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Supporting Information

1. General

All chemicals unless otherwise stated were purchased from Aldrich Chemical Company (Dorset, UK) in
reagent grade >98% and used without further purification.

Thermogravimetrical Analysis (TGA). Thermogravimetric analysis was performed on a Mettler Toledo
Stare TGA/DSC unit (Leicester, UK) under nitrogen. Samples between 5 and 10 mg were placed in open
alumina pans and were heated from 25 °C to 600 °C with a heating rate of 5 °C/min. Decomposition
temperatures (Tsoqec) Were reported from onset to 5 wt% mass loss.

Differential Scanning Calorimetry (DSC). Differential scanning calorimetry was performed on a Mettler
Toledo Star DSC unit (Leicester, UK) under nitrogen. Samples were placed in closed aluminum pan perforated
with a pin-hole to equilibrate pressure from potential expansion of evolved gases or residual solvents. An
empty closed pan was used as a reference. For standard DSC experiments, samples between 5 and 10 mg were
heated from 25 °C to 110 °C at a heating rate of 5 °C/min followed by a 5 min isotherm. A cooling rate of 5 °C/min
to -70 °C was followed by a 5 min isotherm at -70 °C, and the cycle was repeated twice. Second and third cycles
proved to be identical and only the third heating run was used for data collection. For the collection of eutectic
diagrams, the heating and cooling rate was reduced to 1 °C/min.

For Lidocaine:Oleic acid samples, a DSC 2920 Modulated DSC, TA Instruments, Inc. (New Castle, DE)
differential scanning calorimeter was also used to determine melting points, glass transitions, and
crystallization temperatures. The instrument was temperature calibrated with indium (T, 156.61 °C; AH =
28.71 J g’") and DI water before data was collected. Data was collected at constant atmospheric pressure using
samples between 3-10 mg. Samples were placed in closed aluminum pan (KLD-202, KEtecand Lab Devices,
Inc., Mount Berry, GA) perforated with a pin-hole to equilibrate pressure from potential expansion of evolved
gases or residual solvents. An empty closed pan was used as a reference. The DSC was adjusted so that zero
heat flow was between 0 and -0.5 mW and the baseline drift was less than 0.1 mW over the temperature range
of 0-180 °C.

The experimental protocol was as follows. Heating was conducted at constant a rate 5 °C /min. After a 5
min isotherm at maximal temperature, samples were cooled to -110 °C. A 5 minute equilibration interval was
applied and the entire process was repeated twice (3 cycles total). Liquid samples were first cooled to -110 °C,
and then heated to a temperature no greater that 30 °C below Tsoqec, previously established by TGA. After a 5
minute equilibration interval, the process was repeated twice (3 cycles total).

Fourier Transform Infra Red Spectroscopy (FTIR). Infrared spectra were obtained by direct
measurement of the neat samples utilizing a Perkin-Elmer Spectrum 100 FT-IR instrument (Waltham, MA)
featuring an ATR force gauge (Shelton, CT). Spectra were obtained in the range of 650 — 4000 cm™. Infrared
spectra for all Lidocaine:fatty acid samples in the ratio 1:1 were also recorded as neat samples from 650 - 4000
cm™' on a Perkin-Elmer (Dublin, Ireland) Spectrum 100 FT-IR spectrometer fitted with a Universal ATR

Sampling Accessory.
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Nuclear Magnetic Resonance Specroscopy (NMR). 'H and >C NMR spectra were collected utilizing a
Bruker spectrometer 500 MHz Bruker Avance Spectrometer Bruker/Magnex UltraShield 500 MHz magnet
operating at 500 MHz for 'H and 125 MHz for *C spectra, respectively. NMR in solvent were conducted in
acetone-ds. Neat NMRs were taken at 363 K in a 5 mm NMR tube with a coaxial capillary for the external lock
(DMSO-dg). All chemical shifts are given in 6 (ppm).

"N NMR data and "°N 2D Heteronuclear Multiple-Bond Quantum Coherence (HMBC) data were collected
utilizing a Bruker spectrometer 600 MHz Bruker Avance Spectrometer Bruker/Magnex UltraShield 600 MHz
magnet. Chemical shifts were measured in & (ppm). "N 2D HMBC spectra were taken at a temperature of 23 °C
(296 K) for all mixtures, except for 10 and 20 mol% oleic acid due to high viscosity and 66 mol% oleic acid due to
sample solidification.

Viscosity. Viscosity was measured employing a Cannon Fenske viscometer, constant 0.5 mm?/s* (cSt/s). To
obtain kinematic viscosity in mm?s (cSt) the efflux time in seconds was multiplied by the viscometer constant. To
obtain viscosity in mPas (cP), the viscosity in mm?/s (cSt) was multiplied by the density in grams per milliliter.

