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ABSTRACT: We have recently described a new potential use for Langmuir-Blodgett films of surfactants containing redox-
inert metal ions in the inhibition of corrosion, and have shown good qualitative results for both iron and aluminum surfaces. 
In this study we proceed to quantify electrochemically the viability of gallium(III)- and zinc(II)-containing metallosurfac-
tants [GaIII(LN2O3)] (1) and [ZnII(LN2O2)H2O] (2) as mitigators for iron corrosion in saline and acidic media. We evaluate their 
charge transfer suppression, and then focus on potentiodynamic polarization and impedance spectroscopy studies, includ-
ing detailed SEM data to interrogate their metal dissolution/oxygen reduction rate mitigation abilities. Both complexes 
show some degree of mitigation, with a more pronounced activity in saline than in acidic medium.                                        .                                                                                                                                   

INTRODUCTION 

Corrosion is the deterioration of a metal surface caused by 
chemical and electrochemical interaction with its 
surrounding environment. It is an inevitable problem 
confronted by almost all industries at an annual cost of 
$2.5 trillion, equivalent to 3.4% of the global gross 
domestic product.1 Aqueous iron corrosion consists of an 
anodic reaction which causes metal dissolution as Fe2+ ions 
and the cathodic reduction of H+ and O2 present in the 
electrolyte solution. Saline and acidic media expedite iron 
corrosion because they facilitate and intensify electron 
transfer,2 leading to the formation of hydrated iron(III) 
oxide or Fe2O3. xH2O, the thermodynamically stable 
product known as rust.3-4 

     The search for corrosion prevention strategies may lead 
to considerable global savings,1, 5 and the use of protective 
coatings can be beneficial to the preservation of iron 
surfaces.6-7 Coatings usually consist of layered protective 
systems encompassing pretreatment, primer, and top coat. 
Relevant to this study, the pretreatment layer is directly 
physisorbed or chemisorbed to the metal surface and 
chromium(III)-based systems have been traditionally 
favored.8-9 Environmental concerns with hexavalent 
chromium impose steep restrictions to the use of 
chromium-based coatings.10 The discovery of new and 
more benign inhibitors has attracted considerable 
attention,11-19 and surfactants figure among well-known 
molecular inhibitors.3, 20-29  

     We recently reported on Langmuir-Blodgett (LB) films 
of phenolate-rich metallosurfactants [GaIII(LN2O3)] (1) and 
[ZnII(LN2O2)H2O] (2) that seem to behave as a surface 
pretreatment for corrosion inhibition on iron30 and 
aluminum31 surfaces. Metallosurfactants 1 and 2 are 

designed to contain hydrophobic tert-butyl groups 
installed to the phenolates along with hydrophilic alkoxy 
chains installed to a phenylenediamine bridge that enable 
physisorption to the metal surface. These species  
accommodate the redox-inert 3d10 ions gallium(III) and 
zinc(II) (Figure 1) in order to confer added structural 
resistance to the organic framework and increase the 
energies of empty ligand-based molecular orbitals 
(LUMOs), precluding electron transfer through the film. As 
a consequence these species show qualitative mitigation of 
the corrosive process. 30, 31 Those studies were focused on 
non-electrochemical techniques based on weight loss32 and 
SEM measurements to assess corrosion inhibition on iron 
surfaces. Because a quantitative analyses of the mitigation 
abilities of these materials to prevent metal dissolution 
and oxygen reduction is still lacking, in this study we 
assess the properties of 1 by non-electrochemical methods 
and compare with those of 2, and then use the more 
sophisticated electroanalytical techniques of impedance 
spectroscopy and potentiodynamic polarization. This 

Figure 1. The metallosurfactants [GaIII(LN2O3)] (1) and 
[ZnII(LN2O2)H2O] (2).  



 

 

comprehensive evaluation enables a more complete 
characterization of the corrosion mitigation behavior of 
these species and  informs about the viability and 
limitations of these metallosurfactants in mitigating 
corrosion. 

