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The crystal structure of the C2H16N11NdO17 complex (I) is established by X-ray crystallogra-
phy. Compound (I) crystallizes in the monoclinic system, space group C2/c, a = 10.8926(6) Å, 
b = 9.0003(6) Å, c = 20.4621(11) Å, � = 90�, � = 94.535(3)�, � = 90�, V = 1999.8(2) Å3, and 
Z = 4. The guanidinium N—H and water H atoms are engaged in hydrogen bonds with an  
oxygen atom of the nitrate groups attached on neodymium (Nd). This has resulted in the for-
mation of a three dimensional network. Based on the Cambridge Structural Database, this is 
the first structurally-characterized neodymium nitrate anion bonded to the [(NH2)3C]+ cation. 
 
K e y w o r d s: crystal structure, neodymium nitrate complex, guanidinium cation, hydrogen 
bonding. 

 
The novel crystal structure of diguanidinium diaquapentakis(nitrato)neodymiate(III) reported 

herein is a result of the study of the coordination of electron-deficient lanthanide and guanidinium  
tetrafluoroborate salts. The symmetric [(NH2)3C]2Nd(NO3)5 �(H2O)2 compound is composed of one 
[Nd(NO3)5(H2O)2]2– anion and half of the guanidinium cation [(NH2)3C]+. Neodymium (Nd) is coordi-
nated to twelve oxygen atoms: ten from five nitrate ions and two from water molecules. Some of al-
ready investigated neodymium nitrate complexes containing cationic species are Na2[Nd(NO3)5(H2O)] 
(Vigdorchik et al., 1990) [ 1 ], K2[Nd(NO3)5(H2O)2] (Held et al., 2000) [ 2 ], Cs2[Nd(NO3)5(H2O)2] 
(Vigdorchik et al., 1989) [ 3 ], [C3H5N2]2[Nd(NO3)5(H2O)] (Zhang et al., 2006) [ 4 ]. In addition, there 
is scant or no information about a lanthanide complex with the guanidinium cation in the literature.  

Experimental. All the chemicals and solvents used were of analytical grade. Neodymium nitrate 
hexahydrate (0.01 g, 0.22 mmol) was dissolved in 8 ml of methanol and added to a 25 ml flask with a 
magnetic stirrer in the dry box. Guanidinium tetrafluoroborate (0.03 g, 0.23 mmol) was dissolved in 
5 ml of methanol and added to the reaction, and the colorless mixture was stirred at room temperature 
overnight. The following day this mixture was concentrated using an argon stream, producing a su-
spension of white crystals. Further evaporation at room temperature resulted in white single crystals 
suitable for X-ray analysis.  

The X-ray crystallography was measured at 228 K temperature with a Bruker ApexII K-axis di-
fractometer with a graphite monochromator (MoK� radiation, � = 0.71073 Å) and a charged coupled 
device (CCD) camera. The intensity data were collected for Lorentz and polarization effects.  

The Bruker SHELXTL package was used for the structure solution and cell refinement. In ac-
complishing the integration and scaling of the intensity data the SAINT-plus software package was 
used [ 5 ]. The structure was solved by direct approach methods and refined by a matrix least-squares 
procedure based on F2 [ 6 ]. All non-hydrogen atoms were refined anisotropically and the hydrogen 
atoms were refined in idealized position in the riding model approximation, with N—H = 0.81 Å; iso-
tropic displacement parameters were refined freely. Table 1 summarizes the crystal data and structure  
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   T a b l e  1  

Summary of crystal data and structure refinement results for compound (I) 

Parameter Compound  

Chemical formula C2H16N11NdO17 
M 610.50 
Crystal system Monoclinic 
Space group C2/c 
Unit cell dimensions a, b, c, Å 10.8926(6),  9.0003(6),  20.4621(11) 
                                  �, �, �, deg. 90,  94.535(3),  90 
V, Å3  1999.8(2) 
Z  4 
Calculated density, g/cm3 2.028 
Crystal dimensions, mm 0.621�0.23�0.184 
Crystal shape and color Colorless and plates 
Absorp. coefficient, mm–1 2.071 
F(000) 1204 
	 range for data collection, deg. 3.47 to 36.37 
Reflections collected 32236 
Independent reflections 4846 [R(int) = 0.0196] 
Completeness to 	, % 99.7 
Data / restraints / parameters 4846 / 0 / 174 
GOOF on F 2 1.655 
Final R indices [(I > 2
(I ))] R1 = 0.0206,  wR2 = 0.0464 
R indices (all data) R1 = 0.0207,  wR2 = 0.0465 
Largest diff. peak and hole, e/Å–3 1.689 and –2.734  
CCDC 941141 

 
refinement for compound (I). For molecular graphics DIAMOND was used [ 7 ], and the SHELXTL 
XCIF software package was used to prepare the publication [ 6 ].  

