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Traditionally, electrode materials for intercalation-type rechargeable batteries have been crystalline. For crystalline materials, the
material structure on the atomic length scale may be probed through traditional diffraction experiments and structure-property
relations may be revealed through operando experiments, where the battery is charged and discharged, while irradiated with a proper
probe, e.g. intense high-energy synchrotron x-rays. However, when electrode materials disorder, either during battery operation or are
disordered ab origine, the limited range of structural coherence diminishes the amount of structural information extractable through
traditional diffraction experiments. To probe the material structure on a more local length scale, total scattering combined with pair
distribution function (PDF) analysis may be applied to elucidate the atomic structure on a very local level, even under dynamic
conditions through operando experiments. [1-2]

This poster presents selected examples on both irreversible and reversible order-disorder phase transitions, for TiO,-rutile and
NayFer.13(PO4)(OH)o30(H20)06, respectively. The phase transitions are induced electrochemically by ion-intercalation and ion-
deintercalation during battery operation. Also, an example on an ab origine nanocrystalline material, TiO,-bronze, is presented. Also
for this nanocrystalline material, traditional diffraction methods fall short, when it comes to characterization of the material structure
at the atomic length scale. In all three cases presented here, x-ray total scattering and PDF analysis provide unique structural
information on the atomic length scale for otherwise crystallographically challenged materials.

0 Gexp — Geakc — Gt
| Pristine, R,, = 0.21
8 w
. w ﬁ UWWWWM*M

25000 1

| { w
§ 20000 S0 6
k=] 15000 S, A
g 10000 %50 | nd of 1st discharge] w;
= N
o~ c —

-5 A ¢

< 0 ; ; ]
—al ! ! vo= 4 6 8
?3.5 ! ' 50 nd of 1st chargej
2 30 | 1
€25 ' 1
[ '
S 20 . 0 r : T d T T v ‘ r T
O oysl v —— T v 2 4 6 8 10 20 30 40 50 60 70
00 02 04 0606 04 02 02 04 0606 04 A
Overall Na-content 2theta (deg.) riAl

Figure 1. Left: Operando X-ray diffraction of NaFe;.13(PO4)(OH)o39(H20)06. In the upper part, an overview plot of the scattering data
is shown, where the scattering angle in degrees and the time in hours are displayed on the axes. In the lower part, the electrochemical
data is shown as the voltage as a function of state of charge (overall Na content). The time and state of charge axes are congruent.
Bragg intensity fades during deep discharge but is recovered upon charge. Middle: Ex-situ x-ray diffraction data for the pristine (start),
Na-rich (end of 1st discharge), and Na-poor (end of Ist charge) NaxFe13(PO4)(OH)o39(H20)0.6 materials. For the Na-rich material,
Bragg intensities fade, and broadening is observed to a rather large extent. Right: Fitted reduced atomic pair distribution functions for
the pristine (start), Na-rich (end of 1st discharge), and Na-poor (end of 1st charge) NaxFe; 13(PO4)(OH)30(H20)06 materials. The
experimental PDF is shown as blue circles, the calculated PDF as a red curve, and difference curve of the two is shown as a green
curve. [3].
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