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Figure S1. (a) SEM, (b) TEM, and (c) HRTEM images (inset: SAED pattern) of the pristine SiOs.
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Figure S2.SEM images of porous silicon samples. (a) HCI-4h, (b) HF-4h, (c) HCI-8h, (d) HF-8h, (e) HCI-

16h, and (f) HF-16h.
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Figure S3. XRD patterns of (a) pristine SiO», (b) HCI-4h and HF-4h, (c) HCI-8h and HF-8h, (d) HCI-16h
and HF-16h; EDS of (e) HCI-16h and (f) HF-16h

Figure S3 compares the XRD patterns of as-prepared SiO. and the samples obtained after different
magnesiothermic reduction times, followed by a post treatment. As shown in Figure S3a, pristine SiO has
a typical amorphous structure with a weak broad diffraction peak located at approximately 23 < After
magnesiothermic reduction, six characteristic diffraction peaks are present at 28.4 < 47.3 <56.1 < 69.1 <
76.4 <and 86.0 < which can be well assigned to the (111), (220), (311), (400), (331) and (422) crystal
planes of the cubic phase of Si (JCPDS 27-1402). Thus, it confirms that Si has been successfully synthesized
with the reduction time ranging from 4 h to 16 h. However, the broad diffraction peak located at around
23 <is observed for the HCI-4h sample, which is invisible in the samples with a reduction time of 8 h and
16 h. It indicates that the extended reaction time converts more silica into silicon. With HF treatment, all

of the samples still show almost identical diffraction patterns belonging to crystalline silicon. Particularly,
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the weak broad peak from the amorphous silica in the HCI-4h sample disappears after the HF treatment. It
suggests that HF has effectively removed the un-reacted silica. The EDS patterns in Figure S3e and S3f
show that the intensity of the oxygen peak for HF-16h is significantly decreased compared with HCI-16h,
indicating removal of the residual silica. The weak oxygen peak existing in the HF-16h sample is related

to the oxide layer on the surface of the porous silicon.
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Figure S4. HRTEM images and SAED patterns (inset of each image) of porous silicon. (a) HCI-4h, (b)
HF-4h, (c) HCI-8h, (d) HF-8h, (e) HCI-16h, and (f) HF-16h.

The high resolution TEM (HRTEM) combined with the SAED patterns in Figure S4 confirms that the
magnesiothermic reduction time applied in this work is sufficient to yield crystalline silicon under 700 °C.
The d-spacing of 0.31 nm corresponds to the distance between neighboring (111) planes of the cubic phase
of silicon, which agrees well with the XRD profiles. Considering that both the HCI washing and HF etching
treatments themselves unlikely modify crystallinity of the local silicon, it is reasonable to conclude that

crystallized silicon observed in the HRTEM images originate from the reduction process.
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Figure S5. N2 adsorption and desorption isotherms and corresponding BJH pore size distribution curves
(inset of each image) of porous silicon. (a) HCI-4h, (b) HF-4h, (c) HCI-8h, (d) HF-8h, (e) HCI-16h, and (f)
HF-16h.

Porosity information including pore size distribution, specific surface area, and pore volume of the
HCl-washing samples and HF-etching silicon is obtained. As shown in Figure S5, the N
adsorption/desorption isotherms of all six samples display a characteristic type-IV isotherm with a Hj
hysteresis loop at the range of 0.8 P/Po - 1.0 P/Po, which suggests the existence of mesoporous structures.
The pore size distribution profile of the HCI-washing samples derived from the BJH method is broad in
case of a reduction time of 4 h. It is narrowed with the reduction time being extended to 8 h and 16 h. The
peak positions shift gradually to smaller sizes with increased reduction time (40 nm, 33 nm, and 24 nm,