Results and discussion. The novel crystal structure of compound (I) was established by the sin-
gle crystal X-ray analysis as shown in Fig. 1. It was confirmed after a thorough search of the Cam-
bridge Structural Database [ 8 ] (version 5.32, November 2011 update), which indicates that there is no 
compound (I) that has been structurally characterized. This was the result of the reaction of electron-
deficient lanthanide salts with guanidinium tetrafluoroborate salts in the 1:1 stoichiometry ratio and 
the compound in Scheme 1 was isolated. 

 

 
 

The nitrate ligand coordination around the neodymium atom in Fig. 1 does not seem to vary from 
other similar Nd complexes in terms of bond distances for Nd—O and N—O, which are in the range 
2.4917(10)—2.7109(11) Å and 1.219(2)—1.2573(16) Å respectively. The O—N—O bond angles are  
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in the range 116.41(14)—122.59(14)� (Table 2). These results are in good agreement with those of 
A2[Nd(NO3)5(H2O)] (A = Na, K, Cs) complexes, as we have seen earlier, also with [Me4N]3[Nd(NO3)6] 
(Chesman et al., 2007) [ 9 ] and [(C3H5N2)2Nd(NO3)5(H2O)] (Zhang et al., 2006) [ 4 ].  

In Fig. 1 nitrate ligands in the [Nd(NO3)5(H2O)2]2– anion are positioned in a pseudo-octahedron 
around the metal center in the arrangement which minimizes repulsion between the ligands; this has 
also been observed by Chesman et al. 2006 [ 10 ]. The nitrate ligands are oriented perpendicular to 
each other around the metal center. 

In the crystal structure shown in Fig. 1, the ions are held together by N—H…O hydrogen bonds 
as indicated in Table 3. The hydrogen bond distances for OH– (from water) with O (from nitrate) and 
N—H (from the guanidinium cation) with O (from nitrate) are 2.9078(16) Å—3.066(3) Å and 
2.852(2)—3.057(3) Å, respectively. The latter hydrogen bond lengths are similar to those (2.945(6)—  
 

T a b l e  2  

Selected bond distances d, Å  
and angles �, deg. for compound I 

Bond d 

Nd1—O1 2.6049(11) 
Nd1—O3 2.6820(12) 
Nd1—O6 2.6584(12) 
Nd11—O7 2.7109(11) 
O2—N1 1.218(2) 
O1—N1 1.2711(14) 
O2—N1 1.2460(3) 

Angle � 

O1—N1—O1 116.76(17) 
O3—N2—O4 116.41(14) 
O2—N1—O1 121.97(16) 
O5—N2—O3 122.59(14) 
O8—N3—O7 121.77(15) 
O8—N3—O6 120.42(15) 

 

 

Fig. 1. Molecular structure of 
C2H16N11NdO17 showing the 
atomic numbering scheme.
Displacement ellipsoids are 
drawn at the 50 % probability 
level. Hydrogen atoms on the 
guanidinium cation are shown 
as small spheres of arbitrary 
radius compared to carbon, 
 nitrogen, and oxygen spheres

 

T a b l e  3

Hydrogen bond geometry (Å, deg.) 

