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Figure S1. SEM images and lateral size distribution of GO sheets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure S2. The preparation process of free-standing GO/PAN film.  
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Figure S3. (a) SEM image of GO/PAN film exfoliated by water. (b) The water contact angle 

of the quartz plate. (c) XRD patterns of GO/PAN films with different PAN contents before and 

after swelling by water (unit: nm). 

 

 

 

 

 

  

 

 

 

 

Figure S4. 50 nm-thick nMAG with a round shape before (a) and after (b) 3000 oC heat 

treatment. (c) 600 nm-thick nMAG with a rectangle shape after 3000 oC heat treatment. 
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Figure S5. (a) TGA plot of GO/PAN (PAN, 60%) in N2 and air atmosphere at 150–300 oC. (b) 

The TGA plot of GO/PAN (PAN, 50%) in N2 and air atmospheres at 150–300 oC.  

 

 

 

 

 

 

 

 

 

 

 

Figure S6. Cross-sectional STEM image of (a) PAN and (b) GO/PAN (PAN, 50%) after pre-

oxidation at 270 oC and the corresponding oxygen EDS mapping image, indicating a “skin-core 

structure” in PAN.  
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Figure S7. (a) XPS surveys of the nMAG (PAN, 50%) with different heat treatments. (b-d) 

XPS C1s spectra of the nMAG (PAN, 50%) with different heat treatments, respectively. The 

circles are experimental data, and the red line is the fitted curve. 
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Figure S8. The FTIR spectra of nMAG (PAN, 50%) with different heat treatments. 

 

 

 

 

a                                                   b                                                                                                

c                                                   d                                                   
d                                             



  

6 

 

10 20 30 40

PAN, 50%

PAN, 60%

 

 

270 
o
C

PAN, 70%

2 (

)

1200 1600 2000 2400
0.00

0.02

0.04

0.06

(O
+

N
)/

C
 r

a
ti
o

Temperature (
o
C)

 rGO

 nMAG (PAN, 50%)

 

 

                             

 

 

 

 

 

 

Figure S9. XRD patterns of GO/PAN films before (a) and after (b) pre-oxidation. 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

Figure S10. (O+N)/C ratios of rGO and nMAG (PAN, 50%) elaborated by XPS. 
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Figure S11. (a) Surface and cross-sectional SEM images of 250 nm-thick nMAG (PAN content, 

50%). (b) Surface and cross-sectional SEM images of 450 nm-thick nMAG (PAN content, 

60%). (c) Surface and cross-sectional SEM images of 650 nm-thick nMAG (PAN content, 70%). 

 

 

 

 

      

 

Figure S12. (a) Surface and cross-sectional SEM images of 50 nm-thick GO-based graphene 

nanofilm obtained by vacuum-filtration. (b) Digital photo of nMAG (PAN, 50%, left) and GO-

based graphene nanofilm (right) with the same thickness of 200 nm after heat treatment at 3000 

oC. 
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Figure S13. (a) Cross-sectional TEM image of 50 nm-thick nMAG with a graphite-like d-

spacing. (b) Surface High-Resolution TEM image of graphene sheets in 50 nm-thick nMAG 

with perfect in-plane lattice and the corresponding selected area electron diffraction pattern 

(inset), which indicates an AB stacking geometry. (c) Cross-sectional TEM images of nMAG 

with parallel graphene lattices. 

 

 

 

 

Figure S14. 2D synchrotron WAXS patterns of 50-thick nMAG treated under 3000 oC. 
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Figure S15. (a) Raman spectra of GO, PAN, GO/PAN (PAN, 50%), and 270 oC-treated 

GO/PAN (PAN, 50%) films. (b) XRD patterns of GO, PAN, and 3000 oC-treated nMAG.  

 

 

 

 

  

 

 

 

 

 

Figure S16. (a) HR-TEM image of GO. (b) STM images of 50 nm-thick nMAG surface. 
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Figure S17. Electronic conductivity of HI-reduced GO/PAN films of different thicknesses 

(PAN, 50%) heat-treated at 3000 oC. 

 

Figure S18. 2D transient absorption map of nMAG/Si as a function of delay time and incident 

photon energy. 
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Figure S19. EMI SET of PI substrate in the frequency range of 8.2-12.4 GHz. 
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Figure S20. (a) Calculated EMI shielding coefficients of nMAGs in the X-band. (b) SER, SEA, 

and SET values of nMAGs with different thicknesses of 50 nm, 100 nm, 240 nm, 400 nm, and 

600 nm in the X-band. 
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Figure S21. Fourier transform infrared (FTIR) absorption spectrum (a) and reflection spectrum 

(b) of 50 nm-thick nMAG.  

