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S1. Result of differential scanning calorimetry analysis for GlcNAc

Fig. S1 presents the differential scanning calorimetry (DSC) spectrum of GIcNAc, collected
using a differential scanning calorimeter (DSC-60, Shimadzu). Because the DSC measurement
is conducted in a closed system, the sample mass remains constant. Therefore, unlike the DTA
spectrum of GlcNAc (Fig. 1d), the fusion and decomposition were observed as endothermic

and exothermic peaks, respectively.
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Fig. S1 DSC spectrum of GIcNAc (heating rate: 10 °C min™!).
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S2. Fitting results of DTA spectra without a Gaussian function
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Fig. S2 Fitting results performed without a Gaussian function for the mixtures of (a) the zeolite

and GlcNAc, and (b) the zeolite and chitin.
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S3. Structural characterizations of G (2.0)-P, G (3.0)-P, and G (4.0)-P
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Fig. S3 Results of structural analyses on G (2.0)-P, G (3.0)-P, and G (4.0)-P. (a) XRD patterns.
(b) N2 adsorption/desorption isotherms. (c) Pore size distributions calculated by the DFT

method (N2, =196 °C, carbon slit pore model).

Table S1 BET Specific Surface Areas, Pore Volumes, and Carbon Fractions of ZTCs Prepared

Using Propylene and Excess GIcNAc

Samples SBET Viotal Vmicro Vmeso Carbon fraction
(m’g") (em’g’) (em’g’) (em’g™) (g 8Nay)

G (2.0)-P 2820 1.32 1.20 0.11 0.398

G (3.0)-P 1650 0.85 0.71 0.15 0.558

G (4.0)-P 1130 0.65 0.46 0.20 0.721
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S4. SEM images of GIcNAc and the heated GlcNAc with propylene CVD and TEM images

of G (4.0)-P

Fig. S4a displays the SEM image of GIcNAc, with particle sizes below 200 pm. Meanwhile,
Fig. S4b presents the SEM image of GIcNAc treated under the same conditions as those used
for the ZTC synthesis, but without NaY zeolite. The particle sizes in Fig. S4b are significantly
larger than those in Fig. S4a, indicating that the GIcNAc particles melted and coalesced into
larger particles during heating. Fig. S4c presents the TEM images of G (4.0)-P. Unlike the

TEM images in Fig. 4b and 4d, thick carbon shells were observed on the outer surface of the

ZTC particles.

Fig. S4 SEM images of (a) GIcNAc and (b) the heated GlcNAc with propylene CVD. (¢) TEM

images of G (4.0)-P.
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S5. Structural characterizations of heated GlcNAc and chitin without NaY zeolite

GIcNAc and chitin were treated under the same conditions as those used for ZTC synthesis,
excluding the use of NaY zeolite. To investigate the effect of propylene CVD, treatments were
performed both with and without propylene CVD, while maintaining the same temperature
program for all samples. As shown in Fig. 5a, the chitin heated without propylene CVD exhibits
both hysteresis and micropore filling, indicating the presence of both micropores and
mesopores. Conversely, the chitin heated with propylene CVD showed almost no hysteresis or
micropore filling, suggesting that the micropores and mesopores were filled with carbon during
the CVD process. Regardless of whether propylene CVD was employed, the heated GIcNAc

showed no porosity. Their XRD patterns, typical of amorphous carbons, are presented in Fig.

S5b.
a) . b)

s 2507 —e— heated chitin with propylene CVD \
a —e— heated chitin without propylene CVD \ 2 i Ee g
5 200 ] —e— heated GIcNAc with propylene CVD i 5 W\ﬁ ehitingyithpropylene CHI)
& —e— heated GlcNAc without propylene CVD i @ A
S 1504 . _.-y."-‘ 2 heated chitin without propylene CVD
o =
D w
g 1001 é heated GlcNAc with propylene CVD
w
k)
g 504 heated GlcINAc without propylene CVD
3
o
2 0ls

0 5 10 15 20 25 30 35 40 45 50
26 (Cu Ka) / degree

Fig. S5 (a) N2 adsorption/desorption isotherms and (b) XRD patterns.

