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Abstract
Inmany cases nanocrystallinematerials, prepared through high-energy ballmilling, reveal enhanced
ion dynamics when compared to the situation in the coarse-grained analogues. This effect, which has
particularly been seen for lithium alumosilicates, has been ascribed to structural disorder, i.e., the
introduction of defect sites duringmechanical treatment.Much less is, however, known about ion
transport in nanostructured amorphousmaterials, e.g., nanoglassy compounds, which are regarded as
a new class of functionalmaterials. Following earlier studies on nanoglassy lithium alumosilicates and
borates, herewe studied ion dynamics in nanoglassy petalite LiAlSi4O10.While conductivity
spectroscopy unequivocally reveals that long-range ion dynamics in nanoglassy LiAlSi4O10 decreases
uponmilling, local dynamics, sensed by 7Li nuclearmagnetic resonance (NMR) spin-lattice
relaxation, points to enhanced Li ionmobility compared to the non-treated glass.Most likely, as for
nanocrystalline ceramics also for nanoglassy samples a heterogeneous structure, consisting of bulk
and interfacial regions, is formed. For LiAlSi4O10 these interfacial regions, characterized by a higher
degree of free volume,might act as hosts for spins experiencing fast longitudinal NMR relaxation.
Obviously, these regions do not form a through-going network, whichwould allow the ions tomove
over long distances as quickly as in the unmilled glass.

1. Introduction

Ion transport in nanocrystalline ceramics, whichwere prepared by high-energy ballmilling, can be quite
different from that in their coarse-grained counterparts [1, 2]. This observation also holds for nanostructured
metals [3]. Inmany cases, the introduction of defect-rich (metastable) interfacial regions throughmilling causes
a tremendous increase of ion diffusivity [4] in nanostructured ceramics, see alsofigure 1(a)). The ionic
conductivity at ambient conditions of nanocrystalline oxides, such as LiNbO3 [5], LiTaO3 [6], Li2TiO3 [7],
Li2B4O7 [8] or LiAlO2 [9] increases by 4–6 orders ofmagnitude. 7Li nuclearmagnetic resonance (NMR)
spectroscopy confirmed the change in Li dynamics seen [6, 10–12]. The effect is accompanied by a decrease of
the corresponding activation energies. In general, enhanced ion transport in nanocrystallinematerials has been
ascribed to the introduction of defect sites and spatially extended structurally disordered interfacial regions
formed during heavymechanical treatment [1, 4, 13–15]. Usually, shaker or planetarymills are used to prepare
nanocrystalline oxides [16–18],fluorides [18, 19] or sulfides [1, 20, 21].

Sufficiently longmilling produces powders with nm-sized crystallites whose ionic conductivity almost
reaches that of the corresponding amorphous counterpart, that is, the glassy analogue [8]. Although plenty of
studies, see, e.g., [24–31], can be found in literature that deal with ion transport phenomena and diffusion
mechanisms in glasses, including alsoNMR investigations [1, 30–38], only few [13–15] report on the change of
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ion transport parameters if glasses weremechanically treated in high-energy ballmills. Atfirst glance, onewould
expect no significant effect when an already disordered oxide ismilled to form a nanoglass [22]. So far, two
reports, however, showed that high-energy ball-milling of glassymaterials, viz. LiAlSi2O6 (β-spodumene,
[13, 14]) and LiBO2 [14, 15] results in a decrease of the ionic conductivity. The same effect was observed for
LiAlSiO4 (β-eucryptite) [39].

7Li NMR line shapemeasurements and diffusion-induced 7LiNMR spin-lattice
relaxation experiments supported thefindings.

