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Pyridine-based compounds constitute an important class of molecules with broad pharmaceutical relevance owing to their diverse 

biological activities. Among these, 2-aminopyridine is widely used as a versatile precursor for the construction of heterocyclic 

frameworks. This work describes the growth of a proton-transfer single crystal, 2-aminopyridinium dihydrogen phosphate (2APDHP), 

using the slow solvent evaporation technique. Single-crystal X-ray diffraction confirmed that the crystal belongs to the monoclinic system. 

Structural optimization was carried out at the HF and DFT levels with the 6-311++G(d,p) basis set, providing detailed information on the 

molecular geometry, bond distances and bond angles. The electronic characteristics were examined through frontier molecular orbital 

calculations. Experimental FT-IR and Raman spectra were interpreted with the aid of theoretical vibrational calculations, yielding close 

agreement between the calculated and observed frequencies. Molecular docking was performed to examine the interaction of 2APDHP 

with -synuclein of Parkinson’s disease, 6-hydroxymethyl-7,8 dihydropteroate synthase from Mycobacterium tuberculosis and the SARS-

CoV-2 main protease. 

 

Keywords: Infectious diseases, Molecular docking, Density functional theory, SARS-CoV-2. 

 

 

INTRODUCTION 

 Infectious diseases remain a major cause of illness and 

mortality worldwide, driving the search for new therapeutic 

agents. Pyridine is a fundamental heterocyclic organic com-

pound and an important structural motif in numerous phar-

maceutical agents. Owing to its versatile chemical frame-

work, pyridine and its derivatives have attracted considerable 

attention for their broad spectrum of biological activities and 

therapeutic potential against infectious diseases [1,2]. These 

compounds exhibit antibacterial, antifungal, antiviral, anti-

oxidant, anticancer, anti-Parkinsonian, anti-inflammatory, 

analgesic and antiulcer properties [3-5]. Their strong affinity 

for metal ions and neutral molecules has expanded their 

utility to chemosensing, where they serve as efficient mole-

cular recognition platforms for a variety of chemical species 

[6]. 

                                                           
This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This 

license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original 

creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made. 

 2-Aminopyridine is an important pyridine derivative 
widely used as a precursor for the synthesis of diverse hetero-
cyclic compounds with significant pharmaceutical value [7,8]. 
Its derivatives exhibit a broad range of biological activities, 
including antibacterial, anticancer and anti-inflammatory 
effects. The increasing prevalence of antimicrobial resistance 
has intensified the search for new low molecular weight mole-
cules capable of overcoming multidrug-resistant pathogens 
[9,10]. Owing to its simple and versatile structure, 2-amino-
pyridine serves as an attractive pharmacophore for the design 
of bioactive compounds with high synthetic efficiency and 
structural diversity [11-13]. Beyond antimicrobial applica-
tions, aminopyridine derivatives have therapeutic relevance 
in neurological disorders such as myasthenia gravis, multiple 
sclerosis, spinal cord injury and botulism [14]. Their broad 
medicinal significance has prompted extensive structural and 
spectroscopic investigations to better understand their physico-
chemical and biological properties [15]. 
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 Quantum chemical methods provide detailed insight into 

molecular geometry, electronic structure, vibrational charact-

eristics and the physico-chemical properties associated with 

bioactive molecules [16-18]. Vibrational spectroscopy, com-

bined with density functional theory (DFT), offers a reliable 

approach for understanding molecular bonding and structural 

features [19]. In the present study, quantum chemical calcul-

ations were performed using the Gaussian 09 package at the 

DFT/B3LYP level with the 6-311G(d,p) basis set. Molecular 

docking studies of 2-aminopyridinium dihydrogen phosphate 

(2APDHP) were carried out to evaluate its interactions with 

selected biological targets, providing computational support 

for its potential pharmaceutical relevance. 

EXPERIMENTAL 

 Synthesis: Scheme-I illustrates the synthesis of 2-amino 

pyridinium dihydrogen phosphate single crystals. Analytical 

grade 2-aminopyridine and orthophosphoric acid (Sigma-

Aldrich) were dissolved separately in methanol using equi-

molar concentrations. The solutions were mixed and stirred 

continuously for 4 h at room temperature to obtain a homo-

geneous solution. Complete dissolution was achieved by 

gentle heating, followed by filtration through Whatman filter 

paper to remove impurities. The clear filtrate was left undis-

turbed at ambient temperature for slow solvent evaporation. 

Well-defined single crystals were obtained after several days 

and subsequently recrystallized to improve the crystal quality 

and minimise structural defects. 