 

RESULTS AND DISCUSSION 

Synthesis of the metallosurfactants 

The species [GaIII(LN2O3)] (1) and [ZnII(LN2O2)H2O] (2) were 
synthesized as reported by us elsewhere.30-31 In brief, the 
ligand H3LN2O3 was obtained by treating 4,5-bis(2-
methoxyethoxy)benzene-1,2-diamine with 2,4-di-tert-
butyl-6-(chloromethyl) phenol in the presence of 
triethylamine, while H2LN2O2 was synthesised by treating 
the above mentioned diamine precursor with 3,5-di-tert-
butyl-2-hydroxybenzaldehyde under an inert atmosphere 
in methanol under reflux.33-34 Species 1 was obtained by 
treatment of one equiv. of the purified H3LN2O3 ligand with 
one equiv. of GaCl3,31 whereas 2 was synthesised by 
treating one equiv. of H2LN2O2 with one equiv. of 
ZnIICl2.6H2O  under  refluxing  conditions.30 Both 
procedures require the presence of NaOCH3 to deprotonate 
the phenol groups into coordinating phenolates.  

 
Interfacial properties  
The interfacial properties that lead to the formation of 
mono and multilayered LB films by [GaIII(LN2O3)] (1) and 
[ZnII(LN2O2)H2O] (2)  were studied using surface pressure 
(π, mN/m)  vs. average molecular area (A, Å2/molecule) 
isothermal compression and Brewster angle microscopy 
(BAM) at 23±1 ◦C. 30-31 The isothermal compression curve  
for 1 (Figure S1a) at the air/water interface showed an 
area of intermolecular interaction at approximately 120 
Å2/molecule. An initially homogeneous Langmuir-
Pockels35 (LP) film with no remarkable BAM activity was 
observed between 10 and 27. Compression of this liquid-
expanded film was followed by phase rearrangement 
between 28 and 37 mN/m to yield another homogeneously 
looking condensed phase film  between 38 to 45 mN/m. 
BAM data (Figure S1b) reveals the formation of granular 
texture above 42 mN/m as the compressed monolayer 
becomes thermodynamically unstable and forms localized 
multilayer regions that lead to film collapse at ca. 47-48 
mN/m following a constant pressure mechanism36-39   In-
teraction for 2 starts at around 60 Å2/molecule with fur-
ther compression of the LB film yielding a homogeneous 
film between 10 and 44 mN/m (Figure S1c). Although a 
minor change in slope is visible at ca. 30 mN/m, uneventful 
BAM images support the formation of a homogenous film. 
Like for the more obvious 1 this change is likely associated 
with a phase transition. An area of about 65 Å2/molecule is 
registered at 45 mN/m, prior to collapse. BAM images re-
veal the presence of arrays of Newton rings (Figure S1d). 
Langmuir-Blodgett (LB) films were deposited on glass 
substrates as Y-type multilayers while keeping the transfer 
ratio close to unity, and were studied using infrared 
reflection absorption spectroscopy (IRRAS) with p-
polarized light at 40o and 20o incidence for 1 and 2. 30-31 
The films for both species displayed asymmetric and sym-

metric C-H stretching vibrations between 2860-2960 cm-1, 
therefore slightly shifted from the asymmetric C-H stretch-
ing vibrations observed in bulk. Other bands observed 
around 1350-1610 cm-1 are associated with aromatic C=C 
stretching vibrations and CHn deformation bands. Species 2 
shows a band at 1592 cm-1 assigned to the C=N stretching 
of the imine ligand. Allied to previous IRRAS and static 
contact measurement studies,30, 40 these results confirm 
that the hydrophilic ethoxymethoxy chains of species 1 
and 2 interact with the iron substrate by physisorption 
while the t-butyl-decorated phenolates that envelop the 
metal centers groups point outwards. While a stronger 
covalent interaction would be beneficial, this molecular 
arrangement enhances the hydrophobicity of the surface 
to be protected. 