For afirst interpretation, a simple structuralmodel was used to explain the observed trend [13]. The effect
seen for the nanoglasses studied until now is obviously caused by amechanically induced structural relaxation of
the non-equilibrium structure of the glass, whichwas obtained by rapid thermal quenching [13]. Such structural
relaxation is assumed to cause the ionic charge carriers to slow downwith respect to those in the unmilled glass
matrix. The non-relaxed glassmatrix represents a state inwhich themobile ions experience a higher degree of
dynamic stress. Note that, referring to the Loewenstein rule [40], forβ-eucryptite, for example, (local) stable and
metastable formswith respect to the Al and Si ordering and coordination exist in certain temperature ranges.
Ball-millingmight largely influence such local and long-range arrangements of the polyhedra.Hence, the
structural arrangement in a quenched glass, even in a quenched nano-glass with itsmetastable structuralmotifs
[22, 23], should not necessarily be identical with that of amilled,mechanically treated sample. The lattermight
also exhibit a higher degree of free volume thatwould allow the ions, adjacent to these regions, to perform
frequent jumpprocesses (see figure 1(b)), see also [22]).

Here, we extended our earlier conductivity andNMRmeasurements to pétalite glass, LiAl[Si4O10], a well-
known lithium aluminium tectosilicatemineral. Exactly 200 years ago today, August Arfwedson, while
analyzing pieces of petalite fromUtö (Sweden), discovered the new element lithium (gr.λ íθοσ, stone) [41]. Till
this day it is an important ore of lithium. LiAlSi4O10, also known as castorite (Mohs scale hardness 6 to 6.5),
crystallizes in themonoclinic system (figure 1(c)) and is amember of the feldspathoid group.Having already
studied spodumene LiAlSi2O6 [13] and eucryptite LiAlSiO4 [39], we are now able to compare the effect ball
milling has on Li ion dynamics for three alumosilicates differing inAl:Si ratio.Wewill discuss similarities and
differences seen by 7LiNMR spin-lattice relaxometry, which is sensitive to short-range ion dynamics rather than
to long-range Li ion transport. The latter, i.e., macroscopic transport, is sensed by frequency dependent, that is,
alternating current, conductivitymeasurements in the intermediate and low frequency domains, in the
following called (direct current)DCconductivities.

It is noted that the present work on petalite and the previous ones on spodumene and eucryptite (ballmilled)
[13–15, 39] go back to earlier systematic studies on the influence of structural disorder wherewe some of us
compared 7LiNMR spin-lattice relaxation and conductivitymeasurements on glasses with the compositions
Li2O·Al2O3·n SiO2 (n=2, 4, 8)with their respective crystalline counterparts eucryptite, spodumene and
petalite, still withoutmilling [42–46]. These earlier studies showed that, at least for the alumosilicates, the Li
mobility is higher in a glass than in a crystal with the same composition; for overviewswe refer to [46, 47].

Figure 1. (a) Schematic illustration of a nanocrystallinematerial, after [22]. The (spherical)nanocrystals (approximately<50 nm in
diameter) are composed of crystalline cores, which are surrounded by structurally disordered regions. These interfacial regionsmight
form fast, percolating pathways to transport ions over long,macroscopic distances. Defect sites are also introduced into the crystalline
regions. Inmany cases, extensive ballmilling produces amorphousmaterial. (b) Idea of a nanoglassy structure, inspired by [22, 23]. In
contrast to the ordinary glass structure, (compacted)nanoglassy particles show interfacial ions near sub-nanometer sized pores. (c)
Top: crystal structure of LiAlSi4O10, view along the b-axis (monoclinic system, space groupP 2/c). Bottom: views along the c-axis
(right) and a-axis (left).

