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Supplementary X-ray Crystallographic Information For Dalton

B711879A

[Fac-(Me)s-DsjtricosaneNg-2H|(CF3S03),
A colourless crystal with dimensions 0.20 x 0.24 x 0.21 mm was mounted on a
Philips PW-1100/20 diffractometer for data collection at T = 298 K using graphite
monochromated Cu-Ko radiation, A = 1.5418 A. Lattice parameters were obtained by
least-squares refinement of the setting angles of 25 reflections with 60 <26 < 72°.

Crystal data and data collection
Ca4Hs50FsNeOgS,, M = 696.81. Monoclinic, space group P2i/n, a = 10.713(1), b =
13.768(1), ¢ =23.554(1) A, U=3473.4 A, Z=4, D, = 1.332 g cm™. F(000) = 1480,
W(Cu-Koy) = 20.4 cm™. Data to 26=120° were collected using 6—26 scans of width
(0.9 + 0.142 tan®)° in O at a rate of 2° min™ in 6 with 7s background counts on each
side. The data consisted of 5165 unique reflections of the type —12<h<12, -15<k<0,
0</<26, 3448 with I > 30(/). Three check reflections measured every 120 min
showed an 11% intensity decrease over the total data collection and a decomposition
correction was applied to all data,'® which were also corrected for absorption
(transmission factors 0.68 — 0.74).

Structure solution and refinement
The structure was solved by direct methods'’ and AF techniques, and refined on F by
full-matrix least-squares, using anisotropic displacement factors for all non-hydrogen
atoms except those in the disordered parts of one CF3SO; anion. Hydrogen atoms
attached to carbon atoms were included at calculated positions, and 7 of the 8 amine
hydrogen atoms were located in an electron density difference map, but their
parameters were not refined. The refinement involved 385 variables and converged at

R=0.092, Ry, = 0.131, GOF = 3.23 (see footnote! for definitions), with maximum A/G
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= 0.07 and maximum Ap = 0.68 eA” in the disordered CF3SO5™ region. The final
weighting scheme was w™' = 6*(F) + 0.0009F”. Atomic scattering factors for neutral
atoms, as well as f° and f°, were taken from International Tables for X-ray
crystallography.18 Data reduction and refinement computations were performed with
XTAL 3.0." Tables of final atomic coordinates, anisotropic displacement parameters,
interatomic distances and angles, torsion angles and least-squares planes have been
deposited as supplementary material.
[Cd(fac-(Me)s-D;ytricosaneNg)](PFg),.3H,0
A cross section with dimensions 0.26 x 0.17 x 0.18 mm was cleaved from a large
colourless needle in a representative sample of [CAL*](PF),.(2-3 H,0) crystals. It
was mounted on a quartz fibre attached to a Phillips PW-1100/20 diffractometer
equipped with a graphite monochromator, and data were collected using Cu-Ko
radiation (A = 1.5418 A) at T = 293 K. Lattice parameters were determined by least-
squares refinement on the 20 values of 25 centred reflections with 76<20<84°.
Crystal data and data collection.

CHs4CdF1,N¢O3P,, M = 853.05. Orthorhombic, space group Pnma, a = 19.692(2), b
=16.616(2), c = 11.137(1) A, U=13644.1(7) A’>, Z=4, D. = 1.555 g cm™. F(000) =
1752, w(Cu-Ka) = 66.5 cm’. Intensity data for 3135 unique h.k.-/ reflections
(0<h=22, 0<k<19, -12<I<0), 2592 with I > 3c6(l), were collected using 6—20 scans in
the range 4<26<128°. Scan widths were (1.0 + 0.142 tan 0)° in 0 and the scan rate
was 1.5° min" in © with 10 s background counts on each side of a scan. Three
standard reflections measured every 90 min showed an 18% decrease in intensity over
the data collection period, and a decomposition correction'® was applied to all data.

Intensities were also corrected for absorption (transmission factors 0.449 — 0.352).
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Unit cell dimensions changed significantly during the data acquisition and the values
quoted are those found for the crystal at commencement.
Structure solution and refinement.