 

 
Scheme-I: Synthetic scheme of 2APDHP 

 

 Computational details: Gaussian 09W [20] programme 

software was used to analyses the quantum chemical compu-

tations of 2APDHP utilising HF and DFT with 6-311++G 

(d,p) levels [21,22]. The estimated frequencies from the exp-

eriment and the supposition were correlated. A further method 

for dealing with the charge exchange that takes place at mole-

cules is HOMO-LUMO analysis. The charge transfer bet-

ween the orbitals made up the charge exchange responses. 

The optimised molecule was visualised and the vibrational 

assignments were determined using Gauss View 05 [23]. The 

crystallographic information file (CIF) of the compound was 

used as an input file for the computational studies [24]. 

RESULTS AND DISCUSSION 

 Molecular geometry: Single crystal XRD analysis con-

firmed the grown 2APDHP (C5H7N+·2H2PO4
−) single crystals 

belong to monoclinic crystal system and space group P21. It 

has been observed that grown crystals have lattice parameters 

a = 9.0502 (12) Å, b = 4.5260 (3) Å and c = 9.9697 (11) Å, 

respectively  = 98.576 (4)º, volume V = 403.80 (7) Å3 and Z 

= 2 and matched with reported data (CCDC No. 285803) 

[24]. Except for the unit cell parameters, the remaining infor-

mation, such as bond angle, bond length and torsional angle, 

was taken from reported data and this CIF is used as an input 

file for computational studies. Moreover, the check CIF is 

given in the supporting information. The optimised structures 

of 2APDHP depicted in Fig. 1a-b are performed by HF and 

DFT level with 6-311++G(d,p) basis set. The optimised struc-

tural characteristics for this compound, including bond lengths, 

bond angles and dihedral angles, are shown in Table-1. The 

majority of the optimised bond lengths are a little bit larger 

and shorter than the experimental values, according to the 

theoretical values. In comparison to values obtained using the 

HF approach, the C-C pyridinium bond distance of the title 

chemical is found to have larger values using the DFT calcu-

lation [25]. The optimised bond lengths of C-C in pyridinium 

ring fall in the range from 1.350 Å to 1.415 Å for HF method 

and from 1.370 Å to 1.422 Å for DFT whereas experimental 

value is 1.352 Å to 1.418 Å. Fig. 1 illustrates the favourable 

intermolecular interaction that the hydrogen bonds have with 

the electronegative oxygen atoms of the PO4
3– ion. Table-1 

provides the geometric characteristics (bond lengths and 

bond angles) for the 2APDHP computed optimised structure 

in accordance with the atom counts in Fig. 1. The optimized 

geometric parameters of 2APDHP were compared with the 

experimental single-crystal X-ray diffraction data. As can be 

observed, the computed and experimental geometric para-

meters matched well. The N(2)-H(2A) bond length rep-

resents the biggest divergence between the estimated ground  

 

 

Fig. 1. Optimised molecular structure by (a) HF and (b) DFT method for 2APDHP 
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state geometry and the observed one (0.88). N(1)-H(1)···O(1) 

hydrogen bond length and angle are 1.5607/1.4494/1.820 Å 

and 173.56/175.42/165.0 and N(2)-H(2A)···O(4) hydrogen 

bond length and angle are 1.7100/1.6378/2.080 Å (HF/DFT/ 

EXP methods respectively). Also, the dihedral angle N(1)-

N(2)-O(4)-O(1) is 0.892 for HF/B3LYP calculations. 

 Mulliken atomic charge: Fig. 2 displays the 2APDHP 

atomic charge plot and Table-2 listed the estimated charge 

values. The fact that the carbon atom contains both positive 

and negative charges indicates that it is greatly influenced by 

its replacements [26]. The charge distribution of this mole-

cule reveals that the hydrogen atoms have stronger electro-

negativity than the other carbon atoms, with H(1) = 0.7198 e/ 

0.6315 e for HF and DFT and P(1) = 0.972 e/0.5609 e for HF 

and DFT, respectively. Because the phosphorus P(1) atom is 

surrounded by four oxygen O(1), O(2), O(3) and O(4) atoms 

and the hydrogen H(1) atom is surrounded by the electro-

negative atoms nitrogen N(1) and oxygen O(1).The hydro-

philic areas are further supported by the crystal packing caused 

by the electronegative hydrogen H(1) atom’s N-H···O inter-

actions. The hydrogen atoms bonded to nitrogen carry positive 

charges due to their participation in N-H···O intermolecular 

hydrogen bonding. 