2

Mater. Res. Express 5 (2018) 035202 B Stanje et al



2. Experimental

Petalite glass specimens, LiAlSi4O10, were obtained in high purity fromSchott Glaswerke. For comparison, we
also examined glassy and crystalline LiAlSi2O6 from the same supplier. Tomeasure the ionic conductivity of the
glass samples we used a small plate (1 mm in thickness, 5×5 mm2), polished the surface and applied Au
electrodes (200 nm in thickness) via sputtering (Leica sputtering system). Powder samples were obtained by
grinding the glass plates in an agatemortar. To prepare the various nanoglassy samples, the glass powders were
milled for either 6 h or 24 h under dry conditions in ZrO2 vials (45 ml) equippedwith 180 balls (ZrO2, 5 mm in
diameter) using a Fritsch Planetarymill (Premium line 7); the ball-to-powder weight ratio was 4:1. Crystalline
LiAlSi4O10 samples were prepared from the glassymaterial through devitrification at 1093 K for 300 h (heating
rate 5 Kmin−1; cooling rate 3 Kmin−1). Crystalline LiAlSi2O6was prepared according to the procedure
described in [13]. The crystallinity of the samples was checked by x-ray diffractometry (BrukerD8Advance,
Bragg Brentano geometry); the pattern are shown elsewhere [13]. Nanocrystalline samples were prepared
through ballmilling under the same conditions as described for the nanoglassy samples. Alternatively, we
ground up a petalite gemstone of natural origin and treated the powder in the same planetarymill for
another 6 h.

To analyze complex conductivities, the powders were uniaxially cold-pressed to pellets (8 mm in diameter,
0.5 to 1 mm in thickness). After applying conducting Au electrodes, aNovocontrol Concept 80 broadband
analyzer was employed to record conductivity isotherms; the frequency was varied from0.1 Hz to 10MHz. The
isotherms revealed distinct frequency-independent plateaus fromwhichDC conductivitiesσDC (see above)were
read off as a function of temperatureT.

7Li NMR lines and relaxation rates were recorded using a Bruker Avance 500NMR spectrometer, whichwas
connected to a shimmed cryomagnet with a nominal field of 11Tesla, which results in a 7Li resonance frequency
of 194MHz. The probe heads (Bruker, Teflon sample chamber) used for static experiments were equippedwith
a type-T thermocouple connected to a Eurotherm controller to regulate the temperature with an accuracy of
±2 K. To reach temperatures above ambient we used heated nitrogen gas, for temperatures below 298 K, a
streamof freshly evaporated nitrogenwas employed, whichwas heated inside the probe. 7LiNMRpulse length
(90°) ranged from2 to 3 μs depending on temperature. Thewell-known saturation recovery pulse sequence was
used tomeasure longitudinal relaxation as a function of variable delay times, see [48–50] for details of this type of
measurement in our laboratory.We used a combof ten 90° pulses to destroy any longitudinalmagnetization
M(tw) and recorded the increase ofMwith a 90° detection pulse after variable delay times tw.Up to 64 scanswere
accumulated per delay time. Themagnetization curves were parameterizedwith either single or stretched
exponentials to extract the rate 1/T1 [50]. For the analogous rotating-frame spin-lattice relaxation experiments,
carried outwith a nominal locking frequency of 20 kHz, we varied the lockingmagnetic fieldB1 and
approximated the transientMxy(tlock) curvewith stretched exponentials, see [49, 50] for details of analogous
measurement on other Li ion conductors.

3. Results and discussion

High-energy ballmilling of polycrystalline samples of petalite LiAlSi4O10 for 6 h causes, as expected, the ionic
conductivity and diffusivity to greatly increase. Infigure 2(a)) theDC conductivities ofmicro- and
nanocrystalline LiAlSi4O10 are shown.Considering data recorded at 360 Kmechanical treatment in a planetary
mill leads to an increase of the ionic conductivity by almost two orders ofmagnitude. Compared to, for example,
LiTaO3 or LiNbO3 [5, 6], the change in conductivity aftermechanical treatment is, however, less pronounced as
crystalline LiAlSi4O10 shows a higher ionic conductivity from the beginning.Milling for 24 h does not change the
conductivitymuch further.Milling the LiAlSi4O10 gemstone results in similar conductivity values, see dotted
line infigure 2(a)).