Charge transfer suppression by metallosurfactants  

Cyclic voltammetry experiments were performed to 
determine whether LB films of 1 and 2 suppress electron 
transport on gold electrodes. An aqueous 1.0 × 10-3 M 
K3[FeIII(CN)6] solution in 0.1 M KCl was added to a stand-
ard 3-electrode cell equipped with gold plates coated with 
1-13 LB layers of 1 and 2 at room temperature. The coated 
gold plates were used as working electrodes, whereas 
Ag/AgCl and Pt wire were respectively used as the 
reference and auxiliary electrodes. Initially, the reversible 
redox wave associated with the [FeIII(CN)6]3-/[FeII(CN)6]4- 
couple was observed for bare gold electrodes, but 
decreased significantly upon coating with a monolayer of 1 
or 2.  To optimize the most adequate deposition pressures 
that yield ordered films able to suppress charge transfer, 
monolayers were deposited on gold substrates at three 
different surface pressures, namely 20, 30, and 40 mN/m. 
These surface pressures are associated with respective 
average molecular areas of 80, 64, and 35 Å2/molecule for 
1 and 51, 47, and 44 Å2/molecule for 2 and are related to 
film uniformity. Best suppression was observed in 
monolayers deposited at 40 mN/m for 1, while 30 mN/m 
worked best for 2. As the number of insulating LB layers 
increased, charge transfer between the [FeIII/II(CN)6]3-

species and the electrode became less and less 
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Figure 2. CVs for charge transfer suppression with 13 
LB monolayers of 1, before and after dipping in acidic 
media. Scan rates: 100 mV s-1 in all experiments. 



 

 

pronounced, being negligible after 10 layers. Near 
complete charge suppression was attained at 13 layers for 
1, with a residual current of 0.006 mA, and at 11 layers for 
2 with a current of 0.002 mA.30-31  The stability of the 
deposited LB films was tested under acidic conditions by 
immersing each of the gold electrodes protected either by 
13 layers of 1 or 11 layers of 2 in 0.01M H2SO4 for three, 
five and eight days. Figure 2 shows charge transfer 
suppresion of gold electrodes with 1. The stability of lig-
ands H3LN2O3, H2LN2O2 was also studied in acidic solution 
(Figure S2).  Impressively, the maximum current for both 
metallosurfactants only reached a maximum of 0.02 mA, 
while the ligands showed higher currents of 0.05 and 0.06 
mA, respectively.30 This result confirms that the 
metallosurfactants  withstand the acidic environment and 
retain their metal centers. 

 

Qualitative corrosion analysis 

Iron corrosion is an electrochemical process that depends 
on the concentration of oxygen, iron(II) and iron(III) 
species, pH, and presence of electrolytes to trigger complex 
mechanisms. Under aerobic conditions, the main steps can 
be summarized by the semi-reactions listed in Equations 
1-4: 

2Fe0(s)  2Fe2+(aq)  + 4e- (Anodic)                 (Eq. 1) 

O2(g) + 2H2O(l) + 4e-  4OH-(aq)  (Cathodic)                        (Eq. 2) 

Fe2+ + 2OH-(aq)  Fe(OH)2(s)                                      (Eq. 3) 

Fe(OH)2(s) + O2(g)  Fe2O3•xH2O(s)                                                            (Eq. 4) 

