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By powder X-ray diffraction the crystal structure of catena-(2-thiobarbiturato)dithallium(I) C4H2N2O2STl2 

(C4H4N2O2S is 2-thiobarbituric acid, Н2ТBA), Tl2TBA, is determined. Crystallographic data for Tl2TBA 

are as follows: a = 15.1039(3) Å, b = 12.0818(2) Å, c = 3.86455(6) Å, β = 97.203(1)°, V = 741.34(2) Å3, 

space group P21/n, Z = 4. There are two non-equivalent thallium atoms in the structure. The Tl1 polyhedron 

is a distorted trigonal prism due to the shortened Tl–S contact (3.634 Å), and the Tl2 polyhedron is a 

distorted square antiprism. 
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Thiobarbituric acid (4.6-dihydroxy-2-mercaptopyrimidine, C4H4N2O2S, H2TBA), its derivatives, and complexes 

with metals are biologically active substances [1, 2]. Thiobarbituric acid used as a reagent exists in the thione-enol form. It is 

formed by passing the most acidic proton of the CН2 group to the oxygen atom of the neighboring carbonyl group. The ≡C6–

OН group is the most probable electron donor center of the ligand.  

 

 
 

Nitrogen atoms of the NH group and S can be other ligand centers linking the metals. Complexing of metal ions, for 

example, cobalt(III) [3] having a high chemical affinity for a nitrogen atom, leads to the proton abstraction from the NH 

group and N,S-coordination of ligand with the formation of a four-membered chelate ring. The formation of a metal– sulphur 

bond should be expected, in the first instance, for soft Lewis acids, e.g., the Tl+ ion.  

This communication describes the synthesis of polycrystalline 2-(thiobarbiturato)dithallium(I) C4H2N2O2STl2, 

Tl2TBA and its structure determined using powder X-ray diffraction. 

Experimental. CH3COOTl (analytical grade), H2TBA (chemically pure), and LiOH (chemically pure) were used.  

1Siberian Federal University, Krasnoyarsk; ngolovnev@sfu-kras.ru. 2L.V. Kirensky Institute of Physics, Siberian 
Division, Russian Academy of Sciences, Krasnoyarsk. Translated from Zhurnal Strukturnoi Khimii, Vol. 55, No. 1, pp. 130-
134, January-February, 2014. Original article submitted October 4, 2012. 
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Fig. 1. Experimental (points), theoretical (line), and differential (line below) X-ray diffraction patterns of the 
Rietveld refinement result for the crystal of I and the Bragg factors RB, step/exposure for each part of the X-ray 
diffraction pattern and overall for all X-ray diffraction patterns profile factors Rwp together with GOOF (χ). 

 

Catena-2-(thiobarbiturato)dithallium(I), catena-Tl2TBA (I). 0.10 g (4.2 mmol) of LiOH were dissolved in 4 ml of 

water, and then 0.20 g (1.4 mmol) of H2TBA were added. After its complete dissolution, 0.74 g (2.8 mmol) of CH3COOTl 

were introduced according to the reaction 

H2TBA + 2CH3COOTl = Tl2TBA + 2CH3COOН. 

A light yellow precipitate formed was filtered off, washed with alcohol, and dried in the air. The results of elemental 

analysis for I (found/calculated, wt.%) are as follows: C 8.31/8.72, H 0.42/0.36, N 4.83/5.08, S 6.15/5.82, Tl 72.94/74.20.  

X-ray diffraction study. The powder X-ray diffraction pattern of I was recorded on a Bruker D8 ADVANCE 

diffractometer using a linear VANTEC detector and CuKα radiation. The technique of variable scan timing (VST) and 

variable scanning step (VSS) was used. The exposure time increased with an increase in the 2θ angle significantly improving 

the quality of the recorded X-ray diffraction pattern [4]. As a rule, the full width at a half maximum (FWHM) contains 5-8 

experimental points. However, with an increase in the θ angle, the peaks become much broader, so in the 2θ large angle 

regions, the step size can be increased in order to shorten the experimental time [5].  

The experimental X-ray diffraction pattern was divided into four parts (Fig. 1). The total experimental time was 

about 16.2 h, and without using the variable step scanning method it would exceed 31 h. The experiment was decomposed 

into parts for VCT/VSS using the XRD Wizard software [5]. The peak positions were determined using the EVA program 

(2004 release) from the Bruker DIFFRAC-PLUS software. 