Starting withmicro-LiAlSi4O10 the activation energy decreased from0.95 eV to 0.82 eV (6 h). The activation
energy of the sample obtained after amilling period of 24 h is ca. 0.85 eV revealing a slight increase inEa.While
the samplemilled for 6 h shows broadened x-ray reflections of crystalline LiAlSi4O10, the sample treated for 24 h
is almost x-ray amorphous. Obviously, the enhancements seen originate from the structurally disordered
(amorphous) regions in nanocrystalline LiAlSi4O10 (see figure 1(a)). A similar effect has recently been described
for Li2B4O7 [8].

Most importantly, the opposite trend is foundwhen the glass is treated for several hours in the samemill. The
Li ion conductivity of the glassy form significantly decreases with increasingmilling. The activation energy Ea, on
the other hand, has increased after themilling procedure. Initially, the glass, whose ion conductivity exceeds that
of themicrocrystalline formby 4 orders ofmagnitude (360 K), is characterized by 0.73 eV. Interestingly,
σDCT=f (1/T) of glassy LiAlSi4O10 resembles that of nanocrystalline LiTaO3 and glassy Li2B4O7.While
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nanoglassy LiAlSi4O10 (6 h) has to be characterized byEa=0.80 eV,milling the glassy oxide for another 24 h
leads to a further increase andEa reaches ca. 0.84 eV. ThefinalσDC values almost coincidewith those of
nanocrystalline LiAlSi4O10 treated for the same period of time (approximately 0.85 eV, see above).We anticipate
that the significant decrease inσDC, seen aftermilling for 6 h, also originates from a decreasing number density
of charge carriers. Obviously, in themilled glass less ions participate in long-range ionic transport; the pre-factor
of the twoArrhenius lines for the nanoglassy samples (0 h, 6 h) shown infigure 2(a) differs by one order of
magnitude.

The changes in long-range ion transport, as recognized via conductivity spectroscopy, are also qualitatively
seen in 7LiNMR linewidthmeasurements (see [13] for very similar results) aswell as in rotating-frame 7LiNMR
spin-lattice relaxometry (figure 2(b)). Here, such 1/T1ρNMRmeasurements have been carried out for thefirst
time to elucidate the changes in ion dynamics of a nanoglassymaterial. Usually 7LiNMR spin-lattice relaxation
measurements are carried out at Larmor frequencies in theMHz range. These probe short-range ion dynamics
as far as the correspondingNMR rates have not passed through the diffusion-induced relaxation rate peak of a
log 1/T1 versus 1/Tplot. The spin-lock 1/T1ρ technique, on the other hand, takes advantage of effective locking
frequenciesω1/2π in the kHz range, and allows for themeasurement of long-range ion diffusivities. Hence,
results from1/T1ρmeasurements aremore comparable to those fromDCconductivity spectroscopy than
laboratory-frame 1/T1measurements [46].

As compared to conductivity spectroscopy, NMR is a contactlessmethod andno post-treatment of the
samples to prepare dense pellets with conducting electrodes is needed. For a reliable description of the nanoglass
effect observed here it is important to have amethod at handwhose results remain unaffected by the porosity
and density of the pressed pellets. Impedance or conductivity spectroscopy, in contrast toNMR,may easily
suffer from careless sample preparation.Note that infigure 2, except for the glass, data of powder samples are
shown.

Originally, the diffusion-induced 1/T1ρ rates of glassy LiAlSi4O10 pass through a broad rate peakwhich
seems to be composed of at least two separate peaks. One of them is indicated by the small arrow infigure 2(b).
While this peak is located at 400 K, another one, themain peak, shows up at 440 K. As expected from
conductivitymeasurements, mechanical treatment shifts the beginning of the low-Tflank of the overall peak
toward higher temperature. This shift unequivocally reflects a decrease in Li ion diffusivity. The higher the
temperatureTmax at which the peak appears the lower the Li diffusivity. AtTmax themotional correlation rate,
which is in simple cases within a factor of 2 directly comparable to the jump rate of the ion, is given by the
angular Larmor or locking frequency, 1/τ≈2ω1.Withω1=20 kHz×2πwe obtain 1/τ≈2.5×105 s−1 at

