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Abstract: 4-(2-chlorophenyl)hydrazineylidene-1-phenyl-2-pyrazolin-5-one derivatives (2-CPH) were 

examined as safe corrosion hindrance for 304 stainless steel (SS 304) in 1.0 M HCl utilizing weight 

loss (WL) and electrochemical tests such as potentiodynamic polarization (PP), electrochemical 

impedance spectroscopy (EIS) and electrochemical frequency modulation (EFM). The outcome data 

displayed that the protection efficiency (IE%) rises with improving the dose of 2-CPH compounds and 

lower with raising the temperature. The adsorption of these inhibitors on the surface of SS 304 follows 

Langmuir isotherm. The 2-CPH are the best inhibitors for the dissolution of SS 304 in 1M HCl and they 

are mixed kind inhibitors. Quantum calculations (QM) display the impact of the chemical structure of 

the 2-CPH on its %IE. Additionally, 304 stainless surface topography in one molar HCl solution without 

and with 2-CPH compounds appending utilizing atomic force microscopy (AFM) approves the 

protection of 304 stainless via adsorbed 2-CPH compounds by a formed protective layer. 
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1. Introduction 

Stainless steel is a popular choice for the uses because best mechanical properties [1] 

and good dissolution resistance [2] SS is the main construction material, which is widely 

utilized in most of the main manufacturing. The corrosion hindrance of these metal alloys has 

been qualified to create an oxide film on the surface of SS [3, 4]. This time, it is a major training 

to utilized corrosion protectors to increase the dissolution resistance of 304 SS. Specifically, 

the corrosion hindrance of 304 SS in an acid environment with inhibitors is significant as the 

alloy often gets subjected to acids throughout procedures. The impact of numerous organic 

inhibitors in corrosion hindrance of 304 SS in the acid environment has been examined [5, 6]. 

Organic composites having N, O, S, or P atom (i.e., hetero-atoms), multiple bonds or aromatic 

systems which can be adsorbed on the superficial of alloy concluded lone pair of electrons 

and/or π-electrons are frequently verified to be remarkably effective inhibitors versus 

dissolution [7, 8]. Composites inclosing pyrazolinone moiety, are known to display diverse 

pharmacological activities [9-11].  

In the current work, the impact of 2-CPH compounds as a safe inhibitor for the 

dissolution of 304 SS in 1M HCl was tested at altered temperatures. In this paper, the 2-CPH 
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compounds were utilized as inhibitors because 2-CPH compounds include multiple active 

centers, and they have a distinct affinity to protect SS 304 corrosion in HCl.             

The inhibition proficiency of 2-CPH compounds for SS corrosion in 1 M HCl was 

estimated by WL, PP, EIS, and EFM. Finally, several methods have been used to study the 

inhibition behavior, including the theoretical and experimental data were matched. 

2. Materials and Methods 

 2.1. Materials and solutions. 

The SS 304 specimens used for WL and electrochemical tests have the chemical 

conformation of (wt.%): 0.08 C, 0.75 Si, 18-20 Cr, 2.0 Mn, 10. 5 Ni, 0.045 P, and the rest Fe.  

The examined 2-CPH compounds were produced, conferring to the techniques 

demonstrated in previously published papers [9-11]. These compounds are existing in Table 1. 

All preparation of the aggressive solution was done by utilizing distilled water to dilute 

analytical reagent grade 34% HCl to obtain the desired dose 1 M HCl. The stock solutions of 

2-chlorophenyl hydrazine (2-CPH) derivatives 10-3 M were diluted with distilled to ready doses 

range from (4x10-6 – 24x10-6 M). 

Table 1. The Chemical structure of 2-CPH derivatives. 

Inhibitor Structure 
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2.2. Corrosion inhibition evaluation. 

2.2.1. WL test. 

Samples of 304 stainless with a dimension of 2 × 2 × 0.2 cm2 were scratched with 

altered grades of emery papers from 400 to 1200 rinsed by doubled-distilled many times and 

dried. Consequently exact massed, the 304 SS sheets were put in a glass bottle (open system), 
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encloses 50 ml of HCl attendance, and lack adding an altered dose of 2-CPH compounds for 3 

hrs. After every 30 min. the 304 SS were gotten, washed, dried, and massed prudently. The 

average WL (mg cm-2) of the seven coins SS 304 should be obtained. 