The cathodic step is determinant and rates of reaction for 
each of the above steps increase significantly when in 
acidic or saline media, where electron transfer is 
facilitated.2 Materials able to mitigate corrosion must 
withstand such conditions and either prevent the anodic 
dissolution of the metal (Eq 1) or the cathodic reduction of 
oxygen (Eq. 2). The effect of these media on 99.5% iron 
surfaces coated by LB films of [GaIII(LN2O3)] (1) can be 
investigated by ferroxyl staining and compared to that of 
[ZnII(LN2O2)H2O] (2).30 Iron substrates measuring 10 × 25 
mm are placed in a Petri dish filled with warm agar 
containing the acid-base indicator phenolphthalein, 
potassium ferricyanide K3[FeIII(CN)6], and either 3% NaCl 
or 0.01 M H2SO4. Upon cooling, the agar forms a semi-solid 
gel that encases the substrate while the indicators are used 
to identify the corrosion processes taking place in the 
anode and in the cathode. Phenolphthalein, colorless in 
acidic and neutral media, turns pink in the presence of OH- 
ions at the cathode indicating the absence of iron 
oxidation. Potassium ferricyanide reacts with Fe2+ ions 
formed during the corrosion process yielding a visible 
Prussian blue complex at the anode.  Experiments were 
performed with iron substrates having half of their length 
covered with 13 layers of 1, whereas the other half is left 
bare; the substrates are exposed to both saline and acidic 
media over a course of one and seven days. For emphasis 
on the iron degradation process, experiments were also 
carried out in the absence of phenolphthalein (Figure 3 
and Figure S3). In both experiments, no blue coloration 

associated with Fe2+ generation was observed in the coated 
region, indicating that the film acts as a corrosion 
protection barrier in both acidic and saline media. This 
protective behavior indicates that iron oxidation and 
dissolution is substantially curbed, although oxygen 
reduction persists. Because iron(II) generation is 
mitigated, formation of rust, as described in Eq 3-4 is 
partialy prevented. A similar response is observed for 
metallosurfactant 2.30    

Scanning electron micrograph (SEM) images were 
recorded to evaluate the formation and agglomeration of 
Fe2O3•xH2O(s), rust, on the iron substrates immersed in 
0.01 M H2SO4 and 0.1 M NaCl solutions for 5 days. In acidic 
medium, the bare section of the iron substrates exhibited 
well-defined granular rust formation, while corrosion was 
inhibited in the section coated with LB films of 1. In saline 
medium, iron plates were degrading with the formation of 
an insoluble black material visually similar to magnetite-
like Fe3O4. In saline medium, the bare section of the iron 
substrates showed a rougher surface compared to the 
coated section (Figure 4). Metallosurfactant 2 showed 
visually similar results reported elsewhere.30  
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Figure 3. Ferroxyl staining for saline corrosion after 1 and 
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with 13 layers of 1 without phenolphthalein on (c) and (f). 



 

 

Quantitative corrosion analysis 

We carried out potentiodynamic polarization and 
electrochemical impedance spectroscopy measurements to 
quantify the ability of metallosurfactants [GaIII(LN2O3)] (1) 
and [ZnII(LN2O2)H2O] (2) to act on metal dissolution (Eq. 1) 
or on oxygen reduction (Eq. 2). Potentiodynamic 
polarization experiments provide information on the 
corrosion potential and current density, and were 
performed using a three-electrode setup, where iron 
substrates were used as the working electrode, a Pt wire as 
the auxiliary electrode, and Ag/AgCl as the reference 
electrode.  We evaluated the corrosion inhibition ability of 
1 and 2 in saline and acidic solution by immersing the 
metallosurfactant-coated iron substrates in a 3.5% NaCl or 
0.01M H2SO4 for 30 min before the electrochemical 
measurement. Corrosion currents (icorr) and corrosion 
potentials (Ecorr) were obtained by extrapolating the small 
linear parts of both anodic and cathodic polarization 
curves known as Tafel lines to their intersection (see 
Figure S4).41 If the displacement leads to E > Ecorr anodic 
polarization for metal oxidation in Ecorr informs the inhibi-
tion activity. If greater than 85mV/Ecorr, either the cathodic 
or anodic steps are inhibited. For displacements smaller 
than 85 mV/Ecorr a mixed type mitigation takes place and 
both anodic and cathodic steps are affected. The Tafel 
slopes βa and βc inform about the anodic and cathodic 
polarization constants and the possible alterations of  
mechanisms by which corrosion takes place. Inhibition 
efficiencies (IEpol%) were calculated using Equation 5.42  

 IEpol% = (icorr – i’corr / icorr) ×100                                                       (Eq. 5) 

where icorr and i’corr are the corrosion current values of the 
bare and coated substrates, respectively. Table 1 
summarizes the data.  