respectively). Unlike the pore size obtained with the BJH method, the average pore diameter calculated
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with the equation of 4V/A (A: BET specific surface area, V: pore volume) does not show a clear trend,
being in the mesoscopic range between 10 nm and 21 nm. The BET surface areas of the HCI-washing
samples increase gradually along for increasing reduction time (which are 79.2 m?g?, 215.1 m?g?, and
257.5 m?g?, respectively see Table 1). Both the SEM and TEM images of the HCI-washing samples prove
that the silica particles react with magnesium. Particularly, the TEM images display mesopores within the
silica particles, which make significant contributions to high specific surface area. Therefore, the relatively
small specific surface area of the HCI-4h sample likely originates from limited reaction between silica and
magnesium due to short reduction time (4 h vs. 8 h and 16 h). Besides the specific surface area, the pore
volume also gradually increases with longer reduction times (from 4 h to 8 h and 16 h). The corresponding
values are 0.26 cm3g?, 0.56 cm3g?, and 0.64 cm3g?, respectively. These findings are consistent with the
change of the specific surface area, which is also due to enhanced reduction of the silica particles by the
magnesium. In details, the extent of the increased specific surface area and pore volume with the reduction
time from 4 h to 8 h is much larger than with the reduction time from 8 h to 16 h. It suggests that the
reduction of the silica particles is significantly promoted with the reduction time from 4 h to 8 h. Finally,
the contributions to the specific surface area from the mesopores and macropores are also analyzed as
shown in Table 1. It is natural that the mesopores make major contributions to the specific surface area in
all of the three HCI-washing samples. Furthermore, it can be seen that both the mesopores and macropores
of the HCI-4h sample contribute less to the specific surface area as compared to those of the HCI-8h and
HCI-16h samples. It suggests that the limited reduction time of 4 h influences the formation of both the
mesopores and macropores in the HCI-washing samples.

In case of the HF-etching samples, the pore size distribution profiles obtained with the BJH method
are similar for the reaction times of 4 h and 8 h, and slightly narrowed with the reduction time being
extended to 16 h. The peak position of the pore diameter distribution profiles is around 33 nm, 50 nm, and
31 nm, respectively. Because mesoporous silica is totally removed by HF etching, the pore size distribution
profiles of the HF etching samples are mainly determined by the pores within the silicon. With the reduction

time extended from 4 h to 8 h, the conversion from silica to silicon is significantly enhanced. However, the
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formation of silicon with a good structure control via a heating induced fusion process is not fully achieved,
causing pores with larger size within the silicon. When the reduction time is further extended to 16 h, there
is sufficient time allowing for the fusion process to reduce pore sizes within the silicon (from 50 nm to 31
nm). The average pore size derived from 4V/A is in the mesoscopic range between 12 nm and 21 nm. It
indicates the existence of mesopores within the HF-etching silicon, which is consistent with nitrogen
adsorption/desorption profiles. By combining information from the SEM and TEM images, it can be
concluded that the “HF-etching” silicon is featured with a hierarchical macro-/mesoporous structure. The
BET specific surface areas of the HF-etching silicon samples are continuously increased with extended
reaction time (110.3 m?g?, 118 m?g?, and 134 m2g?, respectively) due to an enhanced formation of
mesopores. Nevertheless, the pore volume is gradually decreased with the reaction time changing from 4 h
to 8 h and 16 h (0.57 cm3g?, 0.45 cm®g?, and 0.41 cm3g™?, respectively). The inverse decrease of the pore
volume with increasing reduction time is possibly due to following reasons: Firstly, the HF treatment etches
away silica and the mesopores within the silica particles are totally removed, which do contribute to the
pore volume at all. Secondly, the pore diameters of the macropores decrease within the HF-etching samples
along with an increased reduction time as proved by both, SEM and TEM. This decrease compromises the
pore volume contribution coming from an increased reduction time. Thirdly, the slightly increased BET
specific surface area indicates that the existence of the mesopores within the HF-etching samples is not
enhanced that much with extended reduction. As a result, the increased pore volume from the mesopores
cannot balance the diminished pore volume due to decreased diameters of the macropores, leading to a
reduced total pore volume. Similar to the trend of HCI-washing samples, the contribution of the mesopores
to the specific surface area in the HF-etching samples is increased with increased reduction time because
of the enhanced formation of mesoporous structures. However, the contribution from the macropores
increases firstly for the reduction times from 4 h to 8 h, followed by a decrease for the reduction time of 16
h. Because the diameters of the macropores decrease with increasing reduction time, it is reasonable that
the macropores make less contribution to specific surface area for the reduction time of 16 h. As shown by

the BJH pore size distribution profile in Figure 6, the peak position of the HF-8h sample is shifted to around
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50 nm, indicating the portion of the pores with the diameter of larger than 50 nm is increased. This may
help to enhance the contributions from the macropores towards overall specific surface area with the HF-
8h sample.

