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Abstract—Carapichea Ipecacuanha Extract (CIE) was investigated as a green corrosion inhibitor for copper in 1 M HNO3 solution using 
weight loss, potentiodynamic polarization, electrochemical impedance spectroscopy (EIS) and electrochemical frequency modulation 
(EFM) techniques. The effect of the temperature on corrosion behavior with addition of different concentrations was studied in the 
temperature range of 25-40 ºC by weight loss method. Polarization curves reveal that the investigated extract is a mixed type inhibitor. The 
inhibition efficiency was found to increase with increase in the investigated extract concentration and decrease with increase in solution 
temperature. The adsorption of the inhibitor on copper surface was found to obey the Langmuir’s adsorption isotherm. The results obtained 
from chemical and electrochemical techniques are in good agreement. 

 Keywords: Copper, Carapichea Ipecacuanha Extract (CIE), Green Inhibitor. 
——————————      —————————— 

1 INTRODUCTION   

                                                                
 opper is a metal that has a wide range of applications 

due to its good properties. It is used in electronics, for produc-
tion of wires, sheets, tubes, and also to form alloys. The use of 
copper corrosion inhibitors in acid solutions is usually to min-
imize the corrosion of copper during the acid cleaning and 
descaling. The possibility of the copper corrosion prevention 
has attracted many researchers so until now numerous possi-
ble inhibitors have been investigated [1–3]. Most well-known 
acid inhibitor is organic compounds containing nitrogen‚ sul-
fur‚ and oxygen atoms. Among them‚ organic inhibitors have 
many advantages such as high inhibition efficiency and easy 
production [4-7]. Organic heterocyclic compounds have been 
used for the corrosion inhibition copper [8] in different corrod-
ing media. Although many of these compounds have high 
inhibition efficiencies, several have undesirable side effects, 
even in very small concentrations, due to their toxicity to hu-
mans, deleterious environmental effects, and high-cost [9]. 
Plant extract is low-cost and environmental safe, so the main 
advantages of using plant extracts as corrosion inhibitor are 
economic and safe environment. Up till now, many plant ex-
tracts have been used as effective corrosion inhibitors for cop-
per in acidic media, such as: Zenthoxylum alatum [10], Aza-
dirachta Indica [11], caffeine [12] Cannabis [13]. The inhibition 
performance of plant extract is normally ascribed to the pres-
ence of complex organic species, including tannins, alkaloids 
and nitrogen bases, carbohydrates and proteins as well as hy-
drolysis products in their composition. These organic com-
pounds usually contain polar functions with nitrogen, sulfur, 
or oxygen atoms and have triple or conjugated double bonds 

with aromatic rings in their molecular structures, which are 
the major adsorption centers. Zygophllum coccineum L, is a 
type genus of flowering plants in Zygophyllaceae family. The 
eleven species it contains are known generally as White Al-
ratrit, is widely distributed in Mediterranean, The whole plant 
has great medicinal importance, as Uses repellent worms, hy-
potensive , decrease the percentage of sugar in the blood and 
used as Antipyretic and anti-fever [14].  
        The objective of  this study was to investigate the inhibi-
tor  effect of Carapichea Ipecacuanha Extract (CIE)  as  a  green  
corrosion  inhibitor  for  copper in 1 M HNOR3R using  weight 
loss, potentiodynamic polarization, electrochemical imped-
ance spectroscopy (EIS), electrochemical frequency modula-
tion (EFM) techniques.   

2. Experimental Methods 
2.1. Materials and Solutions 
         The working electrode was made from Copper speci-
mens (99.98%) rod. The rod was mounted into a glass tube and 
fixed by araldite leaving a circle surface geometry of 1 cm di-
ameter to contact the test solution. Prior to each experiment, 
the working electrode was polished with a different grades of 
emery paper up to 1200 grade, rinsed with acetone and finally 
with doubly distilled water. The auxiliary electrode was plati-
num wire, while a saturated calomel electrode (SCE) connect-
ed to conventional electrolytic cell of capacity 100 ml.   The 
aggressive solution used was prepared by dilution of analyti-
cal reagent grade 70% HNOR3R with bidistilled water. The stock 
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solution (1000 ppm) of Carapichea Ipecacuanha Extract (CIE) 
was used to prepare the desired concentrations by dilution 
with bidistilled water. The concentration range of Carapichea 
Ipecacuanha Extract (CIE) used was 25-150 ppm. 
 
