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How many items are powered by lithium?

Li+

0.76 Å

Pull out your Ti-84s…

× ≈200 offices in Chemistry = 1400

× ≈ 75,000 people at TAMU = 525,000
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Pros

• Small size allows for 

compact batteries

• High voltages

• Easily manufactured

Cons

• Used in devices, EVs, 

and energy storage 

systems worldwide

• 25th in abundance

Lithium alone cannot meet demands. We need new, earth-abundant battery chemistries

1



What else can we use?

Our solution: toothpaste*

*some (dis)assembly required
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“Toothpaste batteries” 

G. Agbeworvi, S. Hariyani, J. Cheng, A. R. Giem, A. Pakhira, V. A. Gomez, S. Banerjee, Nat. Mater. 2026.

The global production of F (from

fluorspar) is ×10 higher than

that of Li

F-

1.33 Å

Pros

• Smallest halide ion 

available

• High potential and 

capacity

• 13th in abundance

Cons

• New technology, 

needs investment

This readily available supply is

well understood, abundant, and

distributed throughout the world
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Developing materials for fluoride-ion batteries
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1.33 Å
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Tunneled structures allow fluoride-ions to move easily in a single direction

PbTiO3F0.248
FeSb2O4F0.504Sn2TiO4F0.496

Fe

Sb

O

F

Pb

Ti

O

F

4

Although capable of incredible energy storage, current
fluoride-ion batteries “breathe” when charging and
discharging, leading to failure after only a few uses

~100 cycles

A. W. Xiao, G. Galatolo, M. Pasta, Joule 2021, 5, 2823–2844.



The future of fluorine: safety, stability, and longevity
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F-
cathode anode

electrolyte

Interface separation

cathode

electrolyte

electrolyte

Anode corrosion

Long-term goal: develop safe, reliable fluoride-ion batteries that 

supplement lithium in energy storage systems at-scale 

anode

Fluoride-ion

diffusion



Future work: materials and cell testing
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SuperXAS + PHOENIX beamlines enable us to

understand the inner workings of our battery materials

High energy X-rays allow us to observe fluoride-ions

entering/exiting the crystal structure of our electrodes!

Using similar techniques, we aim to understand how

our batteries evolve over a variety of testing conditions



Banerjee GroupThank you all! Questions?
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