By comparing the porosity between the HCl-washing and HF-etching samples, several conclusions
can be drawn. Firstly, after HF etching, the specific surface areas of the samples for the reduction times of
8 h and 16 h are decreased because mesoporous silica particles are removed. Nevertheless, the 4 h sample
exhibits a reverse trend, where the specific surface area is slightly increased after HF etching. Secondly, the
formation of mesoporous silica is limited for the reduction time of 4 h, which indicates that the removal of
the residual silica particles does not decrease the specific surface significantly. Thirdly, the un-reacted silica
possesses high mass composition (49 %) in the whole sample, which is counted when gravimetric specific
surface area is calculated. As a result, the mass portion of the un-reacted silica is excluded from the HF-
etching sample, leading to an increased calculated specific surface area. Besides the specific surface area,
the pore volumes of the samples for the reduction times of 8 h and 16 h are reduced after HF etching because
of the removal of un-reacted silica. However, the pore volume of the HF-4h silicon is increased as compared
to the HCI-4h sample because the mass of the un-reacted silica with limited porosity is excluded when the
calculation is performed. The BJH pore size distribution profiles stay unchanged in the large size range
independent of the reduction time, which is different from the HCI-washing samples. The mesoporous silica
with small pore diameters produced by an increased reduction time is removed by HF etching. Therefore,
the pore size distributions of the HF etching silicon are not shifted to a smaller size range with an increased
reduction time. However, the average pore diameters of both the HCl-washing and HF-etching samples are
in the mesoscopic range, indicating that the mesoporous structures are retained after HF etching. It implies
that the mesopores not only exist in the un-reacted silica but also in the silicon. It is reasonable that the
specific surface area contribution from the mesopores is decreased in the HF-etching samples for the
reduction times of 4 h and 8 h. The slight increase of the specific surface area contribution from the
mesopores within the 4 h reduction sample results from a removal of un-reacted silica. The macropores

make more contributions to the specific surface areas after HF etching for the reduction times of 4 h and 8
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h. However, it decreases at a reduction time of 16 h. The specific surface area contribution from the
macropores is mainly determined by two reasons such as capability of the macropores to allow nitrogen
adsorption/desorption and the size of the macropores. In the HCI-washing samples, the average diameters
of the macropores are around 400 nm as indicated by the TEM images in Figure 4. After HF etching, the
diameters of the macropores are decreased to 38248 nm, 351£15 nm, and 332+12 nm, respectively. Even
though the HCI-4h and HCI-8h samples possess macropores with larger diameters, the capability of the
macropores to allow nitrogen adsorption/desorption may be limited. The interface between silica particles
and surrounded porous silicon is not easily accessible due to limited conversion from silica to silicon (51 %
and 58 9%). In case of a reduction time of 16 h, the conversion yield is increased to 72 %, which is
significantly higher than the samples with shorter reaction time. Along with an increased mass of silica
reduced to silicon in situ, the boundary region between the silica particles and surrounding silicon is loose,
which becomes easily accessible to nitrogen. As a result, the HF etching treatment significantly improves
the accessibility of the macropores towards nitrogen adsorption/desorption in the samples for the reduction
times of 4 h and 8 h, leading to enhanced specific surface area contribution. Regarding the sample after a
reduction time of 16 h, it already possesses a high specific surface area contribution from the macropores
in the HCl-washing sample because of the loose interface. Therefore, it does not make a significant
contribution to improve the accessibility towards nitrogen gas when silica is removed. Instead, the
macropores at the loose interface between the silica particles and surrounding silicon are eliminated after
the HF etching treatment. The overall specific surface area contribution from the macropores is reduced in

the sample for a reduction time of 16 h after HF etching.
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Figure S6. Cyclic voltammetry curves of porous silicon
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All the “HCl-washing” and “HF-etching” samples show characteristic CV peaks of the typical
crystalline silicon. A broad reductive peak located at around 1.0 V - 1.5 V in the first lithiation scan is
attributed to the formation of the SEI film. It is worth noticing that a strong peak originated from the SEI
film is observed with the HCI-4h sample, which is different from other samples. Considering that the
specific surface area of the HCI-4h sample is actually quite low as compared to the other samples, the strong
peak originating from the formation of the SEI film in the first cycle is unlikely due to surface reactions,
which are normally associated with high specific surface area. The limited reduction time of 4 hours may
not be sufficiently long to reduce silica effectively, even though silicon is formed as confirmed by both the

