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EXPERIMENTAL 

All reagents and solvents were purchased from Sigma-Aldrich and used without further purification. The 

commercial barbituric acid was characterized by X-ray powder diffraction as the anhydrous Form II of 

barbituric acid.  

 

Solid-state syntheses 

BA·MBr·2H2O. BA (1 mmol) and MBr (M= Li, Na, K, Rb) (1 mmol) were manually kneaded in an agate 

mortar for 5 minutes with a drop of  methanol to help in obtaining the product quantitatively; no solvent was 

necessary in the reaction of BA with LiBr, due to the high hygroscopicity of LiBr. 

BA·MBr and BA·CsI. BA (1 mmol) and MBr (M= Rb, Cs) (1 mmol) were manually ground in an agate 

mortar for 5 minutes.  

 

Solution syntheses 

BA·MBr·2H2O (M= Li, Na, K, Rb) were obtained by dissolution of BA (1 mmol) and MBr (M= Li, Na, K, 

Rb) (1 mmol) in 20 mL of hot absolute methanol; the solution was left to evaporate at room temperature and 

crystals suitable for X-ray single crystal diffraction were obtained. 

BA·MBr (M= Rb, Cs) and BA·CsI were obtained by dissolution of BA (1 mmol) and MBr or CsI (1 mmol)  

in 20 mL of hot absolute ethanol; the solution was left to evaporate at room temperature and crystals suitable 

for X-ray single crystal diffraction were obtained. 

 

Vapour digestion 

All the hydrated co-crystals were also obtained by vapour digestion. Exposure to methanol vapours was 

achieved by placing a glass sample holder, containing the powder of  barbituric acid and MBr (M= Li, Na, 

K, Rb), in a cylindrical weighing bottle containing 5 mL of methanol: in this way the powder mixture, 

previously ground, and the solvent were not in direct contact; the reaction took place in a closed system at 

room temperature. In all cases higly crystalline powders were obtained. 
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Thermogravimetric analysis (TGA) . TGA measurements were performed using a Perkin Elmer TGA7 in 

the temperature range 30-310°C  under N2 gas flow; heating was carried out at 5°C min-1.  

 

 

ESI Fig.1. TGA trace for BA·LiBr·3H2O. 

 

 
ESI Fig.2. TGA trace for BAc·NaBr·2H2O. 

 

 
ESI Fig.3. TGA trace for BAc·KBr·2H2O. 

 

 
ESI Fig.4. TGA trace for BA·RbBr·2H2O. 
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Differential Scanning Calorimetry (DSC): DSC thermograms were recorded on a Perkin Elmer Diamond equipped 
with a model ULSP90 intracooler. The samples (3-5 mg) were placed into different kinds of pans: open, sealed or 
pinholed Al-pans. Temperature and enthalpy calibrations were performed using high purity standards (n-decane, 
benzene and indium). All measurements were conducted in the range 30-400 °C at a heating rate of 5°C/min, up to 
decomposition. 
 

 
ESI Fig.5. DSC curve for BA·NaBr·2H2O in a pinholed pan. 

 

 
ESI Fig.6 DSC curve for BA·KBr·2H2O in a pinholed pan. 

 
ESI Fig.7 DSC curve for BA·RbBr·2H2O in an open pan. 
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ESI Fig.8 DSC curve for BA·RbBr in a pinholed pan. 

 
ESI Fig.9 DSC curve for BA·CsBr in a pinholed pan. 

 

ESI Fig.10 DSC curve for BA·CsI in a pinholed pan. 

 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



X-Ray powder diffraction measurements. 
X-ray diffraction patterns were collected on a Panalytical X’Pert PRO automated diffractometer with Cu-Kα radiation 
and X’Celerator detector without a monocromator, equipped with Anton Paar TTK 450 for measurements at 
controlled temperature. 
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ESI Fig.11 BA·LiBr·3H2O: experimental pattern for the product of the grinding process. 
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ESI Fig.12 BA·NaBr·2H2O: comparison between the experimental (a, product of the grinding process) and calculated 

(b, single crystal) X-ray diffraction patterns. 
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ESI Fig.13 BA·KBr·2H2O: comparison between the experimental (a, product of the grinding process) and calculated 

(b, single crystal) X-ray diffraction patterns. 
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ESI Fig.14 BA·RbBr·2H2O: comparison between the experimental (a, product of the grinding process) and calculated 

(b, single crystal) X-ray diffraction patterns. 
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ESI Fig.15 BA·RbBr: comparison between the experimental (a, product of the grinding process) and calculated (b, 
single crystal) X-ray diffraction patterns. 
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ESI Fig.16 BA·CsBr: comparison between the experimental (a, product of the grinding process) and calculated (b, 

single crystal) X-ray diffraction patterns. 
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ESI Fig.17 BA·CsI: comparison between the experimental (a, product of the grinding process) and calculated (b, 

single crystal) X-ray diffraction patterns. 
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Crystal structure determination: All crystal data were collected on an Oxford Xcalibur S with Mo-Kα radiation, λ = 

0.71073 Å and monochromator graphite at 293(2)K. Crystal data and details of measurements are summarized in ESI 

Tables 1 and 2.  SHELX97ESI-1 was used for structure solution and refinement based on F2. Non-hydrogen atoms were 

refined anisotropically. Hydrogen atoms bound to carbon atoms were added in calculated positions. Hydrogen atoms 

bound to nitrogen and oxygen atoms were located from a Fourier map and their position refined. MercuryESI-2and 

SchakalESI-3 were used for the graphical representation of the results. The program PLATONESI-4 was used to calculate 

hydrogen bond distances and packing parameters. 

