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TG-DT and DSC Analysis of the precursor
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Fig. S1 (a) TGA/DTA curves and (b) DSC curve of the sol-gel precursor under N, and O,

environment.

The thermal analysis of the precursor, obtained after the 275°C heat-treatment, was done

using TG-DT and DSC analysis under the nitrogen and oxygen atmosphere. The heating rate
employed was 5 °Cmin’!, and the corresponding curves are shown in Fig. S1 (a) and (b),
1



respectively. There are five significant weight changes in the TGA curve, and corresponding
peaks were observed in the DTA curve. The evaporation of adsorbed water molecules and
ethylene glycol decomposition were observed near 100 and 382 °C, respectively.
Decomposition of metal nitrates and the formation of their corresponding oxides usually occur
around 450 °C.! Two primary phase decomposition occurs 900 and 1000 °C, indicating the
formation of intermediate phases other than C12A7 from CaO and Al,Os phases. The complete
formation of the mayenite phase occurs after the decomposition beyond 1000 °C. The total
weight loss observed after the completion of the reaction at 1200 °C is 67.60%. In the DSC
analysis, there is an exothermic peak at 446 °C in the presence of oxygen, which indicates the
possible oxidation of carbon atoms that remained in the material after the decomposition of
ethylene glycol. Beyond that temperature, the reaction involves the endothermic processes of
the decomposition of AI(NOs)3 to Al,O3 and nitrous oxide.? The decomposition of Ca(NO3)>
into CaO, nitrous oxide, and O takes place around 561 °C.3 The decompositions of intermediate

phases around 900 and 1000 °C were endothermic, both in oxygen and nitrogen environment.

UV-Visible Spectroscopy

The UV-Visible spectra of C12A7 and C12A7:e" are shown in Fig. S2c. The band
structure of C12A7 consists of a conduction band and valence band called framework-
conduction-band (FCB) and framework-valence-band (FVB). A significant level of empty
cages forms a cage conduction band (CCB) which is 2 eV below FCB, and the trapped O ions
in the cages forms energy level which is 1 eV above the FVB*. Here, the 4.5 eV absorption
band of pristine C12A7 is due to the transition of electrons from the cage-trapped O™ to the
CCB and the absorption above 5.5 €V, indicating the transition from FVB to FCB’. The
reduction shifts the absorption to the lower energy side. The lower energy absorption arises
from two types of electron transitions, the first is due to the intra-cage electron transition to a
1p excited-state in the same cage, and the other is due to the inter-cage transition of electrons
from the 1s level of occupied cages to the 1s level of empty cages®. The observed shift in

absorption energy indicates the replacement of O% ions with electrons in C12A7:¢".
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Fig. S2 (a) XRD pattern, (b) temperature-dependent Raman spectra, (c) UV-Visible absorption
spectra and (d) FTIR spectra from 200 to 4000 cm™'.
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Fig. S3 (a, b, c) HRTEM
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Fig. S4 XPS survey spectra of C12A7:¢".

Table S1. XPS peak assignment and elemental compositions in C12A7:e".

Binding Peak FWHM  Peak Area  ‘1LOMIC
Element cnergy ' percentage
V] assignment [eV] [cps. eV] (%]
283.0 C-v 1.2 2943.9 9.94
284.6 C=C/C-C 1.91 16973.5 57.29
Cls 286.1 C-OH/C-0-C 2.12 3560.4 12.02
288.6 C=0 2.32 2546.0 8.59
289.6 0-C=0 1.79 3602.9 12.16
530.2 C=0 1.96 59384.1 39.28
O s 531.6 NBO 2.02 59257.1 39.19
532.6 BO 2.75 32556.1 21.53
Ca2p 346.8 Ca-O (2 p3n) 1.88 51172.0 66.90



