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Mnl-03 1.886(5) Mn2-02 1.896(5) Co03-09 1.883(5) Col-09  1.993(5)
Mnl1-03> 1.901(5) Mn2-08 1.902(5) Co03-O5 1.902(5) Col-O8  2.001(6)
Mnl-07° 1.941(5) Mn2-03 1.919(5) Co03-O7 1.902(5) Col-Ol1 2.030(7)
Mnl-O1 1.959(5) Mn2-O6 1.947(5) Co03-06 1.916(5) Col-O12 2.065(6)
Mnl-02  2.156(5) Mn2-O4 2.149(6) Co3-N2 1.943(7) Col-N3  2.238(7)
Mnl-05° 2.343(5) Mn2-O5 2.240(5) Co3-N1 1.968(7)

Table S1. Selected bond lengths for 1. Symmetry transformation: (°) - x, -y, I - z.

Atoms Mn(Il) Mn(IIl) Mn(IV) Co(Il) Co(III)
Mnl 3.40 3.13 3.07 256 224
Mn2  3.53 3.26 3.19 2.66 233
Co3 4.46 4.23 4.18 310  3.11
Col 2.49 2.32 2.28 1.83 1.76

Table S2. Bond valence sum calculations for 1. The oxidation state for each metal is
the whole number closest to the value in bold.

It is clear that Mnl and Mn2 are Mn'"

ions due to the presence of Jahn-Teller
distorted octahedral geometries, with the BVS calculations backing this up. The
remaining ions are initially assigned as Co" and Co™ over Mn" and Mn'" respectively
due to the better correlation with the BVS parameter. It is however difficult to say for
certain, just from looking at the x-ray data. Charge balance considerations and

microanalysis then backs up the BVS analysis.

Mn1-0O5
Mn1-0O4
Mn1-02
Mnl1-03
Mnl-O1

2.176(3)
2.201(3)
2.239(3)
2.242(3)
2.262(3)

Mnl1-O1°
Mnl-N1
Mn2-04’
Mn2-08
Mn2-0O1°

2.402(3)
2.431(3)
1.892(3)
1.910(2)
1.918(2)

Mn2-06
Mn2-09
Mn2-0O3
Col-05
Col-06

1.955(3)
2.146(3)
2.284(3)
1.874(2)
1.885(3)

Col-011
Col1-010
Col1-03
Col-N2

1.897(3)
1.908(2)
1.909(3)
1.984(3)

Table S3. Selected bond lengths for 2. Symmetry transformation: (’) - x, 1 -y, - z.

Atoms
Mnl
Mn2
Col

Table S4. Bond valence sum calculations for 2. The oxidation state for each metal is

1.96
3.47

Mn(II) Mn(Ill) Mn(IV) Co(I) Co(III)
.79 177 143 131
320 3.14 261 229
417 410 289  3.02

4.46

the whole number closest to the value in bold.
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BVS calculations deliver no ambiguity here. Microanalysis and charge balance

considerations again confirm the type of ion and its oxidation state.

Mnl-O10 1.881(4) Mnl-O5 2243(4) Nil-N1  2.125(5) Ni2-05  2.066(4)
Mnl-O4 1.889(4) Nil-O7° 2.025(5) Nil-O1’ 2.153(4) Ni2-O11 2.074(5)
Mnl-O8  1.954(4) Nil-O4 2.028(4) Ni2-O12 2.029(5) Ni2-N2  2.106(6)
Mnl-O1’ 1.984(4) Nil-02 2.093(4) Ni2-09  2.043(4)
Mnl-06  2.149(5) Nil-Ol 2.123(5) Ni2-010 2.054(4)

Table SS. selected bond lengths for 3. Symmetry transformation: (°) 1-x,1-y, 1 - z.

Atoms Mn(Il) Mn(Ill) Mn(IV) Ni(II)
Mnl 3.49 3.25 3.20 2.48
Nil 2.74 2.56 2.52 1.91
Ni2 2.95 2.76 2.66 2.08

Table S6. Bond valence sum calculations for 3. The oxidation state for each metal is

the whole number closest to the value in bold.