The unit cell parameters and the space group were determined using the DASH 3.3 software [6]. The determination 

of the parameters gave the monoclinic cell: a = 15.1097 Å, b = 12.8038 Å, c = 3.8667 Å, β = 97.258° (M(24) = 29.1; 

F(24) = 58.8). Using the DASH 3.3 software, a list of the most probable space groups in the decreasing order of probability 

was obtained: P21/n (log-probability score 20.99); P21/a (15.14); Pn (11.78); P21 (9.22). Hence, P21/n was selected as the 
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Fig. 2. Structure of Tl2TBA. Hydrogen bonds 
are denoted by dotted lines. 

 

most appropriate of all space groups. The structure was solved by its modeling in the direct space with subsequent phase 

annealing using the TOPAS 4.2 software [7]. The cell volume corresponded to 9–12 atoms in the asymmetric unit; therefore, 

one C4H2N2O2S (TBA2–) ion and two Tl+ ions in the asymmetric unit of the cell were generated. The phase annealing 

provided a structural model with which the Rietveld refinement in the TOPAS 4.2 software was performed. In order to 

decrease the number of refined parameters, a soft constraint on the bond lengths in the TBA2– ion was used. To this end, the 

average bond lengths were taken from the single crystal experiment on the KHTBA (C4H3KN2O2S) crystal [8]. In addition, 

we have imposed a soft constraint for the atoms to be in one plane in TBA2–. The coordinates of hydrogen atoms were 

idealized and refined along with heavy atoms in the riding model. The VCT technique made it possible to refine the thermal 

parameters of both Tl+ ions in the anisotropic approximation, which improved the refinement result. After the refinement, the 

thermal parameters of all non-hydrogen atoms had the normal values. Since the N3 nitrogen atom had a short contact with the 

Tl2 atom d(N3–Tl2) = 2.817(6) Å, it was decided to remove the hydrogen ion at N3. The refinement process was stable and 

provided low uncertainty factors R for all four parts of the X-ray diffraction pattern (Fig. 1). Since the structure was 

successfully solved in space group P21/n, it was decided not to test the other space groups. The main crystallographic 

characteristics of I and the experiment parameters are as follows: chemical formula C4H2N2O2STl2, Mr = 550.91, 

a = 15.1039(3) Å, b = 12.0818(2) Å, c = 3.86455(6) Å, β = 97.203(1)°, V = 741.34(2) Å3, space group P21/n, Z = 4, 

dx = 4.936 g/cm3, μ = 84.787 mm–1, 2θ range of 5-140°, 1396 reflections, 107 refined parameters, Rwp = 2.434%, 

Rexp = 1.161%, Rp = 1.855%, GOOF(χ) = 2.097.  

The graphical representation of all crystal structures and molecules was made using the DIAMOND software [9]. 

The structure was deposited with the Cambridge Structural Database under number 904109. The data can be obtained from 

the website www.ccdc.cam.ac.uk/data_request/cif. 

Results and discussion. The structure of the Tl2TBA complex is shown in Fig. 2. The asymmetric unit of the cell 

contains two Tl+ ions and one TBA2– anion. Heterocyclic H2TBA can be treated as substituted thiourea, malonyl thiourea, 

because it has a thionic C=S group in its composition. The S atom, together with two O atoms and one N atom, link the 

ligand with Tl+ ions. There are two non-equivalent thallium atoms in the structure of I. With respect to Tl1, the TBA2– ion is 

a monodentate ligand coordinated by O or S, and with respect to Tl2 it is both O- or S-monodentate and N,S-bidentate 

ligands. All ligands are bridging ones. Each sulphur atom is linked at the same time with three Tl+ ions, and the oxygen atom 

is linked with two Tl+ ions (Fig. 2). Each TBA2– ion connects 7 Tl+ ions (4 Tl1 and 3 Tl2) by bridging bonds.  

The Tl1 atom is coordinated by four oxygen atoms (a bond length range 2.79-3.29 Å) and two sulphur atoms 

(3.068(4) Å and 3.215(4) Å). Packing features lead to the formation of a relatively rare form of the Tl1 polyhedron (a trigonal 

prism), in which the Tl1 atom is linked with six TBA2– ions. The Tl2 atom is coordinated by three O atoms (2.52-3.22 Å), 

two N atoms (2.817(6) Å and 3.009(7) Å), and two S atoms (3.219(7) Å and 3.404(7) Å) (Fig. 3). Given the shortened Tl2–S 

contact (3.63 Å), the Tl2 polyhedron is a distorted square antiprism (Archimedean antiprism). 
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Fig. 3. Coordination environment of ions: Tl1 (a); Tl2 (b). Intermolecular hydrogen bonds are 
denoted by dotted. 

