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Phenobarbital was investigated as corrosion inhibitor for mild steel in 1 M HCI solution by weight loss and quantum chemical calculations. |
| Phenobarbital showed 95 % inhibition efficiency at concentration of 200 ppm. The adsorption of the inhibitor followed Langmuir adsorption |
isotherm. The quantum chemical calculations were applied to elucidate adsorption pattern of inhibitor molecules on steel surface. |
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INTRODUCTION

Steel is widely used in industries and machinery and many
other fields. Acids are used in industries during pickling,
cleaning, descaling, etc.'. Inhibitors are used in acid solution
to prevent metal dissolution. The use of organic inhibitors is
most effective and most economic method for protection of
metallic corrosion. The efficiency of an organic compound as
an inhibitor depends on its ability to get adsorbed on the metal
surface by replacing water molecule from metal surface?.

The adsorption of an inhibitor is influenced by the elec-
tronic structure of inhibiting molecules, steric factor, aroma-
ticity, electron density at donor site, presence of functional
groups, molecular area and molecular weight of the inhibitor
molecule®*. The adsorption requires the existence of attractive
forces between the adsorbate and the metal’. Adsorption can
be physisorption, chemisorption or a combination of both®.
Most of the commercially available inhibitors are toxic in
nature Thus, the development of non-toxic corrosion inhibitors
of natural source and non-toxic type, has been considered to
be more important and desirable’. In recent years researchers
have paid attention on the use of drugs as inhibitors for metallic
corrosion due to their non-toxic nature, namely cefatrexyl,
metformin, ciprofloxacin, norfloxacin, ofloxacin drugs,
Tacrine®'’. Recently, we have studied the inhibiting action of
drugs such as cetirizine, cefotaxime sodium, cefazolin, doxy-
cycline, pheniramine, streptomycin, cefalexin, fexofenadine,
mebendazole, dapsone, on corrosion of metals in acid media''".
We observed that the drugs act as efficient corrosion inhibitors
due to the presence of m electrons, hetero atoms in their
molecules through which they are either adsorbed or form
insoluble metal complex at the metal surface and inhibit metal

corrosion”™*'. Phenobarbital drugs are nonselective central
nervous system depressant which is primarily used as a sedative
hypnotic and also as an anticonvulsant in subhypnotic doses.
In present work we have investigated the inhibition action of
phenobarbital drug as corrosion inhibitor of mild steel in 1 M
HCI using weight loss and quantum chemical calculations.

EXPERIMENTAL

All the tests were performed on mild steel of following
composition (wt. %): 0.076 % C, 0.192 % Mn, 0.012 % P,
0.026 % Si, 0.050 % Cr, 0.023 % Al, 0.123 % Cu and bal. Fe.
Specimens with dimensions of 2.5 cm x 2 cm x 0.025 cm
were used for weight loss studies.

Inhibitor: Phenobarbital tablets were commercially
obtained from the medical shop as a trade name Barbee manu-
factured by the Indian Drugs and Pharmaceutical Ltd. (IDPL).
The compound in its purest state has molecular formula
(C1,H12N,035) and melting point (174-178 °C). Its chemical
structure is shown in Fig. 1. All the concentrations of the
inhibitor in acid solution, were taken in ppm.

Weight loss measurements: The mild steel specimens
used had a rectangular shape of (2.5 cm x 2.0 cm x 0.025 cm)
were abraded with series of emery paper (600-1200 grades)
then washed with distilled water and finally with acetone. After
weighing accurately, the specimens were immersed in conical
flask which contained 100 mL of 1 M HCl in the absence and
presence of different concentration of inhibitor. All the test
solutions were kept in a thermostated water bath. After 3 h,
the specimens were taken out, washed, dried and weighed ac-
curately. The mean corrosion rate (expressed in mg cm™) with
respect to acid and inhibitor was calculated. The corrosion
rate (Cr) was calculated from the following equation:
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Fig. 1. Molecular structure of phenobarbital [5-ethyl-5-phenylpyrimidine-
2,4,6(1H,3H,5H)-trione]

87.6W
at D M

Cg (mm/y) =

where W is the average weight loss of mild steel specimens, a
total area of one mild steel specimen, t is the immersion time
(3 h) and D is density of mild steel in (g cm™). The inhibition
efficiency (n %) of inhibitor on the corrosion of mild steel
was calculated as follows,
Cr —Crinn
M (%) c. x100 )

where Cr and Crin are the corrosion rates of mild steel in the
absence and presence of the inhibitors, respectively.

