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Abstract: Nirmatrelvir drug has been evaluated for the prevention of coronavirus. The existence of 

covalent features for [nirmatrelvir@(5,5) armchair SWCNT] complex has exhibited the identical energy 

amount and figure of the PDOS for the p orbitals of C, N, O and F atoms Nirmatrelvir states, onto the 

(5,5) armchair SWCNT have more contribution at the middle of the conduction band between –5eV to 

–15eV, while contribution of carbon and hydrogen sates are expanded and close together, and fluorine 

and nitrogen states approximately have the same contributions. 13C-NMR measurements on nirmatrelvir 

have demonstrated the active sites of this compound by exploring the most electronegative atoms during 

nirmatrelvir adsorption onto the surface of (5,5) armchair SWCNT, which represent the maximal shift 

in TMS B3LYP/6-311+G(d,p). Electronic Circular Dichroism spectra (ECD) have been measured for 

the [nirmatrelvir–(5,5) armchair CNT] complex, which represents the chiroptical counterpart of the 

more common UV-VIS absorption spectroscopy, with a maximum adsorption band between 200 nm 

and 300 nm and a sharp peak at a wavelength of 248.49 nm. Data from ongoing and future trials may 

further advance our understanding of the effectiveness and safety of nirmatrelvir and help improve 

treatment guidelines for COVID-19. 

Keywords: COVID–19 treatment; drug-delivery; carbon nanotube; nirmatrelvir; computational 

method. 
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1. Introduction 

Nirmatrelvir (C19H15F3N2O3) is an oral protease inhibitor that is active against MPRO, a 

viral protease that plays a crucial function in viral replication by cleaving the 2 viral 

polyproteins [1–6]. Nanotubes with their intrinsic properties have been considered potential 

candidates for drug delivery carriers [7–9]. The capped ends of nanotubes may be opened by 

oxidation, allowing the insertion of molecules of interest into the nanotube. Carbon nanotubes 

(CNTs) can penetrate cells and deliver drugs directly to the cytoplasm or the nucleus. [10–12].  

In this research, we have focused on nirmatrelvir adsorbed onto the surface of a (5,5) 

armchair SWCNT in a water medium to prevent the activity of COVID–19 (Scheme 1). 
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Scheme1. Adsorption of nirmatrelvir onto the surface of (5,5) armchair SWCNT in water medium. 

The nirmatrelvir structure has been investigated in this study as a relatively stable drug 

for adsorption onto the surface of (5,5) armchair SWCNT through a drug delivery method 

(Scheme 1) [13,14].  

Thus, a series of quantum-theoretical approaches, including DFT methods, has been 

used to optimize the coordination of the [nirmatrelvir@(5,5) armchair SWCNT] complex using 

the Gaussian 16 revision C.01 program (Scheme 1) [15].  

Moreover, molnupiravir (MOL) and nirmatrelvir/ritonavir (NIR) were recently 

approved for the early treatment of COVID-19, but real-world data on tolerability, safety, and 

adverse events (AEs) remain scarce. In the real-world setting, AEs were higher than those 

reported in clinical trials and were particularly associated with NIR use and non-vaccination. 

Further analyses are needed to assess the safety of oral antivirals and to define which patient 

profiles may benefit most from MOL and NIR [16]. 

The objective of this study was to evaluate the electronic, magnetic, and spectroscopic 

properties of the nirmatrelvir–SWCNT complex to assess its potential as a nanocarrier. 

2. Materials and Methods 

The quantum method of density functional theory DFT theory proves an advantageous 

method for predicting chemical systems, and in order to understand its similarities and 

differences to other computational methods employed [17–19].  

In this study, the geometry coordination has been optimized within the framework of 

DFT using the three-parameter Becke’s exchange and Lee–Yang–Parr’s correlation non-local 

functional [20], usually known as the B3LYP method, and a basis set of 6-311+G(d,p).  

Then, the electronic structure of the adsorbed (5,5) armchair SWCNT by nirmatrelvir 

was measured to determine physicochemical properties (Scheme 1) [21–23]. 

