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by chemical vapor deposition (CVD) of a 
suitable precursor (e.g., silylene–acetylene 
for SiC; [ 5a ]  disilane for Si) [ 5b ]  inside voids 
of a preassembled structure (e.g., an fcc 
array of silica or latex particles) and subse-
quent removal of the template. As a result, 
this approach is typically limited to the 
preparation of macroporous semiconduc-
tors to facilitate homogeneous diffusion 
and deposition of the precursor. 

 An alternative bottom-up approach 
for the preparation of group 14-based 
porous semiconductors is magnesio-
thermic reduction, fi rst demonstrated by 
Bao  et al.  [ 6 ]  for Si materials. By exploiting 
the low temperature of Mg vaporiza-
tion to reduce the corresponding porous 
oxide precursor at 650–800 °C under 
inert atmosphere, this approach has been 
shown to preserve the shape of a variety 
of porous structures, including opals, [ 7a ]  
ordered mesoporous fi lms, [ 7b ]  or some 
naturally derived oxides such as silica-rich 

frustules, [ 6 , 7c ]  rice husks, [ 7d ]  and sand. [ 7e ]  Accordingly, porous 
Si replicas can be created through reduction of silica, [ 6 ]  while 
porous SiC materials have been reported through the reduc-
tion of silica in the presence of carbon. [ 8 ]  The magnesiothermic 
reduction process is carried out at substantially lower tem-
perature than conventional methods (such as polycarbosilane 
pyrolysis for porous SiC at ≈1400 °C) [ 9 ]  and requires minimal 
infrastructure available in most chemistry laboratories. 

 Several research groups have noted that the magnesio-
thermic reduction of silica can produce a mixture including 
Si, Mg 2 Si, MgO, and unreacted SiO 2  through inhomogeneity 
introduced during the vapor transport process, depending on 
the distance between magnesium vapor source and silica sub-
strate. [ 6,7 ]  Additionally, Dasog et al. [ 10 ]  have shown evidence 
for the formation of magnesium sesquicarbide (Mg 2 C 3 ) as an 
intermediate in the magnesiothermic reduction of silica in the 
presence of carbon to form SiC. It is challenging to predict if a 
given porous precursor will retain its morphology through the 
transformation process as the reduction process can generate a 
multitude of by-products depending on the precursor composi-
tion and the experimental set up. 

 Chiral nematic liquid crystals (LCs) exhibit photonic prop-
erties when their helical pitch is on the order of the wave-
lengths of visible light, resulting in selective refl ection of cir-
cularly polarized light. [ 11 ]  Spindle-shaped cellulose nanocrystals 
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  1.     Introduction 

 Porous semiconducting materials such as ordered mesoporous 
structures, [ 1a ]  aerogels, [ 1b ]  anodically etched porous fi lms, [ 1c ]  
and inverse opals [ 1d ]  are of interest for numerous applications 
owing to their combination of high surface areas with size-
dependent optoelectronic and thermal properties. Of particular 
interest is the family of group 14-based porous semiconductors 
(e.g., Si, SiC, Ge, Si  x  Ge 1- x  , etc.), due to compatibility with the Si 
microfabrication industry [ 2 ]  and concerns over toxicity of other 
II–VI and III–V semiconducting materials. [ 3 ]  A major thrust in 
this area has been the incorporation of Si-based semiconduc-
tors into photonic structures such as inverse opals for integra-
tion into optical computing. [ 4 ]  This is generally accomplished 
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(CNCs) prepared from bulk cellulose can self-assemble into a 
left-handed chiral nematic LC phase with structural colors. [ 12 ]  
Our group has recently reported a family of mesoporous mate-
rials exhibiting chiral nematic order using the self-assembly 
of CNCs. [ 13 ]  For example, mixing a suitable silica precursor 
(e.g., Si(OCH 3 ) 4 ) in the presence of the lyotropic CNC disper-
sion produces a composite material in which SiO 2  uniformly 
cocondenses with CNCs exhibiting chiral nematic organiza-
tion. Removal of the CNC template in the composites recovers 
mesoporous silica replicas. [ 13a ]  On the other hand, pyrolysis of 
the composites under N 2  converts CNCs to amorphous carbon, 
yielding uniform silica/carbon composites. [ 13b ]  The silica/
carbon and mesoporous silica materials can be produced on 
a signifi cant scale to give freestanding chiral nematic fi lms 
with brilliant iridescence. Although the photonic properties of 
these CNC-templated materials could be useful in the form of 
porous semiconducting materials, [ 14 ]  no precursors for these 
phases (e.g., Si or SiC) exist that are compatible with the self-
assembly of aqueous CNC dispersions. As well, the small-sized 
mesopores of these materials are not compatible with the con-
ventional CVD method to prepare photonic Si-based macropo-
rous structures. Here, we have investigated the use of the mag-
nesiothermic reaction to reduce silica/carbon and mesoporous 
silica fi lms for preparing mesoporous SiC and Si replicas, 
respectively, with chiral nematic structures. We observe the 
formation of iridescent, mesoporous MgC 2 /SiC mixtures as an 
intermediate from the magnesiothermic reduction of SiO 2 /C. 
The synthesis, structural properties, and conductivity of these 
new materials are explored in detail.  