TABLE-1 

GEOMETRICAL PARAMETERS OF 2APDHP 

Bond length (Å) Bond angle (º) Torsional angle (º) 

Atoms 

connected 
HF DFT EXP Atoms connected HF DFT Atoms connected HF DFT 

C(1)–C(2) 1.4226 1.4224 1.418(7) C(2)–C(1)–N(1) 117.70 117.61 N(1)–C(1)–C(2)–C(3) 0.06 0.04 

C(1)–N(1) 1.3370 1.3601 1.346(6) C(2)–C(1)–N(2) 122.68 123.28 N(1)–C(1)–C(2)–H(2) -179.98 -179.99 

C(1)–N(2) 1.3192 1.3340 1.329(6) N(1)–C(1)–N(2) 119.62 119.11 N(2)–C(1)–C(2)–C(3) 179.93 179.85 

C(2)–C(3) 1.3558 1.3726 1.367(8) C(1)–C(2)–C(3) 119.46 119.98 N(2)–C(1)–C(2)–H(2) -0.11 -0.18 

C(2)–H(2) 1.0731 1.0828 0.9500 C(1)–C(2)–H(2) 118.82 118.73 C(2)–C(1)–N(1)–C(5) -0.12 -0.08 

C(3)–C(4) 1.4153 1.4107 1.405(8) C(3)–C(2)–H(2) 121.72 121.28 C(2)–C(1)–N(1)–H(1) -179.67 -179.63 

C(3)–H(3) 1.0755 1.0841 0.9500 C(2)–C(3)–C(4) 121.07 120.67 N(2)–C(1)–N(1)–C(5) -180.00 -179.90 

C(4)–C(5) 1.3507 1.3703 1.352(7) C(2)–C(3)–H(3) 119.33 119.46 N(2)–C(1)–N(1)–H(1) 0.45 0.55 

C(4)–H(4) 1.0714 1.0806 0.9500 C(4)–C(3)–H(3) 119.59 119.87 C(2)–C(1)–N(2)–H(2A) 179.13 178.54 

C(5)–N(1) 1.3493 1.3519 1.356(6) C(3)–C(4)–C(5) 117.12 117.53 C(2)–C(1)–N(2)–H(2B) 1.09 1.53 

C(5)–H(5) 1.0731 1.0827 0.9500 C(3)–C(4)–H(4) 121.82 121.83 N(1)–C(1)–N(2)–H(2A) -0.99 -1.65 

N(1)–H(1) 1.0507 1.1076 0.8800 C(5)–C(4)–H(4) 121.06 120.64 N(1)–C(1)–N(2)–H(2B) -179.04 -178.66 

N(2)–H(2A) 1.0243 1.0522 0.8800 C(4)–C(5)–N(1) 121.89 121.90 C(1)–C(2)–C(3)–C(4) 0.00 0.00 

N(2)–H(2B) 0.9920 1.0065 0.8800 C(4)–C(5)–H(5) 123.65 123.46 C(1)–C(2)–C(3)–H(3) 179.97 179.97 

P(1)–O(1) 1.4973 1.5316 1.514(3) N(1)–C(5)–H(5) 114.46 114.64 H(2)–C(2)–C(3)–C(4) -179.96 -179.98 

P(1)–O(2) 1.6007 1.6345 1.560(4) C(1)–N(1)–C(5) 122.75 122.31 H(2)–C(2)–C(3)–H(3) 0.01 -0.01 

P(1)–O(3) 1.5885 1.6205 1.552(3) C(1)–N(1)–H(1) 121.19 121.40 C(2)–C(3)–C(4)–C(5) 0.00 0.01 

P(1)–O(4) 1.4748 1.5030 1.521(3) C(5)–N(1)–H(1) 116.06 116.29 C(2)–C(3)–C(4)–H(4) 179.94 179.94 

O(2)–H(6) 0.9415 0.9631 0.8600 O(1)–P(1)–O(2) 108.18 107.79 H(3)–C(3)–C(4)–C(5) -179.97 -179.95 

O(3)–H(7) 0.9422 0.9639 0.8000 O(1)–P(1)–O(3) 110.72 111.14 H(3)–C(3)–C(4)–H(4) -0.03 -0.02 

O(1)···H(1) 1.5607 1.4494 1.8200 O(1)–P(1)–O(4) 115.31 115.88 C(3)–C(4)–C(5)–N(1) -0.06 -0.06 

O(4)···H(2A) 1.7100 1.6378 2.0800 O(2)–P(1)–O(3) 100.06 99.38 C(3)–C(4)–C(5)–H(5) 179.90 179.89 

    O(2)–P(1)–O(4) 112.47 113.07 H(4)–C(4)–C(5)–N(1) -180.00 -179.99 

    O(3)–P(1)–O(4) 109.06 108.37 H(4)–C(4)–C(5)–H(5) -0.03 -0.04 

    P(1)–O(2)–H(6) 113.58 111.66 C(4)–C(5)–N(1)–C(1) 0.12 0.10 

    P(1)–O(3)–H(7) 113.92 112.38 C(4)–C(5)–N(1)–H(1) 179.70 179.67 

    C(1)–N(2)–H(2A) 122.91 123.34 H(5)–C(5)–N(1)–C(1) -179.84 -179.85 

    C(1)–N(2)–H(2B) 118.65 118.34 H(5)–C(5)–N(1)–H(1) -0.27 -0.29 