In saline medium there is a significant decrease in the 
corrosion currents for the LB-coated substrates, as 
compared to the bare iron substrates. The corrosion 
current for the bare iron reached 64±4 µA/cm2, whereas 
the iron substrate protected with either the Ga-containing 
1 or the Zn-containing 2 showed respective corrosion cur-
rents of 40±9 µA/cm2 and 32±7 µA/cm2 with averaged IE-
pol% of 38% for 1 and 50% for 2. This decrease indicates 
that these metallosurfactants mitigate the corrosion pro-
cess. The Ecorr shifts towards less negative potentials, thus 
indicating that the modified surfaces are more resistant to 
corrosion than the bare substrates. With the metallosurfac-
tants, the anodic curves move toward a lower current den-
sity region, while the variations of cathodic curves are not 
obvious. This phenomenon suggests that mitigation takes 
place by limiting the anodic reaction of metal dissolution 
(Eq 1). This is in good agreement with the ferroxyl staining 
shown in Figure 3. The variability of the cathodic and an-
odic slopes (βc and βa) with the presence of molecular 
films imply that oxygen reduction and metal dissolution 
were affected without modifying the mechanism of corro-
sion.43 Substrates with deposited films also showed more 
positive corrosion potentials of -468 mVAg/AgCl and -438 
mVAg/AgCl for 1 and 2 than for bare iron substrates (-542 
mVAg/AgCl), further confirming the inhibition efficiency of 
both metallosurfactants.44  

Similar results were found for corrosion tests in acid. The 
icorr and Ecorr of the bare iron substrates reached 167±9  
µA/cm2 and -561 mVAg/AgCl, respectively. Substrates coated 
with metallosurfactant 1 showed a corrosion current and 
corrosion potential of 145±3 µA/cm2 and -559 mVAg/AgCl, 
while these two values for substrates coated with 2 are 
137±5 µA/cm2  and -556 mVAg/AgCl, respectively. Similar to 
the results for saline, Ecorr shifts towards less negative val-
ues associated with metal dissolution mitigation, although 
with a considerably lower variation. Based on these re-
sults, the average IEpol% value for 1 was calculated at 13%, 
whereas that of 2 was found at 18%. These observations 
suggest that coated substrates show higher inhibition 
efficiency in the saline medium compared to the acidic 
medium (Figure 5 and Figure S5).  

Electrochemical impedance spectroscopy was used to 
further assess the corrosion inhibition ability of the films 
of metallosurfactants 1 and 2. Figure 6 shows the Nyquist 
plots of the bare iron substrates and iron substrates coated 
with the metallosurfactants 1 and 2 in 3.5% NaCl. Charge 
transfer resistance (Rct) values were obtained by fitting the 
data to an equivalent circuit (Figure S6, Table S1). 

Figure 4. SEM images for the unprotected blank and for the 
13-layer LB film-deposited iron substrates. Before and after 
acidic and saline corrosion. 

Table 1. Electroanalytic parameters. 

Sample Ecorr     

(mV) 

icorr 

(µA/cm2) 

ꞵa 

(mV/ dec) 
ꞵc 

(mV/dec) 
Avg. 

