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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

We had previously identified an effective dye, FerroFarRed, which selectively binds to with Fe 2+ (Figure 1) and gave fluorescence signal using an extremely low concentration, 5 nanomolar solution of the FerroFarRed, and 20 uM of the transition metal cations.  We had also previously identified another dye for complexing Fe3+ in solution, with the goal of distinguishing the different Fe oxidation states in a corroded pipe, the higher oxidation state Fe3+ may indicate the presence of O2 in the environment.  
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Figure 1.  (a) Selective complexation of FerroFarRed with Fe2+.  (b) Calibration plot of FerroFarRed and Fe2+. (c) Structure of the napthalimide fluorophores (NET) and the proposed structure of the dye-Fe3+ complex based on (Dyes and Pigments 2013 168-174). (d) Fluorescence from the complexation of Fe3+ and other cations with NET.


A fluorescent dye referred to as NET (Figure 1c) was synthesized and showed selectivity towards Fe3+.  While the Fe2+ solution also gave significant fluorescence signal, we attribute this to the presence of some Fe3+ in the solution of Fe2+.  To address this Fe3+ contamination, this series of experiments will be reproduced by adding Fe filings in the Fe2+ solution, to ensure it remains in its reduced state.

In this reporting period, we investigated the effect of pH on the dye-cation complex, since the corrosion products and rates of corrosion are significantly affected by pH.  Here we find that the FerroFarRed are very stable in acidic and basic medium, while NET can decompose in acidic media.  Figure 2 shows the results from not controlling the pH (Figure 1d) where the salt solutions are prepared as is and the pH of these solutions ranges between 5 to 7, depending on the salt used.  We also attempted to control the pH by adjusting all the dye-metal ion solution at pH 5.5, 4.5, 3, 1 (Figure 2 A to D).  In this set of data, one can clearly see that the dye decomposes at highly acidic condition.
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Figure 2.  (a) Florescence signature of NET with metal ions at (a) pH 5.5, (b) pH 4.5, (c) pH 3, and (d) pH 1.

Another observation is that the florescence and stability of NET is also highly dependent on the anion present in solution.

In the next reporting period, we plan to investigate (1) the role of anions, specifically, Cl-, NO2-, NO3-, HCO3-, SO42- that is commonly found in water.  We are also planning to (2) synthesize another Fe3+ dye (Figure 3) that has been reported to be selective towards Fe3+ detection and their pH stability.
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Figure 3.  Proposed Fe3+ selective dye.

In this reporting period, we had also attempted corroding Fe coupons and invesgitaed the effectiveness of the FerroFarRed dye for Fe2+ detection.  Specifically, Fe coupons were corroded in 0, 1, 10% H2S, CO2, as shown in Figure 4.  The rust from the corroded samples were scraped and dissolved in 0.1 % HNO3 and allowed to react for 48 hours.  In brief, Fe samples corroded in CO2 solution gave an intense fluorescence signal indicating that the Fe corrosion products can dissolve in solution to form Fe2+ and can be detected.  Whereas FeSx products seems to be higly stably and does not dissolved into Fe2+.  In one of the 10% H2S samples where too much of the surface was scraped off, a significant fluorescence signal was observed due to the dissolution of some pure Fe filings forming Fe2+ in solution.
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Figure 4.  Detection of corrosion products from corroded Fe coupon in CO2 contaning solution, 0, 1% and 10% H2S using FerroFarRed.



In addition to weekly meetings with the students.  Joseph Mataich visited OSU and DNV on September 26.  A copy of the presentation during this meeting is also uploaded in this reporting period.  During this on-site visit, we went over a project update, toured the lab and facilities, and discussed opportunities to present some of these preliminary results at the NACE or Electrochemical Society meetings.


(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.
Task 3:  Investigated the chealating effect of the napthalimide 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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Scheme 1. Synthetic route of NET and the structures of the controls.
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pH adjusted to 4.5 with 0.1 M NaOH. None of the samples fluoresced at the selected wavelength.
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All samples prepared by adding 0.2 mL HCI to the stock solutions. pH = 3

Fluorescence of 100 uM Metal ions in 2.5 pH solutions
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The “rust” from corroded metallic samples were scraped and about 10 mL of 0.1% HNO3 was added and
allowed to react for 48 h. Pure Fe plates were submerged in 0.1% HNO; for 2h forbore testing the solution.

Fluorescence of Fe corroded samples in FerroFarRed
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Emission @ 495 nm (AU)
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Emission intensity @ 660 nm (AU)
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Fluorescence intensity @ 660nm
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