2.2. Preparation of Plant Extracts 
            Fresh aerial parts of Carapichea Ipecacuanha Extract 
(CIE) sample were crushed to make fine powder. The pow-
dered materials (250 g) were soaked in 500 ml of dichloro-
methane for 5 days and then subjected to repeated extraction 
with 5× 50 ml until exhaustion of plant materials. The extracts 
obtained were then concentrated under reduced pressure us-
ing rotary evaporator at temperature below 50°C. The di-
chloromethane evaporated to give solid extract that was pre-
pared for application as corrosion inhibitor. 
      Chemical studies have demonstrated that the Carapichea 
Ipecacuanha Extract (CIE) constituents: are the alkaloids Eme-
tine, Cephaelin and Psychotrine, of  which the bark may con-
tain from 1.5 to 2 per cent, of which about 72 per cent consists 
of Emetine and 26 per cent of Cephaelin, while only 2 per cent 
consists of Psychotrine [15,16]. 
    Emetine, to which Ipecacuanha owes its properties and 
which, with the exception of traces, occurs only in the cortical 
portion of the root, is an amorphous white powder, but it 
forms crystalline salts. It has a bitter taste, no odour and turns 
yellow when exposed to air and light. 
       Other constituents are a crystalline saponin- like gluco-
side, an amorphous, bitter glucoside, which is a modification 
of tannin, and is known as Ipecacuanhic acid, choline, resin, 
pectin, starch, sugar, calcium oxalate, odorous, fatty matter 
and a disagreeable-smelling volatile oil. 
      Cartagena Ipecacuanha contains 2 to 3 per cent more alka-
loidal matter than the Brazilian drug, but a smaller proportion 
of Emetine, Cephaelin being the alkaloid present in largest 
quantities. 
 
Carapichea ipecacuanha: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme (1): Structure of Emetine and Cephaeline Isolated from Cara-
pichea Ipecacuanha 

2.3. Weight Loss Method: 
        For weight loss measurements, square specimens of size 2 
cm x 2 cm x 0.2 cm were used. The specimens were first pol-
ished to a mirror finish using 400 and 800 grit emery paper, 
immersed in methanol and finally washed with bidistilled wa-
ter and dried before being weighed and immersed into the test 
solution. The weight loss measurements were carried out in a 
100 ml capacity glass beaker placed in water thermostat. The 
specimens were then immediately immersed in the test solution 
without or with desired concentration of the investigated com-
pound. Triplicate specimens were exposed for each condition 
and the mean weight losses were reported in order to verify 
reproducibility of the experiments. 
 
2.4. Electrochemical Measurements 
2.4.1. Potentiodynamic Polarization Measurements 
         Polarization experiments were carried out in a conven-
tional three-electrode cell with platinum gauze as the auxiliary 
electrode (1 cmP

2
P) and a saturated calomel electrode (SCE) cou-

pled to a fine Luggin capillary as reference electrode. The work-
ing electrode was in the form of a square cut from copper sheet 
of equal composition embedded in epoxy resin of polytetrafluo-
roethylene so that the flat surface area was 1 cmP

2
P. Prior to each 

measurement, the electrode surface was pretreated in the same 
manner as the weight loss experiments. Before measurements, 
the electrode was immersed in solution at natural potential for 
30 min. until a steady state was reached.  The potential was 
started from - 600 to + 400 mV vs. open circuit potential (ERocpR). 
All experiments were carried out in freshly prepared solutions 
at 25°C and results were always repeated at least three times to 
check the reproducibility. 
 
2.4.2. Electrochemical Impedance Spectroscopy 

Measurements 
        Impedance measurements were carried out using AC sig-
nals of 5 mV peak to peak amplitude at the open circuit poten-
tial in the frequency range of 100 kHz to 0.1 Hz. All impedance 
data were fitted to appropriate equivalent circuit using the 
Gamry Echem Analyst software. 