  2.     Results and Discussion 

  2.1.     Silicon Carbide from Magnesiothermic Reduction of Chiral 
Nematic Silica/Carbon 

 We found that the duration of the magnesiothermic reaction 
starting from the silica/carbon composites has a critical infl u-
ence on the composition and long-range order of the resulting 
mesoporous SiC-based structures. The magnesiothermic reduc-
tion of the silica/carbon precursors was performed at 800 °C 
for 6, 12, or 24 h to generate crude product composites. These 
composites were then treated with dilute HCl for removal of 
MgO to obtain product composites denoted as  C-1 ,  C-2 , and 
 C-3 , respectively. These samples were further purifi ed by cal-
cination and hydrogen fl uoride (HF) etching to obtain samples 
 SC-1 ,  SC-2 , and  SC-3 . At the early stages of the reaction (≤6 h), 
we observed the formation of dark-blue Mg 2 Si by powder X-ray 
diffraction (PXRD, Figure S2, Supporting Information). [ 8b ]  
Mg 2 Si is a metastable intermediate that rapidly decomposes in 
water, leading to noticeable deterioration of the fi lms during 
acid washing to remove MgO. Thus,  C-1  could not be purifi ed 
to yield intact SiC-based fi lms. 

 After 12 h of the magnesiothermic reduction treatment 
of silica/carbon, sample  C-2  was obtained as a robust fi lm 
with slight iridescence (qualitatively indicating that the chiral 
nematic structure in the composites was retained during 
the reaction) (Figure S3a, Supporting Information). Unlike 
 C-1 , the fi lms remained intact and iridescent throughout the 

purifi cation steps, including treatment with 2  M  HCl to remove 
MgO and calcination in air at 700 °C to burn out any remaining 
carbon. Subsequent removal of residual silica was accomplished 
by immersing the fi lms in dilute HF. The green iridescence of 
the fi lms of  SC-2  ( Figure    1  a, top) looks quite similar to jewel 
beetle shells (Figure  1 b). The structural colors arise from chiral 
nematic ordering with a characteristic pitch on the order of the 
wavelengths of visible light. Conversely, after 24 h of reduc-
tion, the fi lms of  SC-3  obtained after purifi cation are brittle and 
brownish and show no iridescence ( Figure    2  b). To understand 
the compositional and morphological changes through this 
transformation, we characterized the product composites after 
removal of MgO ( C-2 ,  C-3 ) and purifi ed products ( SC-2 ,  SC-3 ) 
with respect to their structural properties.   