Jahn-Teller distortions from the bond length data and the BVS calculation suggest
Mnl is a Mn" ion. BVS calculations then suggest the remaining ions are Ni". This is
backed up from previous knowledge for a analogous {Mn";Mn",} cluster, were the
Nil site in 3 is a Mn" ion and is seven coordinate. With the inclusion the Ni" ion -
Nil is now six coordinate. Comparing the bond length data with the {Mn",Mn",}
cluster the Ni" site - Ni2 now has much shorter bond lengths than in the Mn cluster, as

. 1 - .
expected if a Ni~ ion is now present.

Mn2-07 1.8533(10) Mn2-03° 1.9729(10) Col-O4 2.0039(10) Col-O3  2.0873(10)

Mn2-04 1.8816(10) Mn2-O06 2.2523(11) Col-02 2.0332(10) Col-N1  2.1563(11)
Mn2-08 1.8929(10) Mn2-O1° 2.3244(11) Col-Ol 2.0381(10) Col-03’ 2.2846(10)

Table S7. Selected bond lengths for 4. Symmetry transformation: (’) 1-x,2 -y, - z.

Atoms Mn(Il) Mn(IIl) Mn(IV) Co(Il) Co(III)
Mn2  3.51 3.23 3.17 264 232
Col 2.67 2.46 242 2.01 1.76

Table S8. Bond valence sum calculations for 4.
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The presence of Jahn-Teller distortions confirm the Mn"" assignment. The Co" site is

then supported by the BVS calculation and microanalysis.

Mnl-02  2.1177(17) Mnl-N2* 2.282(2) Fel-O4 1.9493(18) Fel-07 2.1328(17)

Mnl-03  2.1758(17) Mnl-N1 24102)  Fel-06 1.9706(18)
Mnl-O1 2251(2) Mnl-Ol’ 2.534(2)  Fel-03> 1.9838(17)
Mnl-O7° 2.2554(17) Fel-02  1.9318(19) Fel-O5 2.053(2)

Table S9. Selected bond lengths for 5. Symmetry transformation: (°) - x, -y, - z.

Atoms Mn(Il) Mn(IIl) Mn(IV) Fe(Il) Fe(IIl)
Mnl 1.84 1.74 1.71 1.46  1.68
Fel 3.42 3.15 3.09 294 3.14

Table S10. Bond valence sum calculations for 5. The oxidation state for each metal is

the whole number closest to the value in bold.

The seven coordinate divalent ion is assigned as Mn", with the trivalent ion assigned

I

as Fe due to the absence of octahedral axial distortions. BVS calculations and

microanalysis confirm this assignment.

Mnl-O12 2.128(5) Mn2-F7  1.863(4) Mn3-O13 1.963(5) Col-N3  1.986(6)
Mnl-O1  2.134(5) Mn2-O14 1.946(5) Mn3-09 2.138(5) Co2-O13 1.880(5)
Mnl-O10 2.183(5) Mn2-02  1.954(5) Mn3-06 2.246(5) Co2-O12 1.880(5)
Mnl-O5 2.299(5) Mn2-08 2221(5) Col-O1  1.881(5) Co02-06 1.923(5)
Mnl-O4 2332(5) Mn2-O4 2272(5) Col-02  1.882(5) Co2-N7  1.944(7)
Mnl-N4  2.344(6) Mn3-O10 1.839(5) Col-O4  1.927(5) Co2-N8 1.951(7)
Mnl-O6  2.376(5) Mn3-FI1 1.853(4) Col-NI  1.949(6) Co2-N6  1.955(6)
Mn2-010 1.830(5) Mn3-O14 1.959(5) Col-N2  1.954(6)

Table S11. Selected bond lengths for 6.
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Atoms Mn(Il) Mn(IIl) Mn(IV) Co(Il) Co(III)
Mnl 2.09 1.95 1.91 1.53 1.36
Mn2 342 3.14 3.05 2.64 236
Mn3 348 3.19 3.10 2.68 238
Col 4.46 4.23 4.07 298  3.15
Co2 4.55 4.31 4.16 3.03 3.24

Table S12. Bond valence sum calculations for 6. The oxidation state for each metal is

the whole number closest to the value in bold.

