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Supplementary text

An effective utilization of MXene and its effect on
electromagnetic interference shielding: flexible, free
standing and thermally conductive composite from
MXene-PAT-Poly(p-aminophenol)-polyaniline co-polymer.
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Figure S1. The topology of the composite and MXene under the scanning electron microscope.
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Figure S2. The cross-section of the composite under the scanning electron microscope.
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Figure S3. XPS Ols Overlapping curve of composites
Table S1. Elemental percentage of composites from XPS
| Nos | Composites | Cls % | Ti2p% | Ols% | Fls % | N1s % | S2p %




1 MXPAT 65.51 0.49 324 1.6 - -
2 MXPATPN 67.24 0.68 27.6 2.53 1.94 -
3 PXPATPA 62.75 0.57 32.07 1.79 2.83 -
4 MXPATPNPA 62.94 0.55 31.84 1.54 3.14 -
5 MXPATPPy 62.35 1.04 32.78 1.76 2.07 -
6 MXPATPTh 62.43 0.41 34.09 0.74 - 2.32
7 uMXPAT 65.27 0.68 31.18 2.88 - -
8 dMXPALt 70.5 0.71 27.38 141 - -
9 rMXPAT 62.81 0.33 34.74 2.11 - -
Table S2. Peak position of elements in composites from XPS
Eleme | MXP | MXPAT | MXPAT | MXPATP | MXPAT | MXPAT | uMXP | dMXP | rMXP
nts AT PN PA NPA PPy PTh AT AT AT
C1S 285.6 | 284.49 285.78 285.84458. | 285.1 285.14 284.12 | 284.05 | 284.66
6 31
Ti2p 4749 | 458.55 458.87 532.49 448.18 457.24 457.9 457.99 | 46091
8
Ols 5449 | 532.12 532.5 687.49 525.18 531.78 531.41 | 531.31 | 531.97
8
Fls 697.9 | 687.36 687.51 401.44 678.18 683.72 684.72 | 684.89 | 685.18
8
Nls - 399.48 401.49 - 399.5 - - - -
S2p - - - - - 167.75 - - -
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Figure S4. XPS of FCCNW, CCNW and db-MXene
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Figure S5. XRD of df-MXene, d-MXene, u-MXene, MAX phase, CCNW and FCCNW.
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Figure S6. XRD of composites

Table S3. XRD peaks of composites

Composites Peak positions ( 20 angle)
MXPAT 9.46 19.05,21.44 33.92, 36.78, 38.78, 38.86, 41.74, 44.93, 48.45, 50.35, 52.28,
56.43, 60.10, 65.39, 70.33, 74.00, 75.77, 78.64, 82.79, 83.44,
87.11
MXPATPN 9.79 18.4, 19.36, | 34.1, 36.93, 39.01, 41.89, 45.08, 48.61, 52.45, 56.60, 60.28,
21.61, 22.57, | 65.54,70.66, 74.18, 75.77, 78.81, 80.88, 83.60, 87.27
25.9
MXPATPA 6.27, 19.6, 21.6, | 33.92, 35.03, 36.63, 38.86, 40.93, 41.74, 44.93, 48.45, 56.60,
10.57 | 23.9,25.8 57.87, 60.10, 65.54, 70.50, 74.00, 75.77, 78.64, 83.27, 87.12
MXPATPNPA | 9.88 19.37, 2047, | 28.53, 31.69, 34.22, 35.32, 36.89, 39.27, 41.95, 45.11, 48.74,
21.57,22.67 52.69, 56.89, 60.43, 65.82, 70.87, 74.18, 76.08, 78.93, 83.82,
87.45
MXPATPPy 9.94 19.53, 21.92, | 34.39, 35.51, 37.11, 39.34, 41.26, 42.22, 43.01, 45.41, 48.93,
25.3,259 50.68, 52.60, 56.91, 60.58, 65.87, 68.74, 70.97, 74.33, 76.25,
78.96, 83.27, 87.59
MXPATPTh 9.79 20.01,21.61 34.22, 35.33, 36.39, 39.18, 42.05, 45.26, 48.76, 50.35, 52.60,
54.53, 56.76, 60.43, 65.70, 70.66, 74.33, 76.01, 78.96, 81.04,
83.27, 83.27, 83.92, 87.60
uMXPAT 5.94, 18.57,19.84 33.44, 34.71, 36.15, 38.38, 41.26, 44.45, 48.12, 51.97, 56.12,
8.98 59.79, 65.22,70.18, 73.52, 75.29, 83.12, 86.94
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Figure S7. Raman spectra comparison of composite in different range.