 PXRD patterns (Figure  1 c) of  C-2  and  SC-2  show broad 
refl ections at 36°, 42°, and 62° 2 θ  that index to a tetragonal 
MgC 2 -based structure. [ 15 ]  This is in contrast to results from 
Dasog  et al . [ 10 ]  who observed the formation of Mg 2 C 3  as an 
intermediate in the magnesiothermic reduction of silica/carbon 
mixtures. From Scherrer analysis of the width of the refl ection 
peak at 42 o  2 θ , we estimate that the size of MgC 2 -based crystal-
lites ( SC-2 ) is ≈6 nm. However, after 24 h of reduction, PXRD 
patterns (Figure  2 c) of  C-3  and  SC-3  indicate the transformation 
of the tetragonal intermediate into a cubic  β -SiC with a crystal-
lite size of ≈4 nm estimated from the (111) diffraction peak. [ 8 ]  
After purifi cation,  SC-3  exhibits enhanced intensity of the dif-
fraction peaks relative to the amorphous background compared 
to  SC-2 , suggesting that a larger amount of impurities was 
removed. A trace Si phase formed in  C-3  during extended mag-
nesiothermic reduction was oxidized to SiO 2  by the calcination 
step necessary for removal of free carbon. The residual silica 
component in the resulting samples was then etched away with 
dilute HF to obtain  SC-3  that shows the disappearance of the 
Si XRD features (Figure  2 c). [ 6 ]  Structural analysis of the prod-
ucts by Raman spectroscopy confi rms a sharp peak at 796 cm −1  
assigned to the Si-C stretching mode of SiC in  SC-3 , [ 16 ]  whereas 
this peak is absent in  SC-2 , indicating a noticeable difference 
in the structures generated upon magnesiothermic reduction 
(Figure S6, Supporting Information). 

 Energy-dispersive X-ray (EDX) analyses averaged over dif-
ferent locations of the fi lms show signifi cant differences in 
the proportion of Mg in the samples prepared upon extended 
heating in the magnesiothermic reduction. About 6 wt% Mg 
was detected in  C-2  (Figure S4c, Supporting Information), 
whereas  C-3  contained only a trace amount of 0.4 wt% Mg 
(Figure S5c, Supporting Information). After purifi cation,  SC-2  
shows a small change in Mg composition (≈5 wt%) with 50 wt% 
Si, and 34 wt% C (Figure  1 d), while  SC-3  contained 57 wt% Si, 
31 wt% C, and no Mg (Figure  2 d). About 8 wt% oxygen was 
detected in both  SC-2  and  SC-3 , which we attribute to a small 
amount of surface oxide species. Fourier transform IR spectra 
(Figure S4d,e, Supporting Information) of both  SC-2  and  SC-3  
show a strong Si-C stretching mode at ≈800 cm −1  and the 
absence of Si–O–Si stretching modes at ≈1100 cm −1  for SiO 2 . 
The thermal stability of the prepared samples was investigated 
by thermogravimetric analysis (TGA, Figures S4a and S5b, 
Supporting Information). The amount of free carbon in  C-2  
(≈15 wt%) is much lower than that in  C-3  (≈35 wt%), indicating 
that a substantial amount of free carbon in the composites 
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could react with Mg vapor to form MgC 2  then combine with 
SiC. The MgC 2 /SiC mixtures were stable up to 900 °C in air 
while the oxidation of SiC to SiO 2  occurred at ≈700 °C. 

 Together, these characterization techniques indicate that the 
structure of the products obtained from the magnesiothermic 
reduction of the chiral nematic silica/carbon is strongly 
dependent upon the duration of heating. The comparative dif-
fractogram results of MgC 2 /SiC ( SC-2 ) and MgC 2  reported in 
the literature [ 10 ]  show that no signifi cant shift of the PXRD peak 
positions was observed in both these samples (Figure  1 c). We 
additionally performed the same magnesiothermic reaction 
with pure CNC fi lms and carbonized CNC precursors, but no 
magnesium carbide compounds formed in amorphous carbons 
(Figure S7a, Supporting Information). Conversely, we found 

