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Business and Activity Section

(a) Contract Activity

Discussion about contract modifications or proposed modifications:  N/A
Materials purchased and lab fees:
1. General chemical supplies and lab fees.

(b) Status Update of Past Quarter Activities

During this reporting period, we were allowed to have one student working on each lab bench with no more than two students occupying the same lab or office space at a time.  On average, Ariel will come in to the lab about 1-2 times a week to conduct his experiments for this project.

Non-lab related activities during this period.
During this reporting period, I continued to meet with all of my students over Zoom once a week as a group, once a week in subgroup meetings, and additional individual meetings when needed.  Overall, I would see each student at the very least twice a week and sometimes more, depending on the student.  

Course work.  As part of his PhD degree requirement, Ariel took three graduate courses in Physical Methods of Inorganic Chemistry (Chem6340), Group Theory and Bonding (Chem6330) and Electrochemistry (Chem7120), where he received an A-, B and B+, respectively.  Directly relevant to this project are the Physical Methods course, as well as the Electrochemistry course, I taught.  The Physical Methods class includes topics on various surface characterization methods that Ariel can later use to characterize the Fe coupon surfaces under various corrosive conditions.  The Electrochemistry course exposes him to topics related to the nature of corrosion through the fundamentals of electrochemistry.  Historically, as part of the student grade for the Electrochemistry course, students are asked to present a topic at the end of the term.  The initial plan was to have Ariel present on a topic related to corrosion.  But I have changed the format of the course this year, to allocate more time for discussion at every lecture, as a result, we had to remove the student presentation component from this year’s syllabus.  In any case, Ariel will be presenting a general lecture on corrosion and his research progress at our group meeting at a later date in 2021.

Lab related activities during this period.
During this reporting period, an alternative synthetic procedure for synthesizing BIM was found in a different paper (Devkule, 2017).  This new procedure uses ethanol instead of methanol as solvent during the refluxing step.  This is our attempt to find an alternative process to increase the yield of the BIM dye synthesis.  After the solution was refluxed for 48 hours, filtered and diluted to a 1 mM stock solution.  A small aliquot of the solution was taken and diluted to roughly 10 uM and tested with 25 uM Fe 3+. (Fluorescence spectrum shown in Figure 1 below).  Based on the fluorescence signature, we made BIM, this time, the dye was not only in the precipitate but was also in the solution phase, and was therefore easier to prepare for further use.
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Figure 1.  Fluorescence spectra of a blank solution consisting of the (E)-N-(1H-benzo[d]imidazole-2-yl)-1-(quinolin-2-yl)methanimine  (BIM) dye with no Fe species (short dash), with Fe2+ (long dash) and with Fe3+(solid) indicating the signal from selective complexation of Fe3+ and BIM.  The synthesis procedure of BIM was from another literature reference, which resulted in higher dye yield than previous synthetic method.


To determine the optimum BIM to Fe3+ ratio, we prepared a known Fe3+ concentration (25 uM) and systematically increased the dye concentration.  The fluorescence spectra of the complex, as well as the maximum intensity for each solution was plotted as a function of the dye concentration, shown in Figure 2. 
[image: ][image: ]
Figure 2.  (top) Fluorescence spectra of the Fe3+-BIM complex with varying concentrations of Fe3+.  (bottom) Maximum fluorescence signal of the Fe3+-BIM complex as a function of Fe3+ concentration.


During this reporting period, while trying to prepare a larger batch of solutions, we also found that the type of storage container can have a significant effect on the lifetime of the dye or the quantification of the ions in solution.  One example is illustrated here.  Figure 3 shows a decreasing fluorescence signal of a Fe3+-BIM complex as a function of time, when stored in a borosilicate glass.  We found that the dye, BIM, itself is stable when stored in this borosilicate glass, however, the Fe3+ adsorbs to the surface of borosilicate.  When a Fe3+-BIM complex is made and stored in borosilicates, the interaction between the Fe3+ and the surface of the borosilicate glass is much stronger than with BIM and therefore Fe3+ could be slowly extracted from the dye complex, reducing the fluorescence signal.  Figure 3 resulted from a set of experiments designed due to the inconsistent fluorescent measurement obtained from a new supply of glass test tubes.  We found that the new supply of glass test tubes provided by the fluorescence facility causes Fe3+-BIM to change drastically, depending on how long we have to wait for the instrument to become available.  We have since investigated several glass test tubes made of slightly different glass material and have identified a different type of glass that does not result in the de-complexation of the Fe3+-BIM complex.  The results reported from here on are stored in appropriate containers and measured in test tubes that does not react with the complex.  We tried to ensure that the measured signal is stable as a function of time and therefore comparable from experiment to experiment.