Table S4. Peak position of Raman shift

Composites Peak positions (cm™!)

MXPAT 2176.62,2931.68, 2230.85, 3127.97

MXPATPN 412.73, 824.03, 883.7, 1135.95, 1179.66, 1327.15, 1346.36, 1431.69, 1602.49,
1651.99, 1665.56, 1805.96, 1921.52, 2006.95, 2183.51, 2774.51, 2969.56,
3121.13, 3223.35

MXPATPA 1373.37, 1597.79, 2217.58, 3125.83

MXPATPNPA 1608.20, 2215.77, 3009.19, 3350.14

MXPATPPY 984.11, 1049.67, 1566.89, 2221.85, 2937.75, 3129.80

MXPATPTh 2117.92, 2224.20, 2903.55, 3169.52

uMXPAT 2109.29, 2072.44, 2219.35, 2905.28, 3162.74

dMXPAT 1761.03, 2144.29, 2827.47,3117.97

rMXPAT 2238.50, 3163.90
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Figure S8. (a-g) TGA and DTG analysis of composites (h) Thermal diffusivity, thermal conductivity and Heat
capacity of the composites.

Table S5. Thermogravimetric analysis (TG) of the composites

Composites Temperature Total weight loss (%)
MXPAT 30-194.17 16.81
194.17-363.89 59.44
363.89-1000 65.69
MXPATPN 30-194.81 14.71
194.81-370.91 48.62
370.91-1000 58.86
MXPATPA 30-190.77 13.37
190.77-363.89 49.29
363.89-1000 56.67
MXPATPNPA 30-194.17 13.86
194.17-363.89 46.71
363.89-1000 55.09
MXPATPPy 30-180.14 14.33
180.14-379.84 58.18
379.84-1000 66.11
MXPATPTh 30-176.52 13.65
176.52-372.82 57.05
372.82-1000 63.54
uMXPAT 30-185.45 13.69
185.45-354.96 51.93
354.96-1000 59.05




Table S6. Derivative Thermogravimetry (DTG) analysis

Composites Endothermic peaks Exothermic peaks
MXPAT 151.85, 266.69, 424.08 194.17, 363.89
MXPATPN 139.52, 254.36, 424.08 194.81, 370.91
MXPATPA 146.53, 263.08, 424.08 190.77, 363.89
MXPATPNPA 146.53, 256.06, 424.08 194.17, 363.89
MXPATPPy 135.90, 247.34, 424.08 180.14, 379.84
MXPATPTh 134.20, 266.70, 424.08 176.52,372.82
uMXPAT 128.88, 270.31, 424.08 185.45, 354.96

Table S7. SE of fabricated composites

SE(dB) | MXPA | MXPA | MXPA | MXPATP | MXPAT | MXPAT | uMXP | dMXP | rMXPA
T TPN TPA NPA PPy PTh AT AT T

MAX 41.31 39.33 45.18 44.08 41.31 42.99 39.69 43.74 4431

MIN 38.55 37.83 39.00 37.87 39.65 40.25 36.04 41.54 39.94

Aveage | 39.29 38.24 40.48 40.96 40.00 41.44 37.25 42.40 42.15

SSE 29.95 27.99 33.26 31.98 40.49 33.10 28.85 - -

(dB.g

Lem?)

SSE/t 575.96 | 321.72 236.45 | 399.75 253.06 359.78 721.25 | - -

(dB.g

Lem?)

SE/t 1.463 1.393 1.6 1.561 1.463 1.522 1.406 1.549 1.569

(dB.m

m)

Table S8. SE, of fabricated composites

SEA MXPA | MXPA | MXPA | MXPATP | MXPATP | MXPAT | uMXP | dMXP | rMXPA

(dB) T TPN TPA NPA Py PTh AT AT T

Max 30.58 30.44 34.85 36.56 37.57 34.87 29.99 34.48 34.09

Min 28.25 29.37 29.81 29.46 36.46 30.62 26.24 32.91 29.72

Averag | 29.17 29.83 31.13 33.28 36.77 32.99 27.55 33.50 32.02

e

Table S9. SEy of fabricated composites

SEg (dB) MXPA | MXPA | MXPA | MXPAT MXPA MXPA uMXP | dMXP | rMXP

T TPN TPA PNPA TPPy TPTh AT AT AT

MAX 11.44 9.84 10.34 9.09 4.71 9.77 10.11 9.77 11.43

Min 9.27 7.40 8.41 7.37 2.27 7.87 9.18 8.49 9.47

Average 10.12 8.42 9.36 7.69 3.24 8.45 9.69 8.91 10.13

Table S10. The bandwidth comparison at about 99.99% shielding efficiency.

