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S1. Materials and methods
30 Synthesis.

All reagents, lithium acetate dihydrate (98 %, Fisher Scientific UK), D,L-tartaric acid (99.5 %, Fisher Scientific UK), L-tartaric acid (>99
%, Fisher Scientific UK) and meso-tartaric acid monohydrate (>97 %, Sigma-Aldrich), and solvents, ethanol (reagent grade, Fisher
Scientific UK) and in-house deionized water were used as received under aerobic conditions. Reactions were carried out in 12 mL
borosilicate glass vials with PTFE-lined caps (Fisher Scientific UK) and 23 mL PTFE-lined stainless steel autoclaves obtained from Parr
35 Instrument Company."®
Phase behavior from ethanol.
In the case of 1- and meso-tartrates, their respective acids (1 mmol) were placed in a 12 mL vial with lithium acetate dihydrate (2 mmol)
and ethanol (10 mL), and the mixture left to stand at room temperature. Similar reactions were prepared and placed in ovens at various
temperatures up to 200 °C, using autoclaves as vessels above 60 °C. After three days the reactions were cooled to 25 °C and the contents
40 were filtered, washed in ethanol and dried in air. Products were colorless crystals and/or white powders with yields of 88 mg — 157 mg
(54 % - 97 % for Li,C4H4O¢). Due to the low solubility of d,l-tartaric acid in ethanol, reactions involving d,l-tartrates were made up by
layering a solution of I-tartaric acid (0.5 mmol) and d-tartaric acid (0.5 mmol) in ethanol (5 mL) on top of a solution of lithium acetate
dihydrate (2 mmol) in ethanol (5 mmol). Products were colorless crystals and/or white solids with yields of 30 mg - 116 mg (19 % - 72
% for Li2C4H4O6).
ss Phase behavior from water:ethanol.
In the case of 1- and d,l-tartrates, a solution of lithium acetate dihydrate (2 mmol) in water:ethanol (1:2, 5 mL) was layered under a
solution of the respective acid (1 mmol) in water:ethanol (1:4, 5 mL) in a 12 mL vial and the reaction was left to stand at 25 °C. Similar
reactions were prepared and placed in ovens at various temperatures up to 200 °C, using autoclaves as vessels above 60 °C. After 3-4
days the reactions were cooled to 25 °C and the contents were filtered, washed in water:ethanol (1:4) and dried in air. Products were
colorless crystals and/or white solids with yields of 27 mg - 98 mg (17 % - 60 % for Li,C4H4O¢). Due to the more rapid precipitation of
meso-tartrates, in this case the reaction mixtures were prepared using a solution of meso-tartaric acid (1 mmol) in water:ethanol (1:2, 5
mL). Products were colorless crystals and/or white solids with yields of 91 mg - 125 mg (56 % - 77 % for Li,C4H4Oy).
Single crystals of [Li,(d,l-C4H,04)(H,0),] in P1, 10.
A solution of lithium acetate dihydrate (2 mmol) in water:ethanol (1:2, 5 ml) was layered under a solution of d,l-tartaric acid (1 mmol) in
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water:ethanol (1:4, 5 ml) in a 4 ml borosilicate vial, which was left to stand at 20 °C. After 6 days the precipitate, a mixture of colorless
triangular prisms and needles, was separated from the mother liquor. A suitable triangular prism was selected for structure determination
of Li,(d,1-C4H,04)(H,0),, 10. Powder X-ray diffraction analysis (see SI) showed a mixture of 8 and 10, with trace amounts of 5, but a
phase-pure sample could not be obtained.

Single crystals of [Li,(meso-C H,04)(H,0)5] in C2224, 11.

A solution of lithium acetate dihydrate (2 mmol) in water:ethanol (1:2, 5 ml) was layered under a solution of meso-tartaric acid (1 mmol)
in water:ethanol (1:4, 5 ml) in a 4 ml borosilicate vial, which was left to stand at 20 °C. After 6 days the precipitate, consisting of
colorless square plates surrounded by polycrystalline material, was separated from the mother liquor and a suitable square plate was
selected for structure determination of Li,(meso-C4;H404)(H,0)¢5, 11. The remaining precipitate was left to stand in air over two
months, yielding a white powder, which was found to consist of pure Li,(meso-tart), 7, by powder X-ray diffraction (see SI). A pure
sample of 11 could not be obtained. Elemental analysis found C 29.43 %, H 2.51 % (calculated C 29.67 %, H 2.49 %).

Crystal Structure Determinations.