diffraction and imaging data. Instead, partial reduction of silica due to short reaction time may generate




silicon sub-oxide (SiOx) species within the silica particles, which induces enhanced formation of the SEI
film and inferior initial coulombic efficiency. [ Besides the peak from the SEI film, a sharp reductive peak
below 0.1 V is observed corresponding to the lithiation reaction of Si to form Li-Si alloy. While the other
two oxidative peaks at around 0.35 V and 0.52 V in the delithiation scan are assigned to dealloying of the
Li-Si alloys. The results are consistent with previously reported work. ! In addition, all of the samples
show an obvious peak intensity increase with increasing cycle numbers due to gradual infiltration of
electrolyte into the porous Si electrodes. 1 The CV profiles of the HF-4h, HF-8h, HF-16h are quite similar
to that of HCI-16h. It indicates that the HF etching process does not modify the fundamental

lithiation/delithiation processes significantly as compared to the samples treated with HCI-washing only.
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Figure S7. Galvanostatic discharge/charge profiles of porous silicon. (a) HCI-4h, (b) HF-4h, (c) HCI-8h,

(d) HF-8h, (€) HCI-16h, and (f) HF-16h.
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Figure S8. Top-view SEM images of the porous silicon electrodes after 100 discharge-charge cycles. (a)

HCI-4h, (b) HF-4h, (c) HCI-16h, and (d) HF-16h.
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Figure S10. Stress (a, d, g, j), strain (b, e, h, k) and displacement (c, f, i, I) distribution of porous silicon

calculated with the model structure 111 along with increasing volume change ratio. Details: 150 % (a, b, ¢),

200 % (d, e, f), 250 % (g, h, i), and 300 % (j, k, I).
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Figure S11. Stress (a, d, g, j), strain (b, e, h, k) and displacement (c, f, i, I) distribution of porous silicon
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calculated with the model structure 1V along with increasing volume change ratio. Details: 150 % (a, b, ¢),

200 % (d, e, f), 250 % (g, h, i), and 300 % (j, k, I).
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S, Mises £, Mises S, Mises S, Mises

(Avg: 75%) (Avg: 75%) (Avg: 75%) (Avg: 75%)
+2.000e+03 +2.000e+03 +2.000e+03 +2.000e+03
+1.841e+03 +1.6840e+03 +1.840e+03 +1.840e+03
+1.661e+03 +1.680e+03 +1,681e+03 +1.679e+03
+1.522e+03 +1.520e+03 +1.521e+03 +1.519e+03
+1.362e403 +1.361e+032 +1.261e+03 +1.359e+03
+1.203e+03 +1.201e+03 +1.202e+03 +1.196e+03
+1.043e+03 +1.041e+03 +1.042e+03 +1.038e+03
+B8.835e+02 +8.80%e+02 +8.821e+02 +8.777e+02
+7.240e+02 +7.210e+02 +7.224e+02 +7.173e+02
+5.645e+02 +5.612e+02 +5.627e+02 +5.570e+02
+4.050e+02 +4.013e4+02 +4.030e+02 +3.966e+02
+2.455e+02 +2.414e+02 +2.433e+02 +2.363e+02
+8.603e+01 |9 +8.150e+01 || +8.35%+01 | +7.591e+01

S, Mises S, Mises 5, Mises S, Mises

(Avg: 75%) {Avg: 75%) (Avg: 75%) (Avg: 75%)
+2.000e+03 +2.000e+03 +2.000e+03 +2.000e+03
+1.841le+03 +1.841e+03 +1.838e+03 +1.840e+403
+1.663e+03 +1.682e+03 +1.676e+03 +1.679e+03
+1.524e+03 +1.523e+032 +1.513e+03 +1.519e+03
+1.365e+03 +1.365e+03 +1.351e+03 +1.358e+03
+1.207e+03 +1.206e+03 +1.189e+03 +1.197e+03
+1.048e403 +1.047e+03 +1.026e+03 +1.037e+03
+8.895e+02 +8.880e+02 +8.642e+02 +8.764e+02
+7.309e4+02 +7.291e+02 +7.019&+02 +7.159e+02
+5.723e+02 +5.702e+02 +5.396e+02 +5.553e+02
+4.136e+02 +4.114e+02 +3.774e+02 +3.94Be+02
+2.550e+02 +2.525¢+02 +2.151e+02 g +2.343e+02
+35835e+01  |€ +5385e+01 |f +5.283¢+01 +7.373e+01