The grade of surface coverage (θ) and (IE %) of 2-CPH for SS 304 dissolution in 1 M 

HCl were measured from equation (1):  

%𝐼𝐸 = 𝜃 × 100 = [1 −
𝑊

𝑊°
] × 100  (1) 

“where Wo and W are the values of the average WL without and with the addition of 2-CPH 

compounds, respectively.” 

2.2.2. Electrochemical tests. 

All electrochemical measurements were applied into a three electrodes electrochemical 

cell including, the working electrode is SS 304, the reference electrode is Ag/AgCl, and the 

counter electrode is a platinum disk. Before each electrochemical test, the SS 304 electrode 

was immersed for 30 min in the solution to provide the possibility to the open circuit potential 

(OCP) to achieve a steady-state. Each experiment was achieved on a freshly abraded electrode 

utilizing a newly prepared electrolyte. 

PP acquired by sweeping the electrode potential from -500 to 500 mV vs. (OCP), with 

a sweep rate of 1 mVs-1. (IE%) and (θ) is measured from (icorr) in equation (2). 

%𝐼𝐸 = 𝜃 × 100 = [1 −
𝑖𝑐𝑜𝑟𝑟

𝑖𝑐𝑜𝑟𝑟
° ] × 100   (2) 

“where 𝑖°𝑐𝑜𝑟𝑟  and 𝑖𝑐𝑜𝑟𝑟 are corrosion current densities in the absence and existence of inhibitor, 

respectively”. 

EIS tests have executed in the experiment by applying AC signals range from (100 kHz 

to 0.1 Hz), with an amplitude of peaks 5mV at OCP. All the outcomes of impedance were 

agreeable with the suitable equivalent circuit employing the Gamry Echem program, and (IE%) 

and (θ) are measured by utilizing the charge transfer resistance (Rct)  as a function of the 

performance of protection.  

%𝐼𝐸 = 𝜃 × 100 = [1 −
𝑅𝑐𝑡
°

𝑅𝑐𝑡
] × 100                  (3) 

“where Ro
ct  and Rct are the charge-transfer resistance values without and with inhibitor 

respectively” 

EFM technique was achieved by relating two sine waves of 2 and 5 Hz [12, 13]. The 

parameters (icorr), CF-2 and CF-3, and (βc and βa) have been measured [14]. (θ) and (%IE) are 

determine conferring to equation (2) like the PP. 

All electrochemical techniques were executed using Potentiostate/Galvanostate (PCI4-

G750) with Gamry framework software for measurements, linked to a PC for data documented 

and saved. 

2.3. Surface analysis. 

SS coins attendance and lack is dipping to 1 M HCl attendance and lack appending 

24x10-6 M 2-CPH compounds for 24 hrs. , The surface morphology of 304 stainless coins was 

accepted by Pico SPM2100 for AFM analysis. 
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2.4. Quantum chemical calculations (QM).  

QM calculations were realized utilizing Materials Studio style 7.0 from Accelrys Inc. 

USA [15-17]. DMol3 model was utilized for QM by relating GGA technique with DNP origin 

set and BOP functional encloses COSMO controls [18-21]. 

3. Results and Discussion 

3.1. WL tests. 

The WL bends for SS 304 in mg cm-2 of the surface area dissolution in 1 M HCl 

existence and lack appending of altered doses of 2-CPH1 are displayed in Fig. 1 for 2-CPH1. 

The time-WL lines gotten in the attendance of 2-CPH1 are found under that of 1M HCl (blank). 

When the 2-CPH1 doses rise, WL is lowered, θ rises, and the %IE improves. %IE’s are 

recorded in Table 2. This is initiated by the adsorption of 2-CPH on SS 304 surface producing 

a coating layer that separates the SS 304 from the aggressive environment and reduces the 304 

stainless dissolutions. Therefore, the rate of dissolution reductions, with doses increases [22]. 

The order of %IE for 2-CPH compounds are determined from the calculated values of % IE is 

as the following: 

2-CPH1 > 2-CPH2 > 2-CPH3. 

 
Figure 1. Time WL diagrams for SS 304 in 1 M HCl with and without various doses of 2-CPH1 at 30 ᵒC. 