    H(1)···O(1)–P(1) 117.10 117.45 C(1)–N(1)–O(1)–P(1) 5.33 7.19 

    H(2A)···O(4)–P(1) 121.27 118.68 C(5)–N(1)–O(1)–P(1) -174.24 -172.59 

    H(2A)–N(2)–H(2B) 118.42 118.26 C(1)–N(2)···O(4)–P(1) -4.64 -4.32 

       H(2B)–N(2)···O(4)–P(1) 173.63 172.92 

       O(2)–P(1)–O(1)···H(1) -136.63 -139.91 

       O(3)–P(1)–O(1)···H(1) 114.67 112.19 

       O(4)–P(1)–O(1)···H(1) -9.74 -12.09 

       O(1)–P(1)–O(2)–H(6) 46.00 45.97 

       O(3)–P(1)–O(2)–H(6) 161.88 161.87 

       O(4)–P(1)–O(2)–H(6) -82.51 -83.45 

       O(1)–P(1)–O(3)–H(7) 50.26 53.26 

       O(2)–P(1)–O(3)–H(7) -63.68 -60.05 

       O(4)–P(1)–O(3)–H(7) 178.15 -178.31 

       O(1)–P(1)–O(4)···H(2A) 10.08 11.32 

       O(2)–P(1)–O(4)···H(2A) 134.76 136.47 

       O(3)–P(1)–O(4)···H(2A) -115.18 -114.38 
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Fig. 2. Mulliken charge distributions of 2APDHP 

 

 Frontier molecular orbitals (FMO) analyses: The 

calculated HOMO-LUMO energy gaps of 2APDHP were 

10.1475 eV at the HF level and 3.6157 eV at the DFT level 

(Table-3) and the corresponding orbital distributions are shown 

in Fig. 3. The HOMO is primarily localized over the phosp-

hate group along the π-conjugated charge-transfer pathway, 

while the LUMO is predominantly distributed over the pyri-

dinium ring, reflecting intramolecular charge transfer between 

these regions [27]. 

 
TABLE-3 

CALCULATED MOLECULAR PROPERTIES OF 2APDHP 

Molecular properties 
Energy 

HF DFT 

HOMO -0.35058 -0.33059 

LUMO 0.02193 -0.19786 

(EHOMO-ELUMO) (a.u.) 0.37251 0.13273 

(EHOMO-ELUMO) (eV) 10.14754 3.61570 

HOMO–1 -0.4059 -0.3994 

LUMO+1 0.0342 -0.1578 

E1(EHOMO-1-ELUMO+1) (a.u.) 0.44014 0.24163 

E1(EHOMO-1-ELUMO+1) (eV) 11.98985 6.58224 

Ionisation potential (I) 0.35058 0.33059 

Electron affinity (A) -0.02193 0.19786 

Global hardness () 0.18626 0.06637 

Global softness () 5.36898 15.06818 

Electro negativity () 0.16433 0.26423 

Chemical potential () -0.16433 -0.26423 

Global electrophilicity () 0.07249 0.52599 

 
Fig. 3. FMO interaction diagram of 2APDHP (a) HF and (b) B3LYP method 

 

 Vibrational analyses: The 2APDHP molecule contains 

N-H, C-H, C-C, C-N, O-H and P-O functional groups. The 

vibrational analysis was carried out to examine the N-H···O 

interaction between the cation and anion, complementing the 

hydrogen-bonding information obtained from single-crystal 

X-ray diffraction. Such intermolecular interactions provide 

valuable insight into the structural features of the crystal. The 

experimental FT-IR and Raman spectra of 2APDHP are 

shown in Fig. 4a-b and the corresponding vibrational assign-

ments are listed in Table-4. 