IEpol% 

Sa
lin

e 
 Blank -542 64±4 128.1 -525.9  

1 -468 40±9 119.3  -426.8  38 

2 -438 32±7 101.8  -437.7  50 

A
ci

d
ic

 Blank -561 167±9 92.9 -193.1  

1 -559 145±3 86.8  -176.0  13 

2 -556 137±5 88.7  -177.0  18 

 



 

 

Inhibition efficiencies (IEimp%) from charge transfer 
resistance (Rct) was calculated using following Eq. 6.26, 43, 45  

IEimp% = (R’ct – Rct ) / R’ct  × 100%                                                          (Eq. 6) 

where R‘ct and Rct are the charge transfer resistance of the 
LB-film coated substrate and the bare substrate, 
respectively. In 3.5% NaCl, iron substrates coated with 1 
and 2 showed a notably higher Rct than the observed for 
the bare substrate (825.7 and 802.8 Ω∙cm2 vs 703.0 Ω∙cm2, 
respectively). Substrates coated with 1 and 2 showed 
respective inhibition efficiencies of 15% and 12%. Similar 
measurements were performed in 0.01 M H2SO4. All iron 
substrates showed significantly smaller Rct values in H2SO4 
than those in 3.5% NaCl (Figure S7, Table S2). 
Nonetheless, the substrates coated with 1 and 2 still 
showed slihgtly higher Rct values than bare iron, indicating 
some degree of corrosion inhibition.  

 

Acidic mitigation and coordination chemistry 

All methods used in this study point out to two 
observations: (i) the metallosurfactants [GaIII(LN2O3)] (1) 
and [ZnII(LN2O2)H2O] (2) act predominantly on the anodic 
reaction associated with metal dissolution (Eq. 1), and (ii) 
the mitigation activity is pronounced in saline and modest 
in acidic media. In fact the anodic process described in 
Equation 1 is best described as:  

Fe0(s) + 6H2O  [FeII(H2O)6]2+ + 2e-                               (Eq. 7) 

Because the rates of corrosion depend heavily on the 
presence of acids and electrolytes, sulfuric acid self-
regenerates in presence of Fe2+ perpetuating the corrosion 
process that can be summarized in Equations 5-8 as 
follows:46 

Fe2+(aq)  + SO42-(aq)  FeSO4(aq)                     (Eq. 8) 

2Fe3+(aq)  + 3SO42-(aq)  Fe2(SO4)3(aq)                     (Eq. 9) 

4FeSO4 + O2 + 6H2O  2Fe2O3•xH2O(s) + 4H2SO4(aq)    (Eq. 10) 

4H2SO4(aq) + 4Fe2+(aq) + 2O2  4FeSO4(aq) + 4H2O       (Eq. 11) 

Therefore, in aqueous solution the salts descibed as FeSO4 
and Fe2(SO4)3 are the complex octahedral species 

hexaaquaferrous and hexaaquaferric sulfates 
[FeII(H2O)6](SO4) and [FeIII(H2O)6]2(SO4)3, respectively. 
This self-regenerating acidic environment may enable 
localized high-concentrations of iron sufficient to compete 
with the Ga3+ and Zn2+ ions coordinated to the ligands that 
form metallosurfactants 1 and 2.  To test this possibility 
we have treated wet methanolic solutions of 1.0x10-4M 1 
and 1.0x10-5M 2 with 0.25, 0.5 and 1 equivalent of FeCl2 

and  FeCl3•6H2O salts and followed the spectroscopic 
changes that take place (Figure 7, Figure S8). [GaIII(LN2O3)] 
(1)  has bands at 287 (ε = 12,460), 348 (1,580), 448 nm 
(1,470 M-1cm-1) and the addition of FeII led to negligible 
changes. However, the aerobic environment and the triply 
negative pocket in the ligand (LN2O3)3- strongly favor FeIII 
coordination. In this case prominent changes were 
observed when 1 equiv. of FeIII was added to 1; the band at 
287 nm increased  its ε to 16,000 and was followed by a 
broad and complex area with three overlapping bands at 
ca. 330, 350, and 370 nm of similar ε ≈ 5,000, while the 
band at 448 nm doubled its intensity to 2900 M-1cm-1 and 
displayed a shoulder at ca. 460 nm. This behavior indicates 
the presence of multiple species. However, the more 
intense band at 287 nm and those at 330 and 370 nm are 
relevant because they coincide with the previously 
reported34 spectrum for the isolated and characterized 
[FeIII(LN2O3)]. The last two bands are diagnostic of pheno-
late-to-FeIII charge transfer and can be detected in 
solutions containing [GaIII(LN2O3)]:FeIII ratios of 2:1 and 4:1, 
confirming that replacement of Ga by Fe ions in 1 is a 
relevant mechanism of deactivation and explaining the 
marginal mitigation provided by this species when in 
acidic media. 