 
2.4.3 Electrochemical Frequency Modulation Technique 

        EFM experiments were performed with applying po-
tential perturbation signal with amplitude 10 mV with two sine 
waves of 2 and 5 Hz. The choice for the frequencies of 2 and 
5Hz was based on three arguments [17]. The larger peaks were 
used to calculate the corrosion current density (iRcorrR), the Tafel 
slopes (βRcR and βRaR) and the causality factors CF-2 and CF-3 [18].  
All electrochemical experiments were carried out using Gamry 
instrument PCI300/4 Potentiostat/Galvanostat/Zra analyzer, 
DC105 corrosion software, EIS300 electrochemical impedance 
spectroscopy software, EFM140 electrochemical frequency 
modulation software and Echem Analyst 5.5 for results plotting, 
graphing, data fitting and calculating. 
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3- Results and Discussion 
3.1. Weight Loss Measurements 

        Figure (1) represents the weight loss-time curves for 
copper in 1 M HNO3 in the absence and presence of different 
concentrations of Carapichea Ipecacuanha Extract (CIE). The 
weight loss values are used to calculate the corrosion rate (R) in 
mmy-1 by Eq. (1):  

 
R = (weight loss in gram x 8.75 x 104) /DAT                                           (1) 
 

        Where D is copper density in g cmP

-3
P, A is exposed area in 

cmP

2
P; T is exposure time in hr.The inhibition efficiency (%IE) and 

the degree of surface coverage (θ) were calculated from Eq. (2): 
    

% IE= θ x 100 =[(R*- R) / R*] x 100                                              (2) 
 

           Where R* and R are the corrosion rates of copper in the 
absence and in the presence of inhibitor, respectively. 

     Table (1) collects the values of inhibition efficiency ob-
tained from weight loss measurements in 1 M HNOR3R at 25°C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Weight Loss-Time Curves for the Dissolution of Copper in the Ab-
sence and Presence of Different Concentrations of Carapichea Ipecacu-
anha Extract (CIE) in 1M HNO R3R at 25P

o
PC. 

TABLE 1 
 VARIATION OF INHIBITION EFFICIENCY (%IE) OF CARAPICHEA IPE-

CACUANHA EXTRACT (CIE) WITH ITS DIFFERENT CONCENTRATIONS 
AT 25P

O
PC FROM WEIGHT LOSS MEASUREMENTS AT 60 MIN IMMER-

SION IN 1M HNOR3 
 
 
 
 
 
 
 

 
 
 
 

 

 
 
3.2. Adsorption Isotherm 

    It is generally assumed that the adsorption of the inhibi-
tors on the metal surface is essential step in the inhibition 
mechanism [19]. 

          To calculate the surface coverage (θ) it was assumed 
that the inhibitor efficiency (%IE) is due mainly to the blocking 
effect of the adsorbed species so (%IE = θ x100) [20]. In order 
to gain insight into the mode of adsorption of Carapichea Ipe-
cacuanha Extract (CIE) on copper surface, the surface coverage 
values from weight loss technique were theoretically fitted 
into different adsorption isotherms and the values of correla-
tion coefficient (RP

2
P) were used to determine the best-fit iso-

therm. Figure (2) shows the plot (C/θ) vs. (C), which is typical 
of Langmuir adsorption isotherm at different temperatures. 
The deviation of the slope from unity, as observed from this 
study, could be interpreted to mean that there are interaction 
between adsorbate species on the copper surface as well as 
changes in adsorption heat with increasing surface coverage 
[21, 22], factors that were ignored in the derivation of Lang-
muir isotherm. 
The Langmuir isotherm is given by Eq. (3) [23]: 

                                                                                                   (3)  
 
      Where (C) is the inhibitor concentration and (K) is the 

equilibrium constant of adsorption process and is related to 
the standard free energy of adsorption (ΔG˚ads) by Eq.( 4): 

 
                                                                                                  (4) 
 
           The value of (55.5) is the concentration of water in so-

lution expressed in mole per liter, (R) the universal gas con-
stant and (T) the absolute temperature. The calculated (ΔG˚RadsR) 
values were also given in Table (2). The negative values of 
(ΔG˚RadsR) ensure the spontaneity of the adsorption process and 
the stability of the adsorbed layer on the copper surface [24]. It 
is well known that values of (ΔG˚RadsR) of the order of -40 kJ molP

-

1 
Por higher involve charge sharing or transfer from the inhibi-

tor molecules to metal surface to form coordinate type of bond 
(chemisorption); those of order of -20 kJ mol-1 or lower indi-
cate a physisorption [25, 26]. The calculated (ΔG˚RadsR) values 
Table (2) were less negative than -20 kJ molP

