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Stabilizing the energy grid

The widespread deployment of renew-

able energy sources such as solar and wind 

power destabilizes the electric grid 

because conventional power-generation 

systems cannot ramp quickly enough to 

balance the power variations from these 

intermittent sources. Storing energy in 

batteries could help to even things out, but 

the cost of most existing technologies—

including lithium-ion batteries—is signifi-

cant, hindering grid-scale applications.

Emerging storage technologies such as 

aqueous sodium (Na) systems offer low 

costs for long-duration storage, but they 

do not have the charge/discharge rates 

needed to balance volatile power 

generation. In particular, it remains a crit-

ical challenge to develop a stable negative 

electrode (anode) for high-rate Na-ion 

battery systems.

A battery breakthrough 

Compared with the relatively mature 

designs of anodes used in Li-ion batteries, 

anodes for Na-ion batteries remain an 

active focus of research and development. 

Natron Energy (formerly Alveo Energy), a 

battery-technology company based in 

Santa Clara, California, developed an 

unconventional anode design using a blend 

of elements chemically similar to the paint 

pigment known as Prussian blue.

According to Natron, the battery has 

been shown to deliver up to 90 percent of 

its total energy in a very fast, five-minute 

discharge and to retain about 95 percent 

of its discharge capacity for 1,000 cycles. 

In addition, the battery is also very stable, 

its materials are abundant, its overall cost 

is competitive with conventional lead-acid 

batteries, and it has a lesser environmental 

footprint than conventional batteries. It 

outperforms the Department of Energy's 

cycle-life and price targets for grid-scale 

energy storage. Just how the battery 

achieves its high performance, though, had 

puzzled the researchers.

Monovalent manganese

Typically, Li-ion and Na-ion batteries 

use carbon-based anodes. But in Natron's 

case, both anode and cathode utilized 

transition metals, manganese and iron, 

respectively, which can exhibit various 

charged states. 

Scientific 
Achievement
Scientists have detected a novel 
chemical state of the element 
manganese that was first proposed 
about 90 years ago.

Significance  
and Impact
The discovery enables the design of 
a high-performance, low-cost battery 
that, according to its developers, 
outperforms Department of Energy 
goals on cost and cycle life for grid-
scale energy storage.

Atomic structure of an electrode material—manganese hexacyanomanganate (MnHCMn)—that 

achieved high performance in a sodium-ion battery. The open framework contains large interstices 

and channels that allow sodium (Na) ions to move in and out with near-zero strain. Manganese (Mn) 

ions form the corners of the cage: Mn(N) has six nitrogen nearest neighbors and Mn(C) has six carbon 

nearest neighbors.



There was speculation, dating back to a 

1928 German-language journal article, that 

manganese could exist in a monovalent 

state (Mn1+), losing a single electron. This is 

unusual, as manganese atoms typically are 

known to give up two or more electrons, or 

no electrons, in chemical reactions. Such a 

novel chemical state would enable a voltage 

range useful for battery anodes. But there 

hadn't been any measurements confirming 

this monovalent form of manganese.

iRIXS does the trick

After initial characterization of sample 

battery cells at Berkeley Lab's Molecular 

Foundry, the Natron team brought the 

cells to ALS Beamline 8.0.1. Soft x-ray 

absorption spectroscopy (XAS) experi-

ments done there appeared to show 

mainly Mn2+, but the hint of another form 

led them to rely heavily on theory to spec-

ulate about a different state, with calcula-

tions performed at New York University.

The team then turned to in situ reso-

nant inelastic x-ray scattering (iRIXS), a 

high-sensitivity probe of the internal 

chemistry of materials, also at Beamline 

8.0.1. The telltale fingerprint of Mn1+, asso-

ciated with carbon-coordinated Mn, 

appeared during the battery's charge 

cycle. It turns out that Mn1+ behaves very 

similarly to Mn2+ in conventional spectros-

copies, which is why it was difficult to 

detect. The results also show that the 

special circumstances giving rise to this 

state make it easier for electrons to travel 

in the material, explaining why the unusual 

electrode performs so well.

Natron has begun beta testing battery 

prototypes based on this work. More 

broadly, the results could inspire new 

avenues of exploration for novel battery 

materials.
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Left: XAS spectra at the Mn L3 edge show little contrast between charged and discharged anode states. Center/Right: In the full iRIXS maps, however, a 

clear contrast is evident. The charged sample displayed a greatly enhanced feature at an excitation energy of about 643.4 eV (along the vertical axis). 

This matches exactly the expected energy of a key calculated Mn1+ feature. 




