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Business and Activity Section

(a) Contract Activity

Discussion about contract modifications or proposed modifications:  N/A
Materials purchased:
1. Synthesis of fluorescent tags that can distinguish Fe2+ from Fe3+
2. General chemical supplies

(b) Status Update of Past Quarter Activities

Our goal is to be able to distinguish Fe2+ from Fe3+ in aqueous solution such that the speciation of Fe during a corrosion process in a pipe, may indicate the presence of O2 in the environment, affecting the corrosion rate.  To date, we had identified an effective dye, FerroFarRed, which selectively binds to Fe 2+ (see previous report).  While we had identified and successfully synthesized an Fe3+ selective dye, NET, dendrimer-type 1,8-naphthalimide, (Figure 1), it turns out that NET is highly unstable in acidic medium and reacts with some of the anions resulting in an unstable dye.  In this reporting period, we included some of the data on the complexation of NET with Fe3+ collected after the previous reporting period, along with results from another Fe3+ selective dye that we have identified. 
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Figure 1.  Selective complexation of Fe3+ with the napthalimide fluorophores (NET) and the proposed structure of the dye-Fe3+ complex based on (Dyes and Pigments 2013 168-174).
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Figure 2.  (left) Fluorescence spectra of the dye at pH 3, 5.5 and 7, and the dye-metal complex formed with Fe2+ and Fe3+.  (right) Comparison of fluorescence intensity at 495 nm indicating the effect of pH on the sensitivity of the dye and dye-metal complex.  


A fluorescent dye referred to as NET (Figure 1) was synthesized and showed selectivity towards Fe3+.  However, we found the pH of the environment, significantly alters the behavior of the dye, resulting in a decreased sensitivity towards Fe3+ detection and dye degradation.  In this reporting period, we have explored the fluorescence signature of the dye itself at pH 3, 5.5, 7, 10, as well as the fluorescence of the complex formed with Fe3+ and Fe2+ at these pHs.  Additionally, we had also investigated the role of anions, specifically, Cl-, NO3-, HCO3-, SO42- that is commonly found in water in the environment.  To date, we have found that the presence of Cl- has significantly altered the behavior and decomposition of the NET dye.  We have also found that other anions also alters the dye’s sensitivity, however, the role of these anions are not conclusive at this point and will be the focus of our next reporting period.

Due to the instability of the NET dye, we had also identified another Fe3+ selective dye, (E)-N-(1H-benzo[d]imidazole-2-yl)-1-(quinolin-2-yl)methanimine, BIM, (Figure 3) as a potential candidate for the selective identification of Fe3+. 
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Figure 3.  (a) Synthesis scheme for (E)-N-(1H-benzo[d]imidazole-2-yl)-1-(quinolin-2-yl)methanimine  (BIM).  (b) absorbance and (c) fluorescence spectra of BIM and BIM-metal complex (metal = Fe3+, Al3+ and Cr3+.  (d) banana pith treated with dye.  (e)  banana pith treated with EDTA followed by the dye.
(data and images from reference:  Sona Warrier, Prashant S. Kharkar, Spectrochimica Acta Part A:  Molecular and Biomolecular Spectroscopy 188 (2018) 659-665.


BIM was successfully synthesized.  After multiple experimental trials, we were able to synthesize BIM and show that it’s florescence behavior is similar to those reported in the literature.  However, our yield was extremely low.  Also several modifications had to be made on the synthetic procedure reported to obtain enough dye to be tested.  The following test was performed with the limited amount of dye synthesized through several iterations.  
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Figure 4.  Fluorescence spectra of BIM and BIM-Fe2+ and Fe3+ complex with dyes prepared using a modified synthesis procedure where the supernatant and precipitate was collected after 10 and 20 hours.

Figure 4 illustrates the challenges involved with the dye synthesis.  Due to the extremely low yield, we hypothesize that some of the synthesized dye still resides in the supernatant.  We therefore tested the efficacy of the complexation with Fe2+ and Fe3+ by reacting the supernatant with the metal ions.  We also collected the precipitates and redispersed them in aqueous solution prior to complexing with the Fe2+ and Fe3+ ions.  Various efforts has been adapted including, recrystallization and the addition of a polar solvent to extract the dye from the supernatant.  Another approach that has been shown to have some success (Figure 3) is by extending the synthesis time for another 20 hours, letting the reaction go to completion.  Based on the results obtained to date, the precipitate collected after 20 hours of reaction gave the most intense fluorescence signal when complexed with Fe3+ (Figure 4).  We also compared this to the same concentration of dye without the Fe3+ present and with Fe2+ present and showed that indeed the dye is selective towards Fe3+ over Fe2+.

