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ABSTRACT 
Extract  of  Momordica Charantia Seed (MCS) was investigated  as  corrosion  inhibitor  of  mild  steel  in 1N HCl 

using phytochemical screening, conventional  weight  loss, and theoretical analysis. Weight loss results showed that 

MCS seed extracts are good corrosion inhibitors.  Inhibition efficiency increased with increase in concentration of 

inhibitor and decreased with temperature. The maximum inhibition efficiency was 95.06% in case of MCS extract in 

1N HCl for immersion period of 7h at a concentration of 2.5 %v/v. Quantum studies  revealed that inhibition was 

due  to  adsorption of  active  molecules  leading  to  formation  of  a  protective  layer  on  surface  of  mild  steel. 

Quantum chemical parameters such as highest occupied molecular orbital (HOMO), lowest unoccupied molecular 

orbital (LUMO) energy levels, HOMO–LUMO energy gap and electronic density were virtually identified. Quantum 

analysis demonstrated reactive centres of electrophilic and nucleophilic attack and strong inhibition properties of 

bioactive molecules of MCS extract. 

Keyword: - Momordica Charantia seed extract, phytochemical screening, weight loss, Quantum chemical 

parameters. 

 
1. INTRODUCTION 

Mild steels are used extensively in chemicals as well as other allied industries. These structures are often subjected 

to cleaning, descaling and pickling by acids which are normally accompanied by considerable dissolution of metals 

as well as acid composition. Inhibitors are generally used to control metal dissolution. Non toxic inhibitor 

formulations are obtained from natural products which can replace those compounds that cause environment 

pollutants. Natural products are good source of eco friendly corrosion inhibitors. Extracts of naturally occurring 

plant products contain mixture of compounds and are biodegradable in nature and at the same time offer comparable 

performance and cost. Environmentally friendly corrosion inhibitors range from rare earth elements to organic 

compounds and are used as alternative corrosion inhibitors to reduce the harmful effects on humans, animals and 

environment.  

From perspective of safety of metal against corrosion, non-toxic and effectiveness of inhibitors are considered more 

significant and desirable [1-7]. Quantum chemistry computations have been widely used to study reaction 

mechanisms and to interpret experimental results of compounds virtually [8]. Aim of this work was to investigate 

corrosion behaviour and mechanism for mild steel in solutions of 1N HCl with MCS extract by weight loss 

measurements and quantum studies.  

2. MATERIALS AND METHODS  

2.1 Collection of plant material and preparation of seed extracts 

The study was carried out on Momordica Charantia seed (Fig-1). The sample was obtained from cultivated farm in 

Kalappatti, Coimbatore, India. Dried sample was ground into powder using an electronic blender, sieved and fine 

powder was stored in air tight container. 25 gm of dried powder of seed was boiled in 500ml of 1N HCl acid with 

reflux condenser for three hours and was kept overnight to extract its phytonutrients. The extract was filtered and 
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filtrate volume was made up to 500ml using the respective acids. The extract so prepared was taken as 5% stock 

solution and from this other concentrations were prepared (Fig-2).  

 

 
Fig-1: MC Seed Powder 

 
Fig-2: Photographs of Various Concentrations of the Plant Extract in Acid Medium 

 

2.2 Phytochemical Screening on MCS  

Screening of phytochemicals is significant for identification of bioactive principles present in plants. Phytochemical 

screening was carried out on MCS extracts by standard procedures [9]. Plant extracts were screened for reducing 

sugar, alkaloids, protein, phenols, flavonoids, amino acids, tannin, steroids, glycosides and saponins. 

 

2.3 Materials Preparation 

Corrosion tests were performed on coupons cut from sheets of mild steel of 2.0mm thickness obtained from Albert 

Steel House, Coimbatore, India. The chemical compositions of mild steel in terms of element weight percentage as 

given by supplier are shown in the Table 1. 

Table-1:  Chemical Composition of Mild Steel as Element Weight Percentage 

 

S. No. 

 

Name of the Element 

 

Weight Percentage 

1. Carbon 0.123 

2. Manganese 0.031 

3. Silicon 0.011 

4. Phosphorus 0.037 

5. Sulphur 0.022 

6. Chromium 0.033 

7. Molybdenum 0.014 

8. Nickel 0.012 

9. Iron Rest % 
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2.4 Weight loss measurements 

Weight loss measurements were carried out using a SHIMADZU model AY 220. Mild steel specimens were 

immersed in beaker containing 100ml acid solution without and with different concentrations (0.10%v/v, 0.50%v/v, 

1.00%v/v, 1.50%v/v, 2.00%v/v and 2.50%v/v) of MCS using glass hooks for a predetermined time period (1h, 3h, 

5h, 7h, and 24h) at room temperature. For good reproducibility, experiment was carried out in triplicate. Test 

specimens were removed and washed with de-ionised water, dried and reweighed. From the weight loss, corrosion 

rate and inhibition efficiency were calculated. 

