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Table S1. Element concentrations on the surface of initial substanses obtained by XPS spectra, at. %.

C O N Na S Cl Si
Graphene oxide 63.3 34.4 - 0.8 1.0 0.2 -
Melamine 65.4 19.2 7.6 5.6 2.2 - -
Polyurethane foam 69.0 243 - 3.2 - - 3.5
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Figure S1. Cls XPS spectrum of a(A) Graphene oxide, (B) Melamine and (C) Polyurethane sample
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Figure S2. General scheme reduction of graphene oxide by using: 1) ascorbic acid; 2) hydrazine hydrate;
3) potassium hydroxide

Graphene oxide reduction mechanisms
The GO reduction process with ascorbic acid as a reduction agent is based on Sx2 mechanism of two-
stage nucleophilic substitution [43]. The proposed ways of reduction of hydroxyl and epoxy functional

groups of graphene oxide are presented below:



(a) restoration of the epoxy group:

b) reduction of two OH-groups:
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In the GO reduction process using hydrazine hydrate as a reducing agent is based on the Wolff-
Kishner reduction mechanism (a), which starts with a nucleophilic attack of hydrazine on the carbon atom

of the carbonyl functional group. The resulting products from this reduction are alkane and N2gas.
(a) reduction of the carbonyl functional group:
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By using hydrazine hydrate, reduction can also be performed on the epoxide ring. This reduction
mechanism is based on the research previously reported by Gao et al. [64]. The reduction of epoxide ring
(de-epoxidation) starts with the hydrazine attack on the carbon atom of the backside of the epoxide rings
forming the hydrazino alcohol. This is followed by hydrogen transfer from the hydrazino group to an
alcohol group, which results in the formation of C-C and cis-diazene (cis-N2H>).

(b) reduction of the epoxy group:
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Potassium hydroxide was also used as a reagent for the reduction of graphene oxide. A simulation
report showed that, in a NaOH solution, the OH- anion can interact with a hydroxyl group in GO to
generate negatively charged GO. Due to this electron transfer, it is easy for the epoxy ring to be opened
with a small energy barrier. These oxygen atoms on negatively charged GO can be removed with the
assistance of Na* and a water molecule. In this process, NaOH can be considered as a catalyst [65]. The
reduction reactions:

(1) GO-20H +2NaOH = GO-20- + 2Na* + 2H20

(2) GO-20 +2Na* + H20 =rGO + 2NaOH

A similar mechanism is also evident for the case when potassium hydroxide is used as a reducing
agent:
(1) GO-20H + 2KOH = GO-20- + 2K* + 2H20

(2) GO-20- +2K*+ H20 = rGO + 2KOH
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Figure S3. Absorption spectra of rGO-ascorb



D
G
PF-rGO-HH
: 2D p+G

=3

©

>

‘B

5 PF-rGO-ascorb

= -

PF-rGO-KOH
T T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500
Raman shift, cm'1
Figure S4. Raman spectra of polyurethane-rGO composites
Table S2. Data obtained from Raman Spectra calculations
S i Position, cm! o/ L
ample D-mode G-mode 2D-mode D+G-mode pre ¥ m
PF-rGO-KOH 1335 1591 2671 2887 1.22 31.6
PF-rGO-ascorb 1330 1595 2649 2894 1.42 27.1
PF-rGO-HH 1331 1584 2633 2889 1.45 26.6




PF-rGO-KOH c-C, sp°

PF-rGO-ascorb

PF-rGO-HH

Intensity, a.u.

Pure
polyurethane C-C, sp®
foam e

204 202 290 288 286 284 282 280

Binding Energy, eV

Figure S5. C1s XPS spectra of polyurethane-rGO composites

Table S3. Contents of different carbon species on the surface of polyurethane and polyurethane-based composites

determined by XPS
Fraction, at. %
Sample C-C (sp?) C-C (sp¥), C-N C-0 0=C-0O, O=C-N,
carbonate
Pure polyurethane 3 323 378 57
foam
PF-rGO-HH 48.0 11.7 19.1 24
PF-rGO-ascorb 23.7 24.3 19.0 4.4
PF-rGO-KOH 22.2 26.2 23.2 6.2
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