 N-H vibrations: The amino (NH2) group attached to the 

pyridine ring exhibits six characteristic vibrational modes: 

symmetric and asymmetric stretching, scissoring, rocking, 

wagging and twisting. The stretching vibrations of primary 

amines generally occur in the 3500-3300 cm–1 region, with 

the asymmetric mode appearing at a higher frequency than  

TABLE-2 

MULLIKEN CHARGE VALUES OF 2APDHP 

Atom 
Charge 

Atom 
Charge 

Atom 
Charge 

HF DFT HF DFT HF DFT 

C(1) -0.1001 -0.4177 H(2) 0.2272 0.1882 P(1) 0.9720 0.5609 

C(2) 0.5116 0.6742 H(3) 0.2279 0.1794 O(1) -0.8421 -0.6596 

C(3) -0.5120 -0.5520 H(4) 0.2285 0.1938 O(2) -0.4944 -0.3921 

C(4) -0.3262 -0.0612 H(5) 0.2352 0.1865 O(3) -0.4428 -0.3416 

C(5) -0.0885 -0.2435 H(1) 0.7198 0.6315 O(4) -0.6932 -0.5178 

N(1) -0.4638 -0.2866 H(2A) 0.5382 0.4477 H(6) 0.2990 0.2808 

N(2) -0.5991 -0.4236 H(2B) 0.3112 0.2749 H(7) 0.2917 0.2778 
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 TABLE-4 

VIBRATIONAL ASSIGNMENTS OF 2APDHP 

S. 

No. 

Frequencies Reduced masses Force constant IR intensities Raman intensities 
Assignments 

HF DFT HF DFT HF DFT HF DFT HF DFT 

1 39 34 7.1268 7.2590 0.0065 0.0048 0.1854 0.1755 2.6234 3.5400 γ(CH) + ω(NH2) 

2 46 42 6.1401 6.0852 0.0076 0.0062 4.4004 3.8585 1.1842 1.4873 (H2PO3) 

3 93 94 3.7714 5.4003 0.0192 0.0283 4.5715 0.3679 0.9715 2.3767 γ(CH) 

4 102 106 2.9195 5.8216 0.0180 0.0384 19.9582 5.5396 1.9337 1.4862 β(CH) + ω(NH2) 

5 111 145 1.7136 8.5613 0.0125 0.1062 51.0060 4.3870 1.3361 0.3074 ω(H2PO4) 

6 139 151 7.8481 1.2474 0.0899 0.0168 6.8172 41.5108 0.2690 1.9586 Bending (O-H) 

7 195 198 5.2743 4.1998 0.1187 0.0975 30.7263 12.5696 0.2219 0.6478 ω(NH2) + γ(CH) + bending (O-H) 

8 217 200 5.0738 4.2976 0.1402 0.1017 0.0212 6.7967 0.2190 0.8704 ω(NH2) + γ(CH) + bending (O-H) 

9 263 262 1.4303 1.6823 0.0581 0.0682 202.2348 233.3657 1.4432 0.6805 Bending (O-H) 

10 402 356 4.3686 4.0475 0.4160 0.3023 19.4641 14.2479 0.3964 0.4930 Bending (O-H) 

11 431 405 2.9162 2.9025 0.3195 0.2806 14.0080 14.5809 0.6880 0.5096 γ(CH) + ω(NH2) + bending (O-H) 

12 439 406 3.9030 3.2747 0.4436 0.3174 2.3878 6.3261 0.3432 0.7990 γ(CH) + ω(NH2) + bending (O-H) 

13 468 429 3.0905 1.2936 0.3995 0.1401 18.5709 42.3734 2.7827 1.7656 ω(NH of NH2) 

14 476 435 1.2230 3.1555 0.1632 0.3524 62.0242 20.9954 1.4081 3.2471 ω(NH2) + sym(NH) + bending (OH) 

15 530 465 6.7787 7.4159 1.1211 0.9443 64.3441 60.3374 1.4001 2.1281 ω(PO4) + bending (O-H) 

16 553 500 6.9236 10.3440 1.2465 1.5244 78.1282 108.1973 0.9413 3.4994 ω(NH2) + ω(PO4) + bending (O-H) 

17 568 517 7.2514 6.9768 1.3790 1.0969 178.1741 132.4337 2.7579 0.7176 ρ(NH2) + ω(PO4) + bending (O-H) 

18 573 533 2.7003 2.3830 0.5224 0.3985 95.8594 42.3390 0.8238 0.0261 γ(CH) + γ(NH of NH2) 

19 606 566 6.8827 6.5171 1.4876 1.2310 0.9679 15.2218 4.9794 6.3050 ω(NH2) + sym(N-H) + Ring vibration 

20 678 636 6.1719 5.8840 1.6727 1.4021 42.3847 117.5358 5.9686 7.8750 β(CH) + sym(N-H) + bending (C=C) 

21 804 734 2.5843 2.6760 0.9840 0.8494 7.4021 9.5248 0.1632 0.1682 γ(CH) + bending (N-H,C-N) 

22 846 772 1.5775 1.5776 0.6657 0.5544 123.8872 79.1152 0.0647 0.0393 γ(CH) 

23 904 808 1.2190 11.9843 0.5866 4.6150 27.9165 126.5825 0.3582 10.9169 sym (PO4) 

24 913 847 5.3261 1.4198 2.6156 0.5998 58.3823 0.4530 4.3730 0.3242 γ(CH) 

