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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. Chemicals for synthesizing chemical tags and metal salts
3. General chemical supplies

(b) Status Update of Past Quarter Activities

Building upon the success of last quarter in identifying a fluorescent tag that selectively binds to Fe2+ in the presence of several metal salts, in this quarter, my students Jose L. Lorie Lopez and Pamela Smecellato has focus on synthesizing a different fluorescent tag for the selective detection of Fe3+ such that various tags can be introduced to the fluid to detect the presence and determine the speciation of the Fe species.  In this quarter, we have purchased chemicals to synthesize fluorophore based on 1,8-napthalimide with a tris(amoinoehtylamine) ligand that his known to form complexes with Fe3+.  The synthesis of the fluorophore is roughly based on Yang et al. report in 2013 on Dyes and Pigments 97 2013 168-174.  We have also conducted a literature search during this reporting period to identify other fluorescent tag candidates.
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Figure 1.  Structure of the napthalimide fluorophores and the proposed structure of the dye-Fe3+ complex based on (Dyes and Pigments 2013 168-174).


The absorbance measurement and the selectivity of 1,8-napthalimide to Fe2+, Fe3+, Ni2+, Cr3+, Cu+, Al3+, Ca2+, Na+, K+, Mg2+, Mn2+, Co2+, Zn2+ is shown in Figure 2.  The maximum absorbance of the metal-napthalimide complex is around 450 to 500 nm.  The absorbance measured at 495 nm was used for quantification.  We found that napthalimide is not as selective compared to FerroFarRed (SiRhoNox-1) for Fe2+, reported in the previous reporting period.  Of the several metal ions investigated, napthalimide is most selective towards Cu+.  A comparison between the fluorescence signatures of Fe2+-napthalimide complex vs. Fe3+-napthalimide complex, there is a slight enhancement, ca. 33%, in the signal of the Fe3+-complex.

Interestingly, the wavelength at which the max absorbance is observed for the napthalimide fluorophores are significantly different from those of the FerroFarRed at ca. 495 nm and 660 nm, respectively.  Preliminary work on a mixing the two dyes for quantifying Fe2+ and Fe3+, respectively, is currently underway.  Also, unlike the FerroFarRed, the napthalimide tag does not require temperature activation.

In this reporting period, we had encountered several delays, including the repair of the fluorimeter and training of new students for this project.  The main fluorimeter used in this project is an instrument available in a facility in the Department of Chemistry and Biochemistry.  This instrument has been out on repair that is outside of our control.  Pam and Jose found another instrument on campus capable of performing the measurements needed for this project, but we had to conduct another set of calibration systematically again to ensure that the absorbance measured can be quantified.

During this reporting period, we had also tried to recruit and train undergraduate students who will be able to work on this project throughout the academic semester.  These students will work along side Jose, Pam and my other graduate students that can train them on the analytical instrumentation they need to operate for this project.

Figure 2.  Fluorescence of 1,8-napthalimide-metal ion complex excited at 400 nm and detected at 495 nm.  Initial metal cation ion concentration is around 20 uM and 1uM for alkali and alkali earth cations and the tag concentration was 2 uM.


In the next reporting period, we plan to investigate the (1) effect of fluorescent tag mixture and  (2) concentration of the various metal mixtures and (3) generate corrosion products from corroding stainless steel coupons and introducing the dye.

In addition to weekly meetings with the students.  We will also setup regular presentation opportunities especially for presenting their work to my collaborator at DNV.


(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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