Basically, a group of quantum theoretical methods has been run to explore some 

physical and chemical properties from the optimized structure of nirmatrelvir adsorbed onto 

the surface of (5,5) armchair SWCNT, including charge distribution, thermodynamic 

calculations, and nuclear magnetic resonance analysis, due to designing a drug delivery model 
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using the Gaussian 16 revision C.01 program [15]. Moreover, the gauge-including atomic 

orbitals (GIAO) have been adopted to solve the gauge problem in the calculation of nuclear 

magnetic shielding for the [nirmatrelvir@(5,5) armchair SWCNT] complex using density 

functional theory (DFT) calculations.  

3. Results and Discussion 

3.1. DOS and PDOS study.  

The electronic structures of nirmatrelvir adsorbed on the surface of a (5,5) armchair 

SWCNT have been analyzed to facilitate subsequent discussion of interfacial electronic 

properties using the CAM-B3LYP/6-311+G (d,p) basis set.  

Figure 1(a,b) shows the density of electronic states (DOS) and the projected density of 

states (PDOS) of [nirmatrelvir@(5,5) armchair SWCNT], respectively. The appearance of the 

energy states (p-orbitals) of fluorine (F) in nirmatrelvir increases the system's reactivity. It is 

clear from the figure that after adsorption on the (5,5) armchair SWCNT, there is a significant 

contribution of p-orbitals of F atoms in the unoccupied level. Based on the population analysis 

and DOS, it can be concluded that the F atoms of nirmatrelvir remain bonded to the (5,5) 

armchair SWCNT and can accept additional electrons from other atoms. Therefore, the partial 

DOS (PDOS) graph shows that the p states of the adsorbed F– atoms on the (5,5) armchair 

SWCNT dominate the conduction band (Figure 1a,b). Moreover, the presence of covalent 

features in the [nirmatrelvir@(5,5) armchair SWCNT] complex has yielded identical energy 

levels and PDOS figures for the p orbitals of C, N, O, and F atoms (Figure 1a,b).  

 
Figure 1. Electronic properties of (a) DOS; (b) PDOS for nirmatrelvir adsorbed on the (5,5) armchair SWCNT. 

Figure 1a,b show that the nirmatrelvir states, respectively, adsorbed onto the (5,5) 

armchair SWCNT have more contribution at the middle of the conduction band between –5 eV 

and –15 eV, while contributions of carbon and hydrogen states are expanded and close together, 

and fluorine and nitrogen states approximately have the same contributions.  

Therefore, the above results show that the cluster-dominant and a certain degree of 

covalent features can account for the increase in the semiconducting direct band gap of 

nirmatrelvir absorbed on the (5,5) armchair SWCNT. 
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3.2. NMR spectroscopy. 

The NMR data of isotropic (σiso), anisotropic shielding tensor (σaniso), and eigenvalues 

of chemical shielding, including σ11, σ22, and σ33 (ppm) for nirmatrelvir adsorbed onto the 

surface of (5,5) armchair SWCNT, respectively, have been estimated (Table 1). The computed 

results indicate the SCF GIAO Magnetic shielding tensors in ppm for carbon, nitrogen, oxygen, 

and fluorine, exploring the active site of the nirmatrelvir compound as a drug for the treatment 

of monkeypox disease. The calculations have been performed at the B3LYP/6-311+G (d,p) 

level of theory using the Gaussian 16 revision C.01 program [15] and are reported in Table 1.  

Table 1. SCF GIAO Magnetic shielding tensor (ppm) for nirmatrelvir adsorbed onto the surface of (5,5) 

armchair SWCNT in ppm using the B3LYP/6-311+G (d,p) method. 

Atom σ11 σ22 σ33 σiso σaniso 

N11 54.5187 40.9889 303.7628 69.4184 351.5166 

O18 454.9393 106.6707 446.0146 38.5318 726.8196 

O19 532.1864 127.7319 412.5174 82.4670 742.4766 

O29 523.3555 121.8408 428.2801 72.3054 750.8783 

F31 345.7023 405.8222 422.9235 391.4827 47.1612 

F32 365.8414 422.9169 428.6479 405.8021 34.2688 

F33 355.3501 409.4066 415.5271 393.4279 33.1487 

The [nirmatrelvir –(5,5) armchair SWCNT ] complex has shown the chemical 

shielding, including σ11, σ22, σ33, and σiso, σaniso (ppm) for various atoms of carbon, nitrogen, 

oxygen, and fluorine in the active sites of the molecule through the NMR graph (Figure 2a). 

