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New dinuclear copper(Il) complex [Cuy(BTE),(N3)4] (1) (BTE = 1,1'-(2,2"-oxybis(ethane-2,1-
diyl))bis(1H-1,2,4-triazole)) is synthesized and characterized using single crystal X-ray dif-
fraction, IR spectroscopy, and elemental analysis. Single crystal X-ray diffraction reveals that
complex 1 is a centrosymmetric dinuclear Cu(Il) cluster unit with a Cu—Cu separation of
3.267(6) A. In addition, complex 1 exhibits a high photocatalytic degradation activity for the
degradation of rhodamine B.

DOI: 10.26902/JSC20170724

Keywords: Cu(Il) complex, 1,1'-(2,2'-oxybis(ethane-2,1-diyl))bis(1H-1,2,4-triazole), dinu-
clear, photocatalytic activity.

Coordination polymers have recently attracted great attention because of their potential applica-
tions as functional materials in the fields of nonlinear optics, magnetism, gas storage, ion exchange,
catalysis, etc. [ 1—3]. In the self-assembly process, several factors influence the final structures of
coordination polymers, such as pH, template, reaction temperature, solvent system, metal ions, organic
ligand, and so on [ 4, 5]. Among them, the choice of organic ligands is one of the most important as-
pects that affect the construction of coordination polymers with interesting structures. Generally,
multi-pyridine ligands feature prominently in the construction of coordination polymers, and the re-
ported coordination polymers are mostly constructed by multi-pyridine ligands [ 6—8 ]. Due to the
excellent coordinating ability and large conjugated system, 1,2,4-triazol and its derivatives have been
widely used to build coordination polymers [ 9—11 ]. Comparing to the corresponding 1,2,4-triazol
ligand, 1,1'-(2,2'-oxybis(ethane-2,1-diyl))bis(1H-1,2,4-triazole)) (BTE) can adopt different conforma-
tions according to the geometric needs of different metal ions based on the relative orientation of
CH,CH,0OCH,CH, groups [ 12—14]. Here, we chose 1,1'-(2,2'-oxybis(ethane-2,1-diyl))bis(1H-1,2,4-
triazole)) (BTE) and azide (NOj ), generating new dinuclear copper(Il) complex, [Cuy(BTE),(N3)4] (1)

whose crystal structure we now report. In addition, the photocatalytic activity of complex 1 has been
investigated.

Experimental. The 1,1'-(2,2"-oxybis(ethane-2,1-diyl))bis(1H-1,2,4-triazole) ligands were synthe-
sized according to the literature method [ 12]. All other reagents and solvents were commercially
available and used without further purification. The IR spectra were obtained in the range 4000—
400 cm ' as KBr disks on a VECTOR 22 spectrometer. Elemental analysis was performed on a Perkin
Elmer 240C elemental analyzer. The UV-vis spectrum was measured using a Perkin Elmer Lambda 25
spectrophotometer.

Synthesis of [Cu(BTE),(N3)4]. To a solution of Cu(NOs),-6H,0 (59.1 mg, 0.2 mmol) and BTE
(41.6 mg, 0.2 mmol) in CH;CN (5 ml) a NaNj; solution (26.1 mg, 0.4 mmol) in H,O (5 ml) was added
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Table 1

Crystal data and structure refinement for complex 1
Empirical formula C16H24Cu,N»,0,
Formula weight 711.69
Crystal system Orthorhombic
Space group Pbcn
a, b, c,A 15.326(3), 11.928(2), 15.467(3)
S 2827.5(9)
Deaie, g/m™ 1.569
F(000) 1448
Limits of data collection, deg. 2.16<0<26.00
Collected / Independent reflections (Ryy) 13089 /2778 (0.0597)
Goodness-of-fit 1.032
R indices (I > 20(1)) R;=0.0394, wR,=0.1014
R indices (all data) R, =0.0587, wR,=0.1083

Ry = Y||Fo| — |FJl/ZIFo. oR,=X[w(Fy — F2)1/X[w(Fg)' 1"

dropwise with gentle stirring. After several weeks, blue block single crystals suitable for the X-ray
analysis were obtained. (yield 54.1 %, based on Cu(NOs),-6H,0). Anal. caled (%) for
Ci16H24CuNp O, (M, = 711.69): C 27.00, H 3.40, N 47.24. Found (%): C 27.07, H 3.41, N 47.37. Se-
lected IR (KBr, cm '): 1237 (m), 1572 (s), 2096 (s), 2141 (s), 3332(m).

X-ray crystallography. The crystal structure was determined on a Siemens (Bruker) SMART
CCD diffractometer using monochromated MoK,, radiation (. = 0.71073 A) at 296 K. Absorption cor-
rection was applied using the SADABS program [ 15 ]. The structure was solved by a direct method
using the SHELXL-97 program [ 16 ] and refined by the full-matrix least-squares technique on F* with
SHELXL-97. All non-hydrogen atoms were located in difference Fourier maps and refined anisotropi-
cally. All H atoms were refined isotropically, with the isotropic vibration parameters related to the
non-H atom to which they are bonded. The crystallographic data are summarized in Table 1.

