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Abstract 

N,N,N,N-Cetyltrimethylammonium bromide (NCT) has been 

investigated using DFT/B3LYP/6–311++G(d,p) basis set 

which is supported by FMO and MEP analysis.From these 

studies, Molecular interactions, charge delocalization and 

electrophilic and nucleophilic sites within the reactant types 

have been also explored.Assisted by DFT optimizations 

executinga tight convergence norm, vibrational frequencies 

and topology analysis were carried.  

 

1. Introduction 

Cetyltrimethylammonium bromide (CAB)is a quadrivial 

ammonium surface-active agentand also it is the constituents 

of the interestingantibacterialcetrimide[1]. The cetrimonium 

(hexadecyltrimethylammonium) cation is an activegerm-
killing agent used in contrast to bacteria and fungi. In 

addition, it is also the main constituents of some barriers for 

the removal of DNA[2]. It has been extensively used in 

production of gold nanoparticles too hair conditioning yields. 

Cetrimonium chloride and cetrimonium stearate are used as 

contemporary antiseptics and found in many domesticgoods 

shampoos and cosmetics. CAB has developed for biological 

expenditureas it keeps the precipitated DNAin its isolation[3]. 

Cells characteristicallyobligate high applications of 

macromoleculesglycoproteins and polysaccharideswhichin the 

extraction processco-precipitate with DNA, causing the 
extracted DNA to lose purity. The positive charge of the CAB 

molecule allows it to denature these molecules that would 

interfere with this isolation [2] .CAB has been revealed to 

have potential use as an apoptosis-promoting anticancer agent 

for head and neck cancer [4].CAB revealed anticancer 

cytotoxicity against several HNC cell lines with minimal 

effects on normal fibroblasts, a selectivity that exploits 

cancer-specific metabolic aberrations.CAB is also suggested 

by the World Health Organisation as a purification agent in 

the downstream vaccine processing of polysaccharide 

vaccines. Cetrimonium bromide (Cetyltrimethylammonium 

bromide or CTAB) is a surfactant and antiseptic agent with 
various antibacterial, antifungal and antiviral 

properties.N,N,N,N-Cetyltrimethylammonium bromide 

(NCT) is an antibacterial active molecule. By reason of the 

extensive range of applications of NCT received a great 

interest in chemical biology and pharmaceutical chemistry 

research fields. Therefore, its derivatives show a broad variety 

of bioactivities; hereafter, studies of their molecular structure 

have great importance for rational drug designs and other 

uses. Toexplore the detailed molecular structure and the 

vibrational spectral modes of NCTwith bioactive moleculethis 

shows significant antimicrobial activities against bacterial 

pathogens. It is very vital to study the spectroscopic and 

structural properties of a molecule to understand its chemical 

and biological behavior. The calculated FT-IR and FT-Raman 

spectra were compared with the experimental results. 

 

2. Experimental Details 

FTIR spectrum recorded using Perkin Elmer 

Spectrometerusing KBr pellet method. FT Raman spectrum 

was recorded using BRUKER RFS 27: Stand alone FT Raman 

Spectrometer and the laser source were used Nd: YAG 1064 

nm with spectral resolution of 2.0 cm-1. UV-VIS absorption 
spectrum in methanol as a solvent is scrutinized in the range 

200-800 nm with spectral Bandwidth 2nm using UV-VIS 

spectrophotometer. The antimicrobial activity of DAP was 

screened by agar well diffusion method. 

 

3. Computational Details 

Quantum chemical computationalmethod has been 

implemented using B3PW91/6-31++G(d,p) basis set by the 

Gaussian ’09 program [5]. UV-vis spectra, electronic 

transitions, excitation energies, absorbance and oscillator 

strengths were calculated with the time-dependent DFT 

method[6-9]. Natural bond orbital (NBO) analysis was 

executed using NBO 3.1 program [10]. The illustrative 

suggestion of the intermolecular interactions collected from 

the ELF, LOL, RDG properties were achieved using multiwfn 

multifunctional wave function analyzer [11,12] and plotted 

with VMD molecular visualisation program [13]. 