Inhibition efficiency was calculated using formula [10], 

 

                                                        (1) 

 

Where, W1 and W2 are weight loss of mild steel after immersion in solutions without and with inhibitor respectively. 

2.5 Quantum analysis 

Computational analysis of molecular structures of MCS were done by MOPAC2016 [11] software using PM7 

method. PM3 or Parameterized Model number 3, based on semi-empirical method for quantum calculation of 

molecular electronic structure in computational chemistry [12]. Positive and negative regions in HOMO and LUMO 

orbitals, Mulliken charges, Electrostatic potential map of compounds were computed using ArgusLab 4.0.1[13]. 

Structures of Vicine and Curcubitacin in MCS seed were obtained from literature for computational analysis.     

3-Dimensional (3D) structures were retrieved from structural database and was optimized (Fig. 3) and taken as input 

file for quantum chemical studies.  

Molecular properties like energy of highest occupied molecular orbital (EHOMO), energy of lowest unoccupied 

molecular orbital (ELUMO), global reactivity parameters such as chemical hardness (η), chemical potential (µ) and 

electrophilicity index (ω) were obtained to analyze reactivity of inhibitor molecules (Table 2). Electronegativity is 

measure of power of an electron or group of atoms to attract electrons towards it [14]. Molecular properties related 

to reactivity and selectivity of inhibitors like ionization potential (I), electron affinity (A), electronegativity (χ), 

global hardness (η) and softness (σ), were estimated according to Koopman’s theorem [15] which relates to energy 

of HOMO and LUMO.  Mulliken population analysis determines nucleophilic and electrophilic reaction centers in 

compounds. 

 

Fig-3: Molecular Structure of Vicine and Curcubitacin 

W1 – W2 

W1 

X 100 IE% =  
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Table-2: Quantum Chemical Parameters for Theoretical Analysis 

S. No Quantum parameters formulation 

1.  Chemical potential (µ)  µ = - χ 

2.   Ionization potential (I) 
I = -EHOMO  

3.  Electron affinity (A) 
A = -ELUMO  

4.  Electronegativity (χ)  

 

5.   Global hardness (η)  

 

6.  Chemical softness (σ) 

 
7.  Electrophilicity index (ω 

  

 

3. RESULTS AND DISCUSSIONS   

3.1 Phytochemical analysis 

Plant analysis is devoted to the isolation and identification of secondary constituents in a particular species 

or group of species or species with expectation that some of constituents may be novel or of an unusual structure. 

Phytochemicals present in MCS in acid medium are summarized in Table-3.     

Table-3: Phytochemical Constituents Present in Extract  of MCS 

Phytocompound MCS Phytocompound MCS 

Carbohydrates __
 Phlobatannins 

__
 

Reducing sugar ++ Coumarins 
__

 

Alkoloids + Cycloglycoside 
__

 

Saponins 
__

 Total phenols 
__

 

Tannins ++ Quinones + 

Flavonoids ++ Anthraquinones ++ 

Terpenoids + Steroids ++ 

 

Keywords: “++” active compound copiously present,   “+” active compound present, 

“-” active compound absent 

 

3.2 Weight loss Measurements 

Mild steel was found to corrode in 1N HCl acid solution. This was proved by decrease in original weight of metal 

coupons. With addition of plant extract to acids, it was found that weight loss decreases with increase in 

concentration from 0.1 to 2.5% v/v due to adsorption of plant nutrient which protects the dissolution of metal. 