D—H�A  D—H D—H  D—A D—H  

O9—H9B�O2#2 0.77(3) 2.56(3) 3.066(3) 124(3) 
O9—H9B�O1 0.77(3) 2.15(3) 2.917(16) 175(3) 
O9—H9B�O3#3 0.83(3) 2.08(3) 2.9078(16) 172(3) 
N5—H5A�O8#4 0.82(3) 2.27(4) 3.057(3) 161(3) 
N6—H6A�O6#4 0.80(3) 2.20(3) 2.982(2) 169(3) 
N5—H5A�O5#5 0.82(3) 2.56(3) 2.869(2) 104(3) 
N6—H6B�O7#6 0.86(3) 2.20(3) 3.022(2) 162(3) 
N4—H4B�O8#6 0.81(3) 2.10(3) 2.907(3) 173(3) 
N4—H4A�O4#7 0.79(3) 2.08(3) 2.852(2) 168(3) 

 
 

 

Symmetry code: (i) –x+1, y, –z+3/2;  (ii) x+1/2, y+1/2, z;  
(iii) –x+3/2, y–1/2, –z+3/2;  (iv) –x+1, –y+1, –z+1;  (v) x,  
y–1, z;  (vi) –x+3/2, –y+3/2, –z+1;  (vii) x+1/2, y–1/2, z.  
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2.968(6) Å) observed by Katrusiak, 1994 [ 11 ] in [(NH2)3C]+
3NO . The hydrogen bonding in Fig. 1 is 

fairly strong based on the bond angles which are in the range 104(3)—73(3)� for the N—H…O bond 
(nitrate) and 124(3)—75(3)� for the O—H…O bond (nitrate). These two types of angles presented in 
Table 3 approach 180�, which signifies the existence of a strong hydrogen stretching in complex (I). 

Conclusions. Novel complex compound (I), which is a result of the reaction of the guanidinium 
cation and electron-deficient lanthanide salts is prepared and fully characterized. This was made as 
part of the coordination chemistry investigation on scanty lanthanide salts-guanidinium cation com-
plexes. The complex in Fig. 1 is held together by hydrogen bonds which bind the guanidinium cation 
N—H and water H atoms with oxygen atoms of the nitrate groups attached on the Nd metal atom. 

 
Author wishes to thank the University of New Mexico Department of Chemistry and Chemical 

Biology for generous support in accomplishing this work. I also thank Dr. Eileen Duesler of UNM for 
her kind assistance with both X-ray data analysis and solving the crystal structure. Furthermore, I am 
grateful to National Science Foundation CRIF:MU award to the University of New Mexico (CHE04-
43580) grant used to purchase the Bruker X-ray diffractometer, and NMR spectrometers were up-
graded via grants from the NSF (CHE08-40523 and CHE09-46690). 

CIF file containing complete information on the studied structural (I) was deposited with CCDC, 
deposited number 941141, and is freely available upon request from the following web site: 
www.ccdc.cam.ac.uk/data_request.cif.  

REFERENCES 

1. Vigdorchik A.G., Malinovskii Y.A., Andrianov V.I., Druchko A.G. // Izv. Akad. Nauk. SSSR. Neorg. Mater.  
– 1990. – 26. – P. 2357 – 2362 (in Russian). 

2. Held P., Hellwing H., Ruehle S., Bohaty L. // J. Appl. Crystallogr. – 2000. – 33. – P. 372 – 377.  
3. Vigdorchik A.G., Malinovskii Y.A., Druchko A.G. // Kristollografiya. – 1998. – 34. – P. 292 – 296 (in Russian). 
4. Zhang H., Wu Y., Fang L. // Acta Crystallogr. – 2006. – E62. – P. m854 – m856.  
5. Bruker SAINT-plus Version 6.02 (including XPREP). Bruker AXS Inc. – Madison, Wisconsin, USA, 1999.  
6. Sheldrick M.G. // Acta Crystallogr. – 2008. – A64. – P. 112 – 122. 
7. Brandenburg K., Berndt M. Version 2.1e. Crystal Impact GbR, Bonn, Germany, 1999. 
8. Allen F.H. // Acta Crystallogr. – 2002. – B58. – P. 380 – 388. 
9. Chesman A.S.R., Turner D.R., Deacon G.B., Batten S.R. // J. Coord. Chem. – 2007. – P. 2191 – 2196. 

10. Chesman A.S.R., Turner D.R., Deacon G.B., Batten S.R. // Acta Crystallogr. – 2006. – E62. – P. m1942 – 
m1946. 

11. Katrusiak A. // Acta Crystallogr. – 1994. – C50. – P. 1161 – 1163. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Japan Magazine Advertisement Color)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


