
Abstract 

A quantum chemical calculation study has been carried 

out for the Cu corrosion inhibitor 1,2,3-benzotriazole (BTAH) and 

some of its derivatives in a trial to provide an integrated study to 

account for its behaviour towards Cu. Two approaches were 

followed. The first, included investigation of the molecular electronic 

structure of BTAH and its derivatives; the three alkyl derivatives; 5-

methyl benzotriazole (C1-BTAH), 5-butyl benzotriazole (C4-BTAH) 

and 5-hexyl benzotriazole (C6-BTAH) along with 5-chloro 

benzotriazole (Chloro-BTAH) in all possible electronic states in 

which the molecule might exist, namely, the ground electronic state, 

the S0, the first excited electronic state, the S1, the ground cationic 

state, D0
+, the ground anionic state, D0

-, and the protonated form. The 

study was carried out at density functional theory (DFT) level, while 

configuration interaction singles (CIS) was used for excited state 

calculations, using the basis set 6-31G+(d,p). Electronic parameters 

like the EHOMO, ELUMO, energy gap, E, ionization energies, I.E. and 

electron affinities E.A were taken as indices for measuring the 

magnitude of corrosion inhibition activity. According to previously 

measured corrosion inhibition efficiencies, BTAH derivatives were 



classified into two groups. BTAH and its alkyl derivatives were 

contrasted and compared as one group. The other group included 

BTAH, C1-BTAH and Chloro-BTAH. The results of the chemical 

model indicate that for BTAH and its alkyl derivatives the D0
+ state is 

the most probable state involved in the corrosion protection activity. 

For the group including Chloro-BTAH, no good correlation is found 

with the electrochemical data available. The physical model supports 

the results for the protonated from. The second approach involved the 

investigation of the gas phase adsorption of 3-amino-1,2,4-triazole 

(ATA) and BTAH on two Cu surfaces using first principle DFT 

calculations (VASP). Different modes of adsorption were 

investigated and adsorption energies were calculated. ATA and 

BTAH are found to better chemisorb on Cu(111) surface than on 

Cu(110) after surface relaxation. The strength of chemisorption for 

ATA is more than that for BTAH. This study emphasizes the 

significance of the study of adsorption of inhibitor molecules on the 

metal surface beside molecular electronic properties calculations as a 

step towards the complete modeling of the corrosion system. 
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