-1
P indicate, there-

fore, that the adsorption mechanism of CIE on copper in 1 M 
HNOR3R solution is typical of physisorption. The lower negative 
values of (ΔG˚RadsR) indicate that this inhibitor is not strongly 
adsorbed on the copper surface. Moreover, the adsorption 
heat can be calculated according to the van’t Hoff equation 
[27]:  
LnKRadsR=∆H°Rads R/ RT+const.                                                           
(5) 

That is: 
Ln (KR2adsR/KR1adsR) =-∆H°Rads R/R (1/TR2R-1/TR1R)                                       
(6) 

           Where ∆H° is the adsorption heat, R is the gas con-
stant, T is the absolute temperature, KR1R and KR2R are the adsorp-
tive equilibrium constants at TR1R and TR2R, respectively. In con-
sideration that the experiments precede at the standard pres-
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sure and the solution concentrations are not very high, which 
are close to the standard condition, the calculated adsorption 
heat thus can be approximately regarded as the standard ad-
sorption heat ∆H°ads. The negative values of ∆H° Table (2) 
reflect the exothermic behavior of the adsorption of Cara-
pichea Ipecacuanha Extract (CIE) on the copper   surface. Fi-
nally, the standard adsorption entropy ∆S°ads can be calculat-
ed by the following Eq. (7): 

 
∆S°ads= (∆H°ads - ∆G°ads) /T                                                        (7) 

        The (∆S°ads) values from Table (2) are positive, which 
are opposite to the usual expectation that the adsorption is an 
exothermic process and always accompanied by a decrease of 
entropy. The reason can be explained as follows: the adsorp-
tion of  Carapichea Ipecacuanha Extract (CIE) inhibitor mole-
cules from the aqueous solution can be regarded as a quasi-
substitution process between the Carapichea Ipecacuanha Ex-
tract (CIE) in the aqueous phase and water molecules at the 
electrode surface [H2O(ads)] [28-31]. In this situation, the ad-
sorption of Carapichea Ipecacuanha Extract (CIE) is accompa-
nied by the desorption of water molecules from the copper 
surface .Thus, while the adsorption process for the inhibitor is 
believed to be exothermic and associated with a decrease in 
entropy of the solute ,the opposite is true for the solvent [32]. 
The thermodynamic values obtained are the algebraic sum of 
the adsorption of Carapichea Ipecacuanha Extract (CIE) inhibi-
tor molecules and the desorption of water mole-
cules.Therefore, the gain in entropy is attributed to the in-
crease in solvent entropy. The positive values of (∆S°ads) sug-
gest that the adsorption process is accompanied by an increase 
in entropy, which is the driving force for the adsorption of 
Carapichea Ipecacuanha Extract (CIE) on the copper surface. 
Table (2) lists all the above calculated thermodynamic parame-
ters. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. 2. Langmuir Adsorption Plots for Copper Dissolution in 1M HNO3 are 
Containing Various Concentrations of Carapichea Ipecacuanha Extract 
(CIE) at Different Temperatures 

 

 

 

 

 

 

 
 
 
 
 
 

 

Fig.3. (log kads) vs. (1/T) for the Corrosion of Copper in 1M HNO3 in the 
Presence of Carapichea Ipecacuanha Extract (CIE) 

 
TABLE 2 

 THERMODYNAMIC PARAMETERS FOR THE ADSORPTION OF CARA-
PICHEA IPECACUANHA EXTRACT (CIE) ON COPPER SURFACE IN 1M 

HNOR3R AT DIFFERENT TEMPERATURES 
 
 
 
 
 
 
 
 
 

 
 
 
3.3. Effect of Temperature 

         The effect of temperature on the inhibited acid-metal 
reaction is highly complex, because many changes occur on 
the metal surface, such as rapid etching and desorption of the 
inhibitor and the inhibitor itself, in some cases, may undergo 
decomposition and/or rearrangement. Generally the corrosion 
rate increases with the rise of temperature. It was found that 
the inhibition efficiency decreases with increasing temperature 
and increases with increasing the concentration of the inhibi-
tor. The activation energy (E*RaR) of the corrosion process was 
calculated using Arrhenius Eq.(8) [33]: 
 

K =Aexp (-E*RaR / RT)                                                              (8) 
 