350.3 Ca-O (2 pin) 1.98 253214 33.10
73.1 1.59 6465.2 64.44
Al 2p Al-O (2 p3n)
73.9 2.17 3568.1 35.56
Table S2. RC fit parameters of the complex impedance spectra.
Rgb Cgb Rg Cg
Temperature [K]
[€2] [F] [€2] [F]
303 12.3 1.96 x 10! 4.7 6.02 x 10712
308 11.8 1.97 x 10! 4.71 5.82x 10712
313 11.4 1.98 x 107! 4.73 5.65x 10712
318 11.1 2.00E x 10! 4.79 5.64 x 10712
323 10.7 2.02E x 101! 4.84 5.59 x 1012
328 10.4 2.04 x 10! 4.86 5.46 x 10712
338 9.9 2.07 x 10! 4.9 521x 1012
343 9.65 2.09 x 10! 4.94 5.10x 10712
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Fig. S5 (a) Reflectance, (b) transmittance, (c) effective absorbance and (d) SEa/SEr ration of
C12AT7:epellets.

Table S3. Comparison of EMI SE and SSE of C12A7:e” with other ceramic materials.

Filler & Thickness  Frequency gmMISE SSE
Matrix ) Ref.
Loadlng [mm] [GHZ] [dB] [dchzg'l]
B4C GNPs (2 Vol%) 1.5 X 40 103 7



Gd@MoS»
MoS,-rGO
Si3Ny

Si3Ny

Si3Ny

Si3Ny

Si3Ny
Si3Ny
SiC
SiC
SiC¢/SiC

SiC¢/SiC
Si0;

Si0O2
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Lao 7SrosMn
O3

Ti3AIC,
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based
Ceramics

20% Gd +rGO
Fe304

CNTs (2.7
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PyC (16.33

Wt%) + CNTs

(2.94wt%)+ Ni
(0.43 wt%)

PyC (4vol%)

SiC (11 vol%)
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Cf (40 vo%)

Ti3SiCs (14.4
wt%)

PyC (3.3 vol%)
GO (20 Wt%)

MWCNTs (10
wt%)

Cr (20 Wt%)
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vol%)
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Portland MWCNTs (15

Cement wt%) 2 X 27 ) 2
1 21.6
1.5 27.9
2 32.3
CI2AT: & - 2.5 Ku, K 32.8 107 VTVISS’{
3 35.9
3.5 38.1
4 39.3

Table S4. Comparison of reflection loss of C12A7:e” with ceramic/conducting/magnetic

materials.
Filler Matrix  Thickness RL fin Bandwidth Frequency  Ref.
[mm] [dB] [GHZ] [GHZ] [GHZ]
2019-MoS,-Ni- wax 2.5 -6.68 - - 2-18 30
CNTS (20 wt%)
201-MoS»-Ni- wax 24 -50.08 11.92 6.04 2-18 30
CNTS (30 wt%)
201-MoS»-Ni- wax 1.5 -14.84 12.56-17.96 5.40 2-18 30
CNTS (40 wt%)
Ni-MoSz (30 wax 1.6 -25.19 13.80-18.0 4.2 2-18 30
wt%)
MoS2 (60 wt%) wax 24 -38 9.6-13.76 2-18 31
Ni-AlLOs3-Ni film  wax 3.5 -45.3 11.4 7.1 2-18 32
SiC (50 wt%)+ wax 2 -41 9 6 2-18 33
CB (5 wt%)
Zn Ferrite (50 PPy 2.7 -29 10.8 4.2 2-18 34
wt%)
Mn Ferrite (15 PPy 1.5 -12 11.3 - 8-12 35
wt%)
SmisYosFe17xSix  wax 1 -55.1 14.4 3.7 2-18 36
3:1)



Gd(OH);:@PPy  wax 2.2 514 16.2 4.8 2-18 37
(20 Wt%)

Co/Porous carbon  wax 3 -30.31 11.03 4.93 2-18 38
(25 wt%)
CNTs derived CF¢ 1.6 -42 - 5.08 2-18 39
fom DCDA" (2.5
g
C12A7:¢(0.4:1) wax 2.54 -22.9 30.9 10.1 This
work
3.02 271 25.4 9.1 5-40
4.24 -43.9 19.1 7.0

a) 2-dimensional, 0-dimensional, 1-dimensional; b) dicyandiamide; c) carbon fiber
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