 
ESI Table 1. Crystal data and details of measurements for the hydrated co-crystals  
BA·MBr·2H2O (M = Na, K, Rb) and the anhydrous co-crystals BA·MBr (M = Rb, Cs) and BA·CsI 

  BA·NaBr·2H2O BA·KBr·2H2O BA·RbBr·2H2O BA·RbBr BA·CsBr BA·CsI 

Formula C4H8BrN2NaO5 C4H8BrKN2O5 C4H8BrN2O5Rb C4H4BrN2O3Rb C4H4BrCsN2O3 C4H4CsIN2O3

Mol wt 267.02 283.12 329.5 293.47 340.90 387.9 

System Orthorhombic Orthorhombic Orthorhombic Monoclinic Monoclinic Triclinic 

Space group Pnma Pnma Pnma P21/n P21/n P-1 

a (Å) 7.1308(3)  7.1114(3) 7.223(2)  8.984(5)  9.0870(5)  7.302(5)  

b (Å) 7.8805(3)  8.1724(3)  8.3270(10)   8.756(5)  9.1380(4)  7.510(5)  

c (Å) 16.0515(6)  16.9065(7)  17.384(3)  10.296(5)  10.4000(6)  9.400(5)  

α (°) 90° 90° 90° 90 90 110.800(5) 

β (°) 90° 90° 90° 92.949(5) 91.345(6) 101.329(5) 

γ (°) 90° 90° 90° 90 90 94.472(5) 

V (Å³) 902.00(6)  982.56(7)  1045.60(4)  808.90(8)  863.35(8)  466.30(5)  

Z 4 4 4 4 4 2 

Density (g cm-3) 1.966 1.914 2.093 2.410 2.623 2.763 

F(000) 528 560 632 552 624 348 

μ(MoKα) (mm-1) 4.598 4.601 8.551 11.021 8.879 7.246 

Measured reflns 2595 3134 2641 3512 2502 14441 

Unique reflns 1110 1233 1258 1843 1659 2323 

Refined parameters 80 80 79 108 108 108 

R(int) 0.0186 0.0143 0.0152 0.0273 0.0160 0.0242 

GOF on F² 0.924 0.910 0.892 0.933 0.947 1.039 

R1 (on F, I >2s(I) 0.0328 0.0247 0.0331 0.0524 0.0254 0.0208 

WR2 (F², all data) 0.0715 0.0505 0.0719 0.1247 0.0523 0.0432 
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Intrinsic Dissolution Rate (IDR)  

In order to measure the intrinsic dissolution rate we prepared for each compound ten pellets (200 mg, 13 mm 

diameter) using a pressure of 5 tons. We then measured the X-ray diffraction patterns of the pellets, and we noticed 

that: (i) the crystallinity of all solids is lower, with respect to the products of the solution or grinding experiments 

compounds are slightly less crystalline. This might be due to changes in the crystallites size as an effect of the applied 

pressure; (ii) more interestingly, the diffractogram for the BA·RbBr·2H2O pellet shows the presence of anhydrous 

BA·RbBr, which must have formed via partial extrusion of water from the solid as a consequence of the applied 

pressure. It is reasonable to assume that this second event occurs also for the other hydrates, although – being they all 

more hygroscopic than the rubidium salt – we can also assume that re-hydration occurs immediately after pellet 

preparation.  

For these reasons we choose to measure the intrinsic dissolution rate solubility only for the anhydrous systems. 

We first prepared  a calibration curve: four standard solutions (4 x 10-4, 6 x 10-4, 8 x 10-4 and 10 x 10-4) were prepared 

diluting a mother solution of barbituric acid in water. We analyzed the dissolution rate in water at room temperature of 

barbituric acid (form II) and of the anhydrous ionic co-crystals BA·RbBr, BA·CsBr, BA·CsI. 

Measurements were carried out with a Varian Cary 50 Spectrophotometer equipped with a fibre optic dip probe. 

We measured the absorbance and used the linear part of the spectra between 0.1 and 0.5 min, its slope 

corresponding to the dissolution rate, in that interval of time, expressed in Abs/min. The Abs/min values were 

then interpolated in the calibration curve to find the rate of dissolution of the analytes expressed as conc/min.  
 

 
References 

ESI-1  G. M. Sheldrick, SHELXL97 1997, University of Göttingen, Germany. 

ESI-2  C. F. Macrae, P. R. Edgington, P. McCabe, E. Pidcock, G. P. Shields, R. Taylor, M. Towler and J. van De Streek, 

Journal of Applied Crystallography 2006, 39, 453-457. 

ESI-3  E. Keller, 1999, SCHAKAL99, Graphical Representation of Molecular Models; University of Freiburg, 

Germany,. 

ESI-4  A. L. Spek, Journal of Applied Crystallography 2003, 36, 7-13. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



<<
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /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 <>
    /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


