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Supplementary Figure S1 — Quartz sample chamber before and after HPFZ crystal growth

The quartz sample chamber before (left) and after (right) crystal growth shows the cloudy white
coating from material evaporation deposited on the inside wall of the quartz tube, which is highly

detrimental to light transmission through the sample chamber to the focal point at the molten zone.



Supplementary Figure S2 — Counter- and parallel-rotated Li5.5-LLNZO rod segments
3

Li5.5-LLNZO rod segments synthesized with counter-rotation (left) and parallel-rotation (right) indicated
with red and grey labelling, respectively. Background grid indicates 1 cm lengths. The 10 mm single crystal
region imaged in Figure 1c and d that was used for structural, electrochemical, and dielectric studies is the
single, cohesive segment on the left end of the crystal boule in this image. While the crystal rod cracked

during transit, fracturing occurred along domain boundaries.



Supplementary Figure S3 — Bank 2 powder XRD pattern for Li5.5-LLNZO
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Experimental data are shown as black circles, calculated pattern in red, difference profile in blue,

and calculated Bragg reflection positions in green.



Supplementary Figure S4 — Bank 3 powder XRD pattern for Li5.5-LLNZO
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Experimental data are shown as black circles, calculated pattern in red, difference profile in blue,

and calculated Bragg reflection positions in green.



Supplementary Figure S5 — Scanning electron microscopy (SEM) image of polished surface

of Li5.5-LLNZO single crystal plate
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Supplementary Figure S6 — XRD in Bragg-Brentano geometry of polished Li5.5-LLNZO

single crystal plate
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The peak was identified as the (752) peak from comparison with the average structure

determined by powder XRD performed on a ground single crystal segment (see Fig. S4).



Supplementary Table S1 — Crystal structure refinement from neutron Laue single-crystal
diffraction
Reﬁned COInpOSitiOIl Li5‘60(1 1)L33Nb0‘75Zr0,25012

Cell parameter, a (A)* 12.83406
Cell volume, V (A3)* 2113.94

Z 8
Density (g/cm?) 5.26
Reflections 1116
Reflections >3s 491
Parameters 26
R,1>3s 0.0460
wR, I>3s 0.0501
Goodness of fit 1.22

* Determined from X-ray powder diffraction data collected for ground crystal



Supplementary Figure S7 — DC polarization measurements of LiS.5-LLNZO single crystal
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Final steady current values from the d.c. polarization curves measured over a range of voltages in
a) were used in calculating the electronic conductivity from the linear fitting based on Ohm’s

Law shown in b) (R?>=0.993).



Supplementary Figure S8 — Dielectric constant as a function of frequency from 3-400 K
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Supplementary Figure S9 — Dielectric loss tangent (J) as a function of frequency

from 3-400
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