      Where K corrosion rate, A is Arrhenius constant, R is 

the gas constant and T is the absolute temperature. 
     The values of activation energies E*RaR can be obtained 

from the slope of the straight lines of plotting log K vs. 1/T in 
the presence and absence of Carapichea Ipecacuanha Extract 
(CIE) at various temperatures Figure (4) and are given in Table 
(3), it is noted that the values of activation energy increase in 
the presence of inhibitor and with increase of the concentra-
tion of the inhibitor. This is due to the presence of a film of 
inhibitor on copper surface. The activation energy for the cor-
rosion of copper in 1 M HNOR3R was found to be 42.4 kJ molP

-1
P 

which is in good agreement with the work carried out by Fou-

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 6, Issue 9, September-2015                                                                                                  765 
ISSN 2229-5518  

IJSER © 2015 
http://www.ijser.org  

da et al [34] and others [35,36]  An alternative formulation of 
the Arrhenius equation is the transition state Eq.(9) [37]: 

 
K = RT/Nh exp (ΔS*/R) exp (-ΔH*/ RT)                           (9) 
       
   Where h is Planck’s constant, N is Avogadro’s number, 

ΔS* is the entropy of activation and ΔH* is the enthalpy of ac-
tivation. Figure (5) shows a plot of log (K/T) vs. (1/T). 
Straight lines are obtained with a slope of (Δ H*/2.303 R) and 
an intercept of (log R/Nh + ΔS*/2.303 R) from which the val-
ues of ΔH* and ΔS* are calculated and also listed in Table (3). 
From inspection of Table (3) it is clear that the positive values 
of ∆H* reflect that the process of adsorption of the inhibitors 
on the copper surface is an endothermic process; it is attribut-
able unequivocally to chemisorption. Typically, the enthalpy 
of a chemisorption process approaches 100 kJ mol-1 [38]. More 
interesting behavior was observed in Table (3) that positive 
∆S* values is accompanied with endothermic adsorption pro-
cess. This is agrees with what expected, when the adsorption 
is an endothermic process, it must be accompanied by an in-
crease in the entropy energy change and vies versa [39]. 

 
      It is seen that investigated Carapichea Ipecacuanha Ex-

tract (CIE) has inhibiting properties at all the studied tempera-
tures and the values of %IE decrease with temperature in-
crease. This shows that the inhibitor has experienced a signifi-
cant decrease in its protective properties with increase in tem-
perature. This decrease in the protective properties of the in-
hibitor with increase in temperature may be connected with 
two effects; a certain drawing of the adsorption-desorption 
equilibrium towards desorption (meaning that the strength of 
adsorption process decreases at higher temperatures) and 
roughening of the metal surface which results from enhanced 
corrosion. These results suggest that physical adsorption may 
be the type of adsorption of the inhibitor on the copper sur-
face. 
 
 
 
 
 
 
 
 
 

 
 

 

 

Fig. 4. Arrhenius (log k vs 1/T) for Corrosion of Copper in 1M HNO R3R in the 
Absence and Presence of Different Concentrations of Carapichea Ipecac-
uanha Extract (CIE). 

 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 5. Plots of (log k/T) vs.1/T for Corrosion of Copper in 1 M HNOR3R in the 
Absence and Presence of Different Concentrations of Carapichea Ipecac-
uanha Extract (CIE). 

 TABLE 3 
 ACTIVATION PARAMETERS FOR COPPER CORROSION IN THE AB-
SENCE AND PRESENCE OF VARIOUS CONCENTRATION OF CARA-

PICHEA IPECACUANHA EXTRACT (CIE) IN 1M HNOR3 

 
 
 
 
 
 
 
 
 
 

 
 
 
3.4. Potentiodynamic Polarization Measurements  

      Theoretically, copper can hardly be corroded in the de-
oxygenated acid solutions, as copper cannot displace hydro-
gen from acid solutions according to the theories of chemical 
thermodynamics [40-42]. However, this situation will change 
in nitric acid. Dissolved oxygen may be reduced on copper 
surface and this will allow corrosion to occur. It is a good ap-
proximation to ignore the hydrogen evolution reaction and 
only consider oxygen reduction in the nitric acid solutions at 
potentials near the corrosion potentials [43].  

