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Fig. S1 SEM images of nanoimprinted AAO template with cell size of 800 nm. 

Fig. S2 XRD pattern of Sb nanorod arrays on Au/Ni substrate.
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Table S1 Cycling performance comparison of the as-prepared Sb nanorod arrays with previously 

reported Sb-based anodes.

Materials Current density/A g-1 Cycles Retention
Last cycle capacity

/mAh g-1

Monodisperse Sb Nanocrystals1 0.66 100 > 90% ～580

SnSb-porous carbon nanofibers2 0.1 205 > 90% ～345

Bulk Sb3 0.33 160 > 90% ～576

rGO/Sb2S3
4 0.05 50 ～90% ～620

Sn-Ge-Sb thin film alloys5 0.425 50 ～73% ～662

Sb-C nanofibers6 0.2 400 > 90% ～450

Sb/C fibers7 0.1 300 ～83% ～350
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Fig. S3 SEM images of S-Sb NRs after different charge/discharge cycles. a) and b) after the 

100th cycle. c) and d) after the 150th cycle. e) and f) after the 200th cycle. g-i) after the 250th 

cycle. j) before cycling.

Although the cycle life was prolonged at a relatively low current density, there still should 

have some space for further improvement. Therefore, we analyzed the fading mechanism by 
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investigating the structure change during cycling and provided the directions for further 

improvement. Fig. S3 shows the SEM images of Sb nanorod arrays anode after various cycles at 

a current density of 0.2 A g-1. The highly ordered and vertically well-aligned feature with clear 

interval spacing still was maintained after 100 cycles (Fig. 2c and Fig. S4). Meanwhile, a thin 

layer of SEI film around Sb nanorod can be observed. The SEI film gradually became thicker 

upon cycling, as shown in Fig. S3c and d, which is attributed to continuous formation of new SEI 

film deriving from large volume changes of Sb (390%) in repeated Na alloying/dealloying 

processes. After 150 cycles, the SEI film (as indicated by red circle) has filled the part of interval 

spacings, whereas there still had enough spacing for electrolyte infiltration (as shown by yellow 

arrow), which is beneficial for cycling stability. After 200 cycles (Fig. S3e and f), most of 

interval spacings had been filled by the thicker SEI film, leading to slow ions diffusion, then 

followed by the slight decay of capacity (as shown in Fig. 2c). Except the adverse effect of SEI 

film, as far as we know, the large volume change of Sb is another factor for the capacity decay, 

which is also considered to be the major reason for capacity decay of bare alloy-based materials.5 

Before 200 cycles, due to the chemical and mechanical robustness of our arrays electrode, the Sb 

nanorod maintained its integrity, resulting in stable cycling performance. However, with longer 

cycling, this huge volume change caused the pulverization, and then the surface of nanorod 

became cracked, as indicated by the blue circles in Fig. S3g and h. We scratched Sb nanorods off 

the current collector in order to observe the single nanorod, as shown in Fig. S3i. The magnified 

SEM image displays the clear cracks on the surface of Sb nanorod compared to the pristine Sb 

nanorod before cycling (Fig. S3j) which shows the complete nanorod structure without any 

cracks. The increasing volume change damaged the electrode integrity, resulting in a loss of 

contact between active material and current collector. As a consequence, upon cycling, more 

capacity fading was observed. The decay can also be accordingly reflected on charge/discharge 

profiles at various cycles (Fig. S4). At high rates, the phenomenon of volume changes would be 

more obvious, thus accelerating the capacity decay. Therefore, Sb nanorod arrays anode showed 

a shorter cycle life at the larger current density of 0.5 A g-1 than at 0.2 A g-1 (Fig. 2c).
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Fig. S4 Galvanostatic charge/discharge voltage profiles of S-Sb NRs at a current density of 0.2 A 

g-1.

Table S2 Structure and electrochemical performance comparison of four different Sb nanorod 

arrays.

Name S-Sb NRs A-Sb NRs S-2-Sb NRs A-2-Sb NRs

Cell Size 400 110 400 400

Diameter/nm 210 70 300 210

Length/μm 1.5 1.5 1.5 6.0

Interval Spacing 190 Limited 100 Limited

Aspect Ratio (L vs. D)  7.14 21.43 5 28.57

Well-aligned √ / √ /

Attached / √ / √

Morphology

Electrochemical 

Performance
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Fig. S5 Galvanostatic charge/discharge voltage profiles of S-Sb NRs at the current density of 1 A 

g-1 in different rate sets.

Fig. S6 Galvanostatic charge/discharge voltage profiles of A-Sb NRs electrode at a current 

density of 1 A g-1.
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Fig. S7 Galvanostatic charge/discharge voltage profiles of S-Sb NRs electrode at a current 

density of 1 A g-1.