Table 2. The corrosion rate (C.R) and (%IE) for SS304 dipping in 1 M HCl and the existence of 2-CPH 

derivatives from WL tests at 30oC. 

Inhibitor 
Conc. 

µM 

C.R. 

mg cm−2min−1 
θ %IE 

1 M HCl 0 0.0123 - - 

2
-C

P
H

1
 

4 0.0042 0.653 65.3 

8 0.003 0.751 75.1 

12 0.0019 0.839 83.9 

16 0.0019 0.84 84 

20 0.0015 0.873 87.3 

24 0.0012 0.897 89.7 

2
-C

P
H

2
 

4 0.0046 0.626 62.6 

8 0.0031 0.742 74.2 

12 0.0026 0.786 78.6 

16 0.0025 0.794 79.4 

20 0.0019 0.839 83.9 

24 0.0014 0.881 88.1 

2
-C

P
H

3
 

4 0.0041 0.662 66.2 

8 0.003 0.751 75.1 

12 0.002 0.831 83.1 

16 0.0024 0.804 80.4 

20 0.0018 0.848 84.8 

24 0.0017 0.859 85.9 
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3.2. Adsorption isotherm. 

Several tests were made to fit the investigational data to altered isotherms. Altered 

adsorption isotherms were utilized to fit θ values to several isotherms counting Frumkin, 

Langmuir, Temkin, and Freundlich; it was found that the Langmuir isotherm is the most 

appropriate isotherm for our outcomes data and can be displayed by (Eq. 4) [23]: 

𝐶

𝜃
=

1

𝐾𝑎𝑑𝑠
+ 𝐶                (4) 

“where C is the concentration (M) of the inhibitor in the bulk electrolyte, θ is the degree of 

surface coverage, Kads is the adsorption equilibrium constant (M-1)” 

For 2-CPH the linear regressions among C/θ and C are displayed in Fig. 2. The Kads 

could be determined from the intercepts, and the standard free adsorption energy (∆Go
ads) can 

be computed from the Kads values as follows [24]:  

𝑙𝑜𝑔 𝐾𝑎𝑑𝑠 = − 𝑙𝑜𝑔 5 5.5 −
𝛥𝐺𝑎𝑑𝑠

°

2.303𝑅𝑇
   (5) 

“where 55.5 is the molar concentration of water in the solution in mol/ L, R is the gas constant 

(8.314 J K-1mol-1), T is the absolute temperature (K)” 

 
Figure 2. Langmuir bends for the adsorption of 2-CPH1 on SS 304 in 1M HCl at various temperatures. 

 
Figure 3. Plots of log Kads vs. 1/ T for corrosion of SS 304 in 1 M HCl in the absence and existence of altered 

doses of 2-CPH derivatives. 

The ∆Go
ads data at all temperatures are listed in Table 3. The (∆Ho

ads.) was assessed 

based on the Van’t Hoff equation. 
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𝑙𝑜𝑔 𝐾 𝑎𝑑𝑠 = −
𝛥𝐻𝑎𝑑𝑠

°

2.303𝑅𝑇
+ constant                           (6) 

Table 3. The adsorption isotherm results for dissolution of SS 304 in 1 M HCl solution in the attendance of 2-

CPH derivatives at altered temperature. 

Inhibitor 

 
Temp, ℃ 

3K x10 
1-M 

adsΔG° 
1−kJ mol 

adsΔH° adsΔS° 

2
-C

P
H

1
 

30 463.336 -43.011 -27.74 50.392 

35 387.517 -43.263 -27.74 50.392 

40 319.462 -43.462 -27.74 50.224 

45 277.567 -43.785 -27.74 50.448 

2
-C

P
H

2
 

30 408.308 -42.692 -14.19 94.068 

35 378.813 -43.205 -14.19 94.204 

40 341.979 -43.640 -14.19 94.089 

45 316.063 -44.128 -14.19 94.146 

2
-C

P
H

3
 

30 581.550 -43.584 -14.85 94.818 

35 531.344 -44.072 -14.85 94.863 

40 470.566 -44.471 -14.85 94.622 

45 446.181 -45.040 -14.85 94.926 

 

Plotting (log Kads) vs. (1/T) gives a straight line as demonstrated in Fig. 3, the slope = 

(-∆Ho
ads /2.303R), from this slope; the ∆Ho

ads data was measured and is arranged in Table 3. 