 

TABLE 1. Hydrogen Bonds D–H⋯A (Å, deg) in the Structure of I 

D–H⋯A D–H H⋯A D⋯A D–H⋯A 

N1–H1⋯O11 0.86 2.00 2.840(8) 166 
 

 

1Symmetry operation: 1/2–x, 1/2+y, 1/2–z. 
 

TABLE 2. Parameters of the π–π Interaction of the TBA2– Ions in the Crystal of I 

Cgi–Cgj d(Cg–Cg), Å α, deg β, deg γ, deg Cgi_p, Å Shift, Å 

Cg1– 1
Cg′  3.865(5) 0 17.59 17.59 3.684(3) 1.168 

 

 

Cg1 is the N1, C2, N3, C4, C5, C6 ring plane. 
1

Cg′  is produced from Cg1 by transformation [x, y, 1–z]. 

 

The Tl1 and Tl2 polyhedra are linked in three different ways: by a common vertex (S or O1); a common face formed 

of the pairs of S and O2 atoms. The distorted square antiprisms with central Tl2 atoms share the S–S edge. Two Tl1 

polyhedra are linked by a triangle face formed of S, O1, and O2 atoms. The space between the polyhedra along the c axis is 

filled with ligands. 

The N3–Tl2–S angle for the bidentate ligand is only 51.92°. This, together with the presence of different donor 

atoms (N, O, S) in the nearest environment, leads to a structural distortion of the Tl2 polyhedron. A distorted trigonal 

prismatic structure of the Tl1 polyhedron can also be associated with the participation of different donor atoms (S and O) of 

TBA2– in complexing. In addition, the distorted form of the polyhedra can be associated with the effect of the 6s2 lone pair of 

the Tl+ ion on the structure.  

The structural analysis showed the presence of one intermolecular hydrogen bond (Table 1) forming linear chains of 

TBA2– ions along the b axis, which, together with the Tl+ ions, form a three-dimensional framework. The N1–H1⋯O1 

hydrogen bond closes an 8-membered ring (Fig. 2), to which the 1

1
R  (8) structural motif corresponds, and a 6-membered ring, 

to which the 1

1
R  (6) structural motif corresponds. The analysis of shortened intermolecular contacts using the PLATON 

software [10] revealed the presence of π–π interaction between the centers of the ТBA2– anion rings; its parameters are 

summarized in Table 2. The ТBA2– ions have the head-to-head type packing [11]. 



 
129

The work was supported by the grant of the President of the Russian Federation for the support of leading scientific 

schools of the Russian Federation (NSh-924.2014.2) and the Federal Targeted Program “Scientific and Scientific Pedagogical 

Personnel of Innovative Russia, 2009-2013” (State contracts Nos. 02.740.11.0269 and 02.740.11.0629) 

REFERENCES 

1. S. Bondock, A. Tarhoniб El-Gaber, and A. A. Fadda, Phosphorus Sulfur Silicon Relat. Elem., 182, 1915-1936 (2007). 

2. V. I. Balas, S. K. Hadjikakou, N. Hadjiliadis, et al., Bioinorg. Chem. Appl., DOI: 10.1155/2008/654137 

3. K. Yamanari, M. Kida, A. Fuyuhiro, et al., Inorg. Chim. Acta, 332, No. 1, 115-122 (2002).   

4. I. C. Madsen and R. J. Hill, J. Appl. Crystallogr., 27, 385-392 (1994). 

5. Diffrac-Plus Basic XRD Wizard, Bruker AXS GmbH, Karlsruhe, Germany (2002-2007). 

6. W. I. F. David, K. Shankland, J. Streek, et al., J. Appl. Crystallogr., 39, 910-915 (2006). 

7. Bruker AXS TOPAS V4: General Profile and Structure Analysis Software for Powder Diffraction Data, User’s Manual, 

Bruker AXS, Karlsruhe, Germany (2008). 

8. N. N. Golovnev, M. S. Molokeev, and M. Yu. Belash, J. Struct. Chem., 54, No. 3, 566-570 (2013). 

9. K. Brandenburg and M. Berndt, DIAMOND — Visual Crystal Structure Information System CRYSTAL IMPACT, 

Postfach 1251, D-53002 Bonn. 

10. PLATON —A Multipurpose Crystallographic Tool, Utrecht University, Utrecht, The Netherlands (2008).  

11. J. L. Atwood and J. W. Steed, Supramolecular Chemistry, Parts 1, 2, VCH Verlag GmbH, Weinheim, Germany (2000). 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>

    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
    /RUS <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


