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Battery bottlenecks

To develop lighter, longer-lasting 

batteries for mobile devices like cell 

phones and cars, scientists are on the hunt 

for new electrolyte materials. Electrolytes 

separate the positive and negative elec-

trodes of a battery while allowing ions to 

travel back and forth. Lithium—a light, 

energy-dense metal, is a theoretically ideal 

material for electrodes. Unfortunately, 

electrolytes paired with lithium develop 

branch-like lithium growths (dendrites) 

that allow contact between the electrodes, 

short-circuiting the cell.

One way to avoid this is to develop 

electrolytes with nanostructures that 

disrupt dendrite growth. However, direct 

observation of the ion-transport 

mechanics of such systems is difficult, 

resulting in a bottleneck to further prog-

ress. In this work, researchers used x-ray 

scattering to measure structural changes 

in a model electrolyte under an applied 

electric field. The ability to spatially 

resolve the electrolyte’s nanostructure 

under realistic conditions will help produce 

insights needed for future breakthroughs.

A morphing block copolymer

The model electrolyte was a block 

copolymer—a plastic consisting of two 

types of polymers that self-organize into 

nanosized domains (blocks). One block  

(a glassy polystyrene) provides the 

mechanical rigidity needed to prevent  

the formation of dendrites, while the  

other (a gelatinous polyethylene oxide) 

provides the medium for ion conduction. 

Normally, the two domains form a 

lamellar (layered) phase. By adding a source 

of dissolved lithium ions (a lithium “salt”) to 

the system, the researchers were able to 

correlate changes in the electrolyte’s nano-

structure to salt concentration. At suffi-

ciently high concentrations, the structure 

shifts from the lamellar phase to a “gyroid” 

phase in which the rigid polystyrene forms 

a sponge-like matrix with the gel-like poly-

ethylene oxide filling the pores. 

In situ polarization studies

To study how the electrolyte’s  

nanostructure changes under operating  

conditions, the researchers designed a 

special cell enabling small-angle x-ray 

scattering (SAXS) measurements of the 

electrolyte under an applied current at 

ALS Beamline 7.3.3. Unlike previous exper-

iments that passed x-rays perpendicularly 

through the electrodes, this cell allowed 

the x-ray beam to scan between the elec-

trodes, probing the electrolyte structure 

as a function of position as well as time. 

Analysis of the SAXS data—peak position, 

intensity, and shape—provided information 

about how the rigid block copolymer nano-

structure changed when the current was 

on and for several hours after the current 

was turned off.

Ions hit a wall

The data revealed that, in an external 

electric field, the composite electrolyte 

developed a disordered phase near the 

negative electrode and a mix of lamellae 

Scientific 
Achievement
At the Advanced Light Source (ALS), 
researchers found that when an 
ion-conducting polymer composite  
is placed in an electric field, it 
 forms ion-rich hotspots that 
continue to grow for hours after  
the field is removed.

Significance  
and Impact
The study opens a new path to 
understanding the dynamic structure 
of composite materials for smaller, 
lighter batteries.

Illustration depicting how an applied electric field affects the nanostructure of a model composite 

material. In a quiescent state (left), the composite exhibits a layered (lamellar) structure. When  

the field is on (right), the composite exhibits a disordered phase near the negative electrode  

and a mixture of two phases—lamellar with pockets of a sponge-like (gyroid) phase—near the  

positive electrode.



and tiny pockets of gyroid phase near the 

positive electrode. The gyroid phase 

reflected the formation of undesirable 

“concentration hotspots” where salt ions, 

propelled by the current, accumulated 

after bumping into a polystyrene wall. 

Even more surprisingly, the gyroid phase 

continued expanding for six hours after 

the field was removed, a consequence of 

the buildup of extremely high salt concen-

trations in localized pockets that took time 

to dissipate.

Because all batteries—including those 

currently in use—include composite mate-

rials, results such as these help explain 

why some batteries fail unexpectedly. 

More generally, the methods described 

here can be used to explore the dynamic 

structure of other composite materials, 

with the long-term goal of understanding 

how to avoid problems such as concentra-

tion hotspots in practical systems.
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(a) Close-up of a time series of SAXS scattering profiles from region I (near the positive electrode), 

highlighting gyroid peaks at two different times (green, blue). (b) Plot of the gyroid peak height  

over time, derived from scattering profiles in (a). This parameter, representing the volume of  

the gyroid phase (inset), continued rising for several hours after the electric field was turned off 

(dashed gray line).
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Left: Top-down view of the experimental cell, depicting three distinct regions of the electrolyte. 

Center: Two-dimensional SAXS data from each region. Right: One-dimensional SAXS profiles as a 

function of time for each region. Black = before polarization. Red = during polarization. Blue = after 

polarization. The inset highlights emergent peaks corresponding to gyroid morphology.


