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Experimental Section 

Materials and Measurements: Phenyl-thiacalix[4]arene (H4PTC4A) was synthesized by 

literature method1 and other reagents were purchased from commercial sources and used as 

received. Mn and S analyses were determined by a HITACHI S-4800 Scanning Electron 

Microscope. Fluorescence spectra were obtained on a Hitachi F-4700 

fluorescence/phosphorescence spectrophotometer. UV measurements were collected using a 

Hitachi U-4100 spectrophotometer; BaSO4 powder was used as the reference (100% 

reflectance). X-ray diffraction (XRD) measurements were performed on a Bruker D8 Focus 

diffractometer. 

Synthesis of 1-3:  

Colorless single crystals of 1 and a few orange sheets of 1’ were obtained from reaction of the 

mixture of phenylthiacalix[4]arene (0.1g, 0.125 mmol), Mn(CH3COO)2·4H2O (0.1 g, 0.4 mmol), 

CHCl3 (5 ml), CH3OH (5ml) and several drops of water in a 20 ml Teflon-lined autoclave which 

was kept at 130 °C for 3 days and then slowly cooled to 20 °C at about 4 °C/h. The crystals were 

isolated by filtration and then washed with 1:1 methanol-chloroform. Yield: ca. 65 % for 1 with 

respect to H4PTC4A. The EDS analysis of 1 reveals that the molar ratio of Mn to S molar is 

2.50:4.94, comparable to the expected value (4:8).  

2a and 2b formed by slowly diffusing fullerenes (1.8/2.1 mg for C60/C70, 2.5×10-3 mmol in 2 
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ml toluene, respectively) to 1 (20mg, 1×10-2 mmol in 10 ml toluene). Dark-red octahedron 

crystals suitable for X-ray diffraction obtained after about three days, respectively. Due to the 

small amount original components used, calculations of the yields of 2a and 2b are meaningless. 

 The mixture 1 (20 mg, 1×10-2 mmol) with C60 (3.6 mg, 5×10-3 mmol) in 30ml toluene afford 

7.7 mg red crystal blocks of 3. The crystals were isolated by filtration and then washed small 

amount of cooling toluene. Yield: ca. 95 % with respect to C60. 

 [1] P. Lhoták, T. Šmejkal, I. Stibor, J. Havlíček, M. Tkadlecovč, H. Petříčková, Tetrahedron Lett. 

2003, 44, 8093. 

Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011



 3

 

 

 

 

Figure S1. ‘Hand-shake’ dumbbell units linked by C–H···π interactions (upper) and the extended 

structure (bottom) of 1. 
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Fig. S2 Contact mode between Mn4(PTC4A)2 and C60. Blue dotted lines: π···π interactions.  

 

 

 

Fig. S3 Assembly mode between Mn4(PTC4A)2 units (purple balls) and fullerenes (green balls, 

C60 or C70)  
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Fig. S4 Mn4(PTC4A)2 capturing four C60 molecules by all four curved surfaces by π···π 

interactions in 3. 

  

Fig. S5 π···π interactions between C60 molecules in 3. 
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Fig. S6 Layer structure (left) and the topology diagram (right) in 3. 

 

Fig. S7 Stimulated and experimental X-ray diffraction (XRD) patterns of 1. The slight 

differences may be due to lose of CHCl3 in the crystalline samples at room temperature. 
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Fig. S8 UV-absorption spectra of compounds 1 and 3. 
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Fig. S9 Emission spectra (λex = 260 nm) of 1 and 3 in the solid state at room temperature showing 

similar emission bands. 
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Table S1. Crystal data and structure refinement for compounds 1-3 

