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Abstract
C14H24N8NiPdS4, triclinic, P1 (no. 2), a = 12.0330(8) Å,
b = 12.0959(8) Å, c = 15.9551(12) Å, α = 85.768(3)°,

β = 71.917(3)°, γ = 87.899(3)°, V = 2201.3(3) Å3, Z = 4,
Rgt(F ) = 0.0379, wRref(F

2) = 0.0973, T = 223 K.

CCDC no.: 2059322

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

Source of material

To a solution of [Ni(NCS)2(cyclam)] (cyclam = 1,4,8,11-
tetraazacyclotetradecane; 0.2229 g, 0.594mmol) in acetone
(20 ml) was added K2Pd(SCN)4 (0.2501 g, 0.600 mmol) and
refluxed for 2 h. After cooling, the formed precipitate was
separated by filtration, washed with acetone, and dried at
50 °C, to give a redbrown powder (0.1815 g). Crystals were
obtained by slow evaporation from an N,N-dime-
thylformamide (DMF) solution at 60 °C.

Experimental details

Hydrogen atoms were positioned geometrically and
allowed to ride on their parent atomswith d(C–H) = 0.98 Å,
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Table : Data collection and handling.

Crystal: Red block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: PHOTON  CMOS, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [], SHELX [], ORTEP-
[], PLATON []
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Pd . () . () . () . ()
Ni . . . . ()
Ni . . . . ()
S . () . () . () . ()
S . () . () . () . ()
S . () −. () . () . ()
S . () −. () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () −. () . () . ()
N . () . () . () . ()
N . () . () . () . ()
H . . . .*
N . () . () . () . ()
H . . . .*
N . () . () . () . ()
H . −. . .*
N −. () −. () . () . ()
H −. −. . .*
C . () . () . () . ()
C . () . () . () . ()
C . () −. () . () . ()
C . () −. () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
C −. () −. () . () . ()
HA . −. . .*
HB −. −. . .*

Table : (continued)

Atom x y z Uiso*/Ueq

Pd . () . () . () . ()
Ni . . . . ()
Ni . . . . ()

S . () . () . () . ()
S . () . () . () . ()

S . () . () . () . ()
S . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()

N . () . () . () . ()

N . () . () . () . ()

H . . . .*
N . () −. () . () . ()
H . −. . .*
N . () . () . () . ()
H . . . .*
N . () . () −. () . ()
H . . −. .*
C . () . () . () . ()

C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () −. () . ()
HA . . −. .*
HB . . −. .*
C . () . () −. () . ()
HA . −. −. .*
HB . . . .*
C . () −. () . () . ()

HA . −. . .*

HB . −. . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
C . () −. () . () . ()

HA . −. . .*
HB . −. . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () −. () . ()

HA . . −. .*
HB . . . .*
C . () . () −. () . ()
HA . . −. .*
HB . . −. .*
C . () . () −. () . ()
HA . . −. .*
HB . . −. .*
C . () . () −. () . ()
HA . . −. .*
HB . . −. .*
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d(N–H) = 0.99 Å and Uiso(H) = 1.2Ueq(C,N) with the help of
the SHELXLprogram (AFIX 23 or 13 options) [2]. The highest
peak (1.25 e Å−3) and the deepest hole (−1.07 e Å−3) in the
difference Fouriermap are located 0.99 and0.64Å from the
atoms N13 and S2, respectively.

Comment

The crystal structures of the related heterometallic
cyanido-complexes [Ag(cyclam)M1(CN)4]n (cyclam= 1,4,8,11-
tetraazacyclotetradecane; M1 = Pd, Pt) [5] and [Cu(cyclam)
M2(CN)4]n (M2 = Ni, Pd, Pt) [6] have been determined previ-
ously. The structures are formed by one-dimensional cya-
nido-bridged chains.

The title compound consists of two streochemically
different heterometallic complexes [Ni(cyclam)Pd(SCN)4]n.
In the trans-like complex moiety of the title coordination
polymer (upper part of the Figure), two trans-thiocyanato
ligands of Pd(II) unit [Pd(SCN)4]

2− are linked to two Ni(II)
units [Ni(cyclam)]2+, whereas in the cis-like complex moi-
ety, two cis-coordinated thiocyanato ligands of the Pd(II)
unit (lower part of the Figure) are linked to the two Ni(II)
units. The both complexes moieties are connected to
exhibit one-dimensional SCN-bridged chains. The Pd(II)
ion in each complex is four-coordinated in a distorted
square-planar environment by four S atoms from four SCN−

ligands, whereas the Ni(II) ions in each complex are six-
coordinated in a distorted octahedral coordination geom-
etry by four N atoms of a tetradentate cyclam ligand and
two N atoms derived from two mutually trans-positioned
bridging SCN− ligands and are located on an inversion
center. The Pd–S bond lengths are almost equal with d(Pd–
S) = 2.3133(13)–2.3507(13) Å. The Ni–N(thiocyanato) bonds
with d(Ni–N) = 2.119(3)–2.133(3) Å are slightly longer than
the Ni–N(cyclam) bonds with d(Ni–N) = 2.043(4)–
2.076(5) Å. In the crystal structure, the complexes display

intra- and intermolecular N–H⋯N hydrogen bonds with
distances of 2.909(6)–3.447(9) Å between the donor
and acceptor atoms, to stabilize the three-dimensional
packing [4].

Acknowledgements: The author thanks the KBSI, Seoul
Center, for the X-ray data collection.
Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: This research was supported by Basic
Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of
Education (grant number: 2018R1D1A1B07050550).
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

1. Bruker. APEX2, SAINT and SADABS; Bruker AXS Inc.: Madison, WI,
USA, 2016.

2. Sheldrick G. M. Crystal structure refinement with SHELXL. Acta
Crystallogr. 2015, C71, 3–8.

3. Farrugia L. J. ORTEP-3 for Windows-a version of ORTEP–III with a
graphical user interface (GUI). J. Appl. Crystallogr. 1997, 30, 565.

4. Spek A. L. Single-crystal structure validation with the program
PLATON. J. Appl. Crystallogr. 2003, 36, 7–13.

5. Munakata M., Zhong J. C., Ino I., Kuroda–Sowa T., Maekawa M.,
Suenaga Y., Oiji N. 1–D cyano-bridged heterometallic complexes
consisting of 1,4,8,11-tetraazacyclotetradecanesilver(II) and
tetracyanopalladium(II) or tetracyanoplatinum(II). Inorg. Chim.
Acta 2001, 317, 268–275.

6. Černák J., Kuchár J., Stolárová M., Kajn̋aková M., Vavra M.,
Potočňák I., Falvello L. R., Tomás M. Preparation, spectroscopic
and magnetic characterization of Cu(cyclam)M(CN)4 complexes
exhibiting one-dimensional crystal structures (cyclam =
1,4,8,11-tetraazacyclotetradecane, M = Ni, Pd, Pt). Transit. Met.
Chem. 2010, 35, 737–744.

K. Ha: Crystal structure of C14H24N8NiPdS4 633


	Crystal structure of catena-poly[(1,4,8,11-tetraazacyclotetradecane-κ4N,N′,N″,N′′′)-bis(μ2-thiocyanato-κ2N:S)-bis(thiocyana ...
	Source of material
	Experimental details
	Comment
	Acknowledgements
	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 1
  /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