Table S2 BET Specific Surface Areas and Pore Volumes of Heated Chitins with and without

Propylene CVD
Samples SBET Viotal Vmicro Vneso
(m’g") (em’g') (em’g’) (em’g™)
heated chitin without propylene CVD 283 0.24 0.11 0.13
heated chitin with propylene CVD 25 0.04 0.01 0.03
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S6. Structural characterizations of C (2.0)-P, C (3.0)-P, and C (4.0)-P
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Fig. S6 Results of structural analyses on C (2.0)-P, C (3.0)-P, and C (4.0)-P. (a) XRD patterns.
(b) N2 adsorption/desorption isotherms. (c) Pore size distributions calculated by the DFT

method (N2, =196 °C, carbon slit pore model).

Table S3 BET Specific Surface Areas, Pore Volumes, and Carbon Fractions of ZTCs Prepared

Using Propylene and Excess Chitin

Samples SBET Viotal Vmicro Vmeso Carbon fraction
(m’g") (em’g’) (em’g’) (em’g™) (g 8Nay)

C (2.0)-P 2630 1.19 1.10 0.09 0.424

C (3.0)-P 1980 0.91 0.82 0.09 0.567

C (4.0)-P 1590 0.75 0.66 0.09 0.791
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S7. SEM images of chitin and the heated chitins with and without propylene CVD

Fig. S7a shows the SEM image of chitin while Fig. S7b and c present the SEM images of the
heated chitins with and without propylene CVD, respectively (for details, see Section S5). No
structural change was observed in the SEM image of the heated chitin (Fig. S7b) compared to
the unheated chitin (Fig. S7a). Therefore, chitin decomposed without melting, forming
micropores and mesopores in the process, as shown in Fig. S5a. The formation of micropores
and mesopores mainly proceeds below 500 °C for chitin,' while propylene CVD was performed
at 700 °C. Therefore, the resulting micropores and mesopores were filled with carbon during
propylene CVD for the heated chitin subjected to propylene CVD (Fig. S5a). However, the

structural change was not observed between the heated chitins with and without propylene

CVD (Fig. S7b and c).

Fig. S7 SEM images of (a) chitin, (b) heated chitin, and (¢) chitin subjected to propylene CVD.
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S8. Structural characterizations of undoped ZTC

Fig. S8 presents the results of the structural characterizations for the undoped original ZTC.
The synthetic method is described in our previous work.? The BET specific surface area of the
ZTC was 3700 m?> g! and the total and micropore volumes were 1.60 and 1.55 cm® g !,

respectively.
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Fig. S8 Results of structural analyses on the undoped original ZTC. (a) XRD patterns. (b) N2
adsorption/desorption isotherms. (¢) Pore size distributions calculated by the DFT method (N2,

—196 °C, carbon slit pore model).
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S9. Fitting parameters of Nyquist plots

Fig. S9 shows the fitting results of the Nyquist plots for the ZTCs, using the model depicted in

the inset of Fig. 5b. The fitting parameters are summarized in Table S4. As demonstrated in

Fig. S9, the fitting results align well with the experimental data.
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Fig. S9 Fitting results of the Nyquist plots for (a) ZTC, (b) G (0.8)-P, and (c) C (1.0).

Table S4 Fitting Parameters of the ZTCs

Potential Fitting parameter

Sample V) Rs (Q)? Rt (Q)° Ca (F)e W (Q s1?)
undoped ZTC -1.0 1.5 3.1 2.7x1073 3.6

0.2 1.5 3.0 2.7x1073 4.0
G (0.8)-P -1.0 1.5 4.3 2.5x1073 3.4

0.2 1.4 4.4 2.4x1073 4.0
C (1.0)-P -1.0 0.7 2.3 3.4x1073 2.9

0.2 0.7 23 3.3x1073 3.7

@ Series resistance.

b Charge transfer resistance.

¢ Double-layer capacitance.

4 Warburg impedance.
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