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Abstract

CajAsyo, tetragonal, I4/mmm (no. 139), a = 11.2532(1) A,
c = 16.2351(4) A, and V = 2055.92(6) A°, Z = 4,
Rg((F) = 0.0347, WR,{F?) = 0.0931, T = 150 K.
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The crystal structure is shown in the figure. Table 1 con-

tains crystallographic data and Table 2 contains the list of

the atoms including atomic coordinates and displacement

parameters.

Table 1: Data collection and handling.

Crystal:
Size:
Wavelength:

Diffractometer, scan mode:
Bmax, completeness:

N(hkDmeasureds N(hk,)uniquey Rint:

Criterion for /ops, N(hkl)g:

Plate, dark grey

0.2 x0.12 x 0.03 mm

Mo Ka radiation (0.71073 A)
18.75 mm™*

Xcalibur, ¢ and w-scans
27.5°,>99%

15,111, 722, 0.064

lobs > 20(lops), 596

. N(param)reﬁned: 49
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
Asl 0.0000 0.0000 0.36542(10) 0.0110 (4)
As2 0.0000 0.5000 0.2500 0.0083 (4)
As3 0.15420 (11) 0.5000 0.0000 0.0123 (3)
As4 0.20819 (6) 0.20819 (6) 0.18043 (6) 0.0178 (3)
As5A? 0.1369 (7) 0.1369 (7) 0.0000 0.095 (3)
As5B® 0.0948 (5) 0.0948 (5) 0.0000 0.067 (2)
Cal 0.33766 (15) 0.0000 0.10361 (10) 0.0132 (4)
Ca2 0.25281 (15) 0.0000 0.31152(10) 0.0121 (4)
Ca3 0.0000 0.0000 0.1657 (2) 0.0123 (7)
Ca4A? 0.3592 (7) 0.3592 (7) 0.0000 0.0218 (19)
Ca4B® 0.3077(9) 0.3077 (9) 0.0000 0.030 (2)

Occupanies: 0.506(16), °0.494(16).

Crystal structure of Ca;;As; (Ca — light gray and As —
magenta): a) and b) non-split atom model; c)—e) split atom
model. Atoms are represented as atomic displacement
ellipsoids with 90% probability level. The covalent As—-As
bonds are shown in black.

Source of material

The title compound Ca;;As;o has been synthesized via
high-temperature solid-state reaction. Sample preparation
and manipulations were done under protective atmo-
sphere in an argon-filled glove box (MBraun 20G, argon
purity 99.998%). Starting materials were elements of high
purity: ingots of calcium (Alfa Aesar, 99.5%) and arsenic
pieces (ChemPur, 99.999%). The compound Ca;;As;o was
prepared by placing Ca and As (11:10) in a graphitized silica
ampoule and heat-treated in a Muffel furnace. The sealed
ampoule was heated to 1173 K in 6 h, held at this temper-
ature for 48 h and then cooled to 973 Kin 42 h. After 24 h at
973 K the ampoule was cooled to room-temperature with a
rate of 4.5 K/min.

Experimental details

The ampoule was opened in the glove box and capillaries
(XRD capillaries, Hilgenberg, 0.3 mm inner diameter) were
prepared for powder X-ray diffraction analysis. The prod-
uct was investigated by means of powder X-ray diffraction
(Stoe StadiP with Ge (111) monochromized Cu-K,, radiation
(1.54056 A)). An external Si standard was used for data
correction. Single crystal X-ray diffraction was performed
with an Oxford Diffractions Xcalibur 3 with graphite
monochromatized Mo-K,, radiation (0.71071 A) at 150 K. The
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sample is air and moisture sensitive. The powder X-ray
diffraction pattern for the sample Ca—As (11:10) shows the
binary phases Ca;;As,o and CaAs. The tetragonal lattice
parameters were obtained from least-square fits of the
powder data using Rietveld refinement. Single crystal data
for Ca;;As;o were collected at 150 K under constant N,-flow.
An empirical absorption correction was applied [1]. The
starting atomic parameters for Ca;;As;o were deduced from
an automatic interpretation of Direct Methods with
SHELXS-97 [2]. The structures were then refined using
SHELXL-97 (full-matrix least-square on Fﬁ,) [3] with aniso-
tropic atomic displacement parameters for all atoms. The
occupancy parameters for each atom were refined in
separate least-squares cycles to check the correct compo-
sition of the title compound.

Discussion

So far, seven binary Ca—As compounds have been inves-
tigated: CaAs;, Ca,Ass, CaAs, CajgAsyq, CasAss, CasAssand
Ca,As [4-10]. All binary phases except CasAs; and Ca,As,
which are intermetallic compounds, belong to the Zintl
phases with polyanionic substructures. The dimension-
ality of the polyanionic substructure decreases with
increasing Ca-content. In CaAs; the As-substructure is
made up by [As;]*" networks, in Ca,As; the As forms
[As¢]® chairs and in CaAs and Ca;gAs;; compounds the
[As—As]* dumbbells are present. In the structure of Zintl
phase Ca,As; both [As—As]* dumbbells and isolated As>"
are found as polyanions.