The behavior of the zinc-containing [ZnII(LN2O2)H2O] (2) is 
more subtle due to the large number of bands that arise 
from a square-planar environment.  This species has bands 
at 251 (ε = 26400), 304 (21700), 337 (15350), 358 
(15100),  417 (25000), and 472 nm (12300 M-1cm-1) while 
its previously published33 analogue [FeII(LN2O2)Cl] shows 
bands at 310 (49900), 351 (40360), 395 (30520), and  447 
(19210). Addition of both FeII and FeIII maintain the origi-
nal band positions while changing their ε values. The most 

Figure 5. Potentiodynamic polarization curves for 1 and 2 
after 30 min exposure to 3.5% NaCl. Scan rate: 10 mV s-1. 
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Figure 6. Nyquist plots for iron substrates, blank and 
coated with LB films of 1 and 2 immersed in 3.5% NaCl. 
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dramatic change is the decrease of the band at 417 mn in 
presence of FeII, and the increase of the bands between 300 
and 400 nm in presence of FeIII ions. These changes also 
convey that metal replacement can take place when a criti-
cal concentration of iron is attained. 

CONCLUSIONS 

In conclusion, both metallosurfactants [GaIII(LN2O3)] (1) and 
[ZnII(LN2O2)H2O] (2) show the ability to preclude electron 
transfer from the environment to the iron surface, and 
prevent to some extent the anodic reaction associated with 
metal dissolution. These species do not seem to influence 
the cathodic reaction associated with oxygen reduction nor 
alter the mechanisms of corrosion. The extend of the 
mitigation activity depends on the metallosurfactant and 
on the media used. Although 1 is a more efficient mitigator 
than 2, both species show better activity in saline medium.  
Their inhibition in acidic medium is much less pronounced, 
possibly because self-regeneration of H2SO4 builds up 
trivalent Fe ions in concentrations sufficient to compete 
with gallium(III) in 1 and zinc(II) in 2.  

 

EXPERIMENTAL SECTION 

Syntheses and film deposition 

GaIII(LN2O3)] (1) and [ZnII(LN2O2)H2O] (2) complexes were 
synthesized according to published procedures.30-31 LB 
films were deposited on iron substrates using a KSV 2000 
minitrough. The Langmuir-Blodgett (LB) films were 
deposited at the air|water interface at a surface pressure of 
40 and 33 mN/m for 1 and 2, respectively, with an average 
transfer ratio kept near unity. 

Electron passivation studies 

Electron passivation studies were performed using a 3-
electrode setup. Gold substrates coated with 13 LB layers 
of 1 or 11 LB layers of  2 were used as the working 
electrodes, Pt wire was used as the auxiliary electrode, and 
Ag/AgCl as the reference electrode. 

Qualitative corrosion analysis 

Corrosion experiments were performed using 99.5% iron 
foil substrates with 0.20 mm thickness. The substrates 
were abraded using 600 grade emery papers, polished 
with 0.05 micron alumina powder, then rinsed with 
ethanol and ultrapure water, and air dried. For agar gel 
experiments, the agar sample was prepared by using 0.25 
g of agar, 2% phenolphthalein, 0.1 M K3[FeIII(CN)6] and 3% 
NaCl or 0.01 M H2SO4 depending on the acidic or saline 
corrosion. Scanning electron micrograph images were 
taken using a JSM -7600  FE scanning electron microscope.  