4. Results and Discussion 

4.1 Structural Analysis 

The optimized parameters of NCT with atoms numbering is 

given in Fig. 1 and the optimized geometrical parameter such 

as bond lengths, bond angles, and dihedral angles of NCT are 

attainedin the B3LYP/6–311 ++ G (d,p) basis set, and their 
values are given in Table 1. 
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Fig 8.1 Optimized structure of NCT 

 

Global minimum energy of NCT is -3375.90 Hartrees. N1-

C2and N1-C10bond lengths of NCT are 1.5 Å while N1-C11 

bond lengthis 1.4 Å which is suggest that N1-C11 bondlength 

is not affected by the intermolecular hydrogen bonding 

interaction. Methyl group electron donor and acceptor 

capabilitiesaccept a majorcontract in molding the elements’ 

structure and electronic properties. The methyl group shares 

its lone pair electrons with the  electrons in a side chain, 
methylene group and the methyl group interacts with the 

nearby πsystems.The methyl, methylene, and bromine atom of 

the NCT may perhaps suggestinter and intra-molecular 

interactions.Intermolecular contacts ofH22…Br63, H38… 

Br63 and H43…Br63 are 2.4653 2.5429 and 2.51Å 
respectively which are considerablysmaller than the van der 

Walls separationshowing the opportunity of the 

intermolecular C-H…Br hydrogen bonding in NCT. This is 

proves that the most potentantibacterial activity exhibited by 

the compoundis due to the presence intermolecular C-H…Br 

hydrogen bonding. 

Table 1 OptimizedParameters of NCT 

Bond length NCT (Å) Bond Angle NCT () Dihedral Angle NCT () 