Table-4 gives values of inhibition efficiency obtained from weight loss measurements of mild steel for various 

concentrations of MCS/1N HCl at 303K after different hours of immersion. The inhibition efficiency increased with 

increase in concentration of inhibitor from 0.1 to 2.5% at room temperature (Fig-4). Maximum inhibition efficiency 

was 95.06% in case of MCS /1N HCl for immersion period of 7h at a concentration of 2.5 %v/v (Fig- 4). These 

results suggest that adsorption model arrangement and orientation of constituents present in Momordica Charantia 

extract on surface of mild steel may change with time [16].  Decrease in inhibition efficiency thereafter with 
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increasing time may be due to shift in adsorption and desorption equilibria which takes place simultaneously on 

prolonged exposure to corrosive media [17]. Adsorbed organic molecules prevent further interaction of metal with 

acid. Protective film of a stable oxide of magnetite was formed on the mild steel. Magnetite adheres to the metal and 

results in an impermeable layer that stops further corrosion [18, 19]. 

Table-4: CR of Mild Steel and IE of MCS Extract in 1N HCl Acid in Various Concentration and Immersion Period 

 

Conc. of 

extract 

(%) 

1 h 3 h 5 h 7 h 24 h 

CR IE CR IE CR IE CR IE CR IE 

mm/y (%) mm/y (%) mm/y (%) mm/y (%) mm/y (%) 

Blank 40.12 - 28.23 - 36.10 - 37.57 - 97.65 - 

0.1 16.71 58.33 6.68 76.31 7.80 78.39 9.07 75.84 31.94 67.28 

0.5 11.14 72.23 5.94 78.94 5.57 84.56 7.16 80.93 28.97 70.32 

1.0 8.91 77.78 3.71 86.84 4.23 88.27 6.05 83.89 25.54 73.84 

1.5 6.68 83.34 2.97 89.47 3.34 90.74 4.29 88.57 21.54 77.93 

2.0 5.57 86.11 2.22 92.1 2.67 93.82 3.34 91.11 19.22 80.31 

2.5 4.45 88.89 1.48 94.02 2.00 95.06 2.70 92.79 17.27 82.31 

 

 

Fig-4: Influence of immersion time on IE % of MCS / 1N HCl 

3.3 Quantum Chemical Parameters 

Quantum chemical methods have been proved to be a very powerful tool for studying inhibition of corrosion of 

metals [20]. HOMO and LUMO density distribution for molecules were executed using MOPAC2016 with PM7 

method. Positive and negative regions on HOMO and LUMO orbitals of molecules were computed using ArgusLab 

4.0.1 (Fig. 5 and Fig. 6).  The positive and negative phases of orbital are represented by two colours, blue regions 

represent an increase in electron density and red region represents a decrease in electron density [21].  

EHOMO measures electron donating ability of a compound to an appropriate acceptor molecule with low-energy 

empty molecular orbital. An inhibitor with higher HOMO energy can easily provide electrons for metallic substrate 

to adsorb on its surface [22-23]. Electrophilic attacks were shown to correlate with atomic sites having high density 

of the HOMO orbital, whereas nucleophilic attacks correlated well with atomic sites having high density of LUMO 

orbital (Kunichi Fukui was awarded the Nobel prize in chemistry in 1981 for developing this concept) [22,24]. 
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Fig-5: HOMO and LUMO Orbitals of Vicine 

 

Fig-6: HOMO and LUMO orbitals of Curcubitacin 

ELUMO reveals tendency of a molecule to receive electrons. A molecule with lower LUMO energy would be a better 

electron acceptor from a donor molecule [25-27, 23]. It has been reported that inhibitor molecules can be adsorbed 

not only by donating electrons from their HOMO orbitals of Fe, but also by receiving electrons from metals to their 

LUMO molecular orbitals leading to create a feedback bond [25-27]. The molecule with highest EHOMO value has 

highest tendency to donate electrons to appropriate acceptor molecule of low empty molecular orbital energy [28]. 

From results, it was evident that Curcubitacin had highest value of EHOMO -8.490 (eV) and would be better adsorbed 

on metal surface and be a best corrosion inhibitor. As ΔE decreases, reactivity of molecule increases leading to 

increase in inhibition efficiency of molecule [29]. Low values of ΔE gap will render good inhibition efficiencies 

since energy to remove an electron from last occupied orbital will be minimized [30]. Quantum chemical parameters 
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obtained from theoretical calculations which are responsible for inhibition efficiency of compounds such as EHOMO, 

ELUMO, energy gap (ΔE), dipole moment (μ), electronegativity (χ), electron affinity (EA), global hardness (η), 

softness (S), ionization energy (IE) and electrophilicity (ω) are shown in Table-5. 