Quantum chemical calculations: Quantum chemical
calculations were performed using density function theory
(DFT) method, B3LYP with electron basis set 6-31G* (d, p)
for all atoms. All the calculations were executed with Gaussian
03, E .01%

RESULTS AND DISCUSSION

Weight loss measurements: The weight loss results
obtained for mild steel in 1 M HCl in the presence and absence
of different concentration of phenobarbital are summarized in
Table-1. The corrosion rate (mg cm™) values of mild steel in
1 M HCl decreases as the concentration of inhibitor increases
i.e., the inhibition efficiency increases as the concentration of
inhibitor is raised. The tests were repeated at different tempera-
tures and immersion time. Inhibition efficiency (h %) decreases
with increase in temperature from 308-338 K. Inhibition effi-
ciency increases with increase in immersion time. The results
are shown in Fig. 2(A-C).

TABLE-1
WEIGHT LOSS MEASUREMENTS FOR MS IN 1 M HCI AT
DIFFERENT CONCENTRATIONS OF PHENOBARBITAL

Inhibitor Weight loss n Cr 0
concentration (ppm) (mg cm?®) (%)  (mmly)
Blank 1 M HCI 20 - 74 -
25 5 75 18 0.75
50 3 85 11 0.85
100 1 94 6 0.94
200 0.9 95 3 0.95

Adsorption isotherm: The adsorption isotherms provide
useful information for the mechanism of corrosion inhibition.
The surface coverage, 6, was calculated from the following
equation:
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Fig. 2. Variation of inhibition efficiency in 1 M HCI on mild steel with (A)

different concentrations of phenobarbital; (B) different temperatures
from the weight loss data, (C) different immersion time

where, Cg and ™Cy, are the corrosion rates of mild steel in the
absence and presence of phenobarbital, respectively. By fitting
the 0 values obtained from weight loss data to various isotherms
namely Langmuir, Temkin and Frumkin, the best fit was
obtained with the Langmuir isotherm as shown in Fig. 3%. A
straight line was obtained on plotting log C;., versus log (6/1—6)
for Langmuir isotherm with regression coefficient (R* =
0.9995) confirm this approach for all the techniques used.
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Fig. 3. Adsorption isotherms with regression coefficients (R?) (A) Langmuir
(B) Frumkin and (C) Temkin

Thermodynamic activation parameters: A plot of the
logarithm of corrosion rate vs. 1000/T gives a straight line as
shown in Fig. 4(a). The apparent activation energy (E.) was
calculated by using following equation®:
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Fig. 4. (a) Arrhenius plot of log Cr vs. 1000/T (b) transition state plot of

log Cr/T vs. 1000/T (c) log = [%} versus 1/T for mild steel in
1 M HClI in the absence and the presence phenobarbital

where E, is activation energy for the corrosion of mild steel
in 1 M HCI, R is the molar gas constant, A the Arrhenius
pre-exponential factor and T is the absolute temperature. The
values of E, in 1 M HCI in absence and presence of pheno-
barbital were determined from the slope by plotting the values
obtained (Table-2).
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TABLE-2
THERMODYNAMIC PARAMETERS FOR MILD STEEL IN 1 M
HCI IN ABSENCE AND PRESENCE OF PHENOBARBITAL

Inhibitor E, AH* AS* AQu,
conc. (ppm)  (kJmol") (kJmol") (@ mol'K')  (kJmol)
Blank 38 35 -93 -
100 58 61 -33 -26

The addition of phenobarbital changed the values of E,
and may be attributed to the adsorption of inhibitor on mild
steel surface causing an energy barrier. The enthalpy of activa-
tion (AH*) and the entropy of activation (AS*) were calculated
from the equation;

Cy = Eexp[AS*jexp[— AH *j
K R RT
where h is Planck constant, N is Avogadro’s number, AS* is
the entropy of activation and AH* is the enthalpy of activation.
Fig. 4(b) shows a plot of log (Cg /T) against 1000/T which
gave straight lines with slope of (-AH*/R) and intercept of
[(In (R/Nh)) + (AS*/R)] from which the values of AH* and
AS*were calculated and are given in Table-2. Positive sign of
AH¥* reflects the endothermic nature of dissolution of steel.
The values of AS* were higher in presence of inhibitors than
in its absence suggesting that the randomness increases on
going from reactants to activated complex®. The heat of
adsorption (AQ.s) was obtained from the surface coverage

and temperature by using following equation:

0 AQy
log] 2 |=Tog A +10gC,yy, —| —2ads
g(1—ej §AT 08 im [2.303RTJ ©)

0
A plot of log(—j vs. 1/T is given in Fig. 4C. The value

)

1-6

of heat of adsorption was determined from the slope

2303rT ) ©f the graph and shown in Table-2. It is also

evident from Table-2 that (AQ.q«) has negative value which
indicates that inhibitor adsorption decreases with increase in
the temperature hence decrease in inhibitor efficiency. The
negative value of (AQ.q) also suggested that the adsorption of
inhibitor is an exothermic process®.