Polarization measurements were carried out in order to 
gain knowledge concerning the kinetics of the cathodic and 
anodic reactions.  Figure (6) shows the polarization behavior 
of copper electrode in 1 M HNOR3R in the absence and presence 
of various concentrations of Carapichea Ipecacuanha Extract 
(CIE). Figure (6) shows that both the anodic and cathodic reac-
tions are affected by the addition of  investigated Carapichea 
Ipecacuanha Extract (CIE) and the inhibition efficiency in-
creases as the inhibitor concentration increases, but the ca-
thodic reaction is more inhibited, meaning that the addition of 
Carapichea Ipecacuanha Extract (CIE) reduces the anodic dis-
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solution of copper and also retards the cathodic reactions. 
Therefore, investigated Carapichea Ipecacuanha Extract (CIE) 
is considered as mixed type inhibitor. The values of electro-
chemical parameters such as corrosion current densities (icorr), 
corrosion potential (Ecorr), the cathodic Tafel slope (βc), anodic 
Tafel slope (βa) and inhibition efficiency (% IE) were calculat-
ed from the curves of Figure (6) and are listed  in Table (4). 
The results in Table (4) revealed that the corrosion current 
density decreases obviously after the addition of inhibitor in 1 
M HNO3 and % IE increases with increasing the inhibitor con-
centration. In the presence of inhibitor Ecorr was enhanced 
with no definite trend, indicating that Carapichea Ipecacuanha 
Extract (CIE) act as mixed–type inhibitor in 2 M HNO3. The 
inhibition efficiency was calculated using Eq. (10): 

  
% IEp = [(iocorr – icorr) / iocorr] x 100                                 (10)                                                                          
  Where iocorr and icorr are the uninhibited and inhibited 

corrosion current densities, respectively.   
    Also it is obvious from Table (4) that the slopes of the an-

odic (βa) and cathodic (βc) Tafel lines remain almost un-
changed upon addition of Carapichea Ipecacuanha Extract 
(CIE), giving rise to a nearly parallel set of anodic lines, and 
almost parallel cathodic plots results too. Thus the adsorbed 
inhibitor acts by simple blocking of the active sites for both 
anodic and cathodic processes. In other words, the adsorbed 
inhibitor decrease the surface area for corrosion without af-
fecting the corrosion mechanism of copper in 1M HNOR3R solu-
tion, and only causes inactivation of a part of the surface with 
respect to the corrosive medium [44,45].  
     

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. Potentiodynamic Polarization Curves for the Corrosion of Copper in 
1 M HNO R3R in the Absence and Presence of Various Concentrations Cara-
pichea Ipecacuanha Extract (CIE) at 25°C. 

 
 
 
 
 
 
 
 

 
TABLE 4 

 THE EFFECT OF CONCENTRATION OF THE INVESTIGATED CONCEN-
TRATIONS OF CARAPICHEA IPECACUANHA EXTRACT (CIE) ON THE 
FREE CORROSION POTENTIAL (ERCORRR), CORROSION CURRENT DEN-
SITY (IRCORRR), TAFEL SLOPES (ΒRAR& ΒRCR), INHIBITION EFFICIENCY (% 
IE), AND DEGREE OF SURFACE COVERAGE FOR THE CORROSION OF 
COPPER IN 1M HNOR3R  AT 25 P

O
PC. 

 
3.5 Electrochemical Impedance Spectroscopy (EIS) 
          EIS is well-established and powerful technique in the 
study of corrosion. Surface properties, electrode kinetics and 
mechanistic information can be obtained from impedance dia-
grams [46-50].  Figure (7) shows the Nyquist (a) and Bode (b) 
plots obtained at open-circuit potential both in the absence 
and presence of increasing concentrations of investigated Car-
apichea Ipecacuanha Extract (CIE) at 25°C. The increase in the 
size of the capacitive loop with the addition of Carapichea 
Ipecacuanha Extract (CIE) shows that a barrier gradually 
forms on the copper surface. The increase in the capacitive 
loop size (Figure 7a) enhances, at a fixed inhibitor concentra-
tion. Bode plots (Figure 7b), shows that the total impedance 
increases with increasing inhibitor concentration (log Z vs. log 
f). But (log f vs. phase), also Bode plot shows the continuous 
increase in the phase angle shift, obviously correlating with 
the increase of inhibitor adsorbed on copper surface. The 
Nyquist plots do not yield perfect semicircles as expected from 
the theory of EIS. The deviation from ideal semicircle was 
generally attributed to the frequency dispersion [51] as well as 
to the inhomogenities of the surface. 
          EIS spectra of the Carapichea Ipecacuanha Extract (CIE)    
were analyzed using the equivalent circuit, Figure. (8), which 
represents a single charge transfer reaction and fits well with 
our experimental results. The constant phase element, CPE, is 
introduced in the circuit instead of a pure double layer capaci-
tor to give a more accurate fit [52].The double layer capaci-
tance, Cdl, for a circuit including a CPE parameter (YR0R and n) 
were calculated from Eq. (11) [53]: 
 