Then by applying the following equation [25]: 

𝛥𝐺𝑎𝑑𝑠
° = 𝛥𝐻𝑎𝑑𝑠

° − 𝑇𝛥𝑆𝑎𝑑𝑠
°               (7) 

The data present in Table 3 confirm the spontaneous adsorption of 2-CPH extricate on 

the 304 stainless surfaces, through the negative data obtained G0
ads, whose negative value 

(spontaneous) when negative values are greater than 40 kJ /mol, adsorption is chemical 

adsorption, representative the creation of coordinate bonds among an active site of 2-CPH (N, 

O, benzene ring) and empty d-orbitals of the iron [26, 27]. ΔH°
ads had a negative sign for the 2-

CPH display the adsorption of 2-CPH composite is an exothermic process. ΔS°
ads had a positive 

sign for the 2-CPH with no noticeable variation at altered temperatures suggest that change at 

various temperatures indicate that 2-CPH molecules were adsorbed or accompanied by water 

molecules desorbed from the 304 stainless, which increases the randomness [28].  

3.3. PP evaluation. 

PP bends for SS 304 dissolution in 1 M HCl existence and lack altered 2-CPH1 doses 

at 25°C are demonstrated in Fig. 4. In which an electrochemical solution’s potential is formed, 

and Ecorr is measured, icorr from the Tafel curve (io
corr),  and IE% are reported in Table 4             

[29, 30]. 

PP bends for 304 stainless in 1.0 M HCl, in the existence and lack of 2-CPH dose are 

displayed in Fig. 4. The parallel Tafel lines βa & βc indicate that both anodic and cathodic 

mechanisms do not impact adding the 2-CPH to the corrosive environment. The data in Table 

4 displays that the lower icorr data in the existence of 2-CPH without affecting important 

exchanges in Ecorr recommends that the 2-CPH is a mixed kind [31, 32]. %IE behaviors of the 

2-CPH composite signify their affinity to lower both anodic reaction and cathodic of 304 SS in 

1 M HCl by protected active centers [33]. The order of %IE for 2-CPH is: 2-CPH1 > 2-CPH2 

> 2-CPH3, which agrees with obtained results from weight loss results. 
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Figure 4. PP for SS 304 in 1 M HCl without and with various doses of 2-CPH1 at 25°C. 

Table 4: Polarization results for SS 304 in 1 M HCl, including the altered dose of 2-CPH derivatives at 25°C.  

Concentration, µM 

 corr,i
2-µAcm 

mVcorr, E- 
 ,ab

 mV/decade 
 ,cb-

mV/decade 

C.R., 

mpy 
 %IE 

1M HCl 71.10 354.0 46.3 105.7 32.47 -- -- 

2
-C

P
H

1
 

4 28.10 339.0 67.1 113.9 12.850 0.605 60.5 

8 19.70 329.0 57.1 121.6 8.988 0.723 72.3 

12 12.20 330.0 52.1 111.7 5.552 0.828 82.8 

16 10.40 320.0 51.2 111.7 4.764 0.854 85.4 

18 8.43 328.0 52.6 122.1 4.307 0.881 88.1 

20 5.27 328.0 64.2 119.7 2.406 0.926 92.6 

2
-C

P
H

2
 

4 33.00 335.0 38.6 113.3 15.060 0.536 53.6 

8 23.70 331.0 34.3 109.7 9.446 0.667 66.7 

12 14.40 334.0 39.4 112.7 6.580 0.797 79.7 

16 12.50 332.0 42.0 121.1 5.722 0.824 82.4 

18 10.10 339.0 38.7 123.1 5.016 0.858 85.8 

20 7.14 342.0 39.3 115.8 2.803 0.900 90.0 

2
-C

P
H

3
 

4 36.80 335.0 43.0 117.7 16.830 0.482 48.2 

8 26.30 336.0 41.6 128.2 12.000 0.630 63.0 

12 18.90 333.0 49.2 116.1 8.618 0.734 73.4 

16 14.8 327.0 33.4 119.6 5.863 0.792 79.2 

18 11.20 339.0 39.2 118.2 5.109 0.842 84.2 

20 8.65 321.0 33.3 122.9 3.947 0.878 87.8 

3.4. Electrochemical impedance evaluation. 

Figs. 5a, b displays the Nyquist and Bode diagrams for 304 stainless surface dipping at 

1.0 M HCl lack and existence of altered 2-CHP1 doses at 25°C as the 2-CHP1 dose decreased, 

the diameter of the semicircle rises [34]. The deflection from the perfect semicircle normally 

owed to the dispersal of frequencies and the surface’s inhomogeneity, grain boundaries, and 

impurities [35]. 

