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S1. Energy decomposition analyses of the G- and GO-dioxane systems.

Table S1. Energy decomposition analysis of the adsorption energy in the pristine and GO
systems (—Eags=AEprept4Ein). Energies are in eV.* Adsorption energies were calculated

with the ADF package. Eyqw. is the recalculated dispersion contribution using ADF.

system Easss A Eprep  AEoi  AEeist AEpaui Evawz
withpristinegraphene
1:G—dioxane 0.33 000 -0.11 -027 049 044
withoxydizedgraphene
2: GO™"™Y'_diox 056 0.03 -044 -078 107 0.44
3: GO™™X%_djox 0.37 000 -0.13 -0.36 054 043
4: GO®™_diox 043 006 -059 -0.83 1.02 0.9
5: GO®™*™_diox 026 001 -0.15 -029 045 0.28
6a: GO™"VIY_diox, 081 010 -096 -130 177 043
7a: GO™"P_gliox, 042 000 -023 060 087 046
8a: GO™!"*_djox, 056 0.06 -0.67 -099 122 0.8
9a; GO I-eabonyl_gjoy, 026 000 -0.12 -0.26 040 0.28

From this analysis, it is possible to infer that the electronic part of the interaction
between the carboxyl in the monosubstituted GO and dioxane is stronger than the
substituted with a hydroxyl group, in opposition to the final adsorption energies. This is
expected as the proton from the carboxyl is more electronic deficient than the one from the
hydroxyl group, allowing to it to develop a larger orbital overlap with the lone-pair from
the oxygen of dioxane. Therefore, the nature of the hydrogen bond (HB) formed between
the dioxane and the carboxyl group involves a higher covalent character compared with the
interaction with a hydroxyl group. However, as the carboxyl group is located at the edge of

the surface, it lacks the dispersive contribution coming from the contact between the



dioxane and graphene surface, interaction that is present in the system with hydroxyl and
determines its higher adsorption energy. This remarks the relevance of the dispersion
interactions in the adsorption process and how it determines the final strength of the
interaction. Another feature of the systems is revealed after the analysis of their
multisubstituted counterparts, where the system with hydroxyl groups presents a higher
orbital contribution than the one with carboxyl groups, even despite the fact that in this
multisubstituted system, the dioxane only interacts with one hydroxyl group. The main
reason for this increase in the orbital contribution is due to the inner HB network formed
between the hydroxyl groups from the GO, which increase the acidity of the hydroxyl
proton by stabilizing the charge in the donor oxygen. This is evidenced after the analysis of
the interaction distances, which decreased from 1.74 to 1.54 A from single- to
multisubstituted GO, while the O-H bond distance in the hydroxyl group is increased from
1.00 to 1.03 A from single- to multisubstituted GO, denoting the weakening of the O-H
bond. As exposed by the AIM analysis, the systems substituted with epoxide and carbonyl
groups showed an electronic interaction of repulsive nature, only stabilized by the
dispersion interactions. To understand the origin of this repulsive character, we first have to

define the steric repulsion term, which is the sum of AEgst and AEpay;i as follows:
AEsteric =AEeist+ AEpaui

This steric term corresponds to the commonly used concept of steric interaction or
electronic repulsion. If we compare the steric term from the multisubstituted hydroxyl GO
with the orbital term, we obtain that the latter is 0.47 eV more stable, thus revealing the
stabilizing character of the covalent contribution to this interaction. Meanwhile, for the

systems substituted with epoxide and carbonyl groups, the comparison between the steric



and orbital terms always lead to an outcome, where the orbital stabilization is not enough to
compensate the steric repulsion, therefore resulting in a repulsive interaction from the

electronic point of view. Thus, these complexes are only stabilized by the dispersion forces.

S2. Partial density-of-states plots of systems 10a—10b.
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Fig. S1 Partial density-of-states of SiG-dioxane systems 10a—10b. The dotted line indicates
the HOMO level; frag. 1 contains the Si atom of SiG; frag. 2 contains the oxygen atoms of
1,4-dioxane; frag. 3 contains the carbon atoms of 1,4-dioxane; frag. 4 contains the

hydrogen atoms of 1,4-dioxane. Orbital energies are not scaled in the DOS plots.



S3. Adsorption of 1,2-dioxane and 1,3-dioxane onto GO and SiG.
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Fig. S2 Most stable adsorption configurations and adsorption energies (Eags) of 1,2-dioxane
and 1,3-dioxane onto GO and SiG. Distances are in angstroms (A). Color code: White (H),
grey (C), red (O), green (Si). The multi-functionalized GO system with hydroxyls was

considered as a model of GO.



S4. Adsorption of 1,4-dioxane onto N- and S-doped graphene.
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Fig. S3 Most stable adsorption configurations and adsorption energies (Eags) of 1,4-dioxane
onto nitrogen doped graphene (NG) and sulfur doped graphene (SG). Distances are in

angstroms (A). Color code: White (H), grey (C), blue (N), red (O), green (Si), yellow (S).



