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Table S1 Thermodynamic Parameters of Moxifloxacin and Linezolid Adsorbed onto Adsorbent
Activated carbon

T AG AH AS AG AH AS
(K) (KJmol'")  (KJmol") (Jmol'K!) (KJmol') (KJmol') (Jmol!'K")

moxifloxacin linezolid
283.15 -11.248 -9.52
288.15  -12.008 -10.08
293.15 -13.483 -11.006
298.15 -16.190 185.52 263 -11.384 62.36 108
303.15 -16.895 -11.934
308.15  -17.297 -12.649
313.15 -18.952 -12.953
318.15  -20.116 -13.373
323.15 -24.376 -13.818
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Figure S1 Pseudo 1% Order Kinetic Plot of Moxifloxacin and Linezolid Adsorbed onto Activated

Carbon
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Figure S2 D-R Isotherm Plot of Moxifloxacin and Linezolid Adsorbed onto Activated Carbon
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Figure S3 Moxifloxacin and Linezolid Uptake in Tap Water by Activated Carbon

DFT Analysis of Antibiotics Adsorption

For the verification of experimental results and exploration of the step-by-step adsorption
mechanism at atomic level, quantum mechanical DFT calculations are crucial.! The geometries of
activated carbon, linezolid and moxifloxacin were designed and DFT tool is used to compute the
interaction involved in the adsorption of MOX and LINZ onto AC using Avogadro software and
optimized using DMOL?3 suite of program 23 with B3LYP theory employing 6-31G (d, p) basis set
and the optimized geometries are shown in Fig. 1 and S4. The nucleophilic and electrophilic
centers in the adsorbent and adsorbate were examined using molecular electrostatic potential map
(MEP, Fig. S5). The yellow and red color depict electrostatic while blue and green color depict
nucleophilic center in the MEP map. The oxygen and fluorine atoms in the AC, linezolid and

moxifloxacin are surrounded by red color indicate electrophilic zone whereas the hydrogen atoms



attached to oxygen, Sulphur and carbon atoms demonstrate nucleophilic center surrounded by blue
color in the MEP map. The interaction between the electrophilic and nucleophilic centers of the
adsorbent and adsorbate were studied. Three complexes of linezolid (LINZ-1, LINZ-2 and LINZ-
3) and three complexes of moxifloxacin (MOX-1, MOX-2 and MOX-3) with AC were designed
and optimized, shown in Fig. S6. All the complexes, i.e., LINZ-1, LINZ-2, LINZ-3, MOX-1,
MOX-3 show adsorption energies values greater in negative than -11 kcal mol! (Table S3)
demonstrating shared interaction. The bond length values (1.75 to 2.23 A and 1.73 to 2.54 A) for
linezolid and moxifloxacin complexes respectively with AC are quite stable. The strongest
interactions occur when O atom of the C=0 interact with the electropositive H atom of O—H in
LINZ-1 having stable geometry, shortest bond length and lowest E.4 (-19.12 kcal mol™).
Similarly, the MOX-3 is the most stable geometry among all the complexes of moxifloxacin with
AC in which the O atom of the C=0 interact with the electropositive H atom of O—H bond small

bond length (1.73 and 2.54 A) and lowest E,q (-17.52 kcal mol).

Frontier molecular orbital (FMO) and density of states (DOS) analyses* are used to investigate the
strength of interactions between sorbate and sorbent. The energies of highest occupied molecular
orbitals (HOMO) and lowest unoccupied molecular orbitals (LUMO) were simulated to compute
the band gap (E,). The results show that the band gap of the adsorbent (AC) decreases on
interaction with adsorbates (MOX and LINZ). The band gap of AC is 2.45 eV and decreases for
all complexes confirming the interaction between antibiotics and adsorbent. The density of states
(DOS) analysis depicts the HOMO and LUMO states shown in Fig. S7 and the Eyomo and Erymo
values are listed in Table S3, reveal the appearance of new states i.e. HOMO and LUMO in the

complexes which is responsible for the decrease in band gap values of the optimized complexes.



The FMO and DOS analyses suggests the presence of strong interaction between AC and MOX

and LINZ validating the findings of E,g;.

The dipole moment helps in finding the presence of interaction between the adsorbate and
adsorbent and increases for the complexes revealing the interaction of the adsorbent with
adsorbates. The dipole moment of the complexes are listed in Table S3, depicts the increase for all
the complexes of AC with linezolid and moxifloxacin compared to the dipole moment of virgin
AC (5.91 Debye). The values of dipole moment justify the same order of the strength of interaction
as shown by E,4 and bond length values. The E,4 values were higher for LINZ-1 and MOX-3
among the optimized configurations which is repeated by the greater increase of dipole moment
for LINZ-1 and MOX-3 about 11.44 and 19.72 Debye respectively representing strong interaction
in these two complexes among the optimized geometries.