The structure was solved in space group Pnma by Patterson and difference Fourier
techniques.'” All non-hydrogen atoms in the cation were clearly defined, with a
crystallographic mirror plane passing horizontally through the metal atom.
Examination of an electron density map implied that the disordered PF¢ anion could
assume either of two orientations, each of population ca. 0.5. Also a water molecule
of population ca. 0.5 was located just 1.7 A from a fluorine atom site (F(13)) in one
orientation of the PFs ion. It is therefore likely that PF¢ has the second orientation
when this water molecule is present, but adopts the first orientation when it is absent.
Waser-type restraints®*' were imposed on bonds and angles within each orientation
of the PF¢ group in least-squares refinement. Most of the cation hydrogen atoms
were observed in an electron density difference map, but were included at calculated
positions (C-H 0.95, N-H 0.85 A, methyl H atoms staggered relative to vicinal
groups) and not refined. A possibility remains that the true space group is Pn2;a (non-
standard setting of Pna2,) with removal of the crystallographic mirror plane at y =
0.25, which potentially allows ordering of the anions and the water oxygen atom
(O(2)). However, the cation was successfully refined in Pnma to give reasonable
displacement parameters, bond lengths and angles for all non-hydrogen atoms and the
present procedure has also allowed the observation of the hydrogen atoms. Therefore
any refinement in the non-centrosymmetric space group would be highly correlated
and the centro-symmetric Pnma space group has been retained as the better model for

the present data set.
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The structure (212 variables) was refined on F by full-maxtrix least-squares
methods,”” using anisotropic displacement parameters for all cation non-hydrogen
atoms and 2592 data with />36(/). Convergence occurred at R = 0.071, Ry, = 0.101.
GOF = 3.64 with maximum A/G < 0.08, maximum Ap = 0.8 eA” near the
orientationally disordered anion and w' = 6*(F) + 0.0004F". International Tables for
X-ray crystallography'® was the source of all atomic scattering factors (including /°,
f). Deposited material comprises tables of final atomic coordinates (including
calculated hydrogen atom coordinates), anisotropic displacement parameters,
interatomic distances and angles, dihedral angles and least-squares planes data.

[Hg(fac-(Me)s-D;utricosaneNg)|(PFg)2.2.8H ;0

A colourless crystal with dimensions 0.30 x 0.22 x 0.13 mm was chosen for data

collection at T =293 K on a Phillips PW-1100/20 diffractometer using graphite
monochromated Cu-Ko radiation (A = 1.5418 A) from a rotating anode source. The
setting angles of 25 centred reflections (29 <20 < 38") were used to determine the
unit cell dimensions by least-squares refinement. As with the isomorphous
cadmium(II) structure these parameters changed significantly during data collection
but more rapidly. In order to improve the accuracy of structural results (at the cost of
some precision), the data for the [HgL*](PF),.2.8H,0 crystal were obtained using
much higher scan rates and the lattice parameters used in the structure analysis are the
averaged values over the data acquisition period of less than 5 hours. The e.s.d.s
therefore reflect the spread on this time scale rather than the precision of the
individual measurements.

Crystal data and data collection.
CxHs3 6F1oHgNgO, 8P2, M = 937.62. Orthorhombic, space group Pnma, a = 19.76( 5

), b=16.50(3), c = 11.03(2) A, U=3595(13) A’(initial values), Z=4, D, = 1.732 g
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cm”. F(000)= 1872, W(Cu-Koy) = 89.3 cm™. Intensity data were collected using -
20 scans to 20 = 100° for 1925 unique 4.k.-/ reflections (0<h<19, 0<k<16, 0</<10),
1492 with 1> 36(/). Scan widths were (1.0 + 0.34 tan 0)° in ® and the scan rate was
20° min” in ® (with 2 s background counts on each side of a scan), which
is more than 12 fold faster than the corresponding rate for the isomorphous
[CAL*](PFs),.3H,0 crystal. Of the three standard reflections measured every 45 min,
two showed an 11% decrease in intensity, but the third increased by 10% during the
data collection period. It seemed likely that these variations arose from the slower
early stages of a major phase change that occurred after about 10 h. No decay
correction was applied but lattice parameters were re-determined 12 times during the
data acquisition (< 5 h.). The averaged lattice parameters (a = 19.76(5), b = 16.50(3),
c¢=11.03(2) A, U= 3595 A*) were used in the structure solution and refinement
computations. The intensity data were corrected for absorption effects (transmission
factors 0.288 — 0.471).
Structure solution and refinement