N1-C2     1.5365  C2-N1-C10   107.0905  C10-N1-C2-C3     174.4776  

N1-C10    1.513   C2-N1-C11   111.1944  C10-N1-C2-H21     62.3877  

N1-C11    1.496   C2-N1-C12   110.8743  C10-N1-C2-H22     53.0163  

N1-C12    1.5124  C10-N1-C11  109.4781  C11-N1-C2-C3      65.9594  

C2-C3     1.5244  C10-N1-C12  108.1504  C11-N1-C2-H21     57.1753  

C2-H21    1.0949  C11-N1-C12  109.9556  C11-N1-C2-H22    172.5793  

C2-H22    1.0988  N1-C2-C3    116.1855  C12-N1-C2-C3      56.6996  

C3-C4     1.5396  N1-C2-H21   105.0935  C12-N1-C2-H21    179.8343  

C3-H23    1.0984  N1-C2-H22   104.329   C12-N1-C2-H22     64.7617  

C3-H24    1.0954  C3-C2-H21   111.0193  C2-N1-C10-H37    179.2506  

C4-C5     1.5339  C3-C2-H22   110.1559  C2-N1-C10-H38     60.4882  

C4-H25    1.0994  H21-C2-H22  109.6862  C2-N1-C10-H39     59.6064  

C4-H26    1.097   C2-C3-C4    109.3655  C11-N1-C10-H37    58.5907  

C5-C6     1.5345  C2-C3-H23   112.1633  C11-N1-C10-H38   178.8518  

C5-H27    1.1002  C2-C3-H24   110.164   C11-N1-C10-H39    61.0535  

C5-H28    1.0992  C4-C3-H23   109.2681  C12-N1-C10-H37    61.2052  

C6-C7     1.5343  C4-C3-H24   108.1883  C12-N1-C10-H38    59.0559  

C6-H29    1.099   23-C3-H24  107.5975  C12-N1-C10-H39   179.1505  

C6-H30    1.0998  C3-C4-C5    112.9149  C2-N1-C11-H40     62.3581  

C7-C8     1.5344  C3-C4-H25   109.5931  C2-N1-C11-H41    177.7503  

C7-H31    1.1001  C3-C4-H26   108.4729  C2-N1-C11-H42     57.9655  

C7-H32    1.0997  C5-C4-H25   109.3202  C10-N1-C11-H40   179.5112  

C8-C9     1.5344  C5-C4-H26   109.6567  C10-N1-C11-H41    59.6196  

C8-H33    1.0998  H25-C4-H26  106.6898  C10-N1-C11-H42    60.1652  

C8-H34    1.0995  C4-C5-C6    113.2119  C12-N1-C11-H40    60.829   

C9-H13    1.5345  C4-C5-H27   109.5441  C12-N1-C11-H41    59.0626  

C9-H35    1.0998  C4-C5-H28   109.1042  C12-N1-C11-H42   178.8474  

C9-H36    1.1     C6-C5-H27   109.3152  C2-N1-C12-H43     53.4273  

C10-H37   1.0916  C6-C5-H28   109.1267  C2-N1-C12-H44     67.8264  

C10-H38   1.0983  H27-C5-H28  106.3044  C2-N1-C12-H45    172.8382  

C10-H39   1.0915  C5-C6-C7    113.4456  C10-N1-C12-H43    63.7028  



Copyrights @Kalahari Journals  Vol. 6 No. 3(December, 2021) 

