structures, which possess the benefits of mass transformation, 
numerous active facets, and Pt atoms with Te-modified surface 
structure. This novel porous structure will have considerable 
potential applications to enhance the electrocatalytic performance 
and provide a guide for future catalytic research. 
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