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Supplementary Table 1. Indexed Powder XRD of c-Li6.4Ga0.2La3Zr2O12 (obtained at 650 oC)
using Werner's algorithm (TREOR).

Supplementary Figure S1. XRD powder patterns of the re-annealed Li7La3Zr2O12 at 650 oC
with (blue) and without (black) post Ga-doping through Ga2O3, and the calculated pattern for the
tetragonal phase (ICSD 246816).

In order to confirm the influence of post synthetic Ga-doping, already calcined samples
are also re-annealed at 650 oC without adding any Ga2O3, and in this case, the samples still
occurred to be in the tetragonal phase (Figure S1).

Supplementary Figure S2. XRD powder patterns of c-Li6.4Ga0.2La3Zr2O12 obtained through
post Ga-doping with Ga2O3 in glassy carbon crucibles (purple), and the calculated pattern for the
cubic phase (ICSD 182312) (blue).
To show that any Al3+ contamination through alumina crucibles have no effect on the
phase transformation obtained via post Ga-doping with Ga2O3, typical syntheses were performed
in glassy carbon crucibles rather than alumina crucibles. In a typical synthesis, stoichiometric
amounts of Ga2O3 and t-Li7La3Zr2O12 that would result in a composition of Li6.4Ga0.2La3Zr2O12
are ground in an agate mortar. Annealing Ga2O3 + t-Li7La3Zr2O12 mixture at ~ 650-800 oC for
10-15 hours under Ar flow in glassy carbon crucibles yields the cubic phase cLi6.4Ga0.2La3Zr2O12 (Figure S2).

Supplementary Figure S3. a) Dilatometry curves for t-Li7La3Zr2O12 + Ga2O3 and cLi6.4Ga0.2La3Zr2O12 displaying the main sintering phases, at a heating rate of 10 oC / min. b) the
magnified marked region from Figure S2a, comparing the dilatometry curves for t-Li7La3Zr2O12 +
Ga2O3 mixture and c-Li6.4Ga0.2La3Zr2O12 showing the phase transformation at ~ 100 oC.

Dilatometry curves are displayed for t-Li7La3Zr2O12 + Ga2O3 and already transformed cLi6.4Ga0.2La3Zr2O12 in Figure S3. The dilatometry curves confirm the phase transformation at
low temperature. A volume expansion starting from ~ 100 oC is observable for a pellet of the
Ga2O3 + t-Li7La3Zr2O12 mixture that also manifests itself as a broad peak in differential
dilatometry curves (Fig. 2b main text), whereas such volume changes are not present for the
pellets of t-Li7La3Zr2O12 and already transformed c-Li6.4Ga0.2La3Zr2O12. The onset temperature
and the main sintering peak for c-Li6.4Ga0.2La3Zr2O12 pellets are also found to be ~ 800 oC and ~
950-975 oC, respectively, which is 200-300 oC lower than the values reported in literature. No
sintering can be observed for the tetragonal phase of t-Li7La3Zr2O12, and the low ionic
conductivities obtained for the tetragonal phase so far could also be linked to this finding.

Supplementary Figure S4. Transmission electron microscopy images (TEM) of t-Li7La3Zr2O12
(red) and c-Li6.4Ga0.2La3Zr2O12 (blue).
Transmission

electron

microscopy

images

(TEM)

of

t-Li7La3Zr2O12 (red)

and

c-

Li6.4Ga0.2La3Zr2O12 (blue) are shown in Figure S4. t-Li7La3Zr2O12 appears as elongated particles
in the range of 300 nm to 1 µm with no well-defined shapes. With the phase transformation to
the cubic phase, the spherical nano-crystallites of c-Li6.4Ga0.2La3Zr2O12 that are mostly in the

range of ~ 200 - 300 nm can be observed in TEM images. The lattice fringes corresponding to
the marked planes could also be found in high resolution images.