that a tetragonal MgC 2 /SiC mixture rapidly forms in the silica/
carbon composites either using very low silica loading or direct 
reduction of silica/CNC composites (Figure S7b, Supporting 
Information). These control experiments support a multistage 
formation pathway to SiC. It appears that the reduction of 
SiO 2 /C by excess Mg is a fast exothermic reaction that fi rst gen-
erates metastable Mg 2 Si and then reacts further with carbon in 
the composites to form a mixture of silicon, magnesium and 
carbide species. Since two types of crystalline magnesium car-
bides, MgC 2  and Mg 2 C 3 , are known, it is sensible that the solid 
intermediates contain MgC 2  crystallites, which might preferen-
tially form instead of Mg 2 C 3  [ 10 ]  due to the difference in compo-
sition of the silica/CNC precursor and Mg vapor pressure in 
the reactor. These intermediates fi nally transform to SiC upon 

Adv. Funct. Mater. 2015, 25, 2175–2181

www.afm-journal.de
www.MaterialsViews.com

 Figure 1.    Chiral nematic mesoporous MgC 2 /SiC mixtures. a) Photograph of MgC 2 /SiC fi lms ( SC-2 ) showing green iridescence (top); the fi lm observed 
under left- and right-handed circular polarizers (bottom). b) Photograph of a jewel beetle (credit: T.-D.N.). c) PXRD patterns of SiO 2 /C,  C-2 , and  SC-2 . 
d) EDX spectrum, e) N 2  adsorption–desorption isotherms, inset showing a BJH pore size distribution, and f) TEM image of  SC-2 .
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extended heating at 800 °C. Despite the fact that pure magne-
sium carbides are highly reactive upon exposure to water or 
water vapor, [ 15 ]  we found that the  C-2  and  SC-2  samples were 
quite stable, with the MgC 2  phase still observed by PXRD even 
after high-temperature calcination in air. However, upon the 
magnesiothermic reduction, MgC 2  in the intermediate mixture 
that is a thermodynamically metastable structure reacted with 
Si to produce SiC when heating was extended. 

 Nitrogen sorption measurements of both  SC-2  (Figure  1 e) 
and  SC-3  (Figure  2 e) show a type-IV isotherm with type-H2 
hysteresis characteristic of mesoporosity, whereas the reac-
tion products  C-1  to  C-3  do not show any porosity (data not 
shown). This suggests that the removal of residual carbon 
and silica from the product composites leads to an opening 
of the structure, leading to porosity. The Brunauer–Emmett–
Teller (BET) surface area and pore volumes were estimated 
to be 106 m 2  g −1  and 0.20 cm 3  g −1  for MgC 2 /SiC ( SC-2 ) and 
400 m 2  g −1  and 0.36 cm 3  g −1  for SiC ( SC-3 ), respectively. The 
Barrett–Joyner–Halenda (BJH) pore size distribution of  SC - 2  
is about 3–7 nm, which is smaller than the 4–12 nm pore 

diameters of  SC-3 . The lower surface area of the MgC 2 /SiC 
fi lms may result from the thicker walls. An increase in the sur-
face area, pore volume, and pore size upon extended heating to 
form SiC compared to MgC 2 /SiC is consistent with the removal 
of remaining Mg-containing species in the fi lms after complete 
transformation, leaving behind additional pores in the SiC mes-
ostructures. However, the SiC-based fi lms have lower surface 
area and higher microporosity (≈85 m 2  g −1 ) than those of the 
chiral nematic mesoporous silica. [ 13a ]  Transmission electron 
microscopy (TEM) images support the presence of long-range 
porosity within the MgC 2 /SiC fi lms (Figure  1 f), resembling 
TEM images of chiral nematic mesoporous silica. [ 13b ]  The SiC 
fi lms show a loss of order, with the observation of aggregated 
grains in a chain-like porous structure with a lower degree of 
interconnectivity (Figure S9a, Supporting Information). 

