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Abstract: Three new oxalato organotin IV adducts and complex have 
been synthesized, their infrared and Mössbauer studies carried out. In the 
three compounds the coordination number of tin IV is 6, the SnMe2 residue 
being linear, the oxalate anion behaving as a bichelating or a 
monocoordinating ligand. The structures, suggested from spectroscopic 
data, are all discrete. The key role of the non symmetrical cation Cy2NH2

+ 
involved in NH----O and NH----Cl hydrogen bonds is noteworthy. 
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INTRODUCTION  
 
In the seek of new organotin IV compounds because of the various applications 
discovered for complexes and derivatives containing SnMe2 residue several papers  
have been reported by various groups [1 – 4]. The X ray structure of 
SnMe2(C2O4)2(Cy2NH2)2·H2O has been reported by Ng [5]: it consists of two 
monochelating oxalate anions, the water molecule being coordinated to the tin centre 
which is seven coordinated. In our group, we had yet reported various papers on 
organotin chemistry dealing with the coordinating ability of oxyanions [6 – 9] and have 
initiated here the study of the interactions between (Cy2NH2)2C2O4·2H2O or 
(Me4N)2C2O4·2H2O and SnMe2Cl2 which have yielded two new oxalato SnMe2Cl2 
adducts and a dinuclear oxalato SnMe2 residue containing complex. Their infrared and 
Mössbauer studies have been carried out and structures suggested on the basis of 
spectroscopic data. 
 
 
EXPERIMENTAL 
 
The infrared spectra were recorded at the University of Cheikh Anta Diop Dakar 
(Senegal) by means of a BX FT-IR type or at the University of Padova (Italy) using a 
PE 580 or a Bruker FTIR spectrometer, the sample being as Nujol mulls, using CsI or 
polyethylene windows. Mossbauer spectra were obtained as described previously [10]. 
Infrared data are given in cm-1 (abbreviations:  (vs) very strong, (s) strong, (m) medium, 
(w) weak), (vw) very weak). Mössbauer parameters are given in mm·s-1 (abbreviations: 
Q.S = quadrupole splitting, I.S = isomer shift, Γ = full width at half-height). The 
elemental analyses performed by the CNRS “Service Central d’Analyses” Vernaison-
France, the laboratory of Microanalysis – University of Padova – Italy or the 
Microanalysis Centre – University of Bath – UK are reported in table 1. 
 
Syntheses of salts and complexes 
 
(Cy2NH2)2C2O4·2H2O (Cy = C6H11) 
The complete neutralization of a water solution containing 1.82 g (10 mmol) of Cy2NH2 
(Aldrich) with an aqueous solution containing 0.63 g (5 mmol) of H2C2O4·2H2O 
(Aldrich) gives a white precipitate stirred no less than two hours, filtered and dried at 
65°C. Analytical data - % calculated (% found) - C = 68.99 (69.02), H = 10.69 (10.59), 
N = 6.19 (6.20). 
 
(Me4N)2C2O4·2H2O has been obtained on mixing a water solution of Me4NOH (20%) 
with oxalic acid in 2/1 ratio; the white powder collected after solvent evaporation is 
recrystallized in EtOH. Analytical data - % calculated (% found) - C = 44.10 (44.02), H 
= 10.36 (10.50), N = 10.29 (10.15).  
When (Cy2NH2)2C2O4·2H2O in MeOH is mixed with SnMe2Cl2 (Aldrich) in absolute 
ethanol in 1/2 ratio, a white precipitate is obtained.  
The mixture of ethanolic solutions of (Me4N)2C2O4·2H2O with SnMe2Cl2 in 1/2 ratio 
gives a white precipitate. 



SCIENTIFIC STUDY & RESEARCH ♦ Vol. X (4) ♦ 2009 ♦ ISSN 1582-540X 
 

 309

When (Cy2NH)2C2O4·2H2O and SnMe2Cl2 in 95% hydrated ethanol are mixed in 2/1 
ratio a white powder is obtained after a slow solvent evaporation.  
All the precipitates have been stirred no less than two hours and washed with hot 
ethanol. 
 
                              Table 1. Results of the elemental analyses [% cal (% found)] 

Complexes % C % H % N % Cl % Sn 
A 
(Cy2NH2)2C2O4·2SnMe2Cl2   

40.17 
(40.22)

6.85 
(6.82) 

3.14 
(3.07) 

15.92 
(16.00) 

26.61 
(26.50)

B 
(Me4N)2C2O4·2SnMe2Cl2 

24.91 
(24.87)

5.12 
(5.33) 

3.96 
(4.14) 

21.02 
(20.49) 

35.14 
(35.31)

C 
(Cy2NH2)2C2O4·2SnMe2(C2O4)2(Cy2NH2)2 

57.6 
(57.35)

9.01 
(8.81) 

4.37 
(4.58) 

traces - 

  
 
RESULTS AND DISCUSSION 
 
In tables 2 and 3 are respectively summarized the assignments of the main bands of the 
complexes and their Mössbauer parameters. 
 