[image: ]

Figure 3.  Decreasing fluorescence signal Fe3+-BIM complex as a function of time due to the favorable adhesion of Fe3+ to the borosilicate glass container therefore extracting Fe3+ from the Fe3+-BIM complex.


Stability of the complex as a function of temperature.  Figure 4 summarizes the data obtained from exploring the temperature stability of the Fe3+-BIM complex, as the temperature could potentially fluctuate inside a pipeline and we would like to investigate whether the dye complex can be formed and stabilized.  Here, we first investigate the stability of the dye complex as a function of time for each teemparture.  Figure 4a is an example of Fe3+-BIM measured at slightly elevated temperature of 37.5 oC as a function of time, indicating that the complex is stable for at least 1 hour.  This experiment was repeated at 19, 37.5, 45, 52 oC.  The complexes at these temperatures were all stable within 1 hour of forming the complex, we therefore compared their fluorescence intensity 1 hour after the mixing the Fe3+ and BIM.  Figure 4b and 4c shows that while the complex is definitely forming and are detectable at higher temperatures, the total fluorescence signal decreases as the temperature is elevated.
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Figure 4.  (a) Fluorescence signal of Fe3+-BIM complex heated to 37.5 oC as a function of time.  (b) Fluorescence signal of Fe3+-BIM at 19, 37.5, 45 and 52 oC 60 min after complexation and (c) Max fluorescence as a function of temperature incidating a decrease in fluorescence signal at elevated temperatures.
Ariel has prepared a series of solutions containing cations such as Cu2+, Co2+, Zn2+, Ni2+, Mn2+, Fe3+, Fe2+,Cr3+,Cu+ and reacted these compounds with the new BIM dye.  Several Fe2+ and Fe3+ salts were explored and as shown in Figure 5, BIM selectively complexes with Fe3+ over Fe2+.  One anomaly in Figure 5 is the high fluorescence intensity of the Cu+-BIM complex.  We first thought that his may be due to the Cl- anion.  But when all of the data were plotted (as shown in Figure 5), the data suggest that Cl- should not interfere with the complexation of the M-dye.  Another factor we have yet to explore is the effect of pH.  Ariel then measured the pH of all of the solutions and found that the complex that gave the highest fluorescence are consistently more acidic.  In the next reporting period, we would explore the effect of pH systematically.  Understanding the effect of pH on the formation of the Fe-tag will be relevant in detecting pipeline corrosion products.

[image: ]
Figure 5.  Fluorescence signal of M-BIM complex, where M = Cu2+, Co2+, Zn2+, Mn2+, Ni2+, Fe2+, Fe3+, Ca2+, Na+, Al3+ Cu+ showing higher fluorescence intensity for Fe+-BIM complex.  The corresponding pHs of the solution were also determined.

(c) Cost share activity

Postdoc, Jose Lorie Lopez’ salary for $880.06.  F&A cost of $492.83.  The total cost share for this quarter is $1372.89.


(d) Task X: Task Title
Task 1:  Explored a different method for synthesizing (E)-N-(1H-benzo[d]imidazole-2-yl)-1-(quinolin-2-yl)methanimine  (BIM) that results in higher yields.
Task 2:  Investigated the optimum dye:Fe3+ ratio for maximum fluorescence intensity.
Task 3:  Identified the variables affecting the stability of BIM and the Fe3+-BIM complex as a function of time.
Task 4:  Explored the effect of temperature on the stability of the Fe3+-BIM complex.
Task 5:  Measured the efficacy of M-BIM complexes and illustrated the selectivity for Fe3+ amongst other potential transition metals that could be present in the pipeline.
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EtOH H20 ppt: Intensity at Different Temperatures (60 Minutes)
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EtOH Stock Solution: Dye+Fe 3+ Intensity - Blank Intensity (Water Solvent)
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