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Fig. S1. Optimized geometry of pristine C24N24 fullerene (a), MB dye (b), and their corresponding 
molecular-electrostatic potential map (c, d).  



Fig. S2. Optimized geometry of the single Al incorporated C24N24 fullerene (Al@C24N24) from the 
top view (a) and front view (b), along with the corresponding partial density of state plot (c).  





Fig. S3. Molecular-electrostatic potential map (a), charge-density difference contour (b), 
deformation-charge density map (c), AIM molecular graph (d), and HOMO-LUMO (e, f) of 
Al6@C24N24 system

Fig. S4. Charge-density difference (a) and molecular-electrostatic potential map (b) plot for 
Al@C24N24 fullerene



Fig. S5. Graphical representation of AIM plot of the Al@C24N24 fullerene. The orange color dots 
encircled with blue dotted line show the bond critical points between Al–N bond

Fig. S6. Structure of Al6@C24N24 after AIMD simulations performed at 500 K (a) and 1000 K 
(b) for 2 ps



Fig. S7. Structure of Al6@C24N24 after AIMD simulations performed at 500 K (a) and 1000 K 
(b) for 10 ps

Fig. S8. Optimized geometry of C24N24 nanocage with adsorbed MB dye (a), corresponding 
Charge-density difference map (b) and partial density of state plot (c). All distances are in Å



Fig. S9. AIM plot for MB adsorption over bare C24N24 fullerene. Golden color line and ball 
represent the bond critical points



 
Fig. S10. Optimized geometry of the MB adsorption over the OH-Al@C24N24 system. All 
distances are in Å

Fig. S11. Relaxed structure of Rhodamine B dye adsorbed over Al@C24N24 through Xanthene 
oxygen (a) and carboxyl oxygen (b). All distances are in Å



Table S1. The computed electron density (ρ(r) a.u.), its Laplacian (∇2ρ(r) a.u.) and total electron 
energy density (H(r) a.u.) (au) for N–Al bonds in Al@C24N24 system
Bond ρ(r) ∇2ρ(r) H(r)

N–Al (1) 0.072 0.450 –0.0017

N–Al (2) 0.072 0.450 –0.0017

N–Al (3) 0.072 0.450 –0.0017

N–Al (4) 0.072 0.450 –0.0017

Table S2. The computed electron density (ρ(r) a.u.), its Laplacian (∇2ρ(r) a.u.) and total 
electron energy density (H(r) a.u.) for N–Al bonds in Al6@C24N24 system
Bond ρ(r) ∇2ρ(r) H(r)

N–Al (1) 0.077 0.422 –0.0094

N–Al (2) 0.077 0.422 –0.0094

N–Al (3) 0.077 0.422 –0.0094

N–Al (4) 0.077 0.422 –0.0094



Table S3. Calculated intermolecular bond length (Å), adsorption energy (Ead eV), charge density 
transfer (QCT e), electron density ((r) a.u.), Laplacian of electron the density (2(r) a.u.), and 
energy density (H(r) a.u.) for adsorption of MB over the bare C24N24 nanocage

Table S4. Comparative analysis of the adsorption of various competitive species over the 
Al@C24N24 adsorbent. R (Å) for intermolecular distance and Ead (eV) for adsorption energy

 Xanthene oxygen interaction of RB with the adsorbent 

 Carboxyl Oxygen interaction of RB with the adsorbent

Table S5. Desorption time (τ) of MB from the Al@C24N24 surface at various temperature (K)

Complex Ead-D3 (eV)  @ 298 K (s)  @ 398 K (s)  @ 498 K (s)

MB-Al@C24N24-N(1) –2.97 1.63 × 1038 3.95 × 1025 1.13 × 1018

MB-Al@C24N24-N(2) –2.03 2.03 × 1021 4.20 × 1013 2.58 × 108

MB-Al@C24N24-S –2.18 7.40 × 1024 3.70 ×1015 1.15 ×1010

Complex H---B Ead QCT (r)𝜌 (r)∇2𝜌 H(r)

MB-C24N24 2.42, 2.38 –0.49 0.001, 0.004 0.008,

0.008 

0.033

0.031

0.0017

0.0012

System R (Å) Ead (eV)
Ca-Al@C24N24 3.57   0.24
Cl-Al@C24N24 2.34 –0.31
Na-Al@C2s4N24 2.94 –0.11
SO4-Al@C24N24 1.89 –2.51
H2O-Al@C24N24 1.94 –1.54
OH-Al@C24N24 
RB-Al@C24N24

1.71
2.12/2.05

–5.05
–1.89/–2.43