The title compound Ca;;As,, is the second (besides
EuyAsyo [11]) As-representative of the Hoy;Geyq structure
type [12]. The structure contains 8 [As,]*" dumbbells, 2
tetrameric [As,]*” units, 16 isolated As>~ anions and 44 Ca**
cations and thus corresponds to an electron-precise Zintl
phase. The disorder on the 8h position of As5 with rather
large anisotropic displacement parameters is similarly
present in other Hoy;Ge;o — type representatives [13-16],
and a reduction in symmetry to the orthorhombic Immm
space group (as was applied for Ba;;Sb;o [17]) does not
solve the disorder problem. The crystal structure was
therefore refined in the tetragonal I4/mmm space group but
the 8h Wyckoff position of As5 and Ca4 were each split into
two positions: As5A and As5B, Ca4A and Ca4B, respec-
tively. The occupancy for Ca4A and Ca4B as well as for
As5A and As5B was refined to 0.5 each. The distances
between the As atoms in the dumbbell of 2.622(1) A and in
the [As,]* unit of 2.650(10) A are slightly longer as in
other binary Ca—As compounds. The distances between As
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atoms and Ca atoms range from 2.718(13) A to 3.538(11) A
within the first coordination sphere.

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

Research funding: VH thanks the Deutsche Forschungs
gemeinschaft (DFG, German Research Foundation, Grant
HL 62/3-1) for funding.

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

References

1. CrysAlis RED Scale3/ABSPACK, Version 1.171.33.34d; Oxford
Diffraction: Poland Sp. z 0.0., 2009.

2. Sheldrick G. M. SHELXS-2014, Program for the Determination of
Crystal Structure; University of Goettingen: Goettingen, Germany,
2014.

3. Sheldrick G. M. SHELXL-2014, Program for Crystal Structure
Refinement; University of Goettingen: Goettingen, Germany,
2014.

4, Brice). F., Courtois A., Protas )., Aubry J. Preparation et etude
structurale d’un triarseniure de calcium: CaAss. J. Solid State
Chem. 1976, 17, 393-397.

5. Deller K., Eisenmann B. Die Kristallstruktur des Ca,Ass.

Z. Naturforsch. 1976, 31b, 1023-1027.

10.

11.

12.

13.

14.

15.

16.

17.

A.V. Hoffmann et al.: Crystal structure of CajzAs;p —— 3

. landelli A., Franceschi E. On the crystal structure of the

compounds CaP, SrP, CaAs, SrAs and EuAs. J. Less Common. Met.
1973, 30, 211-216.

. Leon-Escamilla E. A., Hurng W. M., Peterson E. S., Corbett J. D.

Synthesis, structure, and properties of Ca;4Sby;, a complex Zintl
phase. Twelve other isotypic compounds formed by divalent
metals and pnictogens. Inorg. Chem. 1996, 36, 703-710.

. Hoffmann A. V., Hlukhyy V., Fassler T. F. Ca,Ass — a new binary

calcium arsenide. Acta Crystallogr. 2015, E71, 1548-1550.

. Hiitz A., Nagorsen G. Die Kristallstruktur der intermetallischen

phase CasAss. Z. Metallkd. 1975, 66, 314.

Hiitz A., Nagorsen G. Die Kristallstruktur der intermetallischen
Phase Ca,As. Z. Metallkd. 1974, 65, 618.

Taylor ). B., Calvert L. D., Utsunomiya Z., Wang Y., Despault J. G.
Rare earth arsenides: the metal-rich Europium arsenides. J. Less
Common Met. 1978, 57, 39-51.

Smith G. S., Johnson Q., Tharp A. G. The crystal structure of
Ho11Geqo. Acta Crystallogr. 1967, 23, 640-644.

Deller K., Eisenmann B. Zur Kenntnis von Ca;;Sbyo und Cay1Biso.
Z. Naturforsch. 1976, 31b, 29-34.

Schmelczer R., Schwarzenbach D., Hulliger F. The crystal
structure of Euy;Sbso. Z. Naturforsch. 1979, 34b, 1213-1217.
Derrien G., Tillard-Charbonnel M., Manteghetti A., Monconduit L.,
Belin C. Synthesis and crystal structure of M;;X;o compounds (M-
Sr, Ba; X-Bi, Sb). Electronic requirements and chemical bonding.
J. Solid State Chem. 2002, 164, 169-175.

Clark H. L., Simpson H. D., Steinfink H. Crystal structure of
Yb41Sbyo. Inorg. Chem. 1970, 9, 1962-1964.

Emmerling F., Langin N., Pickhard F., Wendorff M., R6hr C.
Verbindungen mit Pentelid—Hanteln M2: A;;M¢ und Aj;My.

Z. Naturforsch. 2004, 59b, 7-16.



	Crystal structure of undecacalcium decaarsenide, Ca11As10
	Source of material
	Experimental details
	Discussion
	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