The structure was isomorphous with that of the analogous cadmium(II)

compound, and was also solved and refined in space group Pmma by similar

17,19
methods.'”

In particular, the least-squares refinement of the two site disordered
PF¢ anion and the water molecule with partial occupancy was carried out in a similar
manner. Cation hydrogen atoms were sited at periodically recalculated positions
(assuming pseudo-tetrahedral carbon and nitrogen atoms), and their parameters were
not refined. In this structure, the mercury, nitrogen, methyl carbon and full
occupancy oxygen atoms were all refined using anisotropic displacement parameters,

whereas isotropic parameters were used for the remaining atoms. The refinement

involved 157 variables and 1492 data with />36(/), and converged at R = 0.067, Rw =
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0.090, GOF = 2.06 with maximum A/G = 0.09, maximum Ap = 1.82(5) eA™ (near Hg)
and weighting scheme w' = 6°(F) + 0.0009F°. The need to refine the DsjtricosaneNg
core carbon atoms isotropically was most likely due to the relatively poor precision of
the lighter atom parameters in this structure. Several factors may contribute,
including the dominance of the Hg scattering centre, the rapid scan rate and the small
but observable lattice changes which occurred during the data collection. Data
collection at a lower temperature using a slower scan rate may help to reduce
contributions from the latter two effects, but not the first. However, the data obtained
here were adequate to establish the configuration of the [Hg(fac-(Me)s-

DsjtricosaneNg)]* ion in the crystal, and to gauge the Hg"-N(amine) bond distance
relative to those found in other reported Hg"Ng(amine) type structures.'*** Tables of
final atomic coordinates, anisotropic displacement parameters and bond lengths and

angles have been deposited as supplementary information.
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Table 1 Bond lengths (A) and angles (°) for [CdL?] in [CAL?](PFe),.3H,0°
Cd-N(12) 2.386(7) N(12)-C(13) 1.46(1)
Cd-N(22) 2.400(7) N(22)-C(23) 1.48(1)
Cd-N(32) 2.397(7) N(32)-C(33) 1.47(1)
C(1)-C(2) 1.55(1) C(13)-C(14) 1.52(1)

C(2)-C(11) 1.52(2) C(23)-C(24) 1.51(1)
C(2)-C(21) 1.54(1) C(33)-C(34) 1.52(2)
C(2)-C(31) 1.53(1) C(14)-C(14A) 1.54(3)
C(11)-N(12) 1.47(1) C(24)-C(24A) 1.53(2)
C(21)-N(22) 1.50(1) C(34)-C(34A) 1.54(2)
C(31)-N(32) 1.50(1)
N(12)-Cd-N(12)’ 82.8(2) Cd-N(12)-C(11) 115.0(6)
N(22)-Cd-N(22)’ 81.6(2) Cd-N(22)-C(21) 115.0(5)
N(32)-Cd-N(32)’ 82.8(3) Cd-N(32)-C(31) 114.2(6)
N(12)-Cd-N(22) 83.1(2) Cd-N(12)-C(13) 121.2(6)
N(12)-Cd-N(32) 80.9(3) Cd-N(22)-C(23) 121.1(5)
N(22)-Cd-N(32) 79.9(2) Cd-N(32)-C(33) 121.0(6)
N(12)-Cd-N(22)’ 138.1(3) C(11)-N(12)-C(13) 108.3(8)
N(12)-Cd-N(32)’ 135.7(2) C(21)-N(22)-C(23) 108.2(7)
N(22)-Cd-N(32)’ 133.6(2) C(31)-N(32)-C(33) 108.6(8)
C(1)-C(2)-C(11) 108.2(9) N(12)-C(13)-C(14) 115.5(10)
C(1)-C(2)-C(21) 106.2(8) N(22)-C(23)-C(24) 114.9(8)
C(1)-C(2)-C(31) 104.5(9) N(32)-C(33)-C(34) 115.1(9)
C(11)-C(2)-C(21) 113.2(8) C(13)-C(14)- 106.8(9)
C(11)-C(2)-C(31) 112.498) C(23)-C(24)- 109.0(7)
C(21)-C(2)-C(31) 111.8(9) C(33)-C(34)- 108.7(8)
C(2)-C(11)-N(12) 115.6(8) C(13)-C(14)- 111.7(12)
C(2)-C(21)-N(22) 116.1(8) C(23)-C(24)- 113.3(9)
C(2)-C(31)-N(32) 115.5(8) C(33)-C(34)- 112.9(11)

