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Harnessing electric-field driven tautomerizations

in porphyrins for electric devices H
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- Figure 1. Image with the different used porphyrin’s tautomers
for the study. (a)Tautomer 1, (b) tautomer 2, and (c) tautomer

Free-metal porphyrins offer a versatile platform in
quantum transport research for exploring electron
flow at the molecular scale . In his study we aim to
design a coherent way to use these molecules in ™
molecular wires and transistors. . — T
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for each tautomer. . Figure 2.  Graphic representing the canonic ensemble
' The diagram illustrates the reversible tautomerization of porphyrin, populations for each tautomer at every E-field step. The
highlighting the transition between Tautomer 2 and Tautomer 3 forms, blue line indicates the population for Tautomer one, while

both induced by an in-plane electric field. The electric field is applied
parallel to the molecular plane, with arrows indicating its direction in each
case. The schematic also emphasizes the symmetry of the system and how
the structural reorganization can be reversed when the field is altered.

the green represents Tautomer three and the red line
‘ represents Tautomer two.
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Methods

Two-states switch

Green’s function (NEGF) method [2, 3, 4] for electron
transport. On the basis LANL2DZ, the current flow is

Electric-fi ntri f rphyrin

lectric .eld. control o porphy calculated as implemented in the ARTAIOS software [5].
tautomerization
Density functional theory (DFT) was used to = Transmission functions were calculated through the
investigate the activation of a tautomer exchange Green's function,

under an electric field (E-field) as shown in Figure

= t
1. By optimizing E-field values in Gaussian 16 [1] T=4Tr (Im (£5) GIm (2p) G )

1(uA)

up to 1 V/A, we analyzed tautomer populations GE)=(ES—H-35—3p)"!
within the canonical ensemble. The PBEO

functional with Grimmer dispersion and a 6- = Current

311G(d,p) basis set were used for these 2¢ Eptom

calculations.
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Quantum electron transport calculations 00 02 04 06 08 10
Voltage (V)
The current calculations combine Kohn-Sham R L
density functional theory (DFT - PBE1PBE/6- esults
311G(d,p)) for the electronic structure of the fgxiif:))"%’;i’gjgE’UV;’;”’“" porphyrin’s tautomer 2
molecular junction with the nonequilibrium Tautomerization urver.

Tautomers 2 and 3 were identified as the most stable. .
. . Applying an E-field in the Y direction caused no molecular Molecular wire
Multi-state switches deformation, with population exchange observed at 0.7 .

V/A. This tautomeric exchange may alter conjugation
patterns, potentially impacting conductivity.
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Electron Transport Study and the Proposal for a -
Molecular Switch

Here we propose a switch made of tautomerizable
free metal porphyrin conductance controlled by an
external electric field applied. (b)
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—— Figure 5. Calculated current in case Il, (a) " \
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Figure 4. Calculated current in porphyrin’s tautomer 2
fused with 2 (green line), 2 fused with 3 (black line) and 3.

fused with 3 (orange line).
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I Conclusions

Our calculations have demonstrated the potential of electric-
field driven tautomerizations in asymmetric porphyrins as a
new mechanism for electrical single-molecule switches.

curve) and 3 (blue curve). (b) Fused

tautomers.
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