 Scanning electron microscopy (SEM) confi rms the retention 
of the chiral nematic structure throughout the transformation 
( Figures    3   and S8, Supporting Information). A repeating lay-
ered structure is observed at fracture cross sections of the fi lms 
for both MgC 2 /SiC ( SC-2 ) and SiC ( SC-3 ). Closely resembling 
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 Figure 2.    Mesoporous SiC replicas. Photographs of  C-3  a) before and b) after purifi cation. c) PXRD patterns of  C-3  and  SC-3 . d) EDX spectrum, e) 
N 2  adsorption–desorption isotherms; inset showing a corresponding BJH pore size distribution, and f) temperature dependence of the conductivity 
of  SC-3 .
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the parent chiral nematic silica/carbon fi lms [ 17 ]  and in keeping 
with their intense iridescence, the MgC 2 /SiC fi lms show twisted 
spindle-like features rotated in a counter-clockwise direction 
at fracture edges. The surface is relatively fl at, with a texture 
of nanospindles parallel to each other. The SiC fi lms basically 
retain the overall layered structure of the parent composites, 
but with some loss of order, small cracks, and a rougher sur-
face. As well, at the nanostructure, the SiC fi lms appear as 
globular crystalline particles rather than the spindle-like mor-
phology observed in the MgC 2 /SiC mixtures. We postulate that 
the diminished structural order of the mesoporous SiC results 
from the phase transformation accompanied by releasing Mg 
species in the intermediates.  

 The MgC 2 /SiC fi lms ( SC-2 ) still retain their iridescence and 
crystallinity even after sequential treatment with etching agents 
and high-temperature heating (at 900 °C in air), demonstrating 
their excellent chemical inertness and corrosion resistance. 
The MgC 2 /SiC fi lms were photographed using left-handed and 
right-handed circular polarizing fi lters (LHP and RHP, respec-
tively). The fi lms appear green under a LHP fi lter and dull 
under a RHP fi lter (Figure  1 a, bottom). This is further proof 
for replication of the parent left-handed chiral nematic struc-
ture templated from CNCs, as chiral nematic structures selec-
tively refl ect circularly polarized light with a handedness that 
matches that of the structure. The MgC 2 /SiC fi lms soaked with 
water show a drastic reduction of the iridescent colors resulting 
from fi lling water in the pores, leading to near refractive index 
matching between water in the pores and MgC 2 /SiC walls 
(Figure S3b, Supporting Information). However, the optical 
properties of the fi lms could not be characterized by conven-
tional optical techniques such as polarized optical microscopy 
and circular dichroism because of the opacity of the material. 
The SiC fi lms show only slightly birefringent textures under 
crossed polarizers suggestive of some loss of chiral nematic 
order (Figure S9b, Supporting Information). We investigated 
the temperature dependence of the conductivity of the SiC 

fi lms ( SC-3 ) measured by a four-probe method. Figure  2 f shows 
that the conductivity increases from 37 to 64 S cm −1  within the 
range of 25–170 °C, indicating semiconducting behavior.  

  2.2.     Silicon from Magnesiothermic Reduction of Chiral Nematic 
Mesoporous Silica 

 By performing the magnesiothermic reduction using 
mesoporous silica (obtained from calcining chiral nematic 
SiO 2 /CNC composites in air; characterization given in Figure 
S10, Supporting Information), we sought to adapt this method 
to produce mesoporous Si replicas. Reduction of the silica fi lms 
by hot Mg vapor (1.0:2.5 SiO 2 :Mg mass ratio) at 800 °C yielded 
crude product composites containing Si and by-products. As 
with the reduction of silica/carbon, we found that the long-
range periodic order of the resulting porous Si structure is 
strongly dependent upon the duration of heating. We carried 
out the magnesiothermic reactions for three different periods 
(6, 12, or 24 h) to yield product composites denoted as  S-1 ,  S-2 , 
and  S-3 . Subsequent purifi cation by acid extraction of impuri-
ties gave Si samples  SI-1 ,  SI-2 , and  SI-3 , respectively. 

