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Physical Measurements. 

Magnetic measurements were performed using a Quantum Design MPMS-XL SQUID 
magnetometer. The applied field for temperature-dependent dc measurements was 0.1 
T, in the range of linear dependence of M vs. H. The measured values were corrected 
for the experimentally measured contribution of the sample holder, while the derived 
susceptibilities were corrected for the diamagnetism of the samples, estimated from 
Pascal’s tables. Warming and cooling rates were of the order of 0.3 Kmin-1. 

Heat capacities in the range 120-330 K were obtained by use of a differential scanning 
calorimeter Q1000 with the LNCS accessory from TA Instruments. The temperature 
and enthalpy scales were calibrated with a standard sample of indium, using its melting 
transition (156.6 ºC, 3296 Jmol-1). The zero-heat flow procedure described by TA 
Instruments was followed, using synthetic sapphire as reference compound. 

Heat capacities in the range 0.35-130 K were obtained using the relaxation method and 
the heat capacity option of a Quantum Design PPMS set-up. 

Infrared spectra of neat samples were taken on a Perkin-Elmer Spectrum 100 apparatus 
equipped with an ATR device. 

Scanning Electron Microscopy images were taken with a JEOL JSM 6400 equipped 
with an Oxford Instruments INCA 300 EDS set-up for elemental analysis. For the 
observation of crystallites, the sample bulk was deposited onto carbon tape. EDS was 
performed on thick pellet to ensure a correct analysis. 
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Synthetic details. 

1-methyltetrazole (Metz) was prepared as described in the literature (see P. L. Franke, J. 
G. Haasnoot, A. P. Zuur, Inorg. Chim. Acta 1982, 59, 5). 

Synthesis of compound 1 [Fe(Metz)6](FeBr4)2: 

Metz (115 mg, 1.37 mmol) is added to a 10 mL ethanolic solution containing a mixture 
of FeBr2 (26 mg, 0.12 mmol) and FeBr3 (71 mg, 0.24 mmol). The deep red solution is 
stirred at 50 ºC for 15 min, filtrated hot over a paper filter and the filtrate is left standing 
at room temperature, partially covered to allow slow evaporation. Red crystalline 1 
deposits within 12 hours, and is recovered by filtration after a total of 24 hours. After 
washing with a small amount of ethanol and diethylether, and drying in air a total of 55 
mg (yield = 35 % based on Fe2+) of red shiny crystalline 1 is obtained (see Fig S1), 
including crystals suitable for single-crystal X-ray diffraction. Similar crystalline 
material and yield are obtained when quantities are increased by a factor 3 and 6. Note 
that 1 can be obtained down to a Metz:FeBr2 6:1 molar ratio, albeit in lower yields. 

Main IR bands (neat): 3136 (s), 1758 (m), 1518 (s), 1422 (m), 1298 (m), 1240 (w), 1182 
(s), 1107 (vs), 1064 (w), 1020 (w), 992 (s), 880 (s), 720 (m), 682 (vs), 653 (vs) cm–1. 
Elemental analysis: calculated (found) for C12H24Fe3N24Br8 (1): C, 10.99 (11.1); H, 1.84 
(1.9); N, 25.64 (25.6) %. The Fe/Br content is confirmed by SEM/EDX analysis. 
Relative at. % calculated (found) for C12H24Fe3N24Br8: Fe/Br, 0.375 (0.41); Fe/N, 0.125 
(0.12); Br/N, 0.333(0.29).  

 

Synthesis of compound 2 [Zn(Metz)6](FeBr4)2:  

The exact same conditions as for 1 are used, albeit replacing FeBr2 by ZnBr2. The 
orange-red crystals of 2 are obtained in a ca. 30 % yield based on Zn(II). 