Additionally, we had also investigated the complexation efficiency for BIM with a wide range of cations, including Cr3+, Mn2+, Ni2+, Co2+, Cu2+, Cu+, Al3+, Zn2+, Ca2+, K+ and showed that these metal ions does not form a highly fluorescent complex with BIM.   Interestingly, we had also tried various types of Fe2+ and Fe3+ containing salts and compounds.  We first took these salts and compounds and tried to dissolve them in aqueous solution to form the corresponding oxidized Fe species (either as Fe2+ or Fe3+).  These compounds include FeSO4, FeS, FeSO3, Fe(NH4)2(SO4)2, FePO4, K3Fe(CN)6, FeCl3.  Based on these preliminary observations, species from a +2 oxidation state Fe, consistently forms a very weakly fluorescing complex with BIM, while aqueous solutions made from compounds containing a +3 oxidation state Fe are not consistently fluorescing.  This implies that either the anions play a role or that the formation constant of the dye to the Fe3+ center is not as favorable if the ligand coordinating the Fe3+ center is extremely thermodynamically favorable.   

In addition, we had also explored whether the anion itself will alter the fluorescence of the dye molecule.  Based on a preliminary data obtained shown in Figure 5.  Cl- and NO2- does not seem to affect the nature of the dye.
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Figure 5.  Fluorescence spectra of BIM and BIM-complex with a range of metal cations and anions. 


Concurrent to the identification and synthesis of a Fe3+ selective dye, we had also continued to investigate the effectiveness of the the dye with corroded Fe coupons.  In the previous reporting period.  We have demonstrated the effectiveness of the FerroFarRed dye for Fe2+ detection.  In this reporting period, we have tried the same procedure using NET for Fe3+ detection.  Again, in brief, Fe coupons were corroded in 0, 1, 10% H2S, CO2.  The rust from the corroded samples were scraped and dissolved in 0.1 % HNO3 and allowed to react for 48 hours.  The dye, NET, was added to the Fe containing solution.  The data from these test is shown in Figure 6.  Unfortunately, NET is extremely unstable in acidic medium.  Our data suggests dye decomposition as evidenced from the fluorescence spectra of the blank, which only includes the dye molecule in aqueous solution.  Also, the NET-metal complex was not able to distinguish the presence of Fe.  In the next reporting period, we will attempt to use BIM in lieu of NET to detect the formation of Fe3+ species from a corroded Fe coupon.
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Figure 6.  Detection of corrosion products from corroded Fe coupon in CO2 contaning solution, 0, 1% and 10% H2S using NET.


This reporting period has been a challenging period.  We normally conduct weekly meetings with students, up until one of my students fell ill, thus delaying the processing of the data.  We have since trained several students to continue some of this work.  One these students had turned out to be helpful towards the project but others had essentially taken up some of our time and chemical resources without much progress.  In any case, my productive student on the project is back and at the same time we are continuing to train younger students joining the laboratory on this project so that they can pick up the torch.

In the next reporting period, we plan to focus more on testing of the dye on corrosion products from carbon steel and to synthesize a large batch of dye to use at the corrosion flow cell facility at DNVGL.

(c) Cost share activity

Cost share is 0.5 mo academic salary per year ($5501) for Anne Co, so for this quarter this amount to $1834.  Cost share for Sridhar Narasi is $28000 per year from DNV, for this quarter, this amount to $7000.  The total cost share for the quarter is $8834.


(d) Task X: Task Title
Task 1:  Literature survey on appropriate, easy to make, and inexpensive dye that can chelate to Fe3+ in solution
Task 2:  Synthesis of fluorescent dye, specifically optimized the synthesis of a 1,8-napthalimide  fluorophore with a tris(amoinoehtylamine) ligand and (E)-N-(1H-benzo[d]imidazole-2-yl)-1-(quinolin-2-yl)methanimine  (BIM).  
Task 3:  Investigated the chealating effect of the napthalimide and BIM tag with a range of relevant metal ions such as Fe2+, Fe3+, Ni2+, Cr3+, Cu+, Al3+, Ca2+, Na+, K+, Mg2+, Mn2+, Co2+, Zn2+
Task 4:  Investigated the effect of dye mixtures (preliminary)
Task 5:  Generated corrosion products from carbon steel (preliminary)
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Fluorescence @ 450/470 nm
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