Table-5: Quantum Chemical Parameters of MCS Phytoconstituents 

 

Parameters Vicine Curcubitacin 

EHOMO  eV -9.429 -8.491 

ELUMO  eV -0.458 -0.297 

Energy Gap  eV 8.971 8.193 

IE 9.429 8.491 

EA 0.458 0.297 

χ 4.943 4.394 

Ƞ 4.485 4.097 

S 0.223 0.244 

μ -4.943 -4.394 

ω 2.724 2.356 

 

Energy gap (ΔE) values of the compounds show Curcubitacin < Vicine, which suggests that Curcubitacin had good 

reactivity and likely interact strongly with metal surface and act as good inhibitor. High ionization energy indicates 

high stability and chemical inertness and small ionization energy indicates high reactivity of atoms and molecules 

[31]. Low ionization energy 8.4905 (eV) of Curcubitacin indicates high inhibition efficiency. Absolute hardness and 

softness are important properties to measure molecular stability and reactivity.  

 

A hard molecule has a large energy gap and a soft molecule has a small energy gap [32].  For simplest transfer of 

electron, adsorption could occur at part of molecule where softness (S), which is a local property, has a highest value 

[33]. Curcubitacin with softness value of 0.244 has highest inhibition efficiency. Curcubitacin with low hardness 

value 4.097 (eV) compared with other compounds have a low energy gap. Normally, inhibitor with least value of 

global hardness can be expected to have highest inhibition efficiency [34].  

 

The Molecular Electrostatic Potential (MEP) measures the interaction of a positively charged point with nuclei 

and electrons of a molecule [35]. Quick  Plot  ESP (electrostatic potential)  mapped density generated an 

electrostatic potential map on  the  total  electron  density  contour  of  the molecule  [36]. The interaction between 

the molecules is between regions of opposite electrostatic potential. Figure 7 and 8 shows the  electrostatic  potential  

map  of Curcubitacin and Vicine in which areas of colour, shade "in blue" suggest potential of positive values, i.e 

electron deficiency; while the shades  of colour areas  "red" indicates negative values  of the electrostatic potential, 

that is, regions rich in electrons [37]. 
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Fig-7: ESP Mapped Density of Curcubitacin 

 

Fig-8: ESP Mapped Density of Vicine 

3.4 Mulliken Charge Distributions on Compounds 

Mulliken population analysis is mostly used for calculation of charge distribution in a molecule [38]. Mulliken 

charge distribution of Vicine and Curcubitacin are presented in Table 6 and 7. More negative atomic charges of 

adsorbed centre, more easily atom donates its electron to unoccupied orbital of metal [39].  Mulliken  charges of 

compounds  show  that  there  was  more  than  one  active  centre  in  molecules.  More negative atomic charges of 

adsorbed centre, more easily atom donates its electron to unoccupied orbital of metal [40].   

 

Table-6: Mulliken Charge Distribution on Vicine 

Vicine Vicine Vicine Vicine 

Atoms Charge Atoms Charge Atoms Charge Atoms Charge 

O1 -0.2938 N10 -0.0548 C19 -0.1452 H28 0.1033 

O2 -0.1520 N11 -0.0095 C20 0.3983 H29 0.2133 

O3 -0.3139 C12 -0.1009 C21 -0.0462 H30 0.2348 

O4 -0.3169 C13 -0.0545 H22 0.1778 H31 0.2317 

O5 -0.2966 C14 -0.0626 H23 0.1229 H32 0.2175 

O6 -0.3180 C15 -0.0500 H24 0.1403 H33 0.1384 

O7 -0.3080 C16 0.1281 H25 0.1457 H34 0.1364 

N8 0.0801 C17 -0.0848 H26 0.1386 H35 0.0857 

N9 -0.2766 C18 -0.1502 H27 0.1494 H36 0.1181 

      
H37 0.0742 
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Fig-9: Mulliken charge distribution of N, O and C atoms of Vicine molecule. 

 

 
Fig-10: Mulliken Charge Distribution on C and O Atoms of Curcubitacin Molecule 
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Table-7: Mulliken Charge Distribution on Curcubitacin 