Figure 2. (a)DCconductivities of glassy andmicrocrystalline LiAlSi4O10. As expected, the ion conductivities of the glass (small plate)
and the crystalline sample differ by several orders ofmagnitude.Milling the twomaterials for 6 h in a planetarymill changes the
transport parameters significantly. After themilling process the conductivities headed toward each other and the activation energies
converge reaching ca. 0.80 eV. If themilling time is further increased to 24 h the conductivities finally coincide and are governed by an
activation energy of 0.85 eV. (b) 7Li NMRSLR rates recorded in both the laboratory and rotating-frame of reference (Larmor
frequency 194 MHz, locking frequency 20 kHz); theNMR response of the unmilled glass is compared to those of the samples that
weremilled for 6 h and 24 h, respectively. The solid lines are to guide the eye; n.d. denotes non-diffusive relaxation, diff.means
diffusion-induced contribution. See text for further explanations.
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440 K, i.e., themean residence time of a Li ion reaches values in the order ofμs. At 440 K the samplemilled for
6 h is characterized by an ionic conductivity in the order of 4×10−8 S cm−1.

In addition to the shift of theNMR rate peak of the samplemilled for 6 h, also the shape of the peak has
changed aftermilling. The slope in the low-temperature range of the peak of nanoglassy LiAlSi4O10 is steeper
than that of the glass sample. The corresponding activation energy increased from ca. 0.50 eV to 0.65 eV. Since
NMRand conductivity spectroscopy, in general, probe differentmotional correlation functions [46, 51], one
should not expect to obtain the same activation energies even though 1/T1ρ probes ion dynamics on a
comparable length scale asDC conductivity spectroscopy does. The low temperature flank of the peaks shown in
figure 2(b) are additionally influenced by correlation effects such as Coulomb interactions and disorder [51],
which lead to lower activation energies than expected.Here, the increase in activation energy togetherwith the
shift of the rate peak towards higher temperatures is the important difference between the two samples and
overweighs the fact that not same activation energies were probed through the twomethods.

Considering the change in activation energies of unmilled andmilled LiAlSi4O10 glasses a similar behaviour,
butmuch subtler, can be observed if we regard the 7LiNMR spin-lattice relaxation rates 1/T1 recorded in the
laboratory frame of reference (see figure 2(b)). Keeping inmind that 1/T1 rates are sensitive to short-range ion
motions the changes aftermechanical treatmentmight be smaller than those forσDC.While for the glass the
transition fromnon-diffusive (n.d.) relaxation to diffusion-induced spin-lattice relaxation is almost fluent,
milling causes a better separation of these regimes, see the dashed lines infigure 2(b). The increase in 1/T1 in the
n.d.-regimemight be the result of an increased number density of paramagnetic impurities introduced during
milling. Alternatively, localized ion dynamicsmight have changed that originally caused a shallowerT-
dependence of theNMR rates. If we simply regard the onset of the diffusion-induced low-T flank of the
1/T1(1/T) peak a shift toward higherT can be noticed, whichwould be in agreementwith the results fromboth
1/T1ρ andσDC. In agreementwith this trend the associated activation energy increases from0.34 eV for the
unmilled glass to 0.37 eV for the nanoglass (6 h) and further to 0.49 eV for nanoglassy LiAlSi4O10, whichwas
treated for 24 h in the planetarymill.