Table 2.  Attribution of the main bands 
Complexes vas 

COO- 
vs 

COO- 
δ  

COO- 
νas 

SnC2 
νs  

SnC2 
A 
(Cy2NH2)2C2O4·2SnMe2Cl2   

1637s 1313m 
1271m 785s 587m - 

B 
(Me4N)2C2O4·2SnMe2Cl2 

1637vs 1346m 
1305s 800vs 575m - 

C 
(Cy2NH2)2C2O4·2SnMe2(C2O4)2(Cy2NH2)2 

1637s 1313m 
1271m 785s 587m 515vw 

Very strong: vs; strong: s; medium: m, very weak: vw 
 

Table 3. Mössbauer parameters 
Complexes δ (mm.s-1) ΔE (mm.s-1) Γ(mm.s-1) A 

A 
(Cy2NH2)2C2O4·2SnMe2Cl2   

1.37 4.52 1.07 100 

B 
(Me4N)2C2O4·2SnMe2Cl2 

1.58 4.36 0.90 100 

C 
(Cy2NH2)2C2O4·2SnMe2(C2O4)2(Cy2NH2)2

1.64 4.19 0.93 100 

 
The absence of νsSnC2 expected around 515 cm-1 on the spectra of A and B, its 
appearance as a very weak band on the spectrum of C and the high values of the 
quadrupole splitting allow to conclude to the presence of linear SnMe2 residues 
according to Group Theory [11] and Bancroft and Platt [12]. For the compound A a 
dimeric cage structure with two bichelating oxalate anions is suggested, the cations 
ensuring the cohesion of the two dinuclear complex ions (Figure 1a, 1b). For compound 
B the structure is monomeric (Figure 2). 
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a. (---------  = O---HNH---O) b. (-------- = Cl---HNH---Cl) 
Figure 1. Suggested structures for compound A 
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Figure 2. Suggested structure for compound B 

 
NB: The bichelating oxalate and the chlorine atoms are in the same plan while the 
methyl groups are perpendicular to that plan.  
The compound C can be considered as the compound A in which the chloride ions have 
been replaced by [C2O4Cy2NH2]- groups; the suggested structure contains a central 
bichelating oxalate and four monocoordinating external anions linked by the cations 
through NH....O hydrogen bonds. We can consider the oxalate pair of anions linked by 
the cation in chair, boat or almost planar conformations (Figure 3a, 3b). (We have not 
drawn the almost planar conformation).     
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a.  (------- = O----HNH----O) b.  (------- = O----HNH----O) 
Figure 3. Suggested structure for compound C 
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The complex C can be considered as a ½ adduct between (Cy2NH2)2C2O4 and 
SnMe2(C2O4)2(Cy2NH2)2; the monochelating oxalate anion within 
SnMe2(C2O4)2(Cy2NH2)2·H2O moving from chelation to monocoordination during the 
addition process. 
The wide and strong absorption in the IR spectra of A and C centered around 2900 cm-1 
is due to NH---Cl and NH---O bonds present in the two structures. 
 
 
CONCLUSION 
 
We have seen that the cation plays an important role in the formation of adducts and 
complex. The cations, through hydrogen bonds ensure the dimerization or the cohesion 
of the structure. The oxalate anion is a bichelating or a monocoordinating  ligand. 
 
 
ACKNOWLEDGEMENTS 
 
We thank Professors M. Vidali (University of Padova – Italy), K.C. Molloy (University 
of Bath – UK) for equipment support and elemental analyses, Professor A. Tidjani, 
(Cheikh Anta Diop University – Dakar – Senegal) for recording some infrared spectra. 
 
 
REFERENCES 
 
1. Deak, A., Radics, L., Kalman, A., Parkanyi, L., Haiduc, I.: Eur.J.Inorg.Chem., 

2001, 2849; 
2. Shi-Yao Yang, Zhao-Xiong Xie, Ng, S.W.: Acta. Crystallogr.,Sect. C: Cryst. 

Struct. Commun, 2004, 60,  123; 
3. Beckmann, J., Dackternieks, D., Duthie, A., Mitchell, C.: J.Chem.Soc.Dalton 

Trans, 2003, 3258; 
4. Reinoso, S., Dickmann, M. H., Reicke, M., Kortz, U.: Inorg. Chem., 2006, 45, 

9014; 
5. Ng, S.W.: Acta Cryst. Sect C. Cryst. Struct. Comm., 1996, 52, 2990; 
6. Diallo, W., Diop, C.A.K., Diop, L., Biesemans, M., Willem, R.: J.Organomet. 

Chem., 2007, 692,11; 
7. Diop, C.A.K., Toure, A., Diop, L., Tinant, B., Mahieu, B.: Acta Cryst., 2007,  

E63, m91; 
8. Diop, C.A.K., Toure, A., Diop, L., Tinant, B., Mahieu, B.: Acta Cryst., 2007, E63, 

m258; 
9. Boye, M.S., Diassé-Sarr, A., Diop, L., Russo, U., Biesemans, M., Willem, R.: 

Comptes Rendus Chimie Académie des Sciences, Paris, 2007, 10, 466; 
10. Gielen, M., Bouhdid, A., Kayser, F., Biesemans, M., D. de Vos, Mahieu, B., 

Willem, R.: Appl. Organomet. Chem., 1995, 9, 251; 
11. Nakamoto, K.: Infrared and Raman Spectra of Inorganic and Coordination 

Compounds, John Wiley and Sons, 1997, 5th Edition; 



SCIENTIFIC STUDY & RESEARCH ♦ Vol. X (4) ♦ 2009 ♦ ISSN 1582-540X 
 

 312

12. Bancroft, G.M., Platt, R.H.: Mossbauer Spectra of Inorganic Compounds: 
Structure and Bonding, in: Advanced Inorganic Chemistry and Radiochemistry, 
15, (Editors: Emeleus, H.T., Sharpe A.G.), Academic Press, New York, 1972. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