The standard free energy of adsorption, AG®qs and the
values of equilibrium constant, K, at different temperatures
were calculated from the equation:

0
K=o

C(1-0) 0

AG®,, = —RTIn(55.5K ) ®)

The value 55.5 in the above equation is the concentration
of water in solution in mol/L. The values of AG,q are given in
Table-3. The negative values of AG,q, indicate the spontaneity
of the adsorption of inhibitor molecules on the metal surface.
Generally, the values of AG,qs up to -20 KJ mol™ are consistent
with the electrostatic interaction (physisorption) of charged
molecules and the charged metal, while those around -40 KJ
mol' or more negative are associated with sharing or transfer
of electrons from inhibitor molecules to the metal surface forming

TABLE-3
STANDARD FREE ENERGY OF ADSORPTION OF MILD
STEEL IN 1 M HCI IN ABSENCE AND PRESENCE OF
PHENOBARBITAL AT DIFFERENT TEMPERATURES

Temperature -AG 4 Temperature -AG, 4
(K) (kJ mol ™) K) (kJ mol™)
308 39 328 40
318 39 338 40

coordinate type bond (chemisorption)®. The calculated
values of AG,q from -39 to -40 KJ mol™ indicated that the
adsorption of the inhibitor on mild steel surface is by chemical
adsorption®’.

Quantum chemical calculations: The structure and
electronic parameters were obtained by means of theoretical
calculations using the computational methodologies of
quantum chemistry. The optimized molecular structures and
frontier molecular orbital density distribution of the studied
molecule are shown in Fig. 5. The calculated quantum chemi-
cal parameters such as Euomo, Erumo, AELumo-nomo, dipole
moments (u) are listed in Table-4. The molecular structure of
phenobarbital showed that the molecules seem to adsorb on
mild steel surface by sharing of electrons of the nitrogen atoms
with iron to form coordinated bonds and t-electron interactions
of the aromatic rings.

1QH.5?)

28H

Fig. 5. Optimized molecular structure and frontier molecular orbital
(HOMO, LUMO) density distribution of phenobarbital

TABLE-4
CALCULATED QUANTUM CHEMICAL
PARAMETERS OF PHENOBARBITAL

Quantum parameters Phenobarbital
HOMO (hartree) -0.24001
LUMO (hartree) 0.00914
AE LUMO-HOMO (hartree) 0.23087
Dipole Moment (1) 4.9868

The high value of highest occupied molecular orbital,
Enomo indicates the tendency of the molecule to donate electrons
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to acceptor molecule with empty and low energy orbital. There-
fore, the energy of the lowest unoccupied molecular orbital,
Evumo indicates the tendency of the molecule to accept electrons.
The lower the value of Erumo, the more probably the molecule
would accept electrons®. The energy gap AE is an important
parameter which is related to reactivity of the inhibitor mole-
cule towards the metal surface. The interaction of inhibitor
molecule to the metal surface is related to transfer of electrons
from inhibitor to metal surface®.

Mechanism of adsorption and inhibition: The data
obtained from the different methods conclude that the inhibition
by phenobarbital is due to adsorption at the metal/solution
interface. The essential effect of phenobarbital used as corrosion
inhibitor is due to the presence of free electron pairs in the
oxygen and the nitrogen atoms, T-electrons on the aromatic
rings, molecular size and mode of interaction with the metal
surface and the formation of metallic complexes. The unshared
and T-electrons interact with d-orbital of Fe to provide a
protective film. The inhibitive properties of such compounds
depend on the electron densities around the active centre; the
inhibition mechanism of the inhibitor is a combination of
surface blockage and electrostatic repulsion between adsorbed
surfactant layer and chloride ions™. The adsorption density of
inhibitor depends on the inhibitor concentration. The inhibition
of these reactions would obviously depend on the degree of
the surface coverage of the metal with the adsorbate. Adsor-
ption is assumed to occur on the surface of the metal between
the aggressive CI™ and the inhibitor molecules, on the other.
The order of the increasing inhibition, the molecular size of
the inhibitor and consequently the number of adsorption
centres plays an important role in the enhancement of the
protection of carbon steel against corrosion®’.

Conclusion

Phenobarbital is good inhibitor for mild steel in 1 M HCI.
The inhibition efficiency increased with increasing the concen-
tration of the inhibitor up to a maximum of 95 % at 200 ppm.
The adsorption of inhibitor molecules on the mild steel surface
in 1 M HCl solution followed Langmuir adsorption isotherm.
The negative values of AG,s showed the spontaneity of the
reaction.

REFERENCES

1. Q.B. Zhang and Y.X. Hua, Electrochim. Acta, 54, 1881 (2009).
. A.S. Fouda and A.S. Ellithy, Corros. Sci., 51, 868 (2009).
3. L. Nagvi, A.R. Saleemi and S. Naveed, Int. J. Electrochem. Sci., 6, 146
(2011).