Atoms in Molecules (AIM) analysis® has helped in understanding the nature and strength of
interaction between activated carbon with linezolid and moxifloxacin. Topological parameters
such as total electron energy densities (Hy), Laplacian (V?py) and density of all electrons (pb) were
calculated at bond critical points (BCPs) to study the behavior and strength of interaction of AC
with linezolid and moxifloxacin. The bond critical point indicates interaction of AC with linezolid
and moxifloxacin, shown in Fig. S8 and the values are given in Table S2. The numerical values of
density of electrons (pb) indicate the strength of interactions, greater the value of pb for any
complexes greater will be the strength of interaction and vice-versa. Among the various complexes
of AC with MOX and LINZ, LINZ-1 and MOX-3 with highest value demonstrate the strong
interaction in these complexes. The values of energy density (H,) are positive for all complexes
indicating the existence of shared interactions between adsorbent and adsorbate. Similarly, the

positive values Laplacian energy (V2p,) demonstrates the presence of electrostatic interaction at all



BCPs in the complexes of AC with linezolid and moxifloxacin. The presence of bond critical point
between adsorbent and adsorbate evince the existence of strong interactions exists between AC
and linezolid and moxifloxacin.

The interaction between activated carbon and drugs was studied in an ideal gaseous condition, so
polarizable continuum model (PCM)?® is applied to study the interaction in aqueous medium and
the results are given in Table S3. Comparing the adsorption energy evolved in the gaseous phase
and water phase, decrease in the negative values suggests the water influence on adsorption of
antibiotics onto AC. Among various complexes (LINZ-1 and MOX-3) have the lowest E 4 in gas
phase and water phase indicates the most stable complexes and strong interactive centers are found
here. These findings are in agreement with band gap, AIM, DOS, FMO analyses and bond length
demonstrate that hydrogen bonding and noncovalent interactions are involved in the adsorption

MOX and LINZ onto AC.



Table S2 Bond Critical Points and Topological Parameters of Moxifloxacin and Linezolid

Adsorbed onto Activated Carbon

System BCP Electron density laplacian Energy density
(pb) (V2py) (Hy)
LINZ-1 84 0.0380 0.1176 0.0005
LINZ-2 124 0.0223 0.0705 0.0003
159 0.0142 0.0526 0.0012
LINZ-3 112 0.0291 0.1078 0.0003
150 0.0057 0.0215 0.0009
MOX-1 143 0.0254 0.0913 0.0018
144 0.0088 0.0319 0.0009
MOX-2 149 0.0175 0.0686 0.0001
MOX-3 141 0.0361 0.1267 0.0020

142 0.0079 0.0269 0.0007




System  E,4(Gas phase) E,q (Water phase) Dipole moment Erymo  Enomo E,
(Kcal mol ') (Kcal mol ') (Debye) (eV) (eV) (eV)

KOH@WAC - e 5.91 -2.64 -5.10 2.45
LINZ-1 -19.12 -7.26 11.44 -2.28 -4.50 2.22
LINZ-2 -17.48 -3.20 13.41 -2.48 -4.67 2.19
LINZ-3 -12.95 -4.10 5.10 -2.63 -4.82 2.18
MOX-1 -15.10 -2.45 15.48 -2.50 -4.64 2.14
MOX-2 -7.10 -1.10 15.41 -2.46 -4.67 2.21
MOX-3 -17.52 -4.87 19.72 -2.26 -4.41 2.14

Table S3 Adsorption Energy and Associated Parameters of Moxifloxacin and Linezolid Adsorbed

onto Activated Carbon
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Figure S4 Optimized Structure of Activated Carbon

11



Activated carbon

Moxifloxacin

Figure S5 Molecular Electrostatic Potential Map of Activated Carbon, Moxifloxacin and Linezolid
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Figure S6 Optimized Geometries of Moxifloxacin and Linezolid Adsorbed onto Activated Carbon
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Figure S7 Density of States Analyses of Activated Carbon and Different Complexes of

Moxifloxacin and Linezolid Adsorbed onto Activated Carbon
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Figure S8 Atoms in Molecules Analyses of Moxifloxacin and Linezolid Adsorbed onto Activated

Carbon
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Fig. S9 Pore size distribution of the activated carbon before and after antibiotics adsorption
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