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Hydrothermal synthesis was carried out using one equivalent of MnCl,.H,O (Aldrich), one equivalent of
SiO, (Cab-osil® M-5, Riedel-de Haén) and four equivalents of LiOH.H,O (Aldrich). Typically half a mol of
SiO, was dispersed in 100 ml of oxygen-free mili-Q water in the ultra sound bath within one hour. Then
subsequently LiOH and MnCl, solutions were added under vigorous stirring in argon atmosphere. The
prepared slurry was sealed into Teflon-lined stainless-steel reactor (Berghof) under the overpressure of argon
(10 bar) and left there for 6 hours at 180°C. After the synthesis was completed, the resulting powder was
washed with LiOH solution and dried at 100°C in an argon atmosphere. As prepared sample, heated to
400°C in argon atmosphere, showed equal isotropic NMR shift as high pressure/high temperature treated
sample in one of our previous studies [1]. Its X-ray diffraction pattern was also successfully fitted using
Pmn2, space group (Fig. S1a). The other two samples were prepared by additional thermal treatment. Based
on first principle calculations [1] and on the previous work [2] Li,MnSiO, polymorph with a Pmnb space
group could be prepared by slow cooling of the sample from 900°C (Fig. S1b). Thus one part of
hydrothermally prepared sample was heated to 900°C in argon atmosphere, left there for 3 hours, and was
then cooled down to room temperature with a rate of 1°C/min. The last sample in our study, y-Li,MnSiO4
polymorph, whose X-ray diffraction pattern can be fitted using P2;/n space group, was obtained by thermal
treatment of the hydrothermally prepared sample at 900°C for 6 hours, followed by quenching to room
temperature in argon atmosphere (Fig. S1c).

X-ray diffraction patterns of the Li,MnSiO, polymorphs were collected at room temperature using
Siemens D5000 powder diffractometer in the 10-90°2© range in steps of 0.04° (20) with the constant
counting time of 16 s per step. The patterns were analyzed by Rietveld refinement as implemented in the
Fullprof program [3]. Refined X-ray diffraction patterns are shown in Figure S1. All three Li,MnSiOy4
samples used in our study contain small amount of impurities identified as Mn,SiO, and/or Li,Si0O;. Cell

parameters for each polymorph and the agreements of fits with measurements are given in Table S1.
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Table S1: Refined cell parameters for the Li,MnSiO, samples used in our study:

Space group a (A) b (A) c (A) B (©) Rwp x2
Pmn2,; 6.2762(9) 5.3355(8) 4.9614(9) / 7.93% 2.27
Pmnb 6.3148(1) 10.7742(5) | 5.0138(2) / 11.5% 7.49
P2,/n 6.3435(4) 10.9208(7) | 5.0818(5) 90.982(2) 8.28% 4.15
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Figure S1: X-ray diffraction patterns refined using the Rietveld method considering a) Li,MnSiO,4
crystallized in Pmn2; space group with Li,SiO; as an impurity; b) Li,MnSiOy crystallized in Pmnb space
group with Li,SiO; and Mn,SiO4 as impurities; c¢) Li,MnSiOy4 crystallized in P2,/n space group with

Mn,SiO;4 as an impurity.
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Solid-state °Li magic-angle spinning (MAS) NMR spectra were recorded on a 600 MHz Varian
NMR system, operating at °Li Larmor frequency of 88.274 MHz, with rotation synchronized Hahn-echo
pulse sequence. Sample rotation frequency was 22.73 kHz, repetition delay between consecutive scans was
0.1 s and number of scans was 15 000. Frequency axis in ppm is reported relative to the lithium signal of 1M
solution of LiCl. Spinning-sideband powder patterns were analyzed by Spinevolution simulation package
[4]. In addition to electron-nucleus dipolar interaction, which is formally equivalent to chemical shift
anisotropy, weak electric quadrupolar interaction was also considered when fitting the spectra of °Li nuclei.

Measured and best-fit spectra are shown in Figure S2.
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Figure S2. Spinning-sideband powder patterns for four different lithium sites in Li,MnSiO4 polymorphs.
The intensities of centerbands and spinning sidebands were first extracted from the measured spectra using
‘dmfit’ software [5]. The intensities were then used for comparison with simulated spectra during a

Spinevolution fitting procedure.
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First-principles calculations were performed using density functional theory (DFT) in the generalized
gradient approximation of Perdew-Burke-Emnzerhof (GGA PBE) [6] with plane wave basis and norm-
conserving pseudopotentials. In the first step the structures of Li,MnSiO4 polymorphs, Li,MnOs3, LisCoOy,
and LiMnPO, were relaxed and ‘final’ ground state energies were recalculated with the optimized
geometries. In all calculations plane-wave cutoff energy was 1100 eV. The reciprocal-space sampling was
performed with &-point grids of 2x4x4 points for LiMnPO,, 4x4x4 points for Li,MnSiO,4 polymorphs and for
Li;MnOs, and 6x6x4 points for LisCoO,. All-electron information was reconstructed using the Projector
Augmented Wave (PAW) method [7] as implemented in Quantum Espresso’s GIPAW module [8]. The
module yielded hyperfine coupling constants, which were then used for quantitative prediction of isotropic

shifts.

References

[1] M. E. Arroyo-DeDompablo, R. Dominko, J. M. Gallardo-Amores, L. Dupont, G. Mali, H. Ehrenberg, J.
Jamnik, E. Moran, Chem. Mater. 2008, 20, 5574.

[2] R. Dominko, M. Bele, M. Gaberscek, A. Meden, M. Remskar, J. Jamnik, Electrochemistry Commun.
20006, 8, 217.

[3] J. R. Carvajal, See a report in CPD of IUCr, Newsletter 26, (2001) 12; available at
http://www.iucr.org/iucr-top/comm/cpd/Newsletters. 1993, 55.

[4] M. Veshtort, R. G. Griffin, J. Magn. Reson. 2006, 178, 248

[5] D. Massiot, F. Fayon, M. Capron, 1. King, S. Le Calve, B. Alonso, J. O. Durand, B. Bujoli, Z. H. Gan, G.
Hoatson, Magn. Reson. Chem. 2002, 40, 70.

[6] J. P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett. 1999, 77, 3865.

[7] P. E. Blochl, Phys. Rev. B 1994, 50, 17953.

[8] P. Giannozzi, S. Baroni, N. Bonini, M. Calandra, R. Car, C. Cavazzoni, D. Ceresoli, G. L. Chiarotti, M.
Cococcioni, I. Dabo, A. Dal Corso, S. de Gironcoli, S. Fabris, G. Fratesi, R. Gebauer, U. Gerstmann, C.
Gougoussis, A. Kokalj, M. Lazzeri, L. Martin-Samos, N. Marzari, F. Mauri, R. Mazzarello, S. Paolini, A.
Pasquarello, L. Paulatto, C. Sbraccia, S. Scandolo, G. Sclauzero, A. P. Seitsonen, A. Smogunov, P. Umari,
R. M. Wentzcovitch, Journal of Physics: Condensed Matter 2009, 21, 395502. (http://www.quantum-

€sSpresso.org)

S4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