25 918 858 6.5188 6.7997 3.2395 2.9487 40.1127 261.1417 28.9623 2.8288 asym (PO2) + bending (O-H) 

26 938 865 1.3619 5.0573 0.7061 2.2288 1.8978 12.0830 0.7050 36.6225 ω(NH2) + β(CH) 

27 963 906 5.8909 1.1005 3.2198 0.5322 382.2919 85.9353 1.5171 0.5291 γ(CH) + ω(NH of NH2) 

28 1066 969 5.2372 1.3316 3.5081 0.7362 120.5552 4.2667 13.9440 0.6676 γ(CH) 

29 1090 975 1.3606 3.9925 0.9533 2.2347 31.8140 442.5807 3.1025 30.9907 β(CH) + sym (N-H) 

30 1094 999 1.2988 1.2963 0.9164 0.7629 52.7333 0.7149 2.7326 0.2139 γ(CH) 

31 1097 1010 1.3610 1.5570 0.9650 0.9357 135.0546 15.9543 1.3362 3.1021 bending (O-H) 

32 1098 1015 2.1125 1.2581 1.5012 0.7636 18.5126 123.6888 1.3372 4.1035 bending (O-H) 

33 1121 1049 1.3205 2.3317 0.9780 1.5118 3.8873 19.2379 0.9124 9.6500 β(CH) + ρ(NH of NH2) 

34 1165 1067 1.6230 3.5659 1.2968 2.3912 15.4352 542.7565 11.8298 16.9217 β(CH) + bending (O-H) 

35 1182 1084 7.2979 1.6449 6.0119 1.1394 717.1372 54.2883 10.4106 1.3321 β(CH) + ρ(NH2) 

36 1216 1153 1.1061 1.3593 0.9629 1.0656 108.3218 3.7670 0.5992 8.0920 β(CH) + ρ(NH2) 

37 1235 1179 1.4596 2.2969 1.3117 1.8824 5.1750 62.6687 9.8923 3.2489 β(CH) + bending (O-H) 

38 1262 1192 1.2263 1.0760 1.1506 0.9010 5.1750 63.9082 13.8509 0.9567 bending (N-H) 

39 1305 1194 5.2632 1.5725 5.2825 1.3208 273.9076 124.8591 2.9309 6.5614 β(CH) 

40 1356 1301 2.2495 1.7921 2.4377 1.7864 84.7411 37.3215 48.7149 17.0719 β(CH) + bending (N-H) 

41 1434 1353 1.7173 2.2250 2.0792 2.3985 57.5213 38.2311 24.5341 23.7516 β(CH) + sym (C-N) + ρ(NH2) 

42 1507 1405 1.9120 2.2257 2.5577 2.5875 2.3399 3.4524 17.7380 13.7434 β(CH) 

43 1578 1477 2.1547 2.2100 3.1603 2.8419 109.7925 50.5283 5.9025 1.6896 β(CH) + bending (N-H) 

44 1641 1533 2.2684 2.3522 3.5996 3.2552 140.8039 119.9836 7.7871 16.1761 β(CH) + ω(NH2) + bending (N-H) 

45 1719 1580 3.4673 3.8263 6.0392 5.6293 6.8890 7.6727 18.1445 17.0153 ρ(NH2) + sym (C=C) + bending (N-H) 

46 1826 1672 4.4864 4.0013 8.8132 6.5938 119.1502 33.8214 8.3951 5.5051 β(CH) + ρ(NH2) + bending (N-H) 

47 1863 1712 1.1809 1.5925 2.4148 2.7496 149.8964 245.2374 5.4004 6.0651 bending (N-H) 

48 1870 1719 1.7607 1.2562 3.6277 2.1866 422.2822 163.3785 10.1084 5.2120 ω(NH2) 

49 2799 2070 1.1261 1.2253 5.1962 3.0939 2248.7367 2971.2026 124.8440 73.6506 sym (NH) 

50 3286 2866 1.0844 1.0936 6.8980 5.2907 2006.6975 2676.2749 218.3875 254.5230 sym (NH of NH2) 

51 3340 3180 1.0904 1.0884 7.1652 6.4830 2.5727 4.0659 68.3144 76.9238 asym (CH) 

52 3364 3198 1.0970 1.0948 7.3138 6.5968 2.2059 3.4714 98.2152 132.5380 sym (CH) 

53 3374 3206 1.0919 1.0906 7.3255 6.6059 0.1255 0.0407 48.1095 39.5960 asym (CH) 

54 3391 3224 1.1017 1.0981 7.4658 6.7248 0.4288 0.8085 143.2992 192.8386 sym (CH) 