In Fig. 6, the equivalent circuit investigated the EIS spectra for 304 stainless 

dissolutions in 1 M HCl attendance and lack is appending 2-CPH. The equivalent circuit 

contained (Rct), (Rs), and (CPE). The impedance ZCPE can be assessed from the following 

equation (8) [36]: 

𝑍𝐶𝑃𝐸 =
1

𝑌0(𝑗𝜔)𝑛  (9) 

“where Y0 is the admittance of the CPE, j is the imaginary number, 𝜔 is the angular frequency 

and n is the CPE exponent defined as phase shift”.  
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Figure 5. The Nyquist (a) and Bode (b) bends for SS 304 in 1 M HCl with and without of altered dose of 2-

CPH1 at 25ᵒ C. 

 
Figure 6. Equivalent electrical circuit utilized to fit the impedance data. 

The data of n exponent (Table 5) show an exchange from 0.782 to 0.872 representative 

non-ideal capacitive behavior, which assigned to the heterogeneity of 304 stainless surfaces 

remaining to the surface roughness [36, 37].  

Table 5 reported the EIS parameters. Increasing the doses of the 2-CPH raises the (Rct) 

owing to the rises in the thickness of the adsorbed layer and lower the (Cdl), as a result of the 

thickness rising of the electrical double layer or/and the lesser in the dielectric constant due to 

the substitution of the adsorbed water molecules on 304 stainless by the 2-CPH molecules, 

recommends that the 2-CPH molecules function by adsorption at the 304SS/interface [38]. The 

order of %IE for 2-CPH is: 2-CPH1 > 2-CPH2 > 2-CPH3, which agrees with obtained results 

from WL and PP results. 
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Table 5. EIS parameters for SS 304 in 1 M HCl in the attendance and lack altered dose of 2-CPH derivatives at 

25℃. 

concentration, µM 

,sR  ,ctR  
,0Y 

n 
dl,C 

2-µFcm  
ϴ %IE 2ohm cm 2kohm cm 

    2-cm nµohm s 

blank 0.88 165.60 382.70 0.872 254.90 -- -- 

2
-C

P
H

1
 

4 0.90 423.70 323.30 0.869 239.84 0.609 60.9 

8 0.86 556.40 315.70 0.852 233.27 0.702 70.2 

12 0.84 702.90 285.90 0.847 213.86 0.764 76.4 

16 0.92 822.30 274.50 0.848 210.26 0.799 79.9 

20 1.02 1326.00 256.79 0.826 204.78 0.875 87.5 

24 0.85 2129.00 237.50 0.811 202.62 0.922 92.2 

2
-C

P
H

2
 

4 0.62 395.50 325.80 0.865 236.82 0.581 58.1 

8 0.69 484.00 312.90 0.863 231.88 0.658 65.8 

12 0.80 597.00 306.34 0.836 219.51 0.723 72.3 

16 0.86 782.10 278.20 0.854 214.35 0.788 78.8 

20 0.74 1136.00 263.00 0.843 209.94 0.854 85.4 

24 0.70 1649.00 249.32 0.831 208.20 0.900 90.0 

2
-C

P
H

3
 

4 0.62 355.40 330.50 0.843 221.93 0.534 53.4 

8 0.85 415.60 252.40 0.847 167.69 0.602 60.2 

12 0.90 530.10 242.20 0.840 163.63 0.688 68.8 

16 0.69 688.60 239.00 0.817 159.63 0.760 76.0 

20 0.73 990.80 226.30 0.805 157.69 0.833 83.3 

24 0.83 1347.00 218.46 0.782 155.37 0.877 87.7 

3.5. Electrochemical frequency modulation (EFM).  

EFM technology is fast and not destructive. icorr, causal factors CF2 and CF3, and Tafel 

slopes (a and c) were determined through the higher peaks. The data obtained from EFM for 

304 stainless 1 M HCl with an altered dose of 2-CPH at 25 oC were assessed and are recorded 

in Table 6.  