 

 

 

Figure S22. High-Resolution TEM image of nMAG/Si cross-section. 
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Figure S23. Surface and cross-sectional SEM images of mMAG heat-treated under (a) 270 oC 

and (b) 3000 oC. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S24. (a) Surface SEM image of commercial artificial PI-based graphite film (GPI). (b) 

Surface (left) and cross-sectional (right) SEM images of 10 μm-thick GPF (direct scraping of 

GO/PAN solution). (c) The microfold density of mMAG, GPI, and GPF films. 
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Table S1. The thicknesses of GO/PAN films with different mass ratios after pre-oxidation 

and heat treatment at 3000 oC. 

GO:PAN (wt%:wt%) 50%:50% 40%:60% 30%:70% 

pre-oxidation 421 nm 872 nm 1590 nm 
3000 oC treatment 243 nm 400 nm 594 nm 

 

 

 

 

 

Table S2. The detachment results in different composite films with 2D sheet and polymer, 

which is detached (√) or not detached (×). 

 PAN Sodium lignin sulfonate 

GO √ × 
rGO × √ 

 

 

 

Table S3. Electrical conductivity of the graphite film made from high-temperature thermal 

treatment. 

Material Thickness (nm) Conductivity (M S m-1)  Temperature (oC) Ref. 

Carbon Films 480 1.7 1400           1 
Graphite film 54 1.81  2800           2 

Graphene film 48 1.8 3000           3 
Graphite Film 77 0.26 1200           4 
Graphene film 10000 0.11 2800           5 
Graphene film 10000 1.06 3000           6 
Graphite Film 25000 1.1 2850            7 

Graphene Film 2700 0.1 2000            8 
This work 50 2.04 3000  

  



  

15 

 

Table S4. EMI shielding performances of various EMI materials. 
 Materials Thickness 

[μm] 

Density 

[g cm-3] 

SE 

[dB] 

SSE/t 

[dB cm2 g-1 ] 

Ref. 

g
ra

p
h

en
e 

Graphite film 0.231 2.25 25 481000 4 

Graphite film 0.308 2.25 26.8 386724 4 

Graphite film 0.385 2.25 27.8. 320923 4 

Graphene sheet 2.8 2.14 39 65087 9 

Graphene film 31 1.63 130 25727 10 

Graphene film. 3.4 2.03 36.8 53409 11 

Graphene film 4 1.49 38 63926 12 

Graphene/CNT 15 1.45 57.6    26483 13 

Graphene/CNT/PVDF   100 1.77 27.58 1557 14 

Graphene paper 

Graphene aerogel. 

Graphene foam 

GCF-1400   

Reduced graphene oxide fiber 

50 

120 

300 

0.483 

30 

0.67 

0.41 

0.06 

1.63 

0.3 

60 

85 

25.2 

21.72 

31 

17910 

17276 

14000 

275883 

33333 

15 

16 

17 

1 

18 

M
X

en
e 

Ti3C2Tx 0.04 3.8 21 1381579 19 

Ti3C2Tx 0.137 3.8 33 633884 19 

Ti2CTx 0.094 3.8 13 363942 19 

Ti3C2Tx 1.5 2.39 45 125523 20 

Ti3C2Tx 11 2.39 68 25853 20 

Ti3C2Tx  

Mxene/BC film 

Ti3C2Tx foam 

MXene/Cellulose  Paper  

MXene Layer/ Cellulose Nanofiber  

MXene Foam  

Ti3C2Tx MXene/Graphene  

0.94 

4 

6 

24 

40 

6 
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3.17 

0.39 

1.91 
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32 

61 

120000 

29141 

136752 
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7029 

136752 

11742 
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26 

27 

M
et

a
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Al foil 8 2.7 66 30555 18 

Cu foil 10 8.96 70 7812.5 18 

Cu-wrapped 

polymer nanofiber 

CuNi-CNT foam 

Ag nanowires/PI foam 

1.2 

 

1.6 45 232860 28 

1500 0.23 54.6 1580 29 

5000 0.029 35 2406 30 

T
h

is
 W

o
rk

 nMAG(PAN, 50%) 0.05 2.0 16.19 1619000  

nMAG(PAN, 50%) 0.1 2.0 25.84 1292000  
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nMAG(PAN, 70%) 
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2.0 

2.0 
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