The seven coordinate site is assigned as Mn", with the two Mn"" jons displaying Jahn-

Teller distorted octahedral geometries. The BVS calculation is ambiguous in this case,

but due to charge balance considerations the ions must be 3+. With no Jahn-Teller

distortion and with the microanalysis data the ions were confirmed as Co'".

Mnl-09  2.094(3) Mn2-O4 1.906(3) Mn3-019 2.269(2) Col-O19 1.929(3)
Mnl-O4  2.164(2) Mn2-02  1.929(2) Mn3-O4 2292(2) Col-N2  1.988(3)
Mnl-02  2.188(3) Mn2-O7 1.954(2) Mn3-Ol4 2333(3) Co2-O18 1.863(3)
Mnl-O1  2.288(3) Mn2-O5 2.138(3) Mn3-N3  2.390(3) Co02-07 1.872(2)
Mnl-03  2.291(3) Mn2-08 2270(2) Col-O10 1.863(2) Co02-O16 1.901(3)
Mnl-019 2.347(2) Mn3-010 2.096(3) Col-09  1.868(2) Co2-O15 1.904(2)
Mnl-N1  2.421(3) Mn3-O18 2.161(2) Col-O11 1.912(2) Co2-08 1.915(2)
Mn2-06  1.896(3) Mn3-08 2251(3) Col-O13 1912(2) Co2-N4  1.986(3)

Table S13. Selected bond lengths for 7.

Atoms Mn(Il) Mn(IIl) Mn(IV) Co(Il) Co(III)
Mnl 2.09 1.95 1.91 1.54 141
Mn2 347 3.20 3.14 2.61 229
Mn3  2.08 1.94 1.90 1.53 1.40
Col 4.44 4.13 4.04 322 3.01
Co2 4.50 4.18 4.08 327  3.04

Table S14. Bond valence sum calculations for 7. The oxidation state for each metal is
the whole number closest to the value in bold.

The two seven-coordinate sites are assigned as Mn", with the Mn™ ion displaying a
Jahn-Teller distorted octahedral geometry. Again the BVS calculation is ambiguous,
but again due to charge balance considerations the ions must be 3+. With no Jahn-

Teller distortion and with the microanalysis data the ions were confirmed as Co'.

5
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I

Fig. S1 Exchange coupling scheme for 4. Mn'"" green; Co" brown.

1T

Fig. S2 Exchange coupling scheme for 5. Fe' grey; Mn" yellow. Note that Jy, =J; in

the script and Jyp
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Field (T)

Fig. S3 Plot of low-lying Zeeman energy levels for
[MnHzFemz(teaH)z(paa)4](NO3)2'2MeOH-CH2C12 5, using the parameters for best-fit
given in the text. Note in zero-field the S (ground) is 0 with S = 1 above. The M; =0

crosses with M, = -1 at ~3.2 Tesla.

500

Energy (cm‘1)

Field (T)

Fig. S4 Continuum-like full Zeeman energy levels diagram for

[MnHzFeIHz(teaH)z(paa)4](N03)2-2MeOH-CH2Clz 5, calculated using the best-fit

parameters.
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I

Fig. S5 Exchange coupling scheme for 2. Mn"" green; Mn" yellow.

Magnetization (Naug)

Field (T)

Fig. S6. Plot of M vs. H at temperatures - 2 (top), 3, 4, 5.5, 10 and 20 K (bottom) for

2. Solid red lines are calculated using the parameters of Fit 2 in the text.
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1 1 1
150 200 250 300
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Fig. S7 Plot of yyT, per mol., vs. temperature (open circles) for
[Mn",;Mn™,Co™,(teaH)4(OMe),(acac)s](NO3),-2MeOH (2). The lower red line is that
calculated using the Fit 2 set of parameters given in the text and a DC field of 1 T.
The higher red lines, below 10 K, are for fields of 0.1 and 0.01 T.
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Fig. S8 Plot of FC and ZFC susceptibilities for
[Mn",Ni"4(teaH,)a(teaH)2(0.CMe)s]-2MeCN 3, showing bifurcation at 5 K (lines just

join the points.
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1 11T

Fig. S9 Exchange coupling scheme for 6. Mn"" green; Mn" yellow; Co™ purple.