Potentiodynamic polarization studies 

Potentiodynamic polarization measurements were 
conducted using a CHI 650E electrochemical workstation. 
A three-electrode setup consisted of an iron foil with a 
surface area of 0.5 cm2 as the working electrode, 
Ag/AgCl/saturated KCl as the reference electrode, and a Pt 
wire as the auxiliary electrode. 3.5% NaCl (w/v) and 0.01M 
H2SO4 solutions were prepared from ultrapure water. All 
experiments were conducted at 25°C. Tafel curves were 
obtained by scanning the electrode potential between -
0.25 V and 0.25 V vs. open circuit potential with a scan rate 
of 10 mV/s. All  the  measurements  were  carried out  in  
triplicate  and  the  corrosion current values  recorded  as 
average  ±  standard  deviation. 

Electrochemical impedance spectroscopy  

Electrochemical impedance spectroscopy data were 
collected using a CHI 650E electrochemical workstation. 
The iron substrate was the working electrode, a fresh 
carbon sheet (AvCarb MGL190, FuelCellStore, USA) was 
used as the counter electrode, and an Ag/AgCl electrode 
was used as the reference electrode. The electrolyte 
solution was 3.5% NaCl (w/v)  or 0.01 M H2SO4. The initial 
potential of the working electrode was set at the open 
circuit potential. The frequency range was from 100 kHz to 
0.01 Hz with an excitation amplitude of 5 mV. Data were 
collected at 12 points per decade of frequency. The 
samples were immersed in the corrosion test solutions 
(3.5% NaCl or 0.01 M H2SO4) for 30 minutes to reach 
equilibrium before the measurements. ZView 2.1 software 
was used to fit the data to an equivalent circuit (Figure 
S6). Table S1 and Table S2 summarizes the fitting results. 
Rs represents the solution resistance between the Fe 
substrate and the reference electrode. Rct is the charge 
transfer resistance at the metal/solution interface. The 

Figure 7. Spectral changes related to the addition of 1 
equiv. FeCl2•xH2O and FeCl3•xH2O to (a) 1 and (b) 2 in 
methanol. 

 

(a)

(b)

300 350 400 450 500 550 600

0

2000

4000

6000

8000

10000

12000

14000

16000

e 
(L

 m
o

l-
1

 c
m

-1
)

Wave length (nm)

 [GaIIILN2O3]

 [GaIIILN2O3] + 1eq. FeCl3

 [GaIIILN2O3] + 1eq. FeCl2



 

 

capacitance of the electrical double layer (Cdl) of the 
working electrode was modeled as a constant phase 
element. 

UV-Visible spectroscopy 

UV-visible spectra were recorded with standard quartz 
cells at room temperature in 1.0x10-4 or 1.0x10-5 M wet 
methanol (2-3% water) solutions of 1, 2, FeCl2•xH2O or 
FeCl3•xH2O under aerobic conditions. A Shimadzu 3600 
UV-Vis-NIR spectrophotometer operating in the range of 
190 to 1600 nm was utilized. Values of ε are given in M-1 
cm-1. 
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ABBREVIATIONS 

AFM, atomic force microscopy 

BAM, Brewster angle microscopy 

Ecorr, corrosion potentials 

H2LN2O2, 6,6'-(1E,1'E)-(4,5-bis(2-methoxyethoxy)-1,2-
phenylene)bis(azan-1-yl-1-ylidene)bis(methan-1-yl-1-
ylidene)bis(2,4-di-tert-butylphenol) 

H3LN2O3, (6,6'-(2-(3,5-di-tert-butyl-2-hydroxybenzylamino) 
-4,5-bis(2-methoxyethoxy)phenylazanediyl)bis 
(methylene)bis(2,4-di-tert-butylphenol) 

icorr, corrosion currents  

IE, inhibition efficiencies  

IRRAS, infrared reflection absorption spectroscopy  

LB, Langmuir-Blodgett (LB) 

LUMOs, lowest unoccupied molecular orbitals 

SEM, scanning electron microscope 
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