In-silico design of Phosphorus-doped endohedral fullerenes (Sc3P@C80) as sensors for anticancer drug: A DFT study of Metformin (MFM) adsorption
Table S1. Natural bond orbital (NBO) donor–acceptor interactions and stabilization energies (E², kcal/mol)
	Systems
	Donor(i) kcal/mol
	Acceptor(j) kcal/mol
	E(2) kcal/mol
	E(j)-E(i) (a.u)
	F(i,j) (a.u)

	MFM-C80
	σ C81-N87
	σ *C29-C48
	0.07
	1.55
	0.009

	
	π C29-C46
	σ *C81-N87
	0.23
	0.86
	0.014

	
	π C46-C65
	σ *N87-H88
	0.26
	0.69
	0.013

	MFM-Fe-Sc3P@C79

	π C46-C60
	σ * Sc81-P83
	0.06
	0.49
	0.005

	
	σ C18-Fe84
	π * C85-N91
	0.06
	0.44
	0.005

	
	σ C85-N91
	LP*(3) Fe84
	0.30
	1.19
	0.017

	MFM-Os-Sc3P@C79

	σ C4-C5
	σ *Sc80-P83
	0.10
	0.85
	0.008

	
	σ C18-Os84
	σ *C85-N91
	2.35
	0.58
	0.034

	
	σ C85-N91
	σ *C18-Os84
	0.14
	2.90
	0.019

	MFM-Ru-Sc3P@C79

	σ C5-Ru84
	LP* (1) Sc80
	0.24
	0.37
	0.009

	
	σ C5-Ru84
	σ *C85-N94
	0.59
	0.80
	0.020

	
	σ C85-N91
	LP*(3) Ru84
	1.16
	1.12
	0.033

	MFM-Sc3P@C79

	π C4-C14
	π *Sc82-P84
	0.05
	0.29
	0.004

	
	π C85-N91
	π *C22-C44
	0.08
	0.35
	0.005

	
	π C19-C26
	π *N94-H94
	0.11
	0.72
	0.009





Table S2. NBO atomic population analysis (QM charges, e) for pristine and modified systems
	Atoms
	QMFM

	MFM-C80
	QMFM-Fe-Sc3P@C79

	QMFM-Os-Sc3P@C79

	QMFM-Ru-Sc3P@C79

	QMFM-Sc3P@C79

	C
	0.63
	0.70
	0.61
	0.56
	0.63
	0.65

	H
	0.41
	0.44
	0.44
	0.45
	0.43
	0.41

	C
	0.64
	0.72
	0.53
	0.52
	0.59
	0.66

	N
	-0.55
	-0.48
	-0.48
	-0.53
	  -0.53
	-0.54

	N
	-0.69 
	-0.74
	-0.62
	-0.59
	-0.65
	-0.70   

	H
	  0.36
	0.39
	0.37
	0.39
	0.37
	0.35

	N
	-0.65
	-0.73
	-0.63
	-0.59
	-0.68
	-0.71

	H
	0.35
	0.41
	0.36
	0.37
	0.35
	0.33

	N
	-0.77
	-0.69
	-0.73
	-0.72
	-0.73
	-0.75

	N
	-0.90
	-0.82  
	-0.89
	-0.87
	-0.86
	-0.88

	H
	0.39 
	0.42
	0.40
	0.41
	0.40
	0.39

	H
	0.37
	0.42
	0.38  
	0.39
	0.40
	0.38

	C
	-0.41
	-0.43   
	-0.39
	-0.40
	-0.42
	-0.44

	H
	0.21  
	0.24  
	0.23
	0.22
	0.23
	0.22

	H
	0.21
	0.24
	0.23
	0.23
	0.24
	0.23

	H
	0.19
	0.21
	0.22
	  0.20
	0.22
	0.21

	C
	-0.41  
	-0.43
	-0.41
	-0.40
	-0.42
	-0.43

	H
	0.23
	0.23
	0.24
	0.23
	0.24
	0.23

	H
	0.18  
	0.22
	0.21
	  0.19
	0.21   
	0.20

	H
	0.21  
	0.23
	0.25
	0.23
	0.24
	0.23

	Total charges 
	0.00
	0.55
	0.34
	0.29
	0.28
	0.05
































	Systems
	CP
	Bond label
	ρ (r)
	∇2ρ (r)
	G (r)
	K (r)
	V (r)
	H (r)
	G(r)/V(r)
	ELF
	ε
	λ1
	λ2
	λ3
	λ1/λ3

	MFM-C80
	162
	N85-C51
	0.009
	0.032
	0.006
	-0.002
	-0.005
	0.002
	-1.200
	0.037
	1.005
	-0.007
	-0.003
	0.042
	-0.1667

	MFM-Sc3P@C80
	194
	N91-C26
	0.007
	0.023
	0.004
	-0.001
	-0.003
	0.001
	-0.929
	0.025
	1.863
	-0.004
	-0.001
	0.029
	-0.138

	
	305
	C5-H104
	0.005
	0.016
	0.003
	-0.001
	-0.001
	0.001
	-0.984
	0.014
	0.941
	-0.003
	0.002
	0.021
	-0.143

	MFM-Fe-Sc3P@C79
	213
	N88-Fe84
	0.074
	0.288
	0.078
	0.006
	-0.084
	-0.006
	-0.889
	0.190
	0.466
	-0.114
	-0.078
	0.480
	-0.238

	
	257
	Fe84-N93
	0.053
	0.239
	0.060
	0.0007
	-0.061
	-0.0007
	-1.000
	0.114
	0.508
	-0.055
	-0.037
	0.331
	-0.166

	MFM-Os-Sc3P@C79
	174
	N89-0s84
	0.084
	0.324
	0.088
	0.011
	-0.099
	-0.011
	-1.000
	0.210
	0.082
	-0.115
	-0.107
	0.546
	-0.211

	
	214
	Os84-N93
	0.032
	0.114
	0.029
	0.0006
	-0.029
	-0.001
	-1.000
	0.096
	0.164
	-0.023
	-0.020
	0.158
	-0.146

	MFM-Ru-Sc3P@C79
	255
	Ru84-N89
	0.068
	0.289
	0.073
	0.0004
	-0.073
	-0.000
	-0.929
	0.167
	0.107
	-0.105
	-0.948
	0.489
	-0.215

	
	199
	N91-Ru84
	0.066
	0.287
	0.071
	-0.0004
	-0.071
	0.000
	-0.984
	0.159
	0.075
	-0.098
	-0.091
	0.476
	-0.206


Table 4: QTAIM-derived topological parameters describing the nature of interactions between Metformin and Sc₃P@C₈₀-based adsorbents