S, Mises S, Mises 5, Mises 5, Mises

(Avg: 75%) (Avg: 75%) (Avg: 75%) (Avg: 75%)
+2,000e+03 +2.000e+03 +2.000e+03 +2.000e+03
+1.843e+03 +1.840e+03 +1.862e+03 +1.855e+03
+1.686e+03 +1.680e+03 +1.725e+03 +1.710e+03
+1.52%e+03 +1.520e+03 +1.587e+03 +1.565e+03
+1.372e+03 +1.360e+03 +1.449e+03 +1.420e+03
+1.215e+03 +1.200&+03 +1.312e+03 +1.275e+03
+1.058e+03 +1.040e+03 +1.174e+03 +1.130e+403
+9.008e+02 +8.800e+02 +1.036e+03 +9.84%e+02
+7.43Be+02 +7.200e+02 +8.987e+02 +8.39%e+02
+5.867e+02 +5.600e+02 +7.610e+02 +6.949e+02
+4.297e+02 +4.000e+02 +6.233e+02 +5.49%9e+02
+2.727e+02 . +2.400e+02 . +4.856e+02 +4.04%e+02
+1.156e+02 | ] +7.999¢401 ] tzazseroz K +2.59%9e+02

£, Mises S, Mises 5, Mises S, Mises

(AvQ: 75%) (Avg: 75%) (Avg: 75%) (Avg: 75%)
+2,000e+03 +2.000e+03 +2,000e+03 +2.000e403
+1.838e+03 +1.844e+03 +1.848e+03 +1.854e403
+1.676e+03 +1.68%e+03 +1.,696e+03 +1.707e+03
+1.513e+03 +1.533e+03 +1.544e+03 +1.560e+03
+1.351e+03 +1.378e+03 +1.392e+03 +1.414e+03
+1.189e+03 +1.222¢+03 +1.240e+03 +1.267e+03
+1.027e+03 +1.067¢+03 +1.088e+03 +1.120e+03
+8.644e+02 +9.110e+02 +9.356e+02 +9.736e+02
+7.021e+02 +7.554e+02 +7.835e+02 +8.270e+02
+5.399e+02 +5.998e+02 +6.314e+02 +6.803e+02
+3.776e+02 +4.442e+02 +4.794e+02 +5.336e+02
+2.154e+02 +2.887e+02 +3.273e+02 +3.870e+02
+5.316e+01  |M +1.331e+02 | +1.753¢4+02 1y +2.403e+02

5, Mises §, Mises S, Mises S, Mises

(Avg: 75%) (Avg: 75%) (Avg: 75%) (Avg: 75%)
+2.000e+03 +2.000e+03 +2.000e+03 +2.000e+03
+1.855e+03 +1.,860e+03 +1.847e+03 +1.860e+03
+1.710e+03 +1.721e+03 +1.694e+03 +1.720e+03
+1.566e+03 +1.581e+03 +1.541e+03 +1.579e+03
+1.421e+03 +1.441e+03 +1.388e+03 +1.439e+03
+1.276e+03 +1.302e+03 +1.235e403 +1.299e+03
+1.131e+03 +1.162e+03 +1.082e+03 +1.159e+03
+9.865e+02 +1,022e+03 +9.295¢+02 +1.018e+03
+8.417e+02 +8.828e+02 +7.7668+02 +8.782e+02
+6.969e4+02 +7.432e+02 +6.236e+02 +7.380e+02
+5.521e+02 +6.035e+02 +4.707e+02 +5.977e+02
+4.073e+02 +4.639¢+02 +3.178e+02 +4.575e+02
+2.625e+02 q +3.242e+02 r +1.649e+02 S +3.173e+02