CRdlR = YR0R ω P

n-1
P / sin [n (π/2)]                                                    (11) 

 
           where YR0R is the magnitude of the CPE, ω = 2πfRmaxR, fRmaxR is 
the frequency at which the imaginary component of the im-
pedance is maximal and the factor n is an adjustable parame-
ter that usually lies between 0.50 and 1.0. After analyzing the 
shape of the Nyquist plots, it is concluded that the curves ap-
proximated by a single capacitive semicircles, showing that 
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the corrosion process was mainly charged-transfer controlled 
[54, 55].  The general shape of the curves is very similar for all 
samples (in presence or absence of inhibitors at different im-
mersion times) indicating that no change in the corrosion 
mechanism [56]. From the impedance data (Table 5), we con-
clude that the value of Rct increases with increasing the con-
centration of the inhibitor. 
  
        In fact the presence of inhibitors enhances the value of Rct 
in acidic solution. Values of double layer capacitance are also 
brought down to the maximum extent in the presence of in-
hibitor and the decrease in the values of CPE follows the order 
similar to that obtained for icorr in this study. The decrease in 
CPE/Cdl results from a decrease in local dielectric constant 
and/or an increase in the thickness of the double layer, sug-
gesting that organic derivatives inhibit the copper corrosion 
by adsorption at metal/acid [57, 58]. The inhibition efficiency 
was calculated from the charge transfer resistance data from 
Eq. (12)[59]: 
 
% IEEIS= [1– (R°ct / Rct)] x100                                                   (12) 
 
      Where Roct and Rct are the charge-transfer resistance values 
without and with inhibitor respectively. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7.  EIS Nyquist Plots (a) and Bode Plots (b) for Copper in 1 M HNOR3R in 
the Absence and Presence of different concentrations of Carapichea Ipe-

cacuanha Extract (CIE) at 25P

o
PC. 

 
 
 
 
 
 
 
 
 

Fig. 8. Equivalent Circuit Model used to Fit Experimental EIS 

 
TABLE 5 

 ELECTROCHEMICAL KINETIC PARAMETERS OBTAINED BY EIS TECH-
NIQUE FOR COPPER IN 1M HNOR3R WITHOUT AND WITH VARIOUS 

CONCENTRATIONS CARAPICHEA IPECACUANHA EXTRACT (CIE) AT 
25P

°
PC. 
 
 
 
 
 
 
 
 
 

 
3.6. Electrochemical Frequency Modulation Technique 

(EFM) 
          EFM is a nondestructive corrosion measurement tech-
nique that can directly and quickly determine the corrosion 
current values without prior knowledge of Tafel slopes, and 
with only a small polarizing signal. These advantages of EFM 
technique make it an ideal candidate for online corrosion mon-
itoring [60]. The great strength of the EFM is the causality fac-
tors which serve as an internal check on the validity of EFM 
measurement. The causality factors CF-2 and CF-3 are calcu-
lated from the frequency spectrum of the current responses. 
Figure (9) shows the EFM Intermodulation spectrums of cop-
per in nitric acid solution containing different concentrations 
of Carapichea Ipecacuanha Extract (CIE) at 25°C. The harmon-
ic and intermodulation peaks are clearly visible and are much 
larger than the background noise. The two large peaks, with 
amplitude of about 200 µA, are the response to the 40 and 100 
mHz (2 and 5 Hz) excitation frequencies. It is important to 
note that between the peaks there is nearly no current re-
sponse (<100 nA). The experimental EFM data were treated 
using two different models: complete diffusion control of the 
cathodic reaction and the “activation” model. For the latter, a 
set of three non-linear equations had been solved, assuming 
that the corrosion potential does not change due to the polari-
zation of the working electrode [61]. The larger peaks were 
used to calculate the corrosion current density (iRcorrR), the Tafel 
slopes (βc and βa) and the causality factors (CF-2 and CF-
3).These electrochemical parameters were listed in Table (6). 
The data presented in Table (6) obviously show that, the addi-
tion of Carapichea Ipecacuanha Extract (CIE) at a given con-
centration to the acidic solution decreases the corrosion cur-
rent density, indicating that Carapichea Ipecacuanha Extract 
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(CIE) inhibit the corrosion of copper in 1 M HNO3  through 
adsorption. The causality factors obtained under different ex-
perimental conditions are approximately equal to the theoreti-
cal values (2 and 3) indicating that the measured data are veri-
fied and of good quality. The inhibition efficiencies% IEEFM 
increase by increasing the inhibitor concentrations and was 
calculated as from Eq. (13): 
% IEEFM = [1- (icorr / iocorr)] x 100                                             (13)        
    Where iocorr and icorr are corrosion current densities in the 
absence and presence of inhibitor, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. EFM Spectra Copper in 1M HNOR3 R in the Absence and Presence of 
Different Concentrations of Carapichea Ipecacuanha Extract (CIE) at 
25P