The largest fluctuations have been observed in the atoms of N11, O18, O19, O29, and F31, 

F32, F33 (Figure 2a).  

 
(a) 

 
(b) 

Figure 2. (a) The NMR plot of isotropic (σiso ), anisotropic (σaniso ) and eigenvalue shielding tensors (σ11, σ22, 

σ33) calculated by level of theory B3LYP/6-311+G(d,p) for [nirmatrelvir – (5,5) armchair SWCNT] complex; 

(b) 13C-NMR data on nirmatrelvir adsorbed onto the surface of (5,5) armchair SWCNT using TMS 

B3LYP/6-311+G(d,p) level of theory. 
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Moreover, the 13C-NMR measurements on nirmatrelvir have demonstrated the active 

sites of this compound by exploring the most electronegative atoms during nirmatrelvir 

adsorption onto the surface of (5,5) armchair SWCNT, which represents the maximal shift 

in TMS B3LYP/6-311+G(d,p) (Figure 2b) [24]. 

Besides, the Onsager model has influenced the nuclear magnetic resonance data and 

chemical shielding of carbon, nitrogen, oxygen, and fluorine atoms in the [nirmatrelvir –(5,5) 

armchair SWCNT] complex (Figures 2a,b).  

3.3. NQR analysis. 

In this research, the calculated "nuclear quadrupole resonance" or "NQR" specifications 

extract form electrostatic properties have been calculated for nirmatrelvir towards formation of 

[nirmatrelvir – (5,5) armchair SWCNT] complex which is accord to the results of the "nuclear 

quadrupole moment", a trait of the nucleus, and the "electric field gradient" or "EFG" in the 

neighborhood of the nucleus [25].  

As the "EFG" at the site of the nucleus in nirmatrelvir is allocated by the valence 

electrons twisted in the particular attachment with close nuclei of BN nanosheet, the "NQR" 

frequency at which transitions occur is particular for the [nirmatrelvir – (5,5) armchair 

SWCNT] complex (Table 2). 

In this research work, the "electric potential" as the quantity of work energy through 

carrying over the electric charge from one position to another position in the essence of the 

electric field has been evaluated for the [nirmatrelvir – (5,5) armchair SWCNT] complex using 

"CAM-B3LYP/EPR-III,6-311+G(d,p)" level of theory (Table 2).  

Table 2. The electric potential (Ep/a.u.) and Bader charge (Q/e) for elements of C, N, O, and F of the 

[nirmatrelvir – (5,5) armchair SWCNT] complex by CAM-B3LYP/EPR-III,6-311+G(d,p) calculation extracted 

from "NQR" method. 

Atom Q(e) Ep Electric field gradient eigenvalues 

N11 –0.19701 –18.1074 –534.665 –534.637 –534.249 

O18 –0.25573 –22.0574 –812.301 –811.788 –809.209 

O19 –0.23936 –22.0321 –812.351 –811.97 –809.216 

O29 –0.23863 –22.0416 –812.395 –811.931 –809.259 

F31 –0.11374 –26.1413 –1173.91 –1169.43 –1169.28 

F32 –0.10775 –26.1299 –1173.83 –1169.37 –1169.25 

F33 –0.11238 –26.1428 –1173.95 –1169.4 –1169.28 

 
Figure 3. The electric potential versus Bader charge through NQR calculation for the adsorption of nirmatrelvir 

on the (5,5) armchair SWCNT using CAM–B3LYP/EPR–III, 6-311+G(d,p). 

Furthermore, in Figure 3, the "electric potential" of nuclear quadrupole resonance for 

some atoms of carbon, nitrogen, oxygen, and fluorine in the adsorption process of nirmatrelvir 
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on the (5,5) armchair SWCNT is shown, which has been calculated using "CAM–

B3LYP/EPR–III, 6-311+G (d,p)". 

In Figure 3, the changes in electric potential for carbon, nitrogen, oxygen, and fluorine 

are shown in the active site of Langmuir adsorption. In fact, it has been observed that the 

binding of C, N, O, and F to C in the (5,5) armchair SWCNT during adsorption of nirmatrelvir 

resulted in an electric potential, as determined by NQR analysis, with a correlation coefficient 

of R2 = 0.9823 (Figure 3). It’s clear that the (5,5) armchair SWCNT's capability to detect 

nirmatrelvir fluctuates due to its selectivity and sensitivity, indicating the efficiency of these 

surfaces as promising sensors.  