International Journal of Mechanical Engineering 
3423 

C11-H40   1.0895  C5-C6-H29   109.0884  C10-N1-C12-H44   175.0436  

C11-H41   1.0914  C5-C6-H30   109.3158  C10-N1-C12-H45    55.7082  

C11-H42   1.0915  C7-C6-H29   109.3367  C11-N1-C12-H43   176.8019  

C12-H43   1.0988  C7-C6-H30   109.2854  C11-N1-C12-H44    55.5482  

C12-H44   1.0895  29-C6-H30  106.1074  C11-N1-C12-H45    63.7871  

C12-H45   1.0915  C6-C7-HC8    113.5853  N1-C2-C3-C4      178.3883  

C13-C14   1.5345  C6-C7-H31   109.3093  N1-C2-C3-H23      60.2218  

C13-H46   1.0997  C6-C7-H32   109.1506  N1-C2-C3-H24      59.6028  

C13-H47   1.0998  C8-C7-H31   109.2671  H21-C2-C3-C4      61.624   

C14-C15   1.5345  C8-C7-H32   109.152   H21-C2-C3-H23     59.7659  

C14-H48   1.0999  H31-C7-H32  106.1058  H21-C2-C3-H24    179.5905  

C14-H49   1.0998  C7-C8-C9    113.5907  H22-C2-C3-C4      60.0755  

C15-C16   1.5345  C7-C8-H33   109.3014  H22-C2-C3-H23    178.5346  

C15-H50   1.0998  C7-C8-H34   109.12    H22-C2-C3-H24     58.7099  

C15-H51   1.0998  C9-C8-H33   109.2559  N1-C2-H22-Br63     24.2759  

C16-H17   1.5345  C9-C8-H34   109.2256  C3-C2-H22-B63    101.0986  

C16-H52   1.0998  H33-C8-H34  106.0738  H21-C2-H22-63   136.4133  

C16-H53   1.0999  C8-C9-C13   113.6537  C2-C3-C4-C5      179.7855  

C17-H18   1.5344  C8-C9-H35   109.172   C2-C3-C4-H25      57.6626  

C17-H54   1.0998  C8-C9-H36   109.2583  C2-C3-C4-H26      58.4613  

C17-H55   1.0998  C13-C9-H35  109.1608  H23-C3-C4-C5      56.6605  

C18-C19   1.5345  C13-C9-H36  109.2522  H23-C3-C4-H25     65.4624  

C18-H56   1.1     H35-C9-H36  106.0657  H23-C3-C4-H26    178.4137  

C18-H57   1.1     C1-C10-H37  108.4187  H24-C3-C4-C5      60.2094  

C19-C20   1.5331  C1-C10-H38  107.2559  H24-C3-C4-H25    177.6677  

C19-H58   1.0989  C1-C10-H39  108.4094  H24-C3-C4-H26     61.5439  

C19-H59   1.0989  H37-C10-H38 111.2772  C3-C4-C5-C6      178.8237  

C20-H60   1.0966  H37-C10-H39 110.211   C3-C4-C5-H27      58.8911  

C20-H61   1.0955  H38-C10-H39 111.1416  C3-C4-C5-H28      57.0993  

C20-H62   1.0966  N1-C11-H40  109.5767  H25-C4-C5-C6      58.9003  

H22- Br 63   2.4653  N1-C11-H41  108.8344  H25-C4-C5-H27     63.3849  

H38- Br 63   2.5429  N1-C11-H42  108.9634  H25-C4-C5-H28    179.3753  

H43-Br63   2.51    H40-C11-H41 109.6479  H26-C4-C5-C6      57.7402  

  H40-C11-H42 109.9374  H26-C4-C5-H27    179.9746  

  H41-C11-H42 109.8598  H26-C4-C5-H28     63.9842  

  N1-C12-H43  107.2812  C4-C5-C6-C7      179.0561  

  N1-C12-H44  109.0257  C4-C5-C6-H29      56.9158  

  N1-C12-H45  107.8705  C4-C5-C6-H30      58.7033  

  H43-C12-H44 111.8084  H27-C5-C6-C7      58.5312  

  H43-C12-H45 110.8009  H27-C5-C6-H29    179.3285  

  H44-C12-H45 109.9241  H27-C5-C6-H30     63.7094  

  C9-C13-C14  113.6106  H28-C5-C6-C7      57.3444  

  C9-C13-H46  109.1564  H28-C5-C6-H29     64.7959  



Copyrights @Kalahari Journals  Vol. 6 No. 3(December, 2021) 