 1 1’ 2a 2b 3 

formula C98H58Cl6Mn4O8S8 C96H56Mn4O8S8 C252H112Mn8O16S16 C262H112Mn8O16S16 C216H56Mn4O8S8 

formula wt. 2052.38 1813.65 4347.90 4468.00 3254.85 

Cryst. syst Triclinic Monoclinic Orthorhombic Orthorhombic Monoclinic 

space group P ī P21/c Fdd2 Fdd2 C2/c 

a (Å) 13.2061(6) 15.1007(8) 56.211(3) 57.682(2) 33.470(2) 

b (Å) 13.6364(6) 21.877(1) 29.843(2) 30.018(1) 14.4254(9) 

c (Å) 14.9448(7) 23.903(1) 30.793(2) 30.768(1) 37.212(2) 

α (° ) 117.052(1) 90 90 90 90 

β (° ) 90.389(1) 99.005(1) 90 90 90.300(1) 

γ (° ) 113.035(1) 90 90 90 90 

V ( Å 3) 2148.9(2) 7799.6(7) 51655 (5) 53275(4) 17966(2) 

Z 1 4 8 8 4 

T(K) 173(2) 173(2) 187(2) 187(2) 185(2) 

Dc/g cm-3 1.586 1.545 1.118 1.114 1.203 

μ/mm-1 1.016 0.910 0.560 0.545 0.426 

F(000) 1040 3696 17664 18144 6576 

Tot. Data 10999 39674 90912 94251 70547 

Uniq. Data 7512 13720 21881 23419 15913 

Rint 0.0175 0.0704 0.1546 0.1514 0.0569 

GOF 1.146 1.015 0.948 0.956 0.991 

R1a [I>2σ(I)] 0.0614 0.0517 0.0869 0.0877 0.0612 

wR2b[I>2σ(I)] 0.1615 0.1137 0.2144 0.2176 0.1718 
aR1 = Σ||F0|-|Fc||/Σ|F0|; bwR2 = {Σ[w(F0

2-Fc
2)2]/Σ[w(F0

2)2]}1/2 
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Table S2. Selected bond distances (Å) and angles (º) for Mn ions in Compounds 1-3 

 

                   1                1’              2a            2b             3 

1  1’ 

Mn(1)–O(1)  2.097(3) Mn(1)-O(1) 2.103(3) 

Mn(1)–O(2)A 2.154(3) Mn(1)-O(8) 2.124(3) 

Mn(1)–O(3)A 2.120(3) Mn(1)-O(4) 2.142(3) 

Mn(1)–O(4) 2.128(3) Mn(1)-O(5) 2.181(3) 

Mn(1)–S(1) 2.7209(13) Mn(1)-S(8) 2.6245(13) 

Mn(1)–S(3)A 2.6983(12) Mn(1)-S(4) 2.6527(13) 

Mn(2)–O(1)  2.129(3) Mn(2)-O(1) 2.103(3) 

Mn(2)–O(2) 2.130(3) Mn(2)-O(6) 2.124(3) 

Mn(2)–O(3)A 2.110(3) Mn(2)-O(2) 2.130(3) 

Mn(2)–O(4) A 2.158(4) Mn(2)-O(5) 2.172(3) 

Mn(2)–S(2) 2.6940(13) Mn(2)-S(5) 2.6735(13) 

Mn(2)–S(4) A 2.7319(13) Mn(2)-S(1) 2.7188(13) 

  Mn(3)-O(6) 2.119(3) 

Mn(1)–O(1) –Mn(2) 103.61(13) Mn(3)-O(3) 2.119(3) 

Mn(1)A–O(3) –Mn(2)A 103.47(13) Mn(3)-O(7) 2.163(3) 

Mn(1)A–O(2) –Mn(2) 103.27(13) Mn(3)-O(2) 2.170(3) 

Mn(1)–O(4) –Mn(2)A 103.18(13) Mn(3)-S(2) 2.6858(13) 

  Mn(3)-S(6) 2.7021(13) 

  Mn(4)-O(8) 2.098(3) 

  Mn(4)-O(3) 2.123(3) 

  Mn(4)-O(7) 2.163(3) 

  Mn(4)-O(4) 2.179(3) 

  Mn(4)-S(3) 2.7343(13) 