55 3905 3668 1.0827 1.0798 9.7260 8.5586 100.2639 72.5176 71.0647 92.1964 sym (NH of NH2) 

56 4179 3840 1.0662 1.0657 10.9721 9.2576 132.5546 79.0981 58.3131 104.4579 sym (O-H) 

57 4191 3854 1.0666 1.0659 11.0363 9.3267 116.7942 77.5532 54.3067 76.4658 sym (O-H) 
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the symmetric mode [28]. In this study, the symmetric NH2 

stretching vibration was calculated at 3286 cm–1 (HF) and 2866 

cm–1 (DFT). Minor differences from experimental values arise 

as the calculations were performed for an isolated molecule 

in the gas phase. The N-H···O intermolecular hydrogen bond 

between the dihydrogen phosphate anion and the 2-amino-

pyridinium cation influences the N-H stretching vibrations, 

resulting in a shift toward lower wavenumbers [29]. NH2 ben-

ding vibrations were calculated at 1672 and 1580 cm–1 (HF), 

while the scissoring mode appeared at 1863 cm–1 (HF) and 

1718 cm–1 (DFT) [22]. The asymmetric NH2 stretching vibra-

tion was not observed in the calculated spectra. 

 C-H vibrations: The aromatic C–H stretching vibrat-

ions are generally observed in the 3100-3000 cm–1 region and 

are only slightly influenced by substituent effects [22]. In the 

present study, the calculated C–H stretching modes appeared 

at 3391 and 3364 cm–1 (HF) and at 3224 and 3197 cm–1 (DFT/ 

B3LYP). The corresponding asymmetric stretching vibrations 

were obtained at 3374 and 3340 cm–1 (HF) and 3206 and 

3180 cm–1 (DFT/B3LYP). The C–H bending vibration was 

assigned to the bands at 1090 cm–1 in the IR spectrum and 1121 

cm–1 in the Raman spectrum. 

 C=C and C-N vibrations: The C=C stretching vibration 

was assigned to the band calculated at 1674 cm–1 using the 

DFT/B3LYP method. The 2APDHP molecule contains three 

C–N bonds, and the corresponding C–N stretching vibrations 

were calculated in the ranges of 1863-1578 cm–1 (HF) and 

1353-1532 cm–1 (DFT/B3LYP) [21]. These vibrational modes 

are coupled with the in-plane bending vibrations of the C–H 

bonds, resulting in mixed vibrational characteristics. 
 H2PO4 vibrations: The vibrational modes of the dihyd-
rogen phosphate anion were assigned on the basis of the cal-

culated spectra. The P=O stretching vibration appeared as weak 
bands at 1182 cm–1 (HF) and 1067 cm–1 (DFT). The hydrogen 
bonding influences the phosphate environment, leading to a 
shift of the stretching frequencies toward lower wavenum-

bers. The P–O stretching vibrations were calculated at 882 
cm–1 (HF) and at 963 and 857 cm–1 (DFT). The O–H stretch-
ing vibrations of the dihydrogen phosphate group were obtai-
ned at 4190 and 4179 cm–1 (HF) and at 3840 and 3854 cm–1 
(DFT) [28]. 

 Mechanical strength is an important factor in assessing 
the suitability of crystalline materials for device fabrication. 
Vickers microhardness testing provides valuable information 
on the resistance of a crystal to localized plastic deformation 

and assists in selecting appropriate processing conditions 
[28]. In present study, the Vickers microhardness of the promi-
nent face of the 2APDHP single crystal was measured at room 
temperature using a microhardness tester. The Vickers hard-

ness number (Hv) was calculated using the following relation: 

  
v 2

P
H 1.8544

d
=

 

 

Fig. 4. Computed (a) IR spectra and (b) Raman spectra for 2APDHP 
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where d is the average diagonal length of the indentation 

(mm) and P is the applied load (g). An indentation time of 5 s 

was maintained throughout the measurements and the hard-

ness values were obtained by averaging several indentations. 

The variation of Vickers hardness (HV) with applied load (25-

100 g) is shown in Fig. 5a. The hardness increased from 31 to 

56 kg/mm2 as the applied load increased, exhibiting a reverse 

indentation size effect (RISE) [30]. The Mayer index (n), deter-

mined from the slope of the log P versus log d plot (Fig. 5b), 

was 2.99. According to Onitsch’s criterion, n > 2 signifies an 

increase in hardness with increasing load, consistent with the 

behaviour observed for the 2APDHP crystal [31]. 

The UV–Visible absorption spectrum of the 2APDHP 

single crystal (200-1100 nm) exhibits a sharp absorption edge 

at 301 nm (Fig. 6a), negligible absorption above 345 nm and 

high optical transparency beyond 400 nm. These optical 

characteristics reflect good crystalline quality with a low con-

centration of structural defects. The optical band gap (Eg), 

estimated from Tauc’s plot, was found to be 3.94 eV. Such a 

wide band gap, together with the excellent transparency in 

the visible region, makes 2APDHP a suitable candidate for 

photonic and optoelectronic applications. 