Fig. S8 SEM images of a) S-2-Sb NRs and b) A-2-Sb NRs. The single Sb nanorod was observed 

by scratching Sb arrays off the Ni/Au substrate.

In the manuscript, the comparison between S-Sb-NRs and A-Sb-NRs has shown the effect of 

the spacing between rods on the electrochemical performances. The difference of spacing was 

realized by using the templates with different cell size, i.e., 400 nm for S-Sb-NRs and 110 nm for 

A-Sb-NRs. To further demonstrate the effect of spacing between rods, another reference sample 

(S-2-Sb-NRs) with the same cell size of 400 nm was fabricated. By changing the diameter of the 

rods from 190 to 300 nm, the spacing between rods has been changed from 210 to 100 nm. SEM 

images can be found in Fig. S8a. The electrochemical performance of S-2-Sb NRs (Table S2) 
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displays the large and stable capacities from the current density of 0.1 to 10 A g-1, due to its 

highly ordered alignment. However, a capacity decay was observed at 20 A g-1, supposed to that 

the interval spacing of 100 nm is not enough to accommodate the huge volume changes of Sb 

nanorod arrays at such a large current density. It is worth noting that, the above-mentioned 

results also reflect the effect of the diameter since the two samples, S-Sb-NRs and S-2-Sb-NRs, 

possess identical structural parameters except for the diameter. 

To demonstrate the effect of aspect ratio (L vs. D), a reference sample (A-2-Sb-NRs) was 

fabricated. The sample has the same structural parameters with S-Sb-NRs except for the length 

which has been increased to 6.0 μm (Fig. S8b), giving rise to an aspect ratio of 28.57 (vs. 7.14 

for S-Sb-NRs). A-2-Sb NRs displayed lower capacity than S-Sb NRs, and serious capacity decay 

at the large current densities of 10 and 20 A g-1. Because it is difficult for electrolyte transferring 

into the internal region of attached arrays, in particular at large rates, and very limited interval 

spacing is adverse to the stress strain. 

On the basis of the above results, it is reasonable to conclude that, although the aspect ratio 

has effects on the electrochemical performance of Sb nanorod arrays to some extent, highly 

ordered alignment and large enough interval spacing are determinate factors. The above results 

are consistent with those in the manuscript where highly ordered arrays with large interval 

spacing are largely beneficial to the electrochemical performance.
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Fig. S9 a) XRD pattern and b) SEM image of layered P2-Na2/3Ni1/3Mn2/3O2.

The crystal structure of the as-prepared material was studied by XRD as shown in Fig. S9a. 

The XRD pattern shows a layered structure belonging to the hexagonal P63/mmc space group, 

indexed as a P2-type structure.8-10 The typical layered morphology is also observed in Fig. S9b, 

in which a series of planes constitute single particles with an average size of 1~2 μm. Therefore, 

layered P2-Na2/3Ni1/3Mn2/3O2 has been successfully synthesized.

Fig. S10 Electrochemical performance of layered P2-Na2/3Ni1/3Mn2/3O2 in a Na cell. a) Cyclic 

voltammetry at a scan rate of 0.1 mV s-1 between 1.5 to 4.0 V (vs. Na+/Na). b) Galvanostatic 

charge/discharge voltage profiles in different cycles, and c) cycling performance at a current 

density of 30 mA g-1 between 2.7 to 4.0 V (vs. Na+/Na).

The electrochemical performance of as-prepared P2-Na2/3Ni1/3Mn2/3O2 in a half cell was 

investigated in the electrolyte of 1 M NaClO4 in EC: PC (1:1 by volume) with the addition of 5% 

FEC. Fig. S10a displays its CV profiles of the first five cycles, which have similar shapes with 
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reported P2-Na2/3Ni1/3Mn2/3O2 cathodes.8-10 Galvanostatic charge/discharge curves of P2-

Na2/3Ni1/3Mn2/3O2 at a current density of 30 mA g-1 were also conducted, as shown in Fig. S10b. 

The cut off potential was set to 2.7-4.0 V (vs. Na+/Na), because it was reported that this range 

can ensure the reversibility of P2-Na2/3Ni1/3Mn2/3O2 cathode.4 It can be seen that P2-

Na2/3Ni1/3Mn2/3O2 showed typical and reversible voltage profiles, which are consistent with the 

characteristic peaks on the CV curves in Fig. S10a. A reversible capacity for this cathode of 38 

mAh g-1 is obtained between 2.7-4.0 V at a current density of 30 mA g-1. Fig. S10c shows its 

cycling performance, in which P2-Na2/3Ni1/3Mn2/3O2 maintained superior cycling stability (100% 

capacity retention over 100 cycles) and high CE of around 99.5%.
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