“ Primes indicate atoms generated by the symmetry operation (x, 0.5-y, z).
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Table 2 Bond lengths (A) and angles (*) for [Hng] in [HgL2](PF6)2.3HZO“
Hg-N(12) 2.39(2) N(12)-C(13) 1.46(3)
Hg-N(22) 2.41(1) N(22)-C(23) 1.46(2)
Hg-N(32) 2.43(1) N(32)-C(33) 1.49(3)
C(1)-C(2) 1.57(1) C(13)-C(14) 1.52(3)

C(2)-C(11) 1.52(3) C(23)-C(24) 1.49(2)
C(2)-C(21) 1.52(3) C(33)-C(34) 1.48(3)
C(2)-C(31) 1.55(3) C(14)-C(14A) 1.57(5)
C(11)-N(12) 1.47(3) C(24)-C(24A) 1.52(4)
C(21)-N(22) 1.49(2) C(34)-C(34A) 1.55(5)
C(31)-N(32) 1.53(3)
N(12)-Hg-N(12)’ 83.7(5) Hg-N(12)-C(11) 115(1)
N(22)-Hg-N(22)’ 81.8(5) Hg-N(22)-C(21) 115(1)
N(32)-Hg-N(32)’ 81.5(5) Hg-N(32)-C(31) 111(1)
N(12)-Hg-N(22) 83.0(5) Hg-N(12)-C(13) 120(1)
N(12)-Hg-N(32) 81.4(5) Hg-N(22)-C(23) 120(1)
N(22)-Hg-N(32) 79.6(5) Hg-N(32)-C(33) 120(1)
N(12)-Hg-N(22)’ 138.7(5) C(11)-N(12)-C(13) 108(1)
N(12)-Hg-N(32)’ 136.1(5) C(21)-N(22)-C(23) 108(1)
N(22)-Hg-N(32)’ 132.4(5) C(31)-N(32)-C(33) 109(1)
C(1)-C(2)-C(11) 107(2) N(12)-C(13)-C(14) 116(2)
C(1)-C(2)-C(21) 108(2) N(22)-C(23)-C(24) 115(2)
C(1)-C(2)-C(31) 104(2) N(32)-C(33)-C(34) 113(2)
C(11)-C(2)-C(21) 114(2) C(13)-C(14)- 107(2)
C(11)-C(2)-C(31) 111(2) C(23)-C(24)- 108(1)
C(21)-C(2)-C(31) 112(1) C(33)-C(34)- 108(2)
C(2)-C(11)-N(12) 115(2) C(13)-C(14)- 110(2)
C(2)-C(21)-N(22) 116(2) C(23)-C(24)- 115(2)
C(2)-C(31)-N(32) 116(2) C(33)-C(34)- 116(2)

“ Primes indicate atoms generated by the symmetry operation (x, 0.5-y, z).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 ()
  /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


