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14 Table S1 Compositions of PVDF-HFP/LiCF3SOs/Li-CaMo0O, composite polymer
15 electrolytes

Sample A-Li-CaMo0, (wt.%) B-Li-CaMo0O, (wt.%) PVDF-HFP (g) LiCF5SO3 (g)
S1 0 0 0.3 0.2
A-S2 10 0 0.3 0.2
A-S3 20 0 0.3 0.2
A-S4 30 0 0.3 0.2
B-S2 0 10 0.3 0.2
B-S3 0 20 0.3 0.2
B-S4 0 30 0.3 0.2
B-S5 0 40 0.3 0.2
B-S6 0 50 0.3 0.2

16
17 Table S2 specific capacitance of supercapacitor with A-S2 at different condition

A-S2
Voltage range (V) Scan rate (mV/S) Capacitance (F/g)

0-0.6 10 10.5

0-1.0 10 18.0

0-1.4 10 20.7

0-1.8 10 25.0

0-2.2 10 30.3

0-1.0 5 51.2

0-1.0 20 31.3

0-1.0 50 20.0

0-1.0 100 14.7

18
19 Table S3 specific capacitance of supercapacitor with S1 at different condition
S1
Voltage range (V) Scan rate (mV/S) Capacitance (F/g)

0-0.6 10 7.3
0-1.0 10 11.6
0-1.4 10 17.4
0-1.8 10 24.4
0-2.2 10 23.2
0-1.0 5 41.2
0-1.0 20 254
0-1.0 50 17.8
0-1.0 100 12.9
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21 Table S4 Comparison our PVDF-HFP/ Li-CaMoO4 micro-capacitor with other reported

22 micro-capacitors

Activated Electrolyte Cycling Capacitanc Energy Power
Referenc Impedance Capacitanc
material retentio e Retention Density Density
e (Q) e (mFcm™?)
n (%) (Bent/Flat) | (1Whcm™) | (pW cm™)
91 aft
Our Activated PVDF-HFP/ arter
. 26 Q 10,000 36.9 98.6 3.28 196.8
work carbon Li-CaMoO,
cycle
Activated LiITFS— 96 after
S1 . 500 Q 20,000 0.41 75.9 0.036 2.60
carbon LiSMC
cycle
PPD grafted H.S0 64 after
S2 rGO 2> 2.1Q 10,000 38.4 N/A 4.4 44.6
/PVA
electrode cycle
Microporou 84 after
S3 P H,S0, 205 Q 5000 16 97 5.8 1
s graphene
cycle
80 after
PVA/H5PO
S4 CNT/PANI /Hs 455 Q 5000 19.74 99 17.8 63
4 cycle
98.1
after
S5 graphene PVA/KOH 1.18Q 50.9 94.2 2.2 5
5000
cycle
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24 Table S5 ICP-OES results of A-Li-CaMoQO, and B-Li-CaMoO,

Sample Element Dilution Factor | Co (mg/L) Content
A-Li-CaMoQ, Li 100 3.0461 5.4885%
A-Li-CaMoQO, Mo 100 17.6115 31.7325%
B-Li-CaMoO, Li 100 0.6428 1.0556%
B-Li-CaMoO, Mo 100 25.1230 40.8649%
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27 Figure S1 The XRD patterns of S1, A-S2, A-S3, A-S4 and A-Li-CaMo
28
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30 Figure S2 The XRD patterns of S1, B-S2, B-S3, B-S4, B-S5, B-S6 and B-Li-CaMo
31
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33 Figure S3 The enlarged XRD pattern of A-CaMo04’s (112) peak(~28°)
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35 Figure S4 The enlarged XRD pattern of A-CaMo04’s (112) peak(~28°)

36

37 Figure S5 the digital image of micro-supercapacitor in flat condition
38



39
40 Figure S6 the digital image of micro-supercapacitor in bent condition
41
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42

43 Figure S7 Schematic illustration of Li* transport pathways. (a) Uniform filler dispersion
44 at optimal loading forms a continuous conducting network. (b) Excessive filler
45 aggregation disrupts the network and impedes ion transport.
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48 Figure S8 ICP-OES of A-Li-CaMoO,
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Figure $S10 Zoomed in A system and B system’s XRD patterns in the range between

Figure S11 N, adsorption—-desorption isotherms taken on (a) A-CaMoQO, and (b) B-

CaMoOy,
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Figure S12 Enlarged FTIR spectra (1000-1100 cm™) and corresponding peak
deconvolution results for S1, A-S2, A-S4, and B-S4.
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Figure S13 Enlarged FTIR spectra (1000-800 cm™)

Note 1 :
The interface between the organic polymer matrix and inorganic fillers is typically the
site of a significant electrochemical potential mismatch. This thermodynamic disparity
drives the redistribution of charge carriers, creating a space-charge layer characterized
by a localized depletion of charge carriers, which acts as a high-resistance barrier to
ion transport.

To overcome this barrier, prelithiation is employed as a critical interfacial engineering
strategy. By chemically accommodating mobile lithium ions within the CaMoO, host
structure, this process achieves two synergistic effects>’:

Mechanistic Insight into Li* Accommodation and Space-Charge Mitigation
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1. Potential Equalization: The presence of pre-intercalated lithium modifies the
Fermi level of the filler, reducing the potential gradient across the polymer-filler
interface and suppressing the formation of the depletion zone.

2. Reservoir Effect: The lithiated host structure functions as a dynamic lithium ion
reservoir. This ensures a continuous supply of mobile ions directly at the interface,
effectively bridging the transport pathway between the ceramic and polymer
phases.

Note 2: Mechanism of Filler Aggregation and lon Transport

To further elucidate the impedance trends observed in Figure 2, we provide a
schematic illustration of the ion transport mechanism relative to filler dispersion
(Figure S7).

According to the percolation theory, the ionic conductivity in composite polymer
electrolytes is heavily dependent on the connectivity of the highly conductive
interphase regions formed between the polymer matrix and the inorganic fillers®8. As
illustrated in Figure S7a, at the optimal loading fillers create a continuous and
providing low-resistance pathways for fast Lithium ion migration.

However, as shown in Figure S7b, when the filler content exceeds the percolation
threshold, excessive aggregation occurs. This aggregation has two detrimental
effects:

1. Loss of Active Interface: The formation of large clusters reduces the effective
specific surface area of the fillers, diminishing the volume of the conductive
interfacial layer.

2. Pathway Tortuosity: The agglomerates act as insulating blocks that disrupt the
continuous transport network, forcing Lithium ions to take more tortuous paths
through the highly resistive bulk polymer regions, thereby increasing the overall
impedance.
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