  Mn(4)-S(7) 2.7593(13) 

Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011



 10

  Mn(1)-O(1)-Mn(2) 103.88(12) 

  Mn(2)-O(2)-Mn(3) 100.87(12) 

  Mn(3)-O(3)-Mn(4)  102.68(12) 

  Mn(4)-O(4)-Mn(1)  98.98(12) 

  Mn(2)-O(5)-Mn(1) 99.06(11) 

  Mn(3)-O(6)-Mn(2) 102.78(12) 

  Mn(4)-O(7)-Mn(3)  99.95(11) 

  Mn(4)-O(8)-Mn(1)  102.21(12) 

 2a 2b 

Mn(1)–O(1)  2.18(2) 2.163(6) 

Mn(1)–O(4) 2.09(2) 2.117(6) 

Mn(1)–O(5) 2.073(18) 2.101(5) 

Mn(1)–O(8) 2.176(18) 2.198(5) 

Mn(1)–S(1) 2.685(8) 2.697(2) 

Mn(1)–S(5) 2.646(9) 2.651(2) 

Mn(2)–O(1)  2.15(2) 2.158(6) 

Mn(2)–O(2) 2.142(19) 2.127(6) 

Mn(2)–O(5) 2.094(18) 2.111(6) 

Mn(2)–O(6)  2.175(17) 2.187(6) 

Mn(2)–S(2) 2.679(9) 2.688(3) 

Mn(2)–S(6)  2.689(9) 2.690(3) 

Mn(3)–O(2)  2.117(19) 2.118(6) 

Mn(3)–O(3) 2.18(2) 2.175(6) 

Mn(3)–O(6) 2.188(19) 2.177(6) 

Mn(3)–O(7) 2.08(2) 2.086(6) 

Mn(3)–S(3) 2.715(9) 2.721(3) 

Mn(3)–S(7) 2.677(8) 2.678(3) 

Mn(4)–O(3)  2.19(2) 2.155(6) 

Mn(4)–O(4) 2.131(18) 2.135(6) 

Mn(4)–O(7) 2.09(2) 2.099(5) 

Mn(4)–O(8)  2.179(19) 2.154(6) 

Mn(4)–S(4) 2.699(9) 2.694(3) 
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Mn(4)–S(8)  2.659(9) 2.683(3) 

Mn(1)–O(1) –Mn(2) 99.5(9) 100.1(2) 

Mn(1)–O(4) –Mn(4) 102.4(8) 101.7(2) 

Mn(1)–O(5) –Mn(2) 104.9(8) 103.7(2) 

Mn(1)–O(8) –Mn(4) 98.3(8) 98.5(2) 

Mn(3)–O(2) –Mn(2) 101.0(8) 102.0(3) 

Mn(3)–O(3) –Mn(4) 98.3(9) 99.8(2) 

Mn(3)–O(6) –Mn(2) 97.7(8) 98.3(2) 

Mn(3)–O(7) –Mn(4) 105.3(9) 104.6(2) 

3 

Mn(1)–O(1)  2.112(2) Mn(2)–O(1)  2.116(2) 

Mn(1)–O(4) 2.161(2) Mn(2)–O(2) 2.160(2) 

Mn(1)–S(1) 2.7348(9) Mn(2)–O(3)A 2.120(2) 

Mn(3)–O(2)  2.159(2) Mn(2)–O(4) A 2.160(2) 

Mn(3)–O(3)A 2.123(2) Mn(2)–S(2) 2.6671(10) 

Mn(3)–S(3) 2.7436(10) Mn(2)–S(4) A 2.6777(10) 

Mn(1)–O(1) –Mn(2) 103.68(9) Mn(1)–O(4) –Mn(2)A 100.62(9) 

Mn(2)–O(2) –Mn(3) 100.63(9) Mn(2)A–O(3) –Mn(3) 103.11(10) 

A: -x,-y,-z for 1 and -x,y,1/2-z for 3  

 

 

Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