Supplementary Figure S5. SEM-EDXS analysis of c-Li6.4Ga0.2La3Zr2O12 pellet cross-sectional
surface (sintering at 950 oC for 6 hours). Elemental mapping of cubic c-Li6.4Ga0.2La3Zr2O12 and
EDX spectrum from the selected area are presented. The homogeneous distribution of O (green),
Zr (blue), La (red) and Ga (purple) are shown. Theoretical elemental ratios given in the table are
calculated based on Li6.4Ga0.2La3Zr2O12 formula.

Figure S5 shows SEM-EDXS analysis performed at c-Li6.4Ga0.2La3Zr2O12 pellet cross-sectional
surface after sintering to 950 oC for 6 hours. A homogeneous distribution of elements is also
found here, and again, no enrichment neither in the bulk grain cores nor towards the grain
boundary-close interfaces are measurable within the limits of the technique and elemental
mapping carried out. Besides, a composition in close proximity to the intended initial compound
(Li6.4Ga0.2La3Zr2O12) is found, but, still, we should note that elemental analysis from EDX
spectrum should be evaluated in a qualitative basis, so further studies (e.g. ICP-OES) that is the
beyond the scope of current work may help to find out the exact composition of processed
pellets.

Supplementary Figure S6. EDX analysis of c-Li6.4Ga0.2La3Zr2O12 pellet cross-sectional surface
(sintering at 950 oC for 6 hours). EDX Spectra acquired from the selected zones in the crosssectional image don’t show any Al contamination that might result from the alumina crucibles
used during the sintering of pellets.

Supplementary Figure S7. a) Transmission electron microscopy image (TEM) of cLi6.4Ga0.2La3Zr2O12 showing particle agglomerates, b) the magnified marked region from Figure
S5a displaying amorphous inter-granular phases between c-Li6.4Ga0.2La3Zr2O12 nano-particles.
The presence of amorphous inter-granular phases is shown Figure S7b, where the amorphous
nano-particles with a lack of order even at 20 nm resolution can be observed. The exact nature of
these inter-granular phases couldn’t be revealed here, as we were not able to perform HRTEM
and SAED from the selected areas due to the instability of particles under e-beam. Nevertheless,
the direct evidence of amorphous inter-granular is revealed, and unreacted Ga2O3, Li-compounds
(e.g. Li2O, Li2CO3) that could eventually form in air starting from the exchange of Li+ in LLZO
structure with Ga3+, LiGaO2 and other glassy Ga and Li rich materials could be speculated as the
constituents of inter-granular phase

Supplementary Figure S8. Nyquist plot obtained from a pellet of c-Li6.4Ga0.2La3Zr2O12, exposed
to air for ~ 2-3 hours (after the production of the measurement pellet with electrodes) at RT oC in
air using Pt electrodes (1 MHz to 1 Hz).

Supplementary Figure S9. Consecutive measurements in ~ 10 minutes intervals from the cLi6.4Ga0.2La3Zr2O12 pellet in Figure S4 displaying the increase in resistance with prolonged air
exposure (magnified region in Fig. S4 is shown for consecutively obtained Nyquist plots)

After the production of a pellet of c-Li6.4Ga0.2La3Zr2O12 for AC measurements, it was exposed to
air for ~ 2-3 hours. The Nyquist plot obtained from such a pellet at RT oC in air using Pt
electrodes (1 MHz to 1Hz) is displayed in Figure S8. The bulk contribution becomes more
apparent with an incomplete semicircle at high frequency for the higher resistive pellet (Fig. S8).
Consecutive impedance spectra measured from the same pellet with 10 minutes of waiting
periods in air are displayed in Figure S9. The bulk resistance increases as the pellets are exposed
to air for longer period of times that is consistent with the negative effect of humidity on the
conductivity that was reported before.

Supplementary Table 2. Indexed Powder XRD of c-Li6.4Ga0.2La3Zr2O12 pellet material
(sintered at 950oC) using Werner's algorithm (TREOR).

Supplementary Table 3. Indexed Powder XRD of c-Li6.4Ga0.2La3Zr2O12 pellet material
(sintered at 1100oC) using Werner's algorithm (TREOR).

