KN | Rede CIGUS Cofinanciado por = 2 Ci m
B | Cantros de lnvestigacidn do la Unién Euro::a == Fondas Eur U S C t.:-.-!'.\a‘- . m-,wH.i.,m
i | Sistema Universitario de Galicia ] farelet by

Mrteian ckaciares

CiQUS Lecture

Twisted Graphene
Nanoribbons: A Unified
Platform for Energy Storage,

Bioelectronics, and Chiroptics

Colin P. Nuckolls SoplenBegiFaoeR

Columbsia University CiQUS Seminar Room 12:15 PM

Abstract

Twisted graphene nanoribbons (tw-GNRs), built from helical perylene diimide (hPDI) and perylene tetraester
subunits, unite a fully fused graphitic backbone with well-defined molecular contortion, coupling mconjugation with
permanent ion-transport void space and a controllable helical twist.!) A room-temperature Stille polycondensation
followed by iodine-mediated photocyclization delivers defect-free ribbons up to ~120 nm long with precise control
over length, ends, edge chemistry, and backbone helicity. A single polyanhydride intermediate then enables
modular grafting of essentially any primary amine, decoupling backbone synthesis from application-specific side-
chain design (Figure 1a). We use this platform to attack three problems. Chiroptics. Enantiopure remote chiral
groups (e.g., (R)- or (S)-phenylethylamine) at the imide positions break the P/M degeneracy of the backbone and
propagate a single sense of twist along the entire polymer. chGNR[90] (~268 fused rings, ~65 nm long, ~3560° end-
to-end twist) reaches |Ae| = 6780 M-1 cm-1 at 550 nm and scales linearly with length—the largest visible-range
CD of any organic polymer (Figure 1b). On monolayer WSe2 , chGNR films act as contact-free, room-temperature
spin filters: helicityresolved ultrafast transient reflectance shows >45% CISS that inverts with enantiomer.[YlEnergy
storage. Length control over hPDI[n] cathodes reveals a “sweet spot” at n = 15 balancing insolubility, conductivity,
and ion accessibility: 22.4 kW kg-1 and 235 Wh kg-1 in Li cells, and 1.7 kW kg-1 / 65 Wh kg-1 for Mg2+, both with
thousands of stable cycles (Figure 1c).Bl Cruciform-hinged copolymers of PDI unlock the
conductivityhydrophilicity—insolubility triad for aqueous Na+ batteries: 118 mAh g-1 at 1C with 91% retention over
35,000 cycles. Bioelectronics. Grafting oligo-ethylene-glycol chains onto a defect-free hPTR backbone (CARS)
produces the first stable, high-performance n-type organic mixed ionic—electronic conductor—electron mobility
~10x a defect-containing analogue, low threshold (0.26 V), 87% current retention over 5,000 switching cycles.
Implanted CARS probes record high-fidelity local field potentials (including non-REM sleep spindles) in freely
moving rodents for >2 weeks.[2
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Figure 1. (a) Polyanhydride platform gives tw-GNRs bearing alkyl, primary-imide,
PEG (CARS), or chiral (chGNR) side chains. (b) chGNR[n] CD grows linearly with

length, reaching |Ag| 6800 M~ cm ~ at n = 90. (c) hPDI[n] Li/Mg cycling identifying
the n =~ 15 “sweet spot”. Together, a single defect-free platform, with tunable side

chains, addresses problems as diverse as ultrafast-charging batteries, implantable
neural probes, and room-temperature spin-selective photonics.[5]
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Biosketch

Sheldon & Dorothy Buckler Professor of Materials Science at Columbia University, renowned for pioneering
research in molecular electronics, polyaromatic materials, and new carbon allotropes. After earning his Ph.D.
from Columbia in 1998 and completing an NIH-funded postdoctoral fellowship at The Scripps Research
Institute, he joined Columbia as an Assistant Professor in 2000, later becoming Department Chair and a
founding member of the Columbia Nanoscience Center. His work integrates synthetic chemistry with
molecular-scale electronic devices, and he has received major honors including the Sloan Research
Fellowship, the Beckman Young Investigator Award, the ACS Arthur C. Cope Scholar Award, and the ACS
Baekeland Award.
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