A Novel Approach to Renewable Energy: Light

Stimulated Active Cation Transport Membrane
Via Covalent Modification with a Photoacid
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Main objectives to this research: through the membrane
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that of the normal HPTS membrane.

« Create a regenerative active membrane through modification with
8-Hydroxypyrene-1,3,6-Trisulfonic Acid (HPTS) Nafion Membrane

*The HPTA modified membrane was less effective than the HPTS
derivative but more effective than HPTS (Graph 1)
« Peak power output was 1.94 x 10-8 Watts.

« Demonstrate the modified membrane's ability to transfer hydrogen ions
across the membrane when excited by light mimicking sunlight
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funnel and dry over sodium sulfate and evaporate caTOYMET N(cH,), There was an observable power generation within the cell when the
_ membranes were stimulated, upholding the hypothesis. Furthermore, the
2. |\/|Od|fy Membrane Figure 1- (courtesy student) Reaction scheme of the proposed reactions for this experiment . Depicts two membrane modified with HPTS derivative was much more successful at
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triethylamine in isopropyl alcohol at reflux for 7 days chemicals used in a reaction and how the reaction was performed. were also conductive to cations. As the HCI was added to the cell, the pH
2. React nafion membrane with modified HPTS, NaOH and sharply decreased, leading to a quick fall in voltage followed by a steady
triethylamine in isopropyl alcohol at reflux for 7 days HPTS | HPTS Derivative rise in voltage resulting from cation diffusion and pH balancing between
3. React nafion membrane with HPTA, NaOH and Membrane | Membrane | HPTA Membrane |Control|  Table 1- (Student data) The the sides of the cell.
' triethvl ] .. | alcohol t’ fl for 7 d Peak Current (pA) 0.191 8.92 .304 0.0335 table contains the most
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cations after light stimulation.

5. Store membrane under 1M NacCl

Power over time (HPTS and HPTA Membranes) HPTS modified nafion membrane:
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Figure 2- (photo courtesy of exhibitor) This image depicts the custom glass cell with 3. Test the membranes under laser light excitation It was evident that the nafion membrane had been modified with HPTS
figkEsiean iz oG EHET e B SIS P G SR G 1. Insert the membrane between the two O-rings of the . because of the yellow coloration after it reacted for 7 days.
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P membrane. There is a . N,  HPTS Membrane
Action from Photoacid-Modified Nafion Due to Light-Driven lon Transport" B clear jump at5 : c e HPTA Memorane indicates a usable flow of electrons)
(White et al ) a nafion membrane was modified with HPTS. a photoacid to Figure 8- (lllustration courtesy of exhibitor) This diagram represents the f;%?qugivzr;;de O i
o _ _ ’ L entire cell working together. The laser stimulation pushes cations across ' e Total power output of the membrane was calculated at 1.00 x 10-8 watts;
create active transport when stimulated by light. A second paper, "Highly the membrane creating a positive charge on the right side of the cell. only .0029% efficient
Photostable 'Super'-Photoacids for Ultrasensitive Fluorescence Spectroscopy™ 15608 —gw W _u
(Finkler et al.) details the modification of HPTS to create photoacids with Reference HPTS derivative modified nafion membrane:
Increased activity. By using a new photoacid from the second paper with Bl d o Although slightly inconsistent, electrochemical data demonstrated very
Increased activity and very similar structure to HPTS, a new, more effective }Q‘ rme promising results. To generate current, the laser had to be pointed at a very
membrane can be synthesized. specific area on the membrane, indicating the membrane was not fully
: modified.
» Current solar technologies waste approximately 17% of the generated Working Counter
pOWer. Electrode Electrode « Nearly 50 times better peak efficiency derived from chronoamperometry
 Lack of efficient storage methods of generated electricity from current « Cyclic voltammetry showed a smaller deviance between light and dark
solar technology can be addressed by the seamless integration of Laser E than the HPTS modified membrane
hydrogen fuel cell technology to store energy generated from the

It is expected that efficiency will continue to increase with more

membrane. research

Nafion Membrane

« Synthesized active membranes operate in a traditional electrochemical
cell, containing electrodes in half cells on either side of the membrane
with reduction-oxidation reactions of hydrogen occurring at the

HPTA modified nafion membrane:
This membrane was very similar to the HPTS modified membrane but was
slightly less consistent and had approximately twice the efficiency.
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