10.

11.

12.

13.
14.
15.

16.
17.

18.
19.

20.

21.
22.

23.

24.
25.
26.
217.

28.
29.
30.
31.

H.D. Lec, K.C. Emregu and O. Atakol, Corros. Sci., 50, 1460 (2008).
L. Larabi, Y. Harek, O. Benali and S. Ghalem, Prog. Org. Coat., 54,256
(2005).

J. Aljourani, K. Raeissi and M.A. Golozar, Corros. Sci., 51, 1836 (2009).
H. Ashassi-Sorkhabi, D. Seifzadeh and M.G. Hosseini, Corros. Sci.,
50, 3363 (2008).

M.S. Morad, Corros. Sci., 50, 448 (2008).

P. Xuehui, R. Xiangbin, K. Fei, X. Jiandong and H. Baorong, Chin. J.
Chem. Eng., 18, 337 (2010).

S.E. Nataraja, T.V. Venkatesha and H.C. Tandon, Corros. Sci., 60, 214
(2012).

A. Singh, E.E. Ebenso and M.A. Quraishi, Int. J. Electrochem. Sci., 7,
4766 (2012).

P. Singh, A. Singh, E.E. Ebenso and M.A. Quraishi, Int. J. Electrochem.
Sci., 7, 7065 (2012).

S.K. Shukla and M.A. Quraishi, Corros. Sci., 52, 314 (2010).

1. Ahamad, R. Prasad and M. A. Quraishi, Corros. Sci., 52,3033 (2010).
S.K. Shukla, A.K. Singh, I. Ahamad and M.A. Quraishi, Mater. Lett.,
63, 819 (2009).

S.K. Shukla and M.A. Quraishi, Mater. Chem. Phys., 120, 142 (2010).
1. Ahamad, R. Prasad and M.A. Quraishi, J. Solid State Electrochem.,
14, 2095 (2010).

1. Ahamad and M.A. Quraishi, Corros. Sci., 52, 651 (2010).

A. Singh, A.K. Singh and M.A. Quraishi, Open Electrochem. J., 2, 43
(2010).

M. Lebrini, F. Bentiss, H. Vezin and M. Lagrenee, Corros. Sci., 48,
1279 (2006).

M. Furue, H. Terao and T. Koga, J. Dermatol. Sci., 25, 63 (2001).
M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb,
J.R. Cheeseman, Jr. J.A. Montgomery, T. Vreven, K.N. Kudin, J.C.
Burant, J.M. Millam, S.S. Iyengar, J. Tomasi, V. Barone, B. Mennucci,
M. Cossi, G. Scalmani, N. Rega, G.A. Petersson, H. Nakatsuji, M. Hada,
M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima,
Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li, J.E. Knox, H.P.
Hratchian, J.B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts,
R.E. Stratman, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W.
Ochterski, P.Y. Ayala, K. Morokuma, G.A. Voth, P. Salvador, J.J.
Dannenberg, V.G. Zakrzewski, S. Dapprich, A.D. Daniels, M.C. Strain,
0. Farkas, D.K. Malick, A.D. Rabuck, K. Raghavachari, J.B. Foresman,
J.V. Ortiz,Q. Cui, A.G. Baboul, S. Clifford, J. Cioslowski, B.B. Stefanov,
G. Liu, Liashenko, A.P. Piskorz, I. Komaromi, R.L. Martin, D.J. Fox,
T. Keith, M.A. Al-Laham, C.Y. Peng, A. Nanayakkara, M. Challacombe,
PM.W. Gill, B. Johnson, W. Chen, M.W. Wong, C. Gonzalez and J.A.
Pople, Gaussian 03, Revision E.O1, Gaussian, Inc., Wallingford CT
(2007).

H. Ashassi-Sorkhabi, B. Shabani, B. Aligholipour and D. Seifzadeh,
Appl. Surf. Sci., 252, 4039 (2006).

S.A. Umorena and E.E. Ebenso, Mater. Chem. Phys., 106, 387 (2007).
1. Ahamad and M.A. Quraishi, Corros. Sci., 51, 2006 (2009).

K.E. Khaled, Electrochim. Acta, 53, 3484 (2008).

M. Bouklah, B. Hammouti, M. Lagrenee and F. Bentiss, Corros. Sci.,
48, 2831 (20006).

J. Fang and J. Li, J. Mol. Struct., 593, 185 (2002).

A. Yurt, S. Ulutas and H. Dal, Appl. Surf. Sci., 253, 919 (2006).

G.E. Badr, Corros. Sci., 51, 2529 (2009).

A.A. Al-Sarawy, A.S. Fouda and W.A. Shehab El-Dein, Desalination,
229, 293 (2008).