 The fi lms obtained after the magnesiothermic reaction show 
a change in color from dark blue to black-brown and dull brown 
upon extended heating from 6 to 12 and 24 h (Figure S11, Sup-
porting Information). As in the SiC preparation,  S-1  could not 
be purifi ed to yield intact Si fi lms because of the generation of 
the metastable Mg 2 Si intermediates in the early reaction steps 
(Figure S12a, Supporting Information). [ 6 ]  The PXRD pattern 
of  S-2  shows that it is a mixture of three different phases: Si, 
MgO, and trace Mg 2 Si (Figure S12b, Supporting Information). 
Electron microscopy confi rmed the retention of chiral nematic 
order in  S-2  under these reaction conditions ( Figure    4  b). Irides-
cent, pale-yellow, brittle Si fi lms ( SI-2 ) were obtained by sequen-
tially treating the reaction products with 2  M  HCl and 2% HF 
to remove Mg 2 Si/MgO and surface oxide species, respectively 
(Figure  4 a).  SI-2  basically retains the long-range layered struc-
ture of the parent silica but with additional large voids within 
the fi lms (Figure  4 c). The PXRD pattern of  SI-2  (Figure  4 d) 
shows sharp peaks indexed to a pure diamond-lattice Si crystal, 
consistent with the removal of Mg 2 Si/MgO impurities. [ 6 ]  
Compared with the diffractograms of SiC, the Si samples 
exhibit very sharp and intense diffraction peaks indicative of 
larger crystallites, with an estimated crystallite size of ≈26 nm 
(Scherrer analysis from the (111) refl ection). An EDX spectrum 
of  SI-2  (Figure  4 e) confi rms that the material is entirely silicon; 
for comparison, an EDX spectrum of mesoporous silica fi lms 
shows simultaneous detection of Si and O elements (Figure 
S13a, Supporting Information). Magnesium components were 
not detected in the fi nal Si products.  

 The porosity of the Si fi lms ( SI-2 ) was studied by nitrogen 
sorption, which shows a type-IV isotherm with type-H3 hyster-
esis characteristic of slit-shaped mesopores and BET surface 
area of 150 m 2  g −1  (Figure S13d, Supporting Information). The 
surface area and pore volume noticeably decreased as a result 
of the growth of large-sized Si crystals within the fi lms during 
the magnesiothermic reduction. The Si fi lms ( SI-2 ) are semi-
conducting and exhibit an increase in the electrical conductivity 
from 24 to 49 S cm −1  as the temperature is raised from 25 and 
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 Figure 3.    Chiral nematic organization of mesoporous mixed MgC 2 /SiC 
and SiC materials. SEM images viewed along a) fracture cross sections 
and b) fl at top surfaces of the MgC 2 /SiC fi lms ( SC-2 ). c,d) SEM images 
viewed along fracture cross sections of the SiC fi lms ( SC-3 ) at different 
scales.
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150 °C (Figure  4 f); impurities in the Si must be responsible 
for its relatively high conductivity. We postulate that the meso-
structure of the parent silica fi lms facilitates diffusion of Mg 
vapors during vapor-phase magnesiothermic reaction, leading 
to the growth of large MgO crystals inside the pores. Removal 
of the MgO crystals in the acid wash procedure leaves behind 
large voids and partial destruction of chiral nematic order. As 
the heating time is extended ( SI-3 ), long-range order is fur-
ther disrupted by overgrowth of larger MgO crystals leading to 
near-complete destruction of chiral nematic order (Figure S14, 
Supporting Information). These results are consistent with 
other attempts to use magnesiothermic reduction to convert 
mesoporous SiO 2  to Si replicas, resulting in a loss of order. [ 7 ]  
These results suggest a lower size limit that can be successfully 
replicated in the pure Si structures through this process.   