3.4. IR method. 

The calculations of the infrared (IR) spectrum have been performed for nirmatrelvir 

adsorbed on the surface of a (5,5) armchair SWCNT using the B3LYP method and the 6-

311+G(d,p) basis set for atoms including carbon, nitrogen, oxygen, and fluorine. The IR 

spectrum for nirmatrelvir drug has been seen in the frequency range of about 500 cm-1 – 2500 

cm-1 (Figure 4). It can be seen that the strongest allowed peaks with the highest frequency occur 

at about 1479.22 cm-1, 1536.66 cm-1, 1592.15 cm-1, 1600.58 cm-1, 1638.01 cm-1, 1640.49 cm-

1, 2116.32 cm-1, 2122.43 cm-1, 2190.99 cm-1, respectively (Figure 4). 

 
Figure 4. IR spectrum for nirmatrelvir drug adsorbed onto the surface of (5,5) armchair SWCNT using 6-

311+G(d,p) calculation. Note: ε (M−1cm−1 or Lmol−1cm−1) is the absorbance unit, and D (10−4 esu2 cm2) is the 

dipole strength via the esu or electrostatic unit, which is a unit of charge in the cgs (centimeter-gram-second) 

system. 

The perspective of Figure 4 suggests the reason for the observed various results 

frequencies of the [nirmatrelvir–(5,5) armchair CNT] complex, which presents the positions of 

active sites of labeled carbon, nitrogen, oxygen, and fluorine in this drug structure that transfer 

the charge of electrons in polar nirmatrelvir in water toward the surface of the (5,5) armchair 

carbon nanotube. The calculations of the relative harmonic frequencies and IR intensities in 

various normal modes for the [nirmatrelvir–(5,5) armchair CNT] complex using the B3LYP/6-

311+G(d,p) method have been reported in Table 3 and Figure 5. Moreover, the adsorption 

thermodynamic properties of [nirmatrelvir–(5,5) armchair CNT] complex consist of ∆E0
ads= –

109.5208 × 10-4 (kcal mol-1), ∆H0
ads= –109.5207× 10-4 (kcal mol-1), ∆G0

ads = –109.5255 × 10-4 

(kcal mol-1), S0
ads= 161.835 (Cal K-1mol-1), dipole moment = 4.6795 debye. 
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Table 3. Frequencies (cm-1) and intensities (km/mol) for [nirmatrelvir–(5,5) armchair CNT] complex using 

B3LYP/6-311+G(d,p) method at 300K. 

Normal mode IR frequency (cm-1) IR intensity (km/mol) 

26 145.58 10.3659 

27 173.81 16.6742 

31 215.31 18.1817 

32 232.86 19.2703 

33 242.44 81.6183 

35 284.63 16.1665 

51 440.37 18.2004 

56 506.82 11.0268 

60 577.21 16.2637 

62 610.6 59.4502 

4 651.58 10.623 

65 663.49 33.8809 

70 781.01 27.2765 

80 1019.67 10.2213 

81 1040.81 12.169 

92 1146.14 15.0538 

100 1211.31 10.4167 

105 1308.12 23.8554 

106 1317.27 18.4396 

108 1325.96 23.4261 

109 1336.41 21.5868 

110 1339.86 68.0782 

113 1363.91 33.9175 

115 1395.58 20.0075 

118 1430.7 12.812 

119 1435.35 23.5774 

122 1453.95 11.4527 

125 1479.22 49.9151 

126 1486.6 13.0188 

129 1514.2 28.2889 

130 1520.1 25.3076 

131 1536.66 137.3312 

133 1587.36 18.105 

134 1592.15 99.6933 

135 1600.58 266.9787 

140 1638.01 114.2942 

141 1640.49 166.3732 

142 1644.99 68.3656 

143 1651.58 35.1909 

144 1651.76 44.2988 

146 1688.91 13.4197 

158 1735.54 10.2007 

 
Figure 5. Harmonic frequency (cm-1) versus normal mode for nirmatrelvir adsorbed onto the surface of (5,5) 

armchair SWCNT using B3LYP/6-311+G(d,p) quantum calculation. 
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Figure 5 demonstrates the linear changes of frequency versus various harmonic normal 

modes with a correlation coefficient R² = 0.9856 for nirmatrelvir drug adsorbed onto the 

surface of (5,5) armchair SWCNT using 6-311+G(d,p) calculation. 