Results and discussion. The structure of complex 1 features a centrosymmetric dinuclear Cu(II)
cluster unit. Single crystal X-ray diffraction reveals that complex 1 crystallizes in the orthorhombic
space group Pbcn with an asymmetric unit consisting of a divalent copper atom, a BTE ligand, a p; ;-N3
bridging group (N1—N3), and a monodentate N5 ligand (N4—N6). Copper atom Cul possesses a dis-
torted square pyramidal (1= 0.146) {CuNs} coordination environment in which the basal plane con-
tains two nitrogen atoms from a BTE ligand with Cu—N distances of 2.006(2) and 2.009(2) A, a nitro-
gen atoms of one p; 1-N3 bridging group with a Cu—N distance of 1.998(3) A, and a nitrogen atom of
one monodentate Nj ligand with a Cu—N distance of 1.994(3) A. The apical position is occupied by a
nitrogen atom of another 1, ;-N3 bridging group with a Cu—N distance of 2.339(3) A.

Two crystallographically equivalent Cu' cations are bridged by two p;;-N3 bridging groups to
form a Cu,N, rhomboid subunit with a Cu---Cu separation of 3.267(6) A and a Cu—N,,iee—Cu angle
of 82.56(11)°. As shown in Fig. 1, in the Cu,N, rhomboid subunit two Cu" cations are bridgied by two
BTE ligands adopting the cis conformation and two monodentate N3 ligands to form a binuclear cop-
per(I) cluster.

Rhodamine B (RhB) was selected as a model pollutant in aqueous media to evaluate the photo-
catalytic effectiveness of complex 1. The photodegradation processes of RhB without complex 1 have
also been studied for comparison under the same conditions. From Fig. 2, it was found that 95.72 %
RhB was successfully photodegraded in the presence of complex 1 under tungsten lamp irradiation in
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Fig. 1. The binuclear structure of complex 1, all hydrogen Fig. 2. Plots of concentration versus irradiation
atoms are omitted for clarity. time for RhB under irradiation with a 500 W
Symmetry codes: ' —x, -3+2, —z+1 tungsten lamp in the presence of complex 1

(inset: the dark adsorption equilibrium for RhB
of complex 1)

160 min. However, when the research was conducted in the blank experiment, the degradation effi-
ciency of the RhB reaction reduced to 18.10 % in 160 min as illustrated in the inset of Fig. 2, which
indicates that complex 1 is more active for the decomposition of RhB.

In summary, we have presented the synthesis and crystal structure of new dinuclear copper(Il)
complex [Cuy(BTE),(N3)4] (1). The single crystal X-ray diffraction analysis revealed that complex 1
was a centrosymmetric dinuclear Cu(II) cluster unit with a Cu—Cu separation of 3.267(6) A. In addi-
tion, complex 1 exhibits a high photocatalytic degradation activity for the degradation of rhodamine B.

Crystallographic data for the structural analysis of complex 1 has been deposited with the Cam-
bridge Crystallographic Data Centre, CCDC No. 1436690. Copy of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge CB2 1EQ, UK (fax: +44 1223 336 033;
e-mail: deposit@ccdc.cam.ac.uk).

REFERENCES

Stock N., Biswas S. // Chem. Rev. —2012. — 112. — P. 933 — 969.
LiJ.R., Kuppler R.J., Zhou H. // Chem. Soc. Rev. —2009. — 38. — P. 1477 — 1504.
Wang X.Z., Zhu D.R., Xu Y. et al. // Cryst. Growth Des. —2010. — 10. — P. 887 — 894.
Lin J.G., Zang S.Q., Tian Z.F. et al. // CrystEngComm. —2007. - 9. — P. 915 — 921.
Yang Y., Du P., Ma J.F. et al. // Cryst. Growth Des. —2011. — 11. — P. 5540 — 5553.
Gabriel C., Vangelis A.A., Raptopoulou C.P. et al. // Cryst. Growth Des. —2015. — 15. - P. 5310 — 5326.
Wu X.-S., Liang J., Hu X.-L. et al. // Cryst. Growth Des. —2015. — 15. — P. 4311 —4317.
Yao P.-F., Tao Y., Li H.-Y. et al. // Cryst. Growth Des. — 2015. — 15. — P. 4394 — 4405.
9. Groeneveld L.R., Vos G., Verschoor G.C. et al. // J. Chem. Soc., Chem. Commun. — 1982. — P. 620 — 621.
10. Ding J.-G., Zhu X., Cu Y.-F. et al. // CrystEngComm. — 2014. — 16. — P. 1632 — 1644.
11. Peng Y.-F., Zhao S., Li K. et al. // CrystEngComm. — 2015. — 17. — P. 2544 — 2552.
12. Gao J.-Z., Yang J., Liu Y.-Y. et al. // CrystEngComm. — 2012. — 14. — P. 8173 — 8185.
13. Yang Y., Du P., Yang J. et al. // CrystEngComm. — 2013. — 15. — P. 4357 — 4371.
14. Du P., Yang Y., Yang J. et al. // Dalton Trans. —2013. — 42. — P. 1567 — 1580.
15. Sheldrick G.M. SADABS, An empirical absorption correction program, Madison, WI, Bruker Analytical
X-ray Systems, 1996.
16. Sheldrick G.M. SHELXL-97, Program for refinement of crystal structures, University of Géttingen, Ger-
many, 1997.

PRNAN BB =




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Japan Magazine Advertisement Color)
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


