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Abstract

CsHsO¢Ns, orthorhombic, P2,2,2; (no. 19), a = 5.6068(2) A,
b =10.0191(4) A, c = 18.3799(8) A, V =1032.49(7) A%, Z = 4,
Rg((F) = 0.0340, WR,AF?) = 0.0776, T = 140 K, 8 = 90.

CCDC no.: 2044766
The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list

of the atoms including atomic coordinates and displace-
ment parameters.

Source of material

0.2 g of 3-amino-1,2,4-triazolium 2,4,5-trinitroimidazolate
was added to 10 ml of methanol and evaporated at room
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Table 1: Data collection and handling.

Crystal: Colourless block

Size: 0.15 x 0.08 x 0.05 mm
Wavelength: Mo Ka radiation (0.71073 A)
u: 0.17 mm™*

Diffractometer, scan mode:
Bmax, cOMpleteness:
N(hk[)measured: N(hkl)unique: Rint:
Criterion for lops, N(hkl)g:
N(param)sesined:

Programs:

D8 VENTURE, ¢ and w

26.4°, >99%

11426, 2104, 0.050

lobs >2 U(Iobs)» 1876

198

Bruker [1], Olex2 [2], SHELX [3, 4]

temperature to give colorless block crystals. X-ray single
crystal diffraction was performed on the crystal.

Experimental details

The H5 atom was placed in its geometrically idealized
position and constrained to ride on the C5 parent atom
with Ujs, = 1.2U,q. The positions of hydrogen atoms at
the nitrogen atoms were determined from electron
density difference maps and refined using isotropic
approximation. All the non-hydrogen atoms were
refined anisotropically.

Comment

Nitroimidazole compounds are an important class of
energetic materials [5-15], and ionic salt of
2,4,5-trinitroimidazole is one of their representatives.
3-Amino-1,2,4-triazolium 2,4,5-trinitroimidazolate was first
synthesized by Gao et al. However, the starting materials
were easily introduced into the product following the
synthetic procedures of the Gao’s literature [11]. In this
paper, the title compound was synthesized by adding
dropwise a solution of 3-amino-1,2,4-triazole in ethanol to
a solution of 2,4,5-trinitroimidazole in ether, which was
obtained in precipitated form [14].

The crystal structure of the title compound was analyzed
and refined by ShelXL program [3, 4]. As shown in the figure,
the asymmetric unit of the title compound contains the
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
01 0.1581 (4) 0.3467 (2) 0.40202 (11) 0.0289 (5)
02 0.1356 (4) 0.33102(19) 0.51979 (11) 0.0236 (5)
03 0.8714 (4) 0.6139 (2) 0.32868 (10) 0.0260 (5)
04 1.0630 (5) 0.6970 (2) 0.41970 (12) 0.0440 (7)
05 1.0795 (4) 0.6398 (2) 0.56244 (11) 0.0327 (5)
06 0.8268 (4) 0.5552 (2) 0.63872 (10) 0.0277 (5)
N1 0.2340 (4) 0.3684 (2) 0.46367 (13) 0.0189 (5)
N2 0.5578 (4) 0.4958 (2) 0.41201 (12) 0.0172 (5)
N3 0.5467 (4) 0.4683 (2) 0.53523 (12) 0.0169 (5)
N4 0.9062 (4) 0.6282 (2) 0.39414 (13) 0.0206 (5)
N5 0.8926 (4) 0.5829 (2) 0.57685 (12) 0.0199 (5)
Cc1 0.7446 (5) 0.5586 (3) 0.44219 (14) 0.0167 (6)
c2 0.7374 (5) 0.5419 (3) 0.51797 (14) 0.0165 (6)
c3 0.4495 (5) 0.4454 (3) 0.47035 (14) 0.0162 (6)
N6 0.3564 (5) 0.6117 (2) 0.72791 (14) 0.0221 (6)
H6A 0.250 (6) 0.668 (3) 0.7452 (18) 0.036 (10)*
H6B 0.469 (5) 0.633 (3) 0.6983 (16) 0.038 (10)*
N7 0.3411 (5) 0.3964 (2) 0.67237 (13) 0.0198 (5)
H7 0.433 (6) 0.410 (3) 0.6372 (17) 0.026 (9)*
N8 0.1117 (4) 0.4287 (2) 0.76341 (13) 0.0192 (5)
H8 0.037 (7) 0.458 (3) 0.8021 (18) 0.035 (10)*
N9 0.0681 (5) 0.2991 (2) 0.74079 (13) 0.0235 (6)
C4 0.2739 (5) 0.4878 (3) 0.72159 (14) 0.0175 (6)
c5 0.2107 (6) 0.2843 (3) 0.68597 (16) 0.0234 (6)
H5 0.223127 0.204449 0.658366 0.028*

2,4,5-trinitroimidazole anion and the 3-amino-1,2,4-triazole
cation. The bond lengths and angles within these moieties are
in the expected ranges. The imidazole ring and 1,2,4-triazole
ring are planar. The oxygen atoms of nitro groups and the
hydrogen atoms of amino group are twisted out the imidazole
ring and 1,2,4-triazole ring, respectively.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: This work is supported by the Scientific
and Technological Innovation Programs of Higher
Education Institutions in Shanxi (Grant No. 2019L0606),
and the Fundamental Research Program of Shanxi
Province (Grant No. 202103021223201).

Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

DE GRUYTER

References

1. Bruker. SAINT, APEX2 and SADABS; Bruker AXS Inc.: Madison,
Wisconsin, USA, 2009.

2. Dolomanov 0. V., Bourhis L. )., Gildea R. ., Howard ). A. K.,
Puschmann H. OLEX2: a complete structure solution, refinement
and analysis program. J. Appl. Crystallogr. 2009, 42, 339-341.

3. Sheldrick G. M. SHELXTL - integrated space-group and crystal-
structure determination. Acta Crystallogr. 2015, A71, 3-8.

4. Sheldrick G. M. Crystal structure refinement with SHELXL. Acta
Crystallogr. 2015, (71, 3-8.

5. Lian P. B., Chen L. Z., Chen J., Wang ). Q., Wang J. L., Chen J. The
nitration of 1-methyl-2,4,5-triiodoimidazole and its oxidation by-
product under nitration conditions. J. Energ. Mater. 2022, 40,
46-60.

6. Lian P. B., Yuan Y., Chen J., Chen L. Z., Wang J. L. Study of the
methylation reaction of 2,4-dinitroimidazole and potassium
2,4,5-trinitroimidazol-1-ide with dimethyl sulfate. Chem.
Heterocycl. Compd. 2020, 56, 1010-1014.

7. Lian P.B., Chen ., YuanY., Chen L. Z., Wang ). L. The nitration of
2,4,5-triiodoimidazole and its oxidation under nitration
conditions. J. Energ. Mater. 2021, 39, 333-343.

8. Chen],, Lian P. B., Chen L. Z., Wang J. L., Chen ). Crystal structure
and thermal behaviour of imidazolium 2,4,5-trinitroimidazolate.
Cent. Eur. J. Energ. Mater. 2019, 16, 547-563.

9. Lian P. B., Chen J., Chen L. Z., Zhao C. Y., WangJ. L., Shen F. F.
Preparation of 1-methyl-2,4,5-trinitroimidazole from derivatives
of 1-methylimidazole and its oxidation under nitration conditions.
Chem. Heterocycl. Compd. 2020, 56, 55-59.

10. Chen L. Z., Lian P. B., Wang . L. The crystal structure of 1-methyl-
2,4-dinitro-5-iodoimidazole, C4HsIN,O,. Z. Kristallogr. N. Cryst.
Struct. 2017, 232, 213-214.

11. GaoH.X.,YeC.F., GuptaO.D.,Xiao]. C., Hiskey M. A., Twamley B.,
Shreeve J. M. 2,4,5-trinitroimidazole-based energetic salts.
Chem. Eur J. 2007, 13, 3853-3860.

12. Lian P. B., Chen L. Z., Huang D. Z., Wang J. L. Comment on
“1-methyl-2,4,5-trinitroimidazole (MTNI), a meltcast explosive:
synthesis and studies on thermal behavior in presence of
explosive ingredients”. J. Energ. Mater. 2021; https://doi.org/10.
1080/07370652.2021.1902428.

13. Lian P. B., Zhang L. Y., SuH. P., Chen J., Chen L. Z., Wang J. L.
A novel energetic cocrystal composed of CL-20 and MTNI with
high energy and low sensitivity. Acta Crystallogr. 2022, B78,
133-139.

14. Lian P. B., Chen L. Z., Huang D. Z., Lu Z. Y., Wu N. N., Wang J. L.,
Chen J. Facile synthesis of three kinds triazole salts of
2,4,5-trinitroimidazole and their thermal decomposition
properties. J. Energ. Mater. 2021; https://doi.org/10.1080/
07370652.2021.1942594.

15. Drukenmueller I. E., Klapoetke T. M., Morgenstern Y.,

Rusan M., Stierstorfer ). Metal salts of dinitro-, trinitropyrazole,
and trinitroimidazole. Z. Anorg. Allg. Chem. 2014, 640,
2139-2148.


https://doi.org/10.1080/07370652.2021.1902428
https://doi.org/10.1080/07370652.2021.1902428
https://doi.org/10.1080/07370652.2021.1942594
https://doi.org/10.1080/07370652.2021.1942594

	The crystal structure of 3-amino-1,2,4-triazolium 2,4,5-trinitroimidazolate, C5H5O6N9
	Source of material
	Experimental details
	Comment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


