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1. Characterization of GO-AnDA, PAA-GO, neat-PI and PI-GO
1.1 Characterization of GO-AnDA

A high-resolution XPS was used to measure the surface composition and functional groups
of GO and GO-AnDA based on the chemical shift observations. The high resolution C1s XPS
spectra of GO and GO-AnDA are presented in Fig. Sla and S1b, respectively. As shown in
Fig. Sla, the C1s XPS spectrum of the pristine GO indicated that the GO possesses a significant
degree of oxidation based on the observation of numerous oxygen-containing groups such as
alcohols (C-OH), epoxides (C-O-C), and carbonyls (-O-C=0-).!781-S3 These oxygen
functional groups mean that GO has the potential for further chemical modification. Compared
with GO, the Cl1s XPS spectra of GO-AnDA showed a significant decrease in epoxide groups
(287.2 eV). An additional peak at 285.4 eV in the Cls XPS spectra of GO-AnDA originated
from the C—N bonds. These results indicate that the AnDA binds to the surface of GO through
a nucleophilic attack between the amine groups of AnDA and the epoxide groups on the GO

surface.8!-* Thus, the AnDA was successfully grafted to the epoxide groups of GO.
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Fig. S1 Cls XPS spectra of a) GO and b) GO-AnDA. ¢) XRD spectra, d) FT-IR spectra, ¢)
Raman spectra, and f) TGA thermograms of GO and GO-AnDA.

The GO and GO-AnDA structures were further investigated by XRD, and the spectra are
shown in Fig. Slc. XRD analysis was used to determine the interlayer distance in nanosheets
of GO and GO-AnDA. The XRD pattern of GO exhibited a sharp diffraction peak at 11.42°,
corresponding to an interlayer d-spacing of 7.74 A. After modification with AnDA, the GO-
AnDA showed a diffraction peak at 9.90°, corresponding to an interlayer d-spacing of 8.93 A.
The diffraction peak of GO-AnDA significantly shifted to a smaller angle region compared to
that of GO. The higher GO-AnDA interlayer d-spacing compared to GO implies that GO was
modified with AnDA.S>56

The chemical structures of GO and GO-AnDA were confirmed by FT-IR, and the spectra
are shown in Fig. S1d. The FT-IR spectrum of GO exhibited three characteristic bands at 1715,
1625, and 1050 cm!, which correspond to carboxyl C=0, C=C skeleton and epoxy C-O-C
stretching vibrations, respectively.?85456 After modification, GO-AnDA showed absorption
bands at 1509 and 1306 cm™! due to N-H bending and C-N stretching of secondary aromatic
amines, respectively.?®5% The relative intensity of the epoxy C-O-C stretch of GO-AnDA at
1050 cm! significantly decreased compared to GO. This result clearly confirmed the C-N bond

formation between amine groups of AnDA and the epoxy groups of GO.



In addition, the Raman spectra of GO and GO-AnDA are given in Fig. Sle. The pristine
GO shows a typical Raman band (so-called G-band) around at 1610 cm! due to the E,, phonon
of the sp? hybridized carbon atom of graphite. The so-called D-band was observed at about
1350 cm! and is associated with structural defects.S’-° The intensity ratio (ID/IG) of the D-
band (ID) and the G-band (IG) indicates the amount of defects and disorder in the graphite
structure.”819 The ID/IG of the G-band of GO-AnDA increased from 1.05 to 1.32. This
indicates that the ordered structure of GO has been disrupted by the introduction of AnDA.

Thermal decomposition of the GO and GO-AnDA samples was studied by
thermogravimetric analysis (TGA) under a nitrogen atmosphere, and their TGA thermograms
are presented in Fig. S1f. The thermogram of GO exhibited three major weight losses.?8-511-813
The first weight loss occurred at around 45°C due to the loss of residual H,O contained in GO,
while the second weight loss occurred at around 180°C due to the decomposition of unstable
oxygen-containing functional groups such as epoxy, hydroxyl, and carboxyl groups. 23511814
The last weight loss around 530°C was ascribed to the removal of more stable oxygen
functionalities.S!>515 Compared to GO, GO-AnDA showed higher thermal stability due to the
substitution of amine groups for oxygen groups.?®516:817 The TGA thermograms also indicate

that the GO surface was modified by AnDA.

1.2 Characterization of PAA-GO, neat-PI and PI-GOs

TGA and DSC were conducted to investigate the thermal stability of the neat-PI and PI-
GOs. Fig. S2a shows the TGA thermograms of neat-PI and PI-GOs. The neat-PI and PI-GOs
showed high thermal stability up to 500°C. The thermal stability of PI-GOs increased with
increasing GO content at higher temperature. The thermal decomposition of PI begins with
chain cleavage and radical formation, and thus the carbon surface of the GO sheets in the PI
matrix might act as a radical scavenger to retard thermal degradation.5*5!® The high thermal
stability can also be attributed to strong covalent adhesion between the GO and PI matrix.S6-51°
As shown in Fig. S2b, the glass transition temperature (T,) of the PI-GO composites increased
with increasing GO content; the T, values of neat-PI and the PI-GOs containing 0.1, 1.5, and
3 wt% GO were 387, 391, 395, and 403°C, respectively. These results indicate that the
existence of covalently bonded GO might increase the rigidity of the PI chains, and thus restrict

their thermal motion.520-523
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Fig. S2 a) TGA and b) DSC thermograms of the PI-GOs containing 0 wt% (neat-PI), 0.1 wt%,
1.5 wt%, and 3 wt% GO.

2. Characteristics of PI-GO based memory devices (part 1)

<—PI-GO

<«—ITO

€—Glass

s 100 nm

Fig. S3 SEM image of a cross section of PI-1.5%GO/ITO glass.
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Fig. S4 The statistical distributions of sweeping and forming voltages of the Al/PI-
1.5%GO/ITO device.

3. Isothermal TGA measurement of PI-GO

Isothermal TGA experiments were carried out for PI-1.5%GO under ambient atmosphere.
The TGA chamber was quickly heated up to 415°C and held there for 5 min. The dynamic
TGA curve shown in Fig. S4 indicates that only very slight weight loss occurred at 415°C for
5 min. This indicates that any moisture, residual solvent or low molecular weight material was

removed during the thermal annealing.
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Fig. SS Isothermal TGA thermogram of the PI-1.5%GO at 415°C for 5 min.



4. Characteristics of PI-GO based memory devices (part 2)
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Fig. S6 1I-V characteristic of the AI/PI-1.5%GO/ITO device (with UV-Ozone treatment and

without post-annealing).
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Fig. S7 Cumulative probability distribution of LRS and HRS resistance.



5. Molecular simulation
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Fig. S8 Calculated frontier molecular orbitals of basic unit a) neat-PI and b) PI-GO.
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