Curcubitacin Curcubitacin Curcubitacin Curcubitacin Curcubitacin 

Atoms  Charge Atoms  Charge Atoms  Charge Atoms  Charge Atoms  Charge 

O1 -0.3192 C20 -0.3370 C39 0.4087 H58 0.1381 H77 0.2131 

O2 -0.3195 C21 -0.3350 C40 -0.3441 H59 0.1181 H78 0.1225 

O3 -0.3009 C22 0.0722 H41 0.1449 H60 0.1702 H79 0.1230 

O4 -0.2912 C23 -0.1304 H42 0.1680 H61 0.1364 H80 0.1223 

O5 -0.3266 C24 -0.3260 H43 0.1388 H62 0.1939 H81 0.1246 

O6 -0.2919 C25 -0.2975 H44 0.1317 H63 0.1651 H82 0.1428 

O7 -0.2811 C26 -0.2270 H45 0.1033 H64 0.2213 H83 0.1217 

O7 -0.3936 C27 -0.0499 H46 0.1698 H65 0.1221 H84 0.1404 

C9 -0.0446 C28 -0.0492 H47 0.1506 H66 0.1249 H85 0.1411 

C10 -0.0207 C29 -0.3369 H48 0.1463 H67 0.1399 

  C11 -0.1315 C30 0.3097 H49 0.1337 H68 0.2251 

  C12 -0.0697 C31 0.2551 H50 0.1318 H69 0.1321 

  C13 -0.1998 C32 -0.3089 H51 0.1100 H70 0.1069 

  C14 -0.2816 C33 -0.3074 H52 0.1292 H71 0.1206 

  C15 0.0080 C34 -0.2827 H53 0.1316 H72 0.1046 

  C16 -0.3122 C35 -0.1856 H54 0.1119 H73 0.1237 

  C17 -0.0825 C36 0.1634 H55 0.1493 H74 0.1191 

  C18 0.3004 C37 -0.3349 H56 0.1135 H75 0.2094 

  C19 -0.1922 C38 -0.3610 H57 0.1129 H76 0.2098 

   

It  could  be  readily  observed  that  oxygen  and  some  carbon  atoms  have  high  charge  densities. Mulliken 

charge is a measurement of local reactivity as well as indicative of local nucleophilic or electrophilic feature in 

molecules [41]. Figure 9 and 10 shows Mulliken charge distribution of all heteroatoms and some of carbon atoms 

are negatively charged. Thus, considered as active sites for adsorption process of inhibitor molecule onto the mild 

steel surface [42]. Curcubitacin has more electronegative O8 and O5 with charges -0.3936 and -0.3266. In 

Curcubitacin, C40, C20, C29, C21, C37, O8 and O5 are most susceptible sites for electrophilic attacks as they 

present highest values of negative charge. On other hand, C39, C30 and C18 in Curcubitacin are most susceptible 

sites for the nucleophilic attacks as they present highest values of positive charge. The regions of highest electron 

density are generally sites to which electrophiles can attack [43]. Vicine has more electronegative O6, O3 and O4 

with charges -0.3180, -0.3139 and -0.3169 that shows due to more electron-donating nature of atoms and region for 

electrophilic attack. The susceptible sites for nucleophilic attacks possess highest values of positive charge at C20. O 

and C atoms were active centers that possess strong ability of bonding to metal surface. Therefore, Curcubitacin and 

Vicine can accept electrons from metal through these atoms and hence these compounds could serve as good 

corrosion inhibitor against metal surface protection. 

4. CONCLUSION 

Based on the above results, following conclusion can be drawn, 

 Phytochemical screening, weight loss measurements, and quantum analysis confirmed the corrosion preventive 

property of MCS in 1N HCl medium. The investigation shows MCS extract as an excellent inhibitor for mild 

steel corrosion in 1N HCl. 

 The qualitative analysis of MCS showed the presence of alkaloids, saponins, tannins, flavonoids, terpenoids, 

coumarins, phenols and steroids. 
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 Weight loss measurements establish that inhibition efficiency increased with increase in concentration of 

inhibitor from 0.1% v/v to 2.5% v/v at room temperature. MCS extract had 95.06% inhibition efficiency in 1N 

HCl for the immersion period of 7h at 2.5 %v/v  

 From quantum analysis on bioactive molecules of MCS, Curcubitacin had highest inhibition efficiency because 

it possessed highest EHOMO energy in comparison with the other derivatives and it was more capable of offering 

electrons.  

 Mulliken population analysis on Vicine and Curcubitacin possess sites for nucleophilic and electrophilic attacks 

that aid adsorption on to mild steel surface as obtained from quantum chemical calculations. The Quantum 

chemical calculations are also in good agreement with the experimental results. 

All the result of investigation indicates that MCS in acid can be used as corrosion inhibitors for mild steel. Further, 

as these extracts are environmental friendly, they can be considered as green corrosion inhibitors. 
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