-160

-170

Energy (cm")

-220

Field ()

Fig. S10 Plot of low-lying Zeeman energy levels for
[Mn"Mn"",Co™,(0)(teaH),(dea)(Iso)(OMe)(F).(Phen),](BF4)(NO3)-3MeOH 6, using
the parameters for best-fit given in the text. Note in zero-field the S (ground) is °/

with S = %/, above.
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Energy (cm")

Fig. S11 Continuum-like full Zeeman energy levels diagram for

[Mn"Mn",Co™,(0)(teaH),(dea)(Is0)(OMe)(F),(Phen), | (BF4)(NO3)-3MeOH 6,

calculated using the best-fit parameters given in the text.

Fig. S12 Exchange coupling scheme for 7. Mn'"" green; Mn" yellow; Co™ purple.

11
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Field (T)

Fig. S13 Plot of low-lying Zeeman energy levels for
[Mn",;Mn"Co™,(OH)(teaH)s(teaH,)(acac);](NO3),-3CH,Cl, (7) calculated using the
parameters for best-fit given in the text. At zero-field the ground S is 2 with its lowest

M; = -2 crossing M; levels from the next higher S at H ~0.39 T.

50

Energy (cm")

. . . .
0 02 0.4 06 0.8 1
Field (T)

Fig. S14 Continuum-like full Zeeman energy levels diagram for
[Mn",;Mn"Co™,(OH)(teaH);(teaH,)(acac);](NO3),-3CH,Cl, (7), calculated using the

best-fit parameters given in the text.
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Fig. S15 Plot of the in-phase AC susceptibility yy, 7 vs T for 2 between 2 and 10 K.
The frequencies used were 1500, 1250, 1000, 750, 500, 250, 100 Hz.

12

10

1, T/ cm’mol K
o
T

T/K

Fig. $16 Plot of the in-phase AC susceptibility yy 7 vs T for 3. The frequencies used
were 1500, 1250, 1000, 750, 500, 250, 100 Hz.
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Fig. S17 Plot of the in-phase AC susceptibility yu, T vs T for 6. The frequencies used
were 1500, 1250, 1000, 750, 500, 250 Hz.
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Fig. S18 Plot of the in-phase AC susceptibility yy, 7 vs T for 7. The frequencies used
were 1500, 1250, 1000, 750, 500 Hz.

14



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011

0.3

02

3 -1

Xy "/ cm mol

°
a
T

0.0

Fig. S19 Plot of the out-of-phase AC susceptibility yy vs T for 3. The frequencies
used were 1500 (top), 1250, 1000, 750, 500, 250, 100 Hz (bottom).
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Fig. S20 Plot of the out-of-phase AC susceptibility yy; vs T for 6. The frequencies
used were 1500 (top), 1250, 1000, 750, 500, 250 Hz (bottom).

15



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011

0.3

%, | cm’mol’

o
N
T

0.0

Fig. S21 Plot of the out-of-phase AC susceptibility y,; vs T for 7. The frequencies
used were 1500 (top), 1250, 1000, 750, 500 Hz (bottom).

Crystal packing diagrams

Fig. S22 Crystal packing for [Mn";Mn",Co™,(teaH)4(OMe),(acac),](NO;3),-2MeOH
2).

16



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011

Fig. S24 Simplified crystal packing for
[Mn",Fe",(teaH)x(paa)s](NOs),-2MeOH-CH,Cl, (5), showing H-bonding pathways.

17
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Fig. S25 Extended crystal packing for
[Mn',Fe",(teaH),(paa)s](NOs),-2MeOH-CH,Cl, (5).

Fig. S26 Crystal packing for
[Mn"Mn",Co™,(0)(teaH),(dea)(Is0)(OMe)(F),(Phen),](BF4)(NO3)-3MeOH (6).
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Fig. S27 Crystal packing for
[Mn",;Mn"Co™,(OH)(teaH);(teaH,)(acac);J(NO3),-3CH,CL, (7), showing the pair-

wise H-bonding cluster formation.

19




<<
  /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