Figure S12. Magnified scalebars of Figure 8.
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Figure S13. Strain distribution of porous silicon calculated with the model structure 1 (a, b, c, d), 11 (e, f, g,
h), 111 (i, j, k, ), IV (m, n, 0, p), V (q, 1, s, t) along with increasing volume change ratio. Details: 150 % (a,

e, i,m, q), 200 % (b, f, j, n, r), 250 % (c, g, Kk, 0, s), and 300 % (d, h, I, p, t).
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PEEQ PEEQ PEEQ PEEQ

(Avg: 75%) (Avg: 75%) (Avg: 75%) (Avg: 75%)
+1.151e+00 +1.951e+00 +2.895e+00 +1.513e+00
+1.055e+00 +1.789e+00 +2.654¢+00 +1.387&+00
+9.591e-01 +1.626e+00 +2.412e+00 +1.260e+00
+8.632e-01 +1,464e+00 +2.171e+00 +1,134e+00
+7.673¢-01 +1.301e+00 +1.930e+00 +1.008e+00
+6.714e-01 +1.138e+00 +1.689e+00 +8.823e-01
+5.755e-01 +9.757e-01 +1.447e+00 +7.563e-01
+4.795e-01 +8.131e-01 +1.206e+00 +6.302e-01
+3.836e-01 +6.505e-01 +9.650e-01 +5,042e-01
+2.877e-01 +4.87%e-01 +7.237e-01 +3.781e-01
+1.918e-01 +3,252¢-01 +4.825e-01 +2.521e-01
+9.591e-02 +1.626e-01 +2.412e-01 +1.260e-01
+0.000e+00 a +0.000e+00 b +0.000e+00 +0.000e+00

PEEQ PEEQ PEEQ PEEQ

(Avg: 75%) (Avg: 75%) (Avg: 75%) (Avg: 75%)
+1.043e+00 +1.756e+00 +2.486€+00 +5.094e+00
+9.560e-01 +1.610e+00 +2.279e400 +4,66%9e+00
+8.691e-01 +1.464e+4+00 +2.072e+00 +4.245e+00
+7.822¢-01 +1.317e+00 +1.865e+00 +3.820e+00
+6.953e-01 +1.171e400 +1.657e+400 +3.396e+00
+56.084e-01 +1.024e+00 +1.450e+400 +2.971e+4+00
+5.215e-01 +8.781e-01 +1.243e+00 +2.547e+00
+4.346e-01 +7.318e-01 +1.036e+00 +2.122e+00
+3.476e-01 +5.854e-01 +8.287e-01 +1.698e+00
+2.607e-01 +4.391e-01 +6.215e-01 +1.273e+00
+1.738e-01 +2.927e-01 +4,143e-01 +8.490e-01
+8.691e-02 e +1.454¢-01 f +2.072e-01 +4.245e-01
+0.000e+00 +0.000e+00 +0.000e+00 +0.000e+00

PEEQ PEEQ PEEQ PEEQ

(Avg: 75%) (Avg: 75%) (Avg: 75%) (Avg: 75%)
+8.588e-01 +1.501e+00 +2.052e+00 +4.531e+00
+7.872e-01 +1.376e+00 +1.881e+00 +4.153e+00
+7.157e-01 +1.251e+00 +1.710e+00 +3.776e+00
+6.441e-01 +1.126e+00 +1,53%e+00 +3.398e+00
+5.725e-01 +1.001e+00 +1.36Be+00 +3.021e+00
+5.010e-01 +8.758e-01 +1.197e+00 +2.643e+00
+4.294e-01 +7.507e-01 +1.026&+00 +2.265e+00
+3.578e-01 +6.256e-01 +8.548e-01 +1.888e+00
+2.863e-01 +5.005e-01 +6.839e-01 +1.510e+00
+2.147e-01 +3.754e-01 +5.12%e-01 +1.133e+00
+1.431e-01 +2.502e-01 +3.419e-01 +7.551e-01
+7.157e-02 3 +1.251e-01 1 +1.710e-01 +3.776e-01
+0.000e+00 |1 +o.000e+00 | ) +0.0002+00 +0.000e+00