  3.     Conclusions 

 In summary, we have demonstrated, for the fi rst time, the prep-
aration of mesoporous SiC and Si using the reduction of chiral 
nematic silica/carbon and mesoporous silica derived from CNC 
assemblies. Magnesiothermic reduction of silica/carbon fi rst 
forms metastable Mg 2 Si and then transforms into MgC 2 /SiC 
intermediates and fi nally to SiC upon extended heating at 800 °C 
within 24 h. After purifi cation, iridescent, black mesoporous 
MgC 2 /SiC structures with chiral nematic ordering were 
obtained from the intermediates. Pale-yellow mesoporous SiC 
replicas with diminished chiral nematic ordering were recov-
ered from the fi nal composite products. It is worth noting that 
the MgC 2 /SiC intermediate samples, which exhibit excellent 
thermal stability and intense iridescence, appear to be unique 
to our system. The magnesiothermic reaction was applied 

to reduce the chiral nematic mesoporous silica for creating 
mesoporous Si crystalline fi lms with a layered structure. These 
novel crystalline, semiconducting SiC and Si mesoporous mate-
rials may be useful in sensing and other applications.  

  4.     Experimental Section 
 Reagents and characterization details are provided in Supporting 
Information. 

  Preparation of Chiral Nematic Silica/Carbon and Mesoporous Silica:  
Chiral nematic silica/carbon and mesoporous silica fi lms with 
appropriate Si(OCH 3 ) 4 /CNC ratios were prepared according to previous 
studies. [ 13a,b ]  In general, we found that the silica/carbon composites 
with a low silica loading (e.g., 0.15 mL Si(OCH 3 ) 4  mixed with 5.0 mL of 
3.0 wt% CNC dispersion, ≤30 wt% silica in composites estimated 
by TGA, Figure S1d, Supporting Information) are better precursors 
for converting to SiC with minimal generation of Si. The silica/CNC 
composites were fi rst carbonized by heating under fl owing N 2  to 900 °C 
(Figure S1b, Supporting Information). Intact mesoporous Si fi lms 
were best obtained from mesoporous silica fi lms with thick walls that 
were prepared from cocondensing 0.23 mL Si(OCH 3 ) 4  with 5.0 mL of 
3.0 wt% CNC dispersion followed by calcining at 540 °C in air (Figure S10, 
Supporting Information). 

  Magnesiothermic Reduction of Silica/Carbon : Silica/carbon precursors 
(140 mg) and metallic Mg turnings (350 mg) were placed at opposite 
ends of a rectangle-shaped stainless steel boat (width 1 cm, length 15 cm, 
height 1.2 cm). Excess Mg was used to guarantee the complete 
reduction of silica. The boat was tightly sealed with a cap and inserted 
into a stainless steel tube furnace (diameter 2.5 cm, length 100 cm). 
The reaction mixture was heated under fl owing argon (50 mL min −1 ) 
to 800 °C at a rate of 5 °C min −1  and held at this temperature for 
different reaction times ranging from 6 to 24 h. After cooling to room 
temperature, the composite fi lms were treated with 2  M  HCl at room 
temperature for 4 h to dissolve MgO by-product. The fi lms were then 
calcined at 700 °C in air for 6 h to eliminate residual carbon. The fi lms 
were then etched in 2% HF aqueous solution to remove residual silica 
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 Figure 4.    Mesoporous Si fi lms prepared from the magnesiothermic reduction of chiral nematic mesoporous silica. a) Photograph of Si fi lms ( SI-2 ). 
SEM images of b) the product composites ( S-2 ) and c)  SI-2  viewed along fracture cross sections. d) PXRD pattern, e) EDX spectrum, and f) variable 
temperature conductivity plot of  SI-2 .
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and fi nally vacuum-dried at 60 °C for 8 h. After purifi cation, black fi lms 
were obtained after 12 h of heating, which transformed to pale-yellow 
upon extended heating for 24 h. Typical yields after these purifi cation 
steps were ≈68% after 12 h reduction and ≈29% after 24 h reduction. 

  Magnesiothermic Reduction of Mesoporous Silica : The reduction 
was carried out as described above using 140 mg of chiral nematic 
mesoporous SiO 2  fi lms. The resulting fi lms were treated with 2  M  HCl 
and 2% HF as described above. A typical reaction yield was ≈43%.  
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