Composites EMI SE at 99.99% | Maximum  point | Bandwidth (GHz) Range (GHz)

efficiency (dB) (dB)

MXPAT 39.88 41.31 8.82-12.4 3.58

dMXPAT 42.89 43.74 8.24-9.72 1.48

rMXPAT 41.15 44.31 8.24-11.19 2.95




uMXPAT 39.18 39.69 8.31-12.4 4.09
MXPATPNPA 38.53 44.08 8.2-11.98 3.78
MXPATPTh 40.29 42.99 8.42-12.36 3.94
MXPATPA 40.94 45.18 9.31-12.4 3.09
MXPATPPy 39.83 41.31 10.06-12.4 2.34
MXPATPN 37.82 39.33 8.2-12.4 4.2
Table S11. EMI shielding comparison of previous work published
Composition Polymer | Fillers Densit |t SE SSE SSE/t(d | Re
matrix (%) y (mm) | (dB) | (dB.g | B.g f.
(g.cmr Lem?) | Lem?d)
3
)
1 Ti;,C, T, /SA SA 90 2.31 0.00 | 57 24.6 30830 1
08
2 Ti;C,T, /CNF Cellulos | 90 2.10 0.04 | 258 | 12.44 2647 2
e 7
3 Ti;C,T, areogel Bulk MXene | 0.0055 |1 448 | 8145.5 | 81455. |3
0
4 Ti;CNT, Bulk MXene | 0.0055 |1 423 [7690.9 |62909. |3
0
5 Ti,CT, Bulk MXene | 0.0055 | 1 48.5 | 8818.2 | 88182. |3
0
CNT sponge Bulk CNT 0.018 |24 20 1100.0 | 462.2 4
MWCNT/WPU WPU MWCN | 0.02 2.3 23 1148.0 | 4991.0
Composites T
8 CNF/Fe304 Epoxy 10 * 13 20 * *
9 rGO/cellulose Cellulos | 50 0.0028 | 5.0 47.8 | 16890. | 33780.
fiber e 0 0
10 | CNT/polycarbona | polycarb | 20 1.13 2.1 39 34.5 154.0 8
te onate
11 | high structure ABS 15 0.96 1.1 20 20.9 190 9
carbon black (HS-
CB)/ABS
12 | Graphene/ PU GN 0.030 | 60 32 1066.7 | 177.8 10
polyurethane
(PU)
13 | SWCNT- PS 7 0.56 1.2 18.5 |33 275 11
Polystyrene foam
14 | carbon black EPDM | 37.5 0.594 |2 18 30.3 15.1 12
filled EPDM
15 | Polypropylene/Sta | PP 1.1 0.64 3.1 48 75 241.9 13
inless-Steel
16 | Polyetherimide/G | PEI 10 0291 |23 12.8 | 44 191.3 14
raphene
17 | C/MWCNTs/ Phenolic | 7 0.126 |5 62 549 1098.7 | 15
Fe304 foam
18 | Au/GN/Fe304/po | PDMS * 0.116 |2 30.5 | 263 1315 16
ly(dimethyl
siloxane) (PDMS)
19 | Polyimide/ PI 16 0.022 | 0.8 21 937 11712 | 17
reduced graphene