 
Figure 7. EFM graphs for SS 304 in 1 M HCl with and without various concentrations of  2-CPH1 at 25oC. 
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The data detected that icorr lowered by improving the dose of 2-CPH while the IE% 

raises. The CF (causality factor) is close to their theoretical data [39, 40]. The IE% can be 

calculated as in Eq. 2. The spectra achieved from EFM in lack and attendance of altered dose 

of 2-CPH1 are displayed in Fig. 7. EFM data are in excellent agreement with the outcome data 

attained through other electrochemical tests. The order of inhibition proficiency for 2-CPH 

compounds is 2-CPH1 > 2-CPH2 > 2-CPH3, which agrees with obtained results from WL, PP, 

and EIS results. 

Table 6. Electrochemical parameters were obtained from EFM technique for SS 304 in 1 M HCl without and 

with different concentrations of 2-CPH derivatives at 25℃. 

Concentration, 

mM 

 corr,i
2-µAcm 

 ,ab

 mV/decade 
 ,cb-

mV/decade 

C.R., 

mpy 
CF-2 CF-3 q IE 

blank 98.04 85.1 94.9 44.77 2.417 2.67 -- -- 

2
-C

P
H

1
 

4 39.80 89.5 127.8 18.190 2.255 2.000 0.594 59.4 

8 30.48 74.4 96.0 13.920 1.850 3.556 0.689 68.9 

12 22.65 95.3 131.9 10.340 1.814 2.820 0.769 76.9 

16 20.00 90.6 107.8 9.131 2.138 3.945 0.796 79.6 

18 11.99 58.7 68.7 5.474 1.963 4.695 0.878 87.8 

20 7.95 83.4 102.5 3.631 2.089 2.677 0.919 91.9 

2
-C

P
H

2
 

4 41.68 80.1 99.9 19.030 2.427 3.038 0.575 57.5 

8 33.19 78.0 95.4 15.150 1.764 4.254 0.661 66.1 

12 25.18 81.2 99.2 11.500 1.429 2.308 0.743 74.3 

16 21.24 88.7 113.0 9.700 1.719 2.219 0.783 78.3 

18 14.00 79.0 104.9 6.391 1.727 2.930 0.857 85.7 

20 9.79 82.5 114.5 4.472 1.442 3.380 0.900 90.0 

2
-C

P
H

3
 

4 44.82 80.1 99.9 20.460 2.138 3.025 0.543 54.3 

8 37.73 67.7 136.2 17.230 2.054 2.790 0.615 61.5 

12 29.99 83.2 109.7 13.690 1.839 2.820 0.694 69.4 

16 24.94 71.3 119.1 11.390 1.884 2.962 0.746 74.6 

18 17.76 79.2 105.3 8.111 1.729 2.913 0.819 81.9 

20 12.96 72.7 96.3 5.919 1.857 2.872 0.868 86.8 

3.6. Surface analysis. 

Fig. 8a-e displays the 2D and 3D AFM morphology for the 304 stainless surfaces earlier 

and later sinking in 1 M HCl in the lack and existence of 24 ×10-6 M of 2-CPH compounds. 

Fig. 8a display AFM polished 304 stainless surfaces (bare metal) seems smooth, with little 

roughness (28.22 nm). After dipping in HCl (blank) for 24 hrs., dissolution happens, the 

roughness of 304 stainless rises (382.86 nm) as exposed in Fig. 8b. After 24 hrs. of dissolution, 

no pitting was detected on the 304 stainless in the attendance of 24 ×10-6 M of 2-CPH, and the 

roughness of surface reduced (115.31, 125.81, 137.22 nm) paralleled with the blank sample as 

exposed in Fig. 8c-e. The 304 stainless coins are smoothed by the adsorbed surface layers of 

the 2-CHP on the surface [41].  