When interpreting these values the following needs to be considered. The relatively low value of 0.34 eV for
the glass, as compared to 0.72 eV fromσDCmeasurements, is expected to be largely influenced by correlation
effects that reduce the slope of the low-Tflank (see above). In general, the activation energy of the low-T flank of
the 1/T1(1/T) peak is related to that of the high-T flank via the following equation:Ea (low-T)=(α−1)
Ea(high-T). Correlation effects do not influenceEa(high-T). Only forα=2, which represents uncorrelated
motion, symmetric peaks are obtained. In our case, if we identify Ea(high-T)withEa fromσDC (0.72 eV), we
obtainα= 1.5 indicating strongly correlatedmotion. Therefore, directly comparing the activation energies
from low-T flanks ofNMR rate peaks is not as straightforward as it looks like atfirst glance [52].Milling the glass
might change bothEa(high-T) andα. Even ifEa(high-T) remains constant, less correlatedmotion, i.e., a higherα
value, would lead to steeper slopes and, hence, higher activation energies Ea(low-T). On the other hand, a
constant correlation parameter and an increasing value forEa(high-T)would also result in a steeper increase of
1/T1 in the low-T regime. For the glass samplemilled for 24 h, withEa(high-T)=0.84 eV (see above) andEa
(low-T)=0.49 eV (nanoglass, 24 h)we obtainα=1.6. This value indicates that less correlated ionmotion
seems to be present in the nanoglassy, structurally relaxed form.

Another striking fact, which additionally helps interpret the relative positions of the low-T flanks shown in
figure 2(b), concerns the absolute value of the 1/T1 rate. It is worth noting that the rates 1/T1 in the diffusion-
induced regime of the samplemilled for 24 h significantly exceed those of the glass sample (figure 2(b)). Hence,
the rates revealmore effective spin-lattice relaxation in themilled sample than in the unmilled glassy form.
Interestingly, the opposite trend has been observed forβ-spodumene [13]. For the samplemilled for 6 h, whose
activation energy (0.37 eV) is very similar to that of the glass (0.34 eV), this feature points to an increased (dipolar
and/or quadrupolar) coupling constant in nanoglassy LiAlSi4O10.However, in the case of the samplemilled for
24 h, the steeper increase of the relaxation 7LiNMR rate with the inverse temperature 1/T indicates that the
corresponding peakwill be passed through at lowerT. Hence, from a point of view that focusses on short-range
motions sensed on the low-T side of the peak, local ion dynamics in nanoglassy LiAlSi4O10 (24 h), at least for
some of the ions, seems to be enhanced. Such fast spin ensemble has not been observed for the other two
nanoglassy systems, viz. spodumene and eucryptite, studied earlier [13, 39]. Obviously, the ensemble of spins
subjected to fast longitudinal relaxation, which is responsible for the relatively steep increase of the rates above
400 K (seefigure 2(b)), is not able to significantly compensate for the overall decrease in long-range ion transport
as wefinally obtainσDC(nanocrystalline)≈σDC(nanoglassy), see the overview presented infigure 3(a).

Most likely, also for nanoglassy samples a heterogeneous structure consisting of bulk and interfacial regions
is formed. For LiAlSi4O10 these interfacial regions, characterized by a higher degree of free volume,might act as
hosts for the fast relaxing spins (see figure 1(b)). The higherEa (0.49 eV), as compared to that of the unmilled
glass sample (0.34 eV), indicates (local) Limotions less influenced by correlation effects rather than a higher
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mean hopping barrier. Obviously, these regions do not form a through-going network to enable the ions to
move over long distances as quickly as in the original glassy state obtained by quenching.

As a last remark, by comparing the effect seen inσDC for LiAlSiO4 and LiAlSi2O6we notice that the ratio
σg:n=σDC(glassy):σDC(nanoglassy) is similar and close to 1, see figures 3(a) and (b)which gives an overview of
the samples studied so far.We clearly notice that for Al:Si=1 the largest decrease in ionic conductivity, viz. by
ca. 2 orders ofmagnitude, is foundwhen LiAlSi4O10 glass ismilled. The fact thatσg:n(LiAlSiO4)<1might be
related to the fact that the density ofβ-eucryptite glass is higher than that of the crystalline form. This
observation should, however, not be overinterpreted. For LiAlSi4O10we have also seen thatσDC of the
nanocrystalline sample prepared from the gemstone, even if onlymilled for 6 h, slightly exceeds that of the
nanoglassy sample (milled for 24 h), seefigure 2(a). Slight variations in chemical compositions andmarginal
impurities easily lead to such small changes in ionic conductivities.