20 | Greaphene foam | Bulk GN 0.06 0.3 252 | 420 14000 | 18
21 | Graphene/PDMS | PDMS * 0.06 1 30 500 5000 18
22 | Graphene- PS * 0.27 2.5 173 | 64.07 256.29 | 18
Polystyrene
23 | MXCS CF * 0.153 | 038 |50.5 |324.15 |8397.7 |19
6 8
24 | MXCB CF * 0.229 039 |47.6 |20552 |5163.7 |19
8 5
25 | MWCNT/CNF CNF * 0.058 | 0.13 | 28.2 |486.54 | 35256 |19
8 2
26 | Copper Bulk Bulk 9 3.1 90 10 32 20
27 | Polypropylmr/car | PP 10 vol% | 0.735 | 3.1 25 34 109 20
bon fiber
28 | Stainless steel Bulk Bulk 8.091 |4 89 11 27 20
29 | Poly(ether PES 7vol% | 1.851 |2.85 |87 47 165 20
sulfonate) (PES)-
Nickel filaments
30 | PS-Cu nanowire PS 2.1Vol * 0.21 |35 * * 20
%
31 | MWCNT/ PU 10.6 * 0.4 247 | * * 21
polyurethane
32 | Ag/PAN PAN 20 * 0.75 |40 * * 22
33 | Ag/BaTiO3 PVDF 20 * 1.2 21 22
34 | AWMWCNT PVDF 3 * 0.5 26.7 | * * 22
35 | GNP/PLLA PLLA 15 * 1.5 155 | * * 22
36 | MWCNTHPP PP 8 * 3.2 294 | * * 23
7
37 | CF+PP PP 18 * 32 19.8 | * * 23
38 | 1 wt% CNT+30 PP 31 * 1 16 * * 23
wt% CF+PP
39 | SWCNTs/Epoxy | Epoxy 15 * 2 25 * * 24
40 | Graphite/PE PE 18.7 * 33 * * 24
vol%
41 | MXPATPN PAT- * 1.217 |0.62 |45.1 |33.26 236.45 | Th
PpAP 8 is
42 | MXPATPNPA PAT- * 1.281 | 0.8 44.0 | 31.98 399.75 | wo
PpAP- 8 rk
PANI
* indicates that the values were either not available or impossible to calculate.
Table S12. The short-listed EMI shielding comparison for graph (Figure 11f)
Composition No Polymer matrix t (mm) SE (dB)
Ti3C2Tx /SA 1 MX/SA SA 8.00E-04 | 57
Ti3C2Tx /CNF 2 MX/CNF Cellulose 0.047 25.8
Ti3C2Tx areogel 3 MX/gel Bulk 1 44.8
Ti3CNTx 4 MXN Bulk 1 42.3




Ti2CTx 5 Ti2C Bulk 1 48.5
CNT sponge 6 CNT/spo Bulk 2.4 20
MWCNT/WPU Composites | 7 CNT/PU/C WPU 23 23
CNT/polycarbonate 8 CNT/PC polycarbonate 2.1 39
high structure carbon black | 9 HSBC/ABS ABS 1.1 20
(HS-CB)/ABS

SWCNT-Polystyrene foam 10 | CNT/PS/foam | PS 1.2 18.5
carbon black filled EPDM 11 | CB/EPDM EPDM 2 18
Polypropylene/Stainless- 12 | PP/SS PP 3.1 48
Steel

Polyetherimide/Graphene 13 | PI/GN PEI 23 12.8
Au/GN/Fe304/poly(dimethyl | 14 | Au/GN/FeO PDMS 2 30.5
siloxane) (PDMS)

Polyimide/ reduced graphene | 15 | PI/tGN PI 0.8 21
Graphene foam 16 | GN/foam Bulk 0.3 25.2
Graphene/PDMS 17 | GN/PDMS PDMS 1 30
Graphene-Polystyrene 18 | GN/PS PS 2.5 17.3
MXCS 19 | MXCS CF 0.386 50.5
MXCB 20 | MXCB CF 0.398 47.6
MWCNT/CNF 21 | CNT/CNF CNF 0.138 28.22
Polypropylene/carbon fiber 22 | PP/CF PP 3.1 25
PS-Cu nanowire 23 | PS/CuNW PS 0.21 35
MWCNT/ polyurethane 24 | CNT/PU PU 0.4 24.7
Ag/PAN 25 | Ag/PAN PAN 0.75 40
Ag/BaTiO3 26 | Ag/BTO PVDF 1.2 21
Au/MWCNT 27 | Au/CNT PVDF 0.5 26.7
GNP/PLLA 28 | GNP/PLLA PLLA 1.5 15.5
MWCNT+PP 29 | CNT/PP PP 32 29.47
CF+PP 30 | CE/PP PP 3.2 19.8
1 wt% CNT+30 wt% CF+PP | 31 | CNT/CF/PP PP 1 16
SWCNTs/Epoxy 32 | CNT/epox Epoxy 2 25
Graphite/PE 33 | G/PE PE 3 33
MXene-PAT-PpAP 34 | MXPATPA PAT-PpAP 0.62 45.18
MXene-PAT-PpAP-PANI 35 | MXPATPNP | PAT-PpAP-PANI 0.8 44.08

A
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Figure S9. Stress and strain curve for composites
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