Density. The density was determined by mass to volume ratio (for liquid samples only). The density of each
sample was determined three times and if found in good correlation, the values were averaged to obtain the final
reported density.

Water content. Water content was measured by Karl-Fischer-titration with a Mettler Toledo Titrator

(Hiranuma Sangyo, Japan). The water content of all samples was found to be below 1500 ppm.

2. Experimental

Representative syntheses

(1:1) A screw-cap vial was charged with lidocaine (1.172 g, 5 mmol) and stearic acid (1.422 g, 5 mmol) under
an atmosphere of nitrogen and sealed. The solid mixture was heated with a heat gun with shaking until a clear
homogenous liquid was obtained and kept at this temperature for 5 min. The product was cooled to room
temperature to yield the lidocaine:stearic acid mixture in quantitative yield as a waxy colourless solid.

(X:X) Oleic acid:lidocaine compositions (Yoeic = 0.1 - 0.9) were prepared as above. Calculated molar ratios of
both components (fatty acid and lidocaine) were placed in a screw-cap vial under an atmosphere of nitrogen and
sealed. The mixture was then heated with a heat gun with shaking until a clear homogenous liquid was obtained.

The product was cooled to room temperature to yield the lidocaine:oleic acid compositions in quantitative yield.
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3. Figure S1. IR spectra of all Lidocaine:fatty acid mixtures in the ratio 1:1.
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4. Figure S2. DSC traces of Lidocaine:Stearic acid mixtures in different composition
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5. Figure S3. Eutectic composition of Lidocaine:Stearic acid.
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6. Figure S4. DSC traces of Lidocaine:Decanoic acid mixtures in different compositions.
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7. Figure S5. DSC traces of Lidocaine:Oleic acid mixtures in different compositions.
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8. Figure S6. The comparison of different lidocaine:oleic acid compositions in acetone-dj.
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9. Figure S7. Neat NMRs of lidocaine:oleic acid compositions at 363 K in a 5 mm NMR tube with a
coaxial capillary for the external lock (DMSO - dy).
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10. Figure S8. Neat NMRs of lidocaine:oleic acid compositions at 298 K in a 5 mm NMR tube with a coaxial
capillary for the external lock (DMSO - d).

l Draukbbe H | |
H .. Bond _—
04 oyt e Byl g
R OH Lo Lidocaine Arid o I [=l]=3
| Oleic Acid u
Il i
| =09
S o a_
L 4=08 I
/e e |
J.- '|_h_ =07 _,-"1'~._ e B
S 1=0.6 f'l. J
.;"\_ = 0.5 ..-'Jl'-. — I-_
y=04 J J
L

T — T — T T T — T
12 10 B [ 4 2 [ppml




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

Dleic Acid

- - .
AN ) /-’/

2.5 Ilppm]




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

11. Figure S9. PXRD of Lidocaine-Stearic acid composition 1:1
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12. Table S1. Physical properties of lidocaine:fatty acid formulations in 1:1 ratio.

Compound T, Tonsets®s”
[°C] [°C]
Lidocaine:Hexanoic acid 2 -55.9 100.0
Lidocaine:Decanoic acid 3 -61.0 143.3
Lidocaine:Stearic acid 4 Tn42.8 179.2
Lidocaine:Oleic acid 5 T,-47.4 175.4
Lidocaine:Linoleic acid 6 -71.1 163.7
Lidocainium Docusate 7 -30.1 212.4

“Determined on a Mettler Toledo Star® DSC by heating to 110 °C at 5 °C/min and cooling at 5 °C/min to -80 °C for 3 cycles. ’Determined
on a Mettler Toledo Star® TGA/DSC by heating from 25 °C to 600 °C at 5 °C/min under nitrogen
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13. Table S2. "N Chemical shift value for different compositions and difference of chemical shift value from

chemical shift of previous composition.

Composition / Temperature, K 5N Shift A N (difference with

previous composition)

x=0.9,313K 50.0 ppm -

x=0.8,313 K 48.8 ppm 1.2
x=0.7,296 K 47.6 ppm 1.2
1 =0.66,296 K 46.6 ppm 1.0
x=0.6,296 K 46.1 ppm 1.5
1=0.5,296 K 43.9 ppm 3.8
x=0.33,313K 42.4 ppm 1.5

14. Table S3. Density, viscosity and conductivity values for different compositions (only liquid samples).

D, g/mL Molar Conductivity,
Composition LO n, cP (average) 2
(average) Scm“/mol
— -7
x=0.9 0.903 0.597 4.73512x10
_ -5
x=0.8 0.921 1.120 2.92633x10
x=0.7 0.936 1.593 0.000147335
x=0.6 0.941 1.605 0.000138999
x=0.5 0.952 1.457

0.000163109




<<
  /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


