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Introduction

Efficient storage of energy is required to meet the goa!s asspuated with the Iargg- EMIMTESI + Acetonitrile EMIMTESI + 3MPN
scale application of the renewable energy resources like wind and solar. Organic EMIMTFSI 20% mol lonic Liguid 20% mol lonic Liquid
redox-flow batteries (ORFBs) are promising since they utilize tunable and eco-
friendly organic molecules instead of expensive metals. ORFBs employ liquid
electrolytes and have four major elements: electrolyte, electrodes, membranes,
and a system through which fluids are circulated.
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The behavior of ORFBs is depends on the way the molecules in the electrolyte (kaimol) (Debye)
mo ebye

interact with each other and with the electrode interfaces. These interactions
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influence parameters such as how easily the molecules can dissolve, how stable 35.88 3.92 3.4 0.375 3.91

they are, and how would be the motion of ions or molecules. Molecular dynamics 34.47 3.92 3.3 0.343 4.04

(MD) simulations are a potential method to study the interactions effectively, and 30.41

researchers can learn and improve how the batteries work. Simulation (Nikitin et al.) 33.66 4.12 : : 3.45
X-ray Scattering Neutron Scattering

. 2.0 Simulation 0.75 Simulation
Solvation structure . — Suulstim " — St

e How solvents surround redox-active molecules and ions.

Diffusion and conductivity

0.25

C\- = E 0.00
g * By tracking how molecules and ions move, MD helps estimate transport g ~025
properties critical to battery performance. ~0.50
9 lon coordination and aggregation ~0.75
v e MD reveals how supporting electrolyte or additives affect molecular T S Z5 S 75 W0 T5 0 175 Mo
: arrangement and stab|||ty 0.0 2.5 5.0 7.5 10.0 12,5 15.0 17.5 20.0 oA
: q (A1)
% Electrode/electrolyte interface TP 1e-9 Infinite Size-Box Diffusion Coefficient
30 % 4.1
« MD provides insight into how redox species interact with electrode ol Stdem “ R
- surfaces, which help to have an understanding of kinetic of electrochemical ? * Experiment T A0r
Cﬁ . 10 g' (numeric) = §:2.837298
O reaCtlonS' 0 --- &' (Debye analytic) tos o _éj) e )= K_ __I?:glg_-a--ag-gt-a-t--
. — | oy T o o R q(i) : B - Zman n n
Temperature and concentration effects o=t 107 10! 10? 10° 3 T: Temperature
. . . . . 1L @0t%ee © 3.8 L : Box Edge
% e Simulations can explore how operational conditions influence molecular O g ’
. B ® ... % 371
I dynamlcs. " 100? e Experiment L Y = o Finite-Size Dif. Coef.
Molecular design 1071} o " (numeric) % 36|~ Experiment
: o : 77 e (Debyeanalytic) g 00 02 04 06 08 10 12
» With MD insights, researchers can test how different molecular structures oo o1 02 T L ot te-13
and solvents might improve performance before synthesizing them. Frequency (GHz) g
3-MPN Simulation EMIMTFSI Simulation
"""""""""""""""""""""" --- Experimetal
0.935 1_52] ¢ Simulation
Methodology 0030l l 1
n l % 1.50F
~ 0.925 § {
2 0.920F & | |
- > © 1.481
. Force Fleld '% 0.915+ g ? T *
. . . Q 1.46__________:- _______ ¢ 71 07"
Optimization 0.910F
< lven - | 1
Electrolyte + Membrane b SO ent 0.905 { - E?cperm-letal ;\G |%0 |1B& 1@_\\ |00(3 | o
(in colab. with DC1) OPLS-AA [3] 0.900 1 | t  Simulation BT Y s P o
< Basic Tail Tail-Cut-off 12 s 2®

Electrolyte + Electrode

< lonic Liquia Acknowledgements
} CL&P 14
(Canongia Lopes & Padua) Financial support from the European Union Horizon Europe Research and
Innovation programme under the Marie Sktodowska Curie Industrial Doctoral

o Network [101119913] “StoreAge” is gratefully acknowledged.

ISTORE|AGE

References

Zhao, Z. et al. Journal of Energy Chemistry, (2022). 67, 621-6309.

Zhao, Ziming, et al. Journal of Energy Chemistry (2022) 67 621-639.

Jorgensen et al. Journal of the American Chemical Society 118, no. 45 (1996): 11225-11236.
Canongia Lopes et al. Theoretical Chemistry Accounts 131, no. 3 (2012): 11209.

Nikitin, Alexei M et al. Journal of Computational Chemistry 28, no. 12 (2007): 2020-2026.

Caleman, Carl, et al. Journal of Chemical Theory and Computation 8.1 (2012): 61-74.
Pothoczki et al. Journal of Molecular Liquids, (2017). 225, 160-166.

Linked ] 3MoSt Lab

N o g s 8N B