PEEQ PEEQ PEEQ PEEQ

(avg: 75%) (Avg: 75%) (Avg: 759%) (Avg: 75%)
+7.279e-01 +1.288e+00 +1.727e+00 +2.347e+00
+6.6736-01 +1.181e+00 +1.583e+00 +2.151e+00
+6.066e-01 +1.073e+00 +1.439e+00 +1.956e+00
+5,45%e-01 +9.660e-01 +1.295e+00 +1.760e+00
+4,853e-01 +8.587e-01 +1.151e+00 +1.565e+00
+4.246e-01 +7.513e-01 +1.008e+00 +1.3696+00
+3.640e-01 +6.440e-01 +8.636e-01 +1.1746+00
+3.033e-01 +5.367e-01 +7.196e-01 +9.77%e-01
+2.426e-01 +4.293e-01 +5.757e-01 +7.824e-01
+1.820e-01 +3.220e-01 +4.218e-01 +5.868e-01
+1.213e-01 +2.147e-01 +2.879e-01 +3.912e-01
+6,066e-02 +1.073e-01 +1.439e-01 +1.956e-01
+0.000e+00 (N +0.000e+00 n +0.000e+00 +0.000e+00

PEEQ PEEQ PEEQ PEEQ

(Avg: 75%) (Avg: 75%) (Avg: 75%) (Avg: 75%)
+6.700e-01 +1.173e+400 +1.602e+00 +1.602e+00
+6.142¢-01 +1.076e+00 +1.469e+00 +1.469e+00
+5.584e-01 +9.778e-01 +1,335e+00 +1.335e+00
+5.025e-01 +8.800e-01 +1.202e+400 +1.202¢+00
+4.467e-01 +7.823e-01 +1.068e+00 +1.068e+00
+3.909e-01 +6.845¢e-01 +3.346e-01 +9.346e-01
+3.350e-01 +5.867e-01 +8.011e-01 +8.011e-01
+2.792e-01 +4.88%¢-01 +6.675e-01 +6.675¢-01
+2.233e-01 +3.911e-01 +5.,340e-01 +5.340e-01
+1.675¢-01 +2,933e-01 +4.005e-01 +4.005e-01
Flilse ol +1.956e-01 +2,670e-01 +2.670e-01
TEEaae e +9.778e-02 +1.335e-01 +1.335¢-01
+0.000e-+ q +0.000e400 | 4 +0.000e+00 +0.000e+00

Figure S14. Magnified scalebars of Figure 9.
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Figure S15. Displacement distribution of porous silicon calculated with the model structure | (a, b,
c,d), Il (e f, g h), NG jk1),1V(mnop),VI(qr,s, t)along with increasing volume change

ratio. Details: 150 % (a, e, i, m, q), 200 % (b, f, j, n, r), 250 % (c, g, k, 0, s), and 300 % (d, h, I, p,

£).
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U, Magnitude U, Magnitude U, Magnitude U, Magnitude
+1.167e-01 +2.235e-01 +3.195e-01 +1.535e-01
+1.06%e-01 +2.049e-01 +2.929e-01 +1.407e-01
+9.723e-02 +1.863e-01 +2.663e-01 +1.279e-01
+8.750e-02 +1.676e-01 +2.,3%6e-01 +1.151e-01
+7.778e-02 +1.490e-01 +2.130e-01 +1.024e-01
+6,806e-02 +1,304e-01 +1.864e-01 +8.956e-02
+5.834e-02 +1.118e-01 +1.5%8e-01 +7.677e-02
+4,861e-02 +9,313e-02 +1.331e-01 +6.397¢-02
+3.88%e-02 +7.450e-02 +1.065e-01 +5.118e-02
+2,917e-02 +5.588e-02 +7.988e-02 +3.838e-02
+1.945e-02 +3.725e-02 +5.325e-02 +2.55%e-02
+9.723e-03 +1.863e-02 +2.663e-02 +1.27%e-02
+0.000e+00 a +0.000e+00 b +0.000e+00 C +0.000e+00

