Electrochemical and spectroscopic study of peptide-templated eumelanin pigments

Daniel J. Courter, Olivia K. Rossi, Zhen Tian, Young Jo Kim™

University of | , THE CITY CUNY

New Hampshire . . UNIVERSITY
Engineering OF
NEW YORK

4> ADVANCED University of New Hampshire, College of Engineering and Physical Science (CEPS)
.‘ SCIENCE Department of Chemical Engineering, Kingsbury Hall, Durham, NH USA

EE&EQECH * [yvoungjo.kim@unh.edu]

Electrochemical characterization

Edible electronics biomedical devices How to control topography of melanins?

S — . ————s 200 e -
Implantable, Biocompatible, Transient, Biodegradable Collaboration with Prof. Ulijn at City Univ of New York U li I LQ g [ OOMNaS0s o f 1 g reop 05 MMESOs
Chronic infection, Inflammation Non-invasive £ £ sf > )
n aspartic acid D ' : P ‘ = _ = = [ ! ,, o’
Energy Harvestng S (| phenylalanine . Q" | | 3 [T | 3 5ol A
| o | tyrosine . @ < TEM micrographs of structures formed by self-assembly I S . - [, v : T
T O o of DFY tripeptides and their confirmation structure. 10 -05 00 05 10 15 710 05 00 05 10 15
Monitoring patient Non-invasive Smart controlled . —_ i @ oy Hton on Y. Polymerization Lampel et al. Science 2017 Voltage, V (V vs Ag/AgCl) Voltage, V (V vs Ag/AgCl)
compliance diagnostics release O
| % d Y —_— — — T
. Y _ 400 f ; . 300 F y
- | o PillCam _ ool SynMel ! | _ SynMel ) |
- | Battery + Packaging Self assembly Oxidation Polymerization g 200 - O5M ll\la2804 I ’25 <00 - 05 M IIVIQS?“' |:
(~90% device mass) ’ _) — E ool : , £ 100r y L
:33 “100F | : E g -100 W= y ’ E E E
“Helius” ' “Intellicap” -200 i . : ‘ - :
] ) ] ) o 2 1 2 1 2 1 2 1 2 _200 2 1 2 1 b 1 2 1 2
(Proteus B|Omed|ca|) (G|Ven |mag|ng) (Ph|||p5) -1.0 -0.5 0.0 0.5 1.0 1.5 -1.0 -05 0.0 0.5 1.0 1.5
Voltage, V (V vs Ag/AgCl) Voltage, V (V vs Ag/AgCl)
1200 r— BE.T I.SOtherm i S — S —— .
—— NatMel S=231.2 m2 g - : I i - I : =5 B i
—O— SynMel S= 148.8 m2 g- ' - PepMel | § 7 - sof PepMel ' | :
soo | PePMel S=1770.9 m2 g- s 50f 0.5M NazSOs A - 5 0.5 M MgSOs4 I
Structure ) E 1 A
= o} = i T+
3 400 5 : : g [ P :
Length scale (m) 0° @) e O, S 50 F 1 ! S I ‘ I : I I
\ . S O S 40 T
Molecular Submicron O ” O oL '® PAMNGES 2= o -100 . l T I ' I . R : ) I : I . :. .
[Tautomerization] 5 0.0 0.2 04 0.6 0.8 1.0 -1.0 -0.5 0.0 0.5 1.0 1.5 -1.0 -0.5 00 05 1.0 1.9
PANG Relative pressure (p/p,) Voltage, V (V vs Ag/AgCl) Voltage, V (V vs Ag/AgCl)
(@)

HO e O
T OO0
~| - N
HO N HO N pKa= 9.5 HO N

nm

Chemistry

15 <4 0 150 300 450 600 750 900 ' : ' '
\ 0 30 60 90
N OH - - |
J

—
(0))
v ]

Applied potential, V (V vsAg/AgCl)

(0]
T v

H S S NS E SN E NN EEEEENEEEEENEEEEEN
—_
N

HE S S S S S NS SN NS EEEEEEEEEEEEN

2
.
= QO
= g
5,6-dihydroxyindole carboxylic acid Raman SpeCtI’a Of melanlns é % 4'-
(DHICA) T ©
NatMel ﬁ —a NatMel+Na —a | NatMel+Mg ' —a ] P '
. | . - —B - l —B- 0 0
HO e + OH* O & _- +Na +Mg +Na +Mg  +Na +Mg NatMel+Na  NatMel+Mg SynMel+Na SynMel+Mg
j@ - (2" + )‘ D @ NatMel SynMel PepMel AN NS EEEEEEEEEEEEEEEEEEEE -
N Q
- T+ + (=
HO (2e + 2H™) 0 <
Catechol Quinone 0
. . | . | ) =)
800 1200 1600 2000 800 1200 1600 2000 800 1200 1600 2000 Figure 1&2
' ' ' SynMel+Na | ' | SynMel+Mg| |
[ I ® High surface area PepMel leads to higher Raman intensity.
-;72,’ e Coordination bonding of Na+ and Mg2+ with PepMel
. . . I would not affect conformation changes that are enough to
Naturally-occurring eumelanin pigments can be used as charge storage = | be visible by Raman spectra.
materials when paired with Na* and Mg?* in agueous environment.
* Limited Charge storage capacity due to the nature of the structure 800 1200 1600 2000 800 1200 800 1200 1600 2000 +Na+ Na* | | +Mg2+ Mg2*
« Extremely difficult to control topography of melanins during synthesis  PepMel+Na —qf [PepMerMg || o Na* Mg2*
I _— - I —
> —if fn —v
[z p— -3
_ - + k\ O G
(26" +2H") _ ) 8
T+ (26 + 2HY) ' #
+
(2e O |

Melanin A-MnO2 800 1200 1600 2000 800 1200 1600 2000 800 1200 1600 2000
Anode Cathode Raman Shift (cm™) Raman Shift (cm™) Raman Shift (cm™)