3.7. Quantum chemical calculations (QM). 

The design of the relationship among the molecular structure of 2-CPH and its 

protective action gotten from QM. Table 7 demonstrations quantum chemical parameters 

measured for 2-CPH molecules, particularly ELUMO, EHOMO, the ΔE, and µ. Fig. 9 exhibitions 

optimized structure, HOMO, and LUMO for 2-CPH molecules.  

The HOMO of 2-CPH molecules is mostly sited on N, O, and phenyl pyrazolidine 

moiety, which aids electron-donating from 2-CPH molecules to the 304 stainless (Fig. 9). 2-

CPH1 has the highest EHOMO, subsequently, the best corrosion inhibition action was for 2-

CPH1 (-4.522eV) compared with 2-CPH2 (-4.657 eV) and 2-CPH3 (-4.944 eV).  
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Figure 8. 2D and 3D AFM images of the surface of SS 304 (a) before exposure in 1 M HCl solution, (b) after 

immersion in 1 M HCl for  24 hr, and (c-e) after immersion in 1 M HCl in addition to 24 ×10-6 M of 2-CPH 

derivatives 24 hr at 25°C. 
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Figure 9. The HOMO and LUMO of the 2-CPH molecules using DMol3. 
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Generally, the little data of the ΔE, the more simple to offer more electrons and 

excellent adsorption on 304 stainless surfaces [42]. Therefore, the lowest ΔE value for 2-CPH1 

molecule (1.497 eV) realizes the adsorption and improves the %IE (Table 7). 

Table 7 demonstrates the highest dipole moment for 2-CPH1 molecule (9.317 debye), which 

exposes an IE rises [43-45]. Additionally, the 2-CPH1 molecule has the highest surface area 

(393.217 Å2), which raises the interaction area among the 2-CPH1 molecule and surface of 304 

stainless or increment the area of 304 stainless coated with a molecule. 

Table 7. The calculated quantum chemical parameters for 2-CPH derivatives utilizing DMol3. 

 2-CPH1 2-CPH2 2-CPH3 

, eVHOMOE -4.522 -4.657 -4.944 

, eVLUMOE -3.025 -2.941 -2.852 

, eVHOMOE -LUMO DE = E 1.497 1.716 2.092 

Dipole moment, debye 9.317 8.958 5.370 
2Molecular surface area, Å 393.217 320.823 314.136 

3.8. Mechanism of inhibition. 

According to the test examination, methods have been used to study the inhibition 

behavior, including the theoretical and the chemical structure of 2-CPH molecules, the 

protection mechanism of 2-CPH could be recommended. The examined 2-CPH molecules in 

an acidic medium can be dissociated into cation (protonated form). The protonated 2-CPH 

molecules have various active centers, which are the N, O atoms and p-orbitals of benzene 

[46]. Hence, “the hindrance of the 2-CPH may be achieved by the contribution of two methods 

of interaction: (a) Electrostatic attraction (physical adsorption) among the protonated 2-CPH 

particles (positive sign charge) and the cathodic destinations of SS surface (negative sign 

charge). Furthermore, an electrostatic association among the Cl-particle (negative sign charge), 

and the anodic destinations of SS surface (positive charge), (b) Chemical attraction 

(chemisorption) among the N+ molecule and p-orbitals of benzene rings also, unpaired 

electrons of N, O atoms, and the vacant d-orbitals of iron surface molecules. In this way, using 

multiple sites of adsorptions, 2-CPH molecules can adhere strongly on 304 stainless surface” 

[46]. These methods of association were proportionate with the estimations of ΔG°ads, where 

the adsorption of 2-CPH is chemisorption. 

4. Conclusions 

From investigational and theoretical outcomes, we can assume that the 2-CPH 

derivatives are an excellent inhibitor to protect 304 stainless versus liquefaction in an acidic 

environment. Furtheremore, the %IE of 2-CPH derivatives raises with dose improving and the 

2-CPH molecules adsorbed on the surface of 304 stainless were accepted by dropping the data 

of Cdl matching with a blank solution when the 2-CPH derivatives are existence and also 

confirmed by AFM tests. Morever, the adsorption of the 2-CPH derivatives on the 304 stainless 

in 1M HCl is assumed as chemisorption and described by Langmuir isotherm. Finally, the %IE 

for 304 stainless surfaces utilizing 2-CPH derivatives in 1 M HCl approved by both 

experimental and theoretical tests. 
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