While for LiAlSiO4 and LiAlSi2O6 the 1/T1NMR response points to the same direction aswas observed
through conductivitymeasurements viz to a decrease of Li ion dynamics uponmilling the glassy forms, for
LiAlSi4O10 the situation ismore complex. The differences seen by 7LiNMR laboratory-frame spin-lattice
relaxationsmeasurements discussed abovemight be connected to the lower Al content in LiAlSi4O10. Further
NMRmeasurements, extending earlier ones on the glassy form [45], and particularly using the 7Li SAENMR
technique, are in progress in our laboratory to throw light on the heterogeneous ion dynamics in nanoglassy
LiAlSi4O10,

4. Summary and conclusions

Nanostructuredmaterials are of large and ever-growing interest due to their beneficial properties. In particular,
nanocrystalline ceramicsfind applications as catalysts, sensors, adsorbents or new electrolytes and advanced
electrodematerials in electrochemical energy storage. The formation of nanocrystalline ceramics via high-
energy ball-milling leads to ion conductors with, inmany cases, greatly improved ionic transport properties.

The increase in ionic conductivity of crystalline LiAlSi4O10, observedwhen thematerial ismilled for several
hours in a high-energy ballmill, can be explained by the formation of structurally disordered interfacial regions
and the amount of amorphousmaterial produced. It turned out that, also in the case of LiAlSi4O10, ion transport
properties can be easilymanipulated by tuning the degree of structural disorder. Importantly,mechanical
treatment of the glass clearly causes the ionic conductivity to decrease, finally coincidingwith that of the heavily

Figure 3. (a)Change in ionic conductivity, at 473.15 K,when going from crystalline to glassy lithium alumosilicates; data refer to
LiAlSiO4 [39], LiAlSi2O6 (this work, similar valueswere reported in [13]) and LiAlSi4O10 (this work)withAl:Si ratios of 1, 0.5 and 0.25.
In all three casesσDC(nanoglassy) is lower thanσDC(glassy). Data for nanoglassy andnanocrystalline samples refer to themilling times
indicated. Except forβ-eucryptite we obtainσDC(nanoglassy)≈σDC(nanocrystalline) revealing a very similarmicrostructure of the
nanostructured samples. For LiAlSiO4, which shows, contrary to the other alumosilicates, a slightly higher density in its glassy form,
we foundσDC(nanoglassy)<σDC(nanocrystalline); thus, itmight take a special rôle. (b) Increase or decrease of the ionic conductivity
(in orders ofmagnitude)when crystalline or glassy samples weremilled for 24 h or, in the case of eucryptite, for 64 h and 16 h,
respectively.We assume that after 64 h (and 16 h) the limiting values ofσDCwere (already) reached. As an example,milling of
crystalline LiAlSi4O10 (indicated by ‘0 h’) for 24 h causesσDC to increase by almost 1.5 orders ofmagnitude, whilstσDC of the glassy
formdecreased by 2 orders ofmagnitude.
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treated nanocrystalline, almost x-ray amorphous LiAlSi4O10.We explain this effect bymechanically induced
structural relaxation, i.e., the release of strain and the reduction of freeGibbs energy of the glassy systemupon
mechanical treatment. Bymechanical treatment the gap in ionic conductivity between crystalline and glassy
LiAlSi4O10 can easily been closed and allows us to tune ionic conductivities overmany orders ofmagnitude. For
instance, the ionic conductivity atT=330 K changed by a factor of 104.

Spin-lock 7LiNMR relaxationsmeasurements performed in the rotating frame of referencematch verywell
with thefindings from conductivitymeasurements. Our results from laboratory-frame 7LiNMR relaxometry,
however, reveal amore complex dynamic situation in nanoglassy LiAlSi4O10. In samples treated for a sufficiently
long time in planetarymills, the Li spins have access to distinctly fast local diffusion pathways.Most likely, ions
near the interfacial regions of the nanoglassy particles do take part in theseNMR relaxation processes.
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