 

 
Fig. 6. (a) Optical absorbance spectrum and (b) Tauc plot for 2APDHP 

 Computational details: The biological potential of 

2APDHP was evaluated through molecular docking against 

three therapeutic targets. The crystal structure of -synuclein 

associated with Parkinson’s disease (PDB ID: 1XQ8) [32], 

6-hydroxymethyl-7,8-dihydropteroate synthase (DHPS) from 

Mycobacterium tuberculosis (PDB ID: 1EYE) [33] and the 

SARS-CoV-2 main protease (PDB ID: 5R7Z) [34] were retri-

eved from the RCSB Protein Data Bank. Active-site residues 

were identified from the literature and verified using CASTp 

[35] and the COACH metaserver [36]. Prior to docking, water 

molecules were removed and hydrogen atoms were added to 

the protein structures. A grid box covering the binding pocket 

was defined for each target. Molecular docking was performed 

using AutoDock Vina 1.2.0 after appropriate preparation of 

the proteins and ligand [37]. 

 Molecular docking: The optimized structure of 2APDHP 

was docked against three therapeutic targets viz. -synuclein 

(PDB ID: 1XQ8), 6-hydroxymethyl-7,8-dihydropteroate syn-

thase (DHPS) from Mycobacterium tuberculosis (PDB ID: 

1EYE) and the SARS-CoV-2 main protease (PDB ID: 5R7Z). 

The calculated binding affinities, hydrogen-bonding residues 

and bond distances are shown in Table-5, while the binding 

poses and 2D interaction maps are shown in Fig. 7. 

 Among the selected targets, 2APDHP exhibited the high-

est binding affinity toward -synuclein (-4.3 kcal mol–1), follo-

wed by DHPS (-4.1 kcal mol–1) and the SARS-CoV-2 main 

protease (-3.8 kcal mol–1). The -synuclein complex formed 

three hydrogen bonds with Ser9 and Glu13 at distances of 2.3, 

3.1 and 2.1 Å. A single hydrogen bond with Met130 (2.4 Å) 

was observed for DHPS, whereas the SARS-CoV-2 main prot-

ease formed two hydrogen bonds with Met165 and Glu166 at 

distances of 2.9 and 2.7 Å, respectively. The hydrophobic alkyl 

interactions were identified with Lys10, His131 and Met49 in 

the -synuclein, DHPS and SARS-CoV-2 complexes, respec-

tively. 

 The docking results support favourable interactions of 

2APDHP with all three protein targets, with the strongest affi- 

nity observed for -synuclein. These computational findings 

warrant further experimental validation through in vitro and 

in vivo studies to establish its antibacterial, antiviral and neuro- 

 

Fig. 5. (a) Plot between hardness number (Hv) and load (P); (b) variation of log P with log d 
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Fig. 7. Docking conformations and 2D interaction plot of 2APDHP with (a) -synuclein of Parkinson’s disease, (1XQ8), (b) 6-

hydroxymethyl-7,8-dihydropteroate synthase (DHPS) of Mycobacterium tuberculosis (1EYE) and (c) SARS-CoV-2 virus’s main 

protease (5R7Z) proteins 
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protective potential. A comparison with previous reports 

showed that CeO2 nanoparticles and L-3,4-dihydroxyphenyl-

alanine (L-DOPA) exhibited binding affinities of -2.1 and 

-3.5 kcal mol–1, respectively, toward -synuclein [38]. 

Conclusion  

 Single crystals of hydrogen-bonded 2-aminopyridinium 

dihydrogen phosphate (2APDHP) were successfully grown, 

and their structural, optical, mechanical and computational 

properties were investigated. The optimised geometric para-

meters showed good agreement with the single-crystal X-ray 

diffraction data, with only minor differences between the 

calculated and experimental bond lengths. The HOMO-LUMO 

energy gaps were calculated to be 10.1475 eV (HF) and 3.6157 

eV (DFT), providing insight into the electronic structure of 

the molecule. UV-Vis analysis over the 200-1100 nm range 

revealed high optical transparency in the visible region and 

supported the presence of intramolecular charge transfer. The 

molecular docking studies identified favourable interactions 

of 2APDHP with -synuclein, 6-hydroxymethyl-7,8-dihydro-

pteroate synthase from M. tuberculosis and the SARS-CoV-2 

main protease. These computational results provide a basis 

for further in vitro and in vivo investigations to assess the bio-

logical potential of 2APDHP. 
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