International Journal of Mechanical Engineering 
3424 

  C9-C13-H47  109.2829  H28-C5-C6-H30    179.585   

  C14-C13-H46 109.2139  C5-C6-C7-C8      179.0395  

  C14-C13-H47 109.2442  C5-C6-C7-H31      58.652   

  H46-C13-H47 106.0569  C5-C6-C7-H32      56.9961  

  C13-C14-C15 113.6824  H29-C6-C7-C8      57.0373  

  C13-C14-H48 109.2448  H29-C6-C7-H31    179.3458  

  C13-C14-H49 109.1734  H29-C6-C7-H32     65.0062  

  C15-C14-H48 109.2407  H30-C6-C7-C8      58.703   

  C15-C14-H49 109.1653  H30-C6-C7-H31     63.6055  

  C48-C14-H49 106.0532  H30-C6-C7-H32    179.2536  

  C14-C15-H16 113.621   C6-C7-C8-C9      179.908   

  C14-C15-H50 109.2713  C6-C7-C8-H33      57.8     

  C14-C15-H51 109.1739  C6-C7-C8-H34      57.7885  

  C16-C15-H50 109.2378  H31-C7-C8-C9      57.7601  

  C16-C15-H51 109.2074  H31-C7-C8-H33     64.5319  

  H50-C15-H51 106.0524  H31-C7-C8-H34    179.8796  

  C15-C16-C17 113.6914  H32-C7-C8-C9      57.8654  

  C15-C16-H52 109.1837  H32- C7-C8-H33    179.8427  

  C15-C16-H53 109.2344  H32- C7-C8-H34     64.2542  

  C17-C16-H52 109.1777  C7-C8-C9  -C13     179.0697  

  C17-C16-H53 109.2228  C7-C8-C9   -H35      56.9524  

  H52-C16-H53 106.0489  C7-C8-C9   -H36      58.6314  

  C16-C17-C18 113.6447  H33-C8-C9-C13     58.6132  

  C16-C17-H54 109.1877  H33- C8-C9-H35    179.2695  

  C16-C17-H55 109.254   H33- C8-C9-H36     63.6857  

  C18-C17-H54 109.2037  H34- C8-C9-C13     57.0087  

  C18-C17-H55 109.2201  H34- C8-C9-H35     65.1086  

  H54-C17-H55 106.0521  H34- C8-C9-H36    179.3076  

  C17-C18-C19 113.7226  C8-C9-C13-C14    179.9474  

  C17-C18-H56 109.2417  C8-C9-C13-H46     57.8027  

  C17-C18-H57 109.2709  C8-C9-C13-H47     57.7756  

  C19-C18-H56 109.1296  H35- C9-C13-C14    57.8239  

  C19-C18-H57 109.1569  H35- C9-C13-H46    64.3209  

  H56-C18-H57 106.034   H35- C9-C13-H47   179.8991  

  C18-C19-C20 113.3233  H36- C9-C13-C14    57.7503  

  C18-C19-H58 109.196   H36- C9-C13-H46   179.8951  

  C18-C19-H59 109.1511  H36- C9-C13-H47    64.5266  

  C20-C19-H58 109.4254  N1-C10-H38-Br63     2.6851  

  C20-C19-H59 109.4172  H37-C10-H38-Br63  121.1106  

  H58-C19-H59 106.0712  H39-C10-H38-Br63  115.6528  

  C19-C20-H60 111.1729  N1-C12-H43-Br63     8.3792  

  C19-C20-H61 111.4714  H44-C12-43- Br Br  127.865   

  C19-C20-H62 111.1503  H45-C12-43- Br 63  109.1347  
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  H60-C20-H61 107.6671  C9-C13-C14-C15   179.2296  

  H60-C20-H62 107.5163  C9-C13-C14-H48    58.4765  

  H61-C20-H62 107.6745  C9-C13-C14-H49    57.0858  

  C2-22- Br 63  152.5603  H46-C13-C14-C15   57.1168  

  C10-H38- Br 63 148.7717  H46-C13-C14-H48  179.4106  

  C12-H43- Br 63 149.6863  H46-C13-C14-H49   65.0271  

  H22- Br 63-38  53.3238  H47-C13-C14-C15   58.472   

  H22- Br 63-H43  57.6653  H47-C13-C14-H48   63.8219  

  H38- Br 63-H43  56.4549  H47-C13-C14-H49  179.3842  

    C13-C14-C15-C16  179.8529  

    C13-C14-C15-H50   57.8797  

    C13-C14-C15-H51   57.6965  

    H48- C14-C15-C16   57.851   

    H48- C14-C15-H50   64.4164  

    H48- C14-C15-H51  179.9926  

    H49- C14-C15-C16   57.7046  

    H49- C14-C15-H50  179.972   

    H49- C14-C15-H51   64.4518  

    C14-C15-C16-C17  179.4719  

    C14-C15-C16-H52   57.2982  

    C14-C15-C16-H53   58.2589  

    H50- C15-C16-C17   58.2422  

    H50- C15-C16-H52  179.5841  

    H50- C15-C16-H53   64.0271  

    H51- C15-C16-C17   57.3341  

    H51- C15-C16-H52   64.8396  

    H51- C15-C16-H53  179.6033  

    C15- C16-C17-C18  179.9274  

    C15- C16-C17-H54   57.7493  

    C15- C16-C17-H55   57.8246  

    H52- C16-C17-C18   57.7504  

    H52- C16-C17-54   64.4277  

    H52- C16-C17-H54  179.9984  

    H52- C16-C17-H55   57.7969  

    H53- C16-C17-C18  179.975   

    H53- C16-C17-H54   64.4511  

    H53- C16-C17-H55  179.6531  

    C16-C17-C18-C19   57.4773  

    C16-C17-C18-H56   58.1143  

    C16-C17-C18-H57   57.484   

    H54- C17-C18-C19   64.6919  

    H54- C17-C18-H56  179.7166  

    H54- C17-C18-H57   58.0801  
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    H55- C17-C18-C19  179.7441  