U, Magnitude U, Magnitude U, Magnitude U, Magnitude
+1,173e-01 +2.2682¢-01 +3.298e-01 +3,566e-01
+1.076e-01 +2.092e-01 +3.023e-01 +3.26%e-01
+9,779¢-02 +1.902¢-01 +2.748e-01 +2,972e-01
+8.801e-02 +1.711e-01 +2.473e-01 +2.675e-01
+7.823e-02 +1.521e-01 +2.198e-01 +2.377e-01
+6.845¢-02 +1.331e-01 +1.924e-01 +2.080e-01
+5.867e-02 +1.141e-01 +1.649e-01 +1.783e-01
+4,889¢e-02 +9.508¢-02 +1.374e-01 +1,486e-01
+3.911e-02 +7.606e-02 +1.09%9e-01 +1.18%-01
+2,934e-02 +5.705¢-02 +8.244e-02 +8.915e-02
+1,956e-02 +3.803e-02 +5.496e-02 +5.944e-02
+9.779e-03 +1.902¢-02 +2.748e-02 +2.972e-02
+0.0006+00 | €@ rooooe+oo  |f 10.000e+00 |9 +0.0006+00

U, Magnitude U, Magnitude U, Magnitude U, Magnitude
+1.200e-01 +2.406e-01 +3.577e-01 +4.595e-01
+1,100e-01 +2.206e-01 +3.278e-01 +4.212e-01
+1.000e-01 +2.005e-01 +2.980e-01 +3.82%e-01
+9.003e-02 +1.805e-01 +2.682e-01 +3.446e-01
+8.003e-02 +1.604e-01 +2.384e-01 +3.063e-01
+7.003e-02 +1.404e-01 +2.086e-01 +2.680e-01
+6.002e-02 +1.203e-01 +1.788e-01 +2.298e-01
+5.002e-02 +1.003e-01 +1,490e-01 +1.915e-01
+4.002e-02 +8.020e-02 +1.192e-01 +1.532e-01
+3.001e-02 +6.015e-02 +8.941e-02 +1.14%e-01
+2.001e-02 +4.010e-02 +5.961e-02 +7.658e-02
+1.000e-02 . +2.005e-02 . +2,980e-02 +3.829e-02
+0.000e+00 | ] +0.000e+00 | J +0.000e+00 |k +0.000e+00

U, Magnitude U, Magnitude U, Magnitude U, Magnitude
+1.244e-01 +2,563e-01 +3.921e-01 +4.867e-01
+1.140e-01 +2,349¢-01 +3.594e-01 +4.461e-01
+1.037e-01 +2.136e-01 +3.267e-01 +4.055e-01
+9.329e-02 +1,922e-01 +2.941e-01 +3.650e-01
+8.292e-02 +1.70%e-01 +2.614¢-01 +3.244e-01
+7.256e-02 +1.4595e-01 +2.287e-01 +2.83%e-01
+6,219¢-02 +1.281e-01 +1.960e-01 +2.433e-01
+5.183e-02 +1.068¢-01 +1.634e-01 +2.028e-01
+4.146e-02 +8.543e-02 +1.307e-01 +1.622e-01
+3.110e-02 +6.407e-02 +9.802e-02 +1.217e-01
+2.073e-02 +4.271e-02 +6.535e-02 +8.111e-02
+1.037e-02 F2.136e-02 +3.267e-02 +4.055e-02
+0.000e+00 | +0.000e+00 | +0.000e+00 | +0.000e+00

U, Magnitude U, Magnitude U, Magnitude U, Magnitude
+1.290e-01 +2.697e-01 +4,183e-01 +5.745e-01
+1.183e-01 +2.472e-01 +3.834e-01 +5.266e-01
+1.075e-01 +2.247e-01 +3.486e-01 +4,787e-01
+9.677e-02 +2.022e-01 +3.137e-01 +4.308e-01
+8.602e-02 +1.798e-01 +2.788e-01 +3.830e-01
+7.527e-02 +1.573e-01 +2.440e-01 +3.351e-01
+6.451e-02 +1.348e-01 +2.091e-01 +2.872e-01
+5.376e-02 +1.124e-01 +1.743e-01 +2.394e-01
+4.301e-02 +8.988e-02 +1.394e-01 +1.915e-01
+3.226e-02 +6.741e-02 +1.0466-01 +1.436e-01
+2.150e-02 +4.494e-02 +6.971e-02 +9.574e-02
+1.075e-02 +2.247e-02 +3.486e-02 +4.787e-02
4+0.000e+00 q +0.000e+00 r +0.000e+00 S +0.000e+00

Figure S16. Magnified scalebars of Figure 10.
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