The results of the above observations strongly suggest that nirmatrelvir adsorbs onto 

the surface of a (5,5) armchair SWCNT at the B3LYP/6-311+G(d,p) level of theory in water.  

3.5. HOMO and LUMO analysis and UV-VIS spectroscopy. 

Ionization caused the highest occupied molecular orbital (HOMO) energy (EHOMO), 

and electron affinity produced the lowest unoccupied molecular orbital (LUMO) energy 

(ELUMO). The HOMO/eV, LUMO/eV, and band energy gap (∆E/eV) presented a pictorial 

explanation of the frontier molecular orbitals and their respective positive and negative zones, 

which were important factors for identifying the molecular characteristics of effective 

compounds in nirmatrelvir drug adsorbed onto the surface of (5,5) armchair SWCNT (Scheme 

2). 

 
Scheme 2. The HOMO, LUMO, and band energy gap (eV) for nirmatrelvir drug adsorbed onto the surface of 

(5,5) armchair SWCNT. 

The energy gap between HOMO and LUMO distinguishes the attributes of molecular 

electrical transport [26]. Through the Frank–Condon principle, the maximum absorption peak 

(max) depended on an ultraviolet–visible (UV-VIS) spectrum for vertical excitation. 

Furthermore, the vertical excitation happens from the lowest point of the PES of the ground 

electronic state at the minimum-energy geometry. This suggests that excitation energies by 

time-dependent density-functional theory (TD-DFT) should be calculated only using the 

method/basis set combination for which the geometry is a minimum.  

In this regard, TD–DFT/6-311+G (d,p) computations were performed to identify the 

low-lying excited states of nirmatrelvir adsorbed onto the surface of (5,5) armchair SWCNT. 
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The results consist of the vertical excitation energies (Eo), oscillator strengths, and wavelengths 

shown in Figure 6a,b. 

  
(a) (b) 

Figure 6. (a) UV-VIS spectra; (b) ECD spectrum of nirmatrelvir adsorbed onto the surface of (5,5) armchair 

SWCNT. ε (Lmol−1cm−1) is the absorbance unit, and D (10−4 esu2 cm2) is the dipole strength via the esu or 

electrostatic unit. 

 

In the computed ultraviolet–visible (UV-VIS) spectrum for nirmatrelvir adsorbed onto 

the surface of (5,5) armchair SWCNT, there was a maximum adsorption band between 200 nm 

and 300 nm with a sharp peak having the wavelength of 251.43 nm (Figure 6a). Moreover, 

Electronic Circular Dichroism spectra (ECD) have been measured for the [nirmatrelvir–(5,5) 

armchair CNT] complex, which represents the chiroptical counterpart of the more common 

UV-VIS absorption spectroscopy, with a maximum adsorption band between 200 nm and 300 

nm and a sharp peak having the wavelength of 248.49 nm (Figure 6b). The results suggest that 

nirmatrelvir could be effective in reducing mortality and hospitalization. The results were valid 

in vaccinated or unvaccinated high-risk individuals with COVID-19. Data from ongoing and 

future trials may further advance our understanding of the effectiveness and safety of 

nirmatrelvir-ritonavir and help improve treatment guidelines for COVID-19. 

4. Conclusions 

In this work, the effect of nirmatrelvir on coronavirus disease (COVID-19) treatment 

has been studied by adsorption onto the surface of a (5,5) armchair SWCNT, using NMR and 

IR data analysis of the optimized structure. It is crucial to acknowledge that several limitations 

remain, and additional evidence is needed to identify the subgroups of patients who may benefit 

most from this treatment. It is important to highlight that observational studies are more prone 

to bias and confounding and therefore cannot provide conclusive evidence of causality. Data 

from ongoing and future randomized controlled trials may further expand our understanding of 

the efficacy and safety of nirmatrelvir and help improve standard treatment guidelines for 

COVID-19. 
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