Main IR bands (neat): 3135 (s), 1756 (m), 1518 (s), 1421 (m), 1299 (m), 1238 (w), 1182 
(s), 1107 (vs), 1060 (w), 1029 (w), 993 (s), 881 (s), 722 (m), 682 (vs), 653 (vs) cm–1. 
Elemental analysis: calculated (found) for C12H24Fe2ZnN24Br8 (2): C, 10.91 (11.1); H, 
1.83 (1.9); N, 25.45 (25.5) %. 
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Details of modelization of ΔCp data with the so-called domain model. 

 

The phenomenological domain model developed by Sorai1 was applied here, as it is 
widely used to analyze the SCO behaviour in cases where calorimetric data are 
available. It is based on heterophase fluctuations and gives a measure of cooperativity 
through the number of like-spin molecules (or here the SCO centres) n per interacting 
domain, the larger the domain the more cooperative the transition. According to this 
model, the HS fractions can be written as: 

ΔCp =
n Δ SCOH( )2
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2   Eq. S1 

The experimental data were thus fit to Eq. S1 using ΔSCOH as derived from integration 
of ΔCp vs. T, giving n = 1.47 and TSCO = 169.2 K (full line in inset of Figure 3). For n = 
1 the model is equivalent to a pure solution behaviour (van’t Hoff equation) with no 
cooperative effects. 

Reference: 

1) a) M. Sorai, S. Seki, J. Phys. Chem. Solids, 1974, 35, 555-570; b) M. Sorai, Top. 
Curr. Chem., 2004, 235, 153-170. 
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Table S1 Relevant bond distances (Å) and angles (º) as well as short contacts (Å) in the 
structure of compound 1 at 296 and 104 K and 2 at 296 K. 

 [Fe(Metz)6](FeBr4)2 (1) [Zn(Metz)6](FeBr4)2 (2) 
 296 K 104 K 296 K 
M1–N1 2.187(2) 2.003(2) 2.181(4) 

N1–M1–N1#1 
88.89(9) 88.97(9) 88.69(16) 
91.11(9) 91.03(9) 91.31(16) 

Fe2–Br1 2.324(2) 2.3244(10) 2.323(2) 
Fe2–Br2 2.3438(5) 2.3452(5) 2.3439(8) 
Br1–Fe2–Br2 109.71(2) 109.88(2) 109.67(4) 
Br2–Fe2–Br2#2 109.23(2) 109.06(2) 109.27(4) 
M1···M1#3 12.9487(1) 12.683(2) 12.9404(4) 
M1···Fe2 7.478(1) 7.325(1) 7.473(1) 
Fe2···Fe2#4 7.489(1) 7.337(1) 7.484(1) 
Fe2···Fe2#5 6.9577(1) 6.7980(14) 6.9522(3) 
Br1···Fe2#5 4.634(2) 4.474(2) 4.629(2) 
Br1···Br2#5 4.432(1) 4.287(1) 4.430(1) 
Br2···Br2#4 4.472(1) 4.303(1) 4.469(1) 
Br2···H1A 3.81 3.71 3.80 

Symmetry operations: #1: x–y, x, 1–z and –x+y, –x, z; #2: –x+y, 1–x, z or 1–x, x–y, z; 
#3:1+x, y, z; #4:1–x, 1–y, 1–z; #5: x, y, 1+z. 
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Fig. S1 Scanning Electron Microscopy image of a polycrystalline sample of 1. 
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Fig. S2 Projection of the structure of 1 at 104 K in the ab plane showing the hydrogen 
bonds (light blue lines) formed by each FeBr4

– anions with three tetrazole ligand from 
three neighbouring [Fe(Metz)6]

2+ complexes. Br and H atoms participating in these 
hydrogen bonds are represented as brown and light grey balls respectively. 
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Fig. S3 Projection of the structure of 1 at 104 K in the ab plane highlighting the network 
of FeBr4

– anions represented as ball and sticks. Colour code: Fe, orange; Br, brown; N, 
blue, C, grey. 
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Fig. S4 ORTEP view at 50 % probability of the structure of 2 at 296 K along the c axis. 
Only non-hydrogen atoms of the asymmetric unit are labelled. 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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