    H55- C17-C18-H56   64.1525  

    H55- C17-C18-H57  179.9269  

    C17- C18-C19-C20   57.8237  

    C17- C18-C19-H58   57.7208  

    C17- C18-C19-H59   57.6892  

    H56- C18-C19-C20  179.9385  

    H56- C18-C19-H58   64.517   

    H56- C18-C19-H59   57.7775  

    H57- C18-C19-C20   64.4718  

    H57- C18-C19-H58  179.9837  

    H57- C18-C19-H59   59.9946  

    C18-C19-C20-H60  179.8678  

    C18-C19-C20-H61   59.7363  

    C18-C19-C20-H62   62.127   

    H58- C19-C20-H60   58.0106  

    H58- C19-C20-H61  178.1421  

    H58- C19-C20-H62  177.9474  

    H59- C19-C20-H60   57.8099  

    H59- C19-C20-H61   62.3216  

    H59- C19-C20-H62   57.0541  

    C2-22- Br 63-H38    12.8244  

    C2-22- Br 63-H43    35.9346  

    C10-38- Br 63-H22   36.2237  

    C10-38- Br 63-H43   36.047   

    C12-43- Br 63-H22   28.583   

    C12-43- Br 63-H38  174.4776  

 

4.2 Vibrational Spectral Analysis 

 FT IR and Raman spectra as shown in Fig 2 and the 

vibrational spectral analysis of NCT explained details as 

given below: 

 

 

 

 

 

Fig 2 FT IR and FT Raman spectrum of NCT 
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4.2.1 Trimethyl ammonium vibration 

Vital vibrational modes of NCT are N-(CH3)3, CH3stretching 

and methyldeformation. N-(CH3)3 stretching mode can beused 

as a good probe for assessing the bonding configurationabout 

the ammonium N atom and the electronic distribution of 

theamine compounds. n conjugation among 
theammonium lone pair nitrogen electrons withmethylgroup 

system 1374 cm-1 [14, 15]. Methyl groups are generally 

referred to as electron donating. N-(CH3)3 stretchingis 

observed as a medium band at 1374cm-1 inRaman. Usually 

CH3 asymmetric and symmetric stretching vibrationsare 

found around at 2962 and 2872 cm-1[16, 17]. The asymmetric 

CH3stretching modesat3015, 2912cm-1 in IR and at 3014 cm-1 

in Raman. Symmetric stretching is observed at2912, and 2847 
cm-1in IR counterpartwith at 2876 2842cm-1in Raman.CH3 

stretching mode intensityischanges due to the effect 

hyperconjugation of methyl group’selectronic properties 

which clearly indicates that methyl hydrogen isdirectly 

involved in the donation of electronic charge. Asymmetric 

and symmetric bending vibrations of methyl 

grouptypicallyseemnearby 1450 and 1375 cm-1 

respectively[18].Asymmetric bending mode of CH3group is 

observed at 1472 in IRandsymmetric bending mode of 

CH3group is observed in IR at 1399 cm-1 and in Raman at 

1374 cm-1.CH3 rocking mode of methyl performing as 

assortedvibrations is expected to take place in the region 
1070-900 cm1 [19, 20]which are observed as strong bands in 

IR at 1137 counterpartwith in Raman at 1068 cm-1  and the 

strongintensity in IR and Raman wavenumbers of the rocking 

modessuggests the presence of hyperconjugation. 

 

4.2.2 Methylene Group Vibrations 

Asymmetric and symmetric stretchingCH2vibrations 

aregenerallyarisen in the region 3000 ± 45 cm-1 and2950 ± 45 

cm-1respectively [21,22]. In NCT, this mode is observed 

at2912, 2847 cm-1 in IR and 2842 cm-1 in Raman and this is 

coupled withsymmetric stretching.  

 

4.3 Electronic Properties 

4.3.1 UV spectral Analysis 

The electronic absorption spectrum of NCT compound was 

computed by TD-DFT with B3LYP/6–311++G(d, p) level. 

Experimental UV–Vis spectrumis shown in Fig.3. The 

oscillator strengths, excitation energies and wavelengths were 

estimated by using this method and basis set which are given 

in Table 2.The observed spectrum demonstrated the 

maximum absorption peaks at 200 nm which indicated that 

ππ* and n  π* transitions, respectively. According to the 
theoretical calculations, the bands at 207 and 260 nm were 

attributed to this transitions. These transitions of oscillator 

strengths and excitation energies were obtained from 

simulation results and these data are given in Table 2.  
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Fig 3UV Spectra of NCT 