The relevant details of structure determinations are presented in the Supporting Information. Crystal structure determination by X-ray
diffraction was performed on an Oxford Diffraction Gemini E Ultra diffractometer equipped with dual source Cu radiation (A = 1.54184
A, operating at 40 kV and 40 mA with confocal mirrors to increase flux) and Mo radiation (A =0.7107 A, operating at 50 kV and 40
mA). Data were collected at 120 K using ® scans and the mean detector area resolution was 10.4 pixels mm’'. Data collection, cell
determination and refinement, intensity integration and face indexation were performed using CrysAlisPro software.”’ Structures were
solved by direct methods and full matrix least-squares refinements against |F*| were carried out using the SHELXTL-PLUS package of
programs®' within the WinGX interface.”> All non-hydrogen atoms were refined anisotropically; hydrogen atoms were then inserted
using a riding model and refined with isotropic displacement parameters constrained to 1.2 and 1.5 times those of their adjacent carbon
(non-methyl), and oxygen and methyl carbon atoms, respectively. Visualization of structures was carried out using Diamond® and
Mercury24 programs.

Powder X-ray Diffraction.

Data were collected on a Bruker DS theta/theta (fixed sample) diffractometer with LynxEye position sensitive detector, in Bragg
Brentano parafocusing geometry, reflection mode using Cu Ko radiation (A = 1.5418 A). Scans were taken over an angular range of 5° -
60° (20) with step size 0.01°. Analysis of the data was carried out using the X"Pert HighScore Plus program.*
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Table S1. Table of yields and morphologies from lithium tartrates phase behavior experiments. Phases are listed in order of abundance, with major, minor
and trace phases in bold, italics and parentheses, respectively.

Ligand Synthesis temperature (°C)
isomer Solvent 25 60 100 125 150 180 200
L cthanol ;;52” 3,2 powder | 2,3 needles | 2,3 needles ;;fvgéites, 2, (3) needles zee dles
- D) ) ) )
[94 %] [94 %] [86 %] [85 %] 182 %] [82 %] /88 %]
2,09 2,9 2,9 2,09 2,6,(09) 2,6,09)
L- Z;:io/l Z}aItZS plates plates plates, rods | plates, rods | polycr. polycr.
p /60 %] [52 %] [54 %] [52 %] [59 %] [56 %]
7,6,(?) 7,6 7,6 7,4,6 7,4,6
6,7,4
meso- cthanol 9 powder, powder, powder, powder, powder, needles, powder
’ blocks rods rods rods needles /80 % ]’
[77 %] [57 %] [54 %] [77 %] [85 %] E
ter / 7,6 7,6 6 6 6 6 6
meso- :;?1:;01 polycr. plates blocks rods rods rods rods, polycr.
[?? %] [59 %] [56 %] [77 %] [77 %] [73 %] [68 %]
8, () 58 5,8 S 5
92 ) )
D,L- ethanol ;Iai’w'der ;(())ﬁ;ler needles n/a needles i Z:;ZZ:’ powder, needles
0, 0, 0,
762 %] [62 %] [19 %] /69 %] [72 %]
water / 13 8,5 8 8 8 8,6 6
D,L- cthanol lates rods, plates | rods rods rods rods, polycr. polycr.
p [17 %] [19 %] /20 %] /20 %] [22 %] [31 %]

Figure S1. Powder X-ray diffraction of the source reaction of dilithium d,l-tartrate dihydrate, 10, containing approximately 50 % 8, 40 % 10 and 10 % 5.
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Figure S2. Powder X-ray diffraction of the source reaction of dilithium meso-tartrate dihydrate, 11, after standing in ambient conditions, containing pure
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Figure S3. Powder X-ray diffraction of the products from phase investigation reactions of lithium tartrates, from meso-tartaric acid in ethanol, showing

5 phases in order of abundance.
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Figure S4. Powder X-ray diffraction of the products from phase investigation reactions of lithium tartrates, from meso-tartaric acid in water:ethanol,
showing phases in order of abundance.
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Figure SS. Powder X-ray diffraction of the products from phase investigation reactions of lithium tartrates, from I-tartaric acid in ethanol, showing phases

5 in order of abundance.
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Figure S6. Powder X-ray diffraction of the products from phase investigation reactions of lithium tartrates, from I-tartaric acid in water:ethanol, showing
phases in order of abundance.
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Figure S7. Powder X-ray diffraction of the products from phase investigation reactions of lithium tartrates, from d,l-tartaric acid in ethanol, showing
phases in order of abundance.
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Figure S8. Powder X-ray diffraction of the products from phase investigation reactions of lithium tartrates, from d,l-tartaric acid in water:ethanol,
showing phases in order of abundance.

PhaselD
200 oAt A 6

RN
N
&)

oo

N
o
o

Temperature (°C)

,___A.J\.__A__A . D W ORI
—-——v——/\-—-h’\*L‘-‘\—-———-Ah————‘\M——w

o)

o

*
Lo
3]
*

N

(@)
—
w

20 25 30 35 40
Diffraction angle (°20)





<<

  /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 1.6

  /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 (None)

  /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 <>

    /ENG ()

    /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.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