o
PC. 

TABLE 6 
 ELECTROCHEMICAL KINETIC PARAMETERS OBTAINED BY EFM 

TECHNIQUE FOR COPPER IN THE ABSENCE AND PRESENCE OF VAR-
IOUS CONCENTRATIONS OF CARAPICHEA IPECACUANHA EXTRACT 

(CIE) IN 1M HNOR3R AT 25P

º
PC. 

 
 
 
 
 
 
 
 
 
 
 
 
 

3.7. Mechanism of Inhibition 
            Most organic inhibitors contain at least one polar 
group with an atom of nitrogen or sulphur or in some cases 
selenium and phosphorus. The inhibiting properties of many 
compounds are determined by the electron density at the reac-
tion center [62]. 
           With increase in electron density in the center, the 
chemisorption between the inhibitor and the metal are 
strengthened [63, 64]. The plant extract CIE is composed of 
numerous naturally occurring organic compounds. Accord-
ingly, the inhibitive action of CIE could be attributed to the 
adsorption of its components on the copper surface. The con-
stituents of CIE are phytochemical the alkaloids Emetine, 
Cephaelin and Psychotrine, of  which the bark may contain 
from 1.5 to 2 per cent, of which about 72 per cent consists of 
Emetine and 26 per cent of Cephaelin, while only 2 per cent 
consists of Psychotrine [15,16]. Most of these phytochemicals 
are organic compounds that have center for π-electron and 
presence of hetero atoms such as oxygen and nitrogen; hence, 
the adsorption of the inhibitor on the surface on copper is en-
hanced by their presence. The inhibition efficiency of metha-
nol extracts of CIE is due to the formation of multi-molecular 
layer of adsorption between copper and some of these phyto-
chemicals. Results of the present study have shown that CIE 
inhibits the acid induced corrosion of copper by virtue of ad-
sorption of its components onto the copper surface. The inhibi-
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tion process is a function of the metal, inhibitor concentration, 
and temperature as well as inhibitor adsorption abilities, 
which is so much dependent on the number of adsorption 
sites. The mode of adsorption was mixed one, chemisorption 
and physisorption observed could be attributed to the fact that 
CIE contains many different chemical compounds, which 
some can be adsorbed chemically and others adsorbed physi-
cally. This observation may derive the fact that adsorbed or-
ganic molecules can influence the behaviour of electrochemi-
cal reactions involved in corrosion processes in several ways. 
The action of organic inhibitors depends on the type of inter-
actions between the substance and the metallic surface. The 
interactions can bring about a change either in electrochemical 
mechanism or in the surface available for the processes [65]. 

4 CONCLUSION 
     From the overall experimental results the following conclu-
sions can be deduced:  
1. Carapichea Ipecacuanha Extract (CIE) is good inhibitor and 
act as mixed type for copper corrosion in 1 M HNO3 solution.  
2. The results obtained from all electrochemical measurements 
showed that the inhibiting action increases with the inhibitor 
concentration and decreases with the increasing in tempera-
ture.  
3. Double layer capacitances decrease with respect to blank 
solution when the plant extract is added. This fact confirms 
the adsorption of plant extract molecules on the copper sur-
face.  
4. The adsorption of inhibitor on copper surface in 1 M HNO3 
solution follows Langmuir isotherm for CIE extract.  
5. The negative values of the free energy of adsorption and 
adsorption heat are indicating that the process was spontane-
ous and exothermic.  
6. The values of inhibition efficiencies obtained from the dif-
ferent independent quantitative techniques used show the 
validity of the results. 
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