4.3.2 FMO analysis 

The FMO plots are given in Fig 4. A reaction appliance is a 
categorization of multi electron transfer steps between donors 

and acceptors species which is presented as nucleophiles and 

electrophiles, respectively. The electron transfer depends on 

the energy gap between HOMO and LUMO within a reactant 

molecule, the energy difference between the HOMO of the 

donor and the LUMO of the acceptor. The energies of 

HOMO, LUMO and HOMO LUMO energy gap are -8.0502, -

1.6966 and 6.3535 eV. It is well-known that more polarizable 

the molecule, the higher its tendency to participate in a 

chemical change. In fact, small energy gap results in a soft 

mixing between HOMO and LUMO wave functions which 
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enhances the bioactivity.The FMO energy gap can be seen in 

DOS plot as shown in Fig 5. 

 

Fig 4 FMO plots 

 

 

Fig 5 DOS plot of NCT 

 

4.4 Charge Analysis 

4.4.1 Electrostatic Potential  

Molecular electrostatic potential (MEP) is an important tool 

for the analysis of molecularinteractions, as it aids in locating 

the reactive site (region) in a molecule and hence determines 

of an electrophile or nucleophile attackis explained in Fig 6.In 

MEP, electron-rich region related with electrophilic reactivity 

is existing by red color although an electron-poor region 

interrelated to nucleophilic reactivity is given in blue color 

and in-between colors represent in-between values decreases 

in the order red > orange > yellow > green > blue.. Though, 

methyl group carbons have higher potential sites than other 
methylene groups, therefore trimethyl ammonium has more 

electrophilic aptitude than other carbons. The presence of 

trimethylammonium group as a donar and acceptor(Bromine 

atom) discusses it as a fascinating potentialbiological and 

pharmacological properties and, therefore, are ofinterest as 

possible drug candidate, as proposed by Veber andLipinski 

[23, 24].From Fig. 6, the strong red colourscan beseen on the 

Br atom that belongs to C- H in methyl group. Blue colours 

are shown on the H atoms of trimethyl revealing that these 

sites are clearly electrophilic regions. Note thatthe large 

aliphatic side chains are inert regions which present in 

greencolours.  

 

 

Fig 6 ESP surfaceof NCT 

 

4.4.2 Natural Charge Analysis 

The natural atomic charges plots of NCTare shown in Table3. 

It plays an important role in the application of quantum 

chemicalcalculation to molecular system because of atomic 

charges effectdipole moment, molecular polarizability, 

electronic structure andother molecular properties of 

molecular systems.The natural charge analysis of NCT shows 
bromine atom posses negative charge. The maximum positive 

atomic charge isobtained for C38 atom when compared with 

all other atoms is dueto the attachment of negatively charged 

nitrogen atom and the effect of intermolecular hydrogen 

bonding interaction with bromine atom. 

 

Fig 7 Charge plot of NCT 

4.5 Topological Analysis 

The topological analyses of the electron localization function 

(ELF) and the localized orbital locator (LOL) werecompleted 

using Multiwfn program. Color shade maps and contour maps 

of the ELF and LOL for the title molecule are presented in 

Fig. 8. From the Fig. 8, it can be seen that the covalent regions 
have high LOL value (red regions), the electron depletion 

regions between valence shell and inner shell are shown by 

the blue circles around nuclei. A lone pair of Bromine atom is 

pointed out by purple arrow while ELF map, the regions 

around methylene where found to have lesser value where 

electrons are expected to be delocalized. Whereas the regions 

around the hydrogen atoms have comparatively large values 

indicate bonding and nonbonding localized electron. In 

general, a large ELF or LOL value in aregion indicates high 

localization of electrons(Jacobsen 2009) due to the presence 

of a covalent bond, a lone pair of electrons, or a nuclear shell 
in that region.The negativepotential is over the 
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electronegative atoms nitrogen and bromine because of the 

strong intra and intermolecularhydrogen bond. In NCT, on 

bromine atom have a stronger attraction compared to 

nitrogenatom.Henceforththese sites intermolecularH-bonding 

interactions as H-acceptor thus are more sensitive towardsthe 

electrophilic attacks. The positive regions of thehydrogen 
atoms indicate that these sites can be the most 

possiblyinvolved in nucleophilic processes. These regions of 

reactivityoffer information on the site to be considered for 

moleculardocking of the title molecule with a suitable protein 

 

Fig 8 ELF and LOL of NCT 

 

4.6 RDG Analysis 

 

Fig 9 RDG plots of NCT 

 

More recently, reduced density gradient function has 

beenintroduced as a tool for revealing non-covalent 

interactions. Alongreactions, interactions change from weak 

to strong and vice versaand RDG is the basis for reactivity 

studies [25]. By analysing the low density gradient, low 

electron region canbe identified and is responsible for weak 

interaction. Similarlythe high density gradient value are used 

to find the stronginteraction. The plot of r(r) againstsecond 

largest value ofhessian matrix is used to denote the nature and 

strength ofinteraction. The interaction of attraction can be 

defined by l2 < 0and for repulsion l2 >0  [26] . For the title 
compound, colourandcolour/contour filled RDG was drawn 

using Multiwfn program andare shown in Fig. 9. The blue 

colour region represents thestrong hydrogen bond interactions 

and the region filled with redcolour corresponds to strong 

repulsion in the ring system and greenisosurface corresponds 

to low density region which indicatesvander Waals 

interactions (Margreat,2010) can be responsible for 

stabilizationof NCT. 

 

4.7 Antimicrobial Analysis 

The anti-bacterial activity of the NCT molecule is tested 

against bacterial strain Escherichia coli, Bacillus 

cereus,Streptococcus pneumonia, andKlebsiellapneumoniaare 

shown in Figure 10 and the inhibition diameter are given in 

Table 3. E.colishows that bacterial species exhibit different 

sensitivities, and the required results have been compared 

with the inhibition diameter of positive control with variable 
extent. The diameter of the inhibition zone of the NCT 

molecule is 9 mm at 0.1μL and 13 mm at 0.2μL, and 16 nm at 

0.3μL the strains E.coli and that diameter of inhibition zone 

revealed anti-bacterial activity. The antibacterial activity of 

the NCT molecule is tested against somemore,because this is 

higher activity than other strains. 

Table :3Antimicrobial activity of NCT 

Bacterial pathogens Zone of inhibition(mm) 

0.1µL 0.2 µL 0.3µL 

Escherichia coli 9 13 16 

Bacillus cereus 5 7 12 

Streptococcus pneumoniae 7 11 13 

Klebsiellapneumoniae 10 13 15 

 

 

Fig 10 Antimicrobial Activity of NCT 
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4.8 Drug Likeness 

A common and simple approach to measure drug-likeness is 

property-based rules, which define acceptable boundaries of 

certain molecular physicochemical properties for drugs and 
drug candidates. The most famous rule of drug-likeness is 

“Rule-of-Five”proposed by Lipinski and co-workers, which 

defines the boundaries of four simple molecular 

physicochemical properties for orally active compounds [24.] 

,As there is a wide range of potential medicinal applications 

forNCT conducted a drug-likeness test on theSwissADME 

online platform. The molecule including number of hydrogen 

bond acceptors, donors,value of LogP,Molar refractivity value 

are summarized in Table 4and these parameters values that 

are acceptable for the drug candidate consideration.  

 

Table 4Drug likeness parameters calculated for title 

molecule 

Descriptors Calculated Expected 

Molecular mass(Dalton) 363 <500 

Hydrogen bond donor 1 <5 

Hydrogen bond acceptor 1 <10 

Log P 5.8 <5 

Molar refractivity 93.47 40-130 

 

5 Conclusions 

Charge transfer (CT) reactions of NCT exhibit boiological 

activity. C-H…Br intermolecular hydrogen bonding is 

important toget a closer insight to these interactions and 

design those moleculeswith improved biological profile.  

Antimicrobial activity results of the viability assay have 

proved NCT to hold excellent antibacterial activity. 

Thus,from the above investigations, it can be concluded that 

NCT is agood antibacterial agent to treat diseases and further 

work can alsobe carried out to isolate the exact active moiety 

responsible for thebiological activity. 
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