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The crystal structures of the products of reactions between manganese and zinc iodides and formamide in aqueous solution,

[Mn(HCOOH),(HCOO),] and [Zn(HCONH,),l,], were studied.

Formamide forms numerous metal complexes.! Zinc formamide
complexes are used as intermediates for growing ZnO nanorods?
or Zn dendrite films.3 Polarization of formamide carbonyl group
with zinc ion is the key stage of enzyme reactions.*> Structures
of transition-metal complexes with formamide were studied,
such as CdCl,-2(HCONH,),* M(NO,),-2(HCONH,)-2H,0
(M = Cu, Cd, Co, Mn),” Zn(HCOO),-2(HCONH,).? There are
no structural data on transition-metal iodide complexes with
formamide.

The purpose of the work was to study reactions of manganese
and zinc iodides with formamide and to examine structures of
the products.

We found that a reaction of zinc iodide with formamide in
aqueous solution under heating resulted in formation of the
formate complex [Zn(H,0),(HCOO),]° as a result of form-
amide hydrolysis. Reaction of zinc iodide with formamide in
aqueous solution at room temperature produced crystals of
[Zn(HCONH,),1,] 1.

We failed to synthesise a formamide complex of manganese
iodide in aqueous solution at room temperature. Concentration
of a solution containing manganese iodide, formamide and
hydroiodic acid resulted in formation of colourless prismatic
crystals of [Mn(HCOOH),(HCOO),] 2. It is obvious that formic
acid and formate ions formed during formamide hydrolysis.
Transition-metal cations catalyse amide hydrolysis;!? probably,
manganese is among them.

Figure 1 General view of [Zn(HCONH,),l,]. Selected bond lengths A):
1(1)-Zn(1) 2.5343(17), 1(2)-Zn(1) 2.5284(14), Zn(1)-0O(1) 2.002(4); bond
angles (°): O(1)-Zn(1)-O(1)! 98.0(3), O(1)-Zn(1)-1(2) 111.59(13), O(1)-
Zn(1)-1(1) 104.13(14), I(2)-Zn(3)-1(1) 124.01(5).

Figure 2 A chain in the crystal of [Zn(HCONH,),l,].

© 2008 Mendeleev Communications. All rights reserved.

Structure 1. In the molecular complex [Zn(HCONH,),I,],
the central atom is tetrahedrally coordinated by two iodine
atoms and two oxygen atoms from the formamide molecules
(Figure 1). The adjacent complexes are linked by double N-H---O
hydrogen bonds forming infinite zigzag chains (Figure 2) com-
bined in layers by weak N-H---I hydrogen bonds."

Structure 2. There are several reports on syntheses and
structures of manganese formate dihydrate!! and anhydrous
manganese formate.!>'4 We have synthesised a different com-
pound. X-ray diffraction analysis showed the layered structure
of the crystals of [Mn(HCOOH),(HCOO),] (Figures 3, 4)." The
manganese atom is octahedrally coordinated by six oxygen
atoms from two trans-arranged formic acid molecules and four
bridging formate ions. Structure of the layer in the crystals of 2
is similar to the monoclinic form of [Cu(HCOOH),(HCOO),].15
However, layer packing resembles the packing in the ortho-
rhombic form of [Cu(HCOOH),(HCOO),].'® The voids in
crystals of 2 (~3 A in diameter) are noticeably smaller than the
voids in the crystals of anhydrous manganese formate.!2-14

T Crystallographic data for 1: at 293(2) K crystals of C,H¢I,N,0,Zn
are orthorhombic, space group Pnma, a = 13.628(7), b = 10.030(5) and
c=7.026(3) A, V=960.4(8) A%, Z=4, M =409.26, d_,. = 2.831 gcm3,
#(MoKa) = 8.934 cm™!, F(000) = 736. Intensities of 1387 reflections
were measured with an Enraf-Nonius CAD-4 diffractometer at 293(2) K
[A(MoKa) =0.71073 A, w-scans, 20 < 55.92°], and 1221 independent
reflections were used in the further refinement. Absorption correction by
psi-scans did not give any result.

Crystallographic data for 2: at 293(2) K crystals of C,H;MnOg are
monoclinic, space group C2/c, a=12.722(3), b =8.5420(11) and c =
=8.5010(18) A, f=93.544(17)°, V=922.1(3) A3, Z=4, M =237.03,
d e = 1.707 g em3, u(MoKa) = 1.444 cm™!, F(000) = 476. Intensities of
1655 reflections were measured with an Enraf-Nonius CAD-4 diffractometer
at 293(2) K [A(MoKa) = 0.71073 A, w-scans, 26 < 55.92°], and 1214
independent reflections were used in the further refinement. Absorption
correction was made by psi-scans of several reflections.

The structures were solved by a direct method and refined by the full-
matrix least-squares technique against F2 in the anisotropic approxima-
tion for non-hydrogen atoms. The positions of hydrogen atoms were
calculated and refined in a riding model. Acidic H atom in 2 was refined
independently. For 1 and 2, respectively, the refinement converged to
R[I>20(D)] =0.0363 and 0.0424, GOF = 1.151 and 1.019. All calcu-
lations were performed using SHELXS-97 and SHELXL-97.

CCDC 680559 and 680560 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2008.
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Figure 3 General view of [Mn(HCOOH),(HCOO),]. Selected bond 8
lengths (A): Mn(1)-0(2) 2.1582(14), Mn(1)-O(1) 2.1611(13), Mn(1)-O(3)
2.2032(16); bond angles (°): O(2)-Mn(1)-O(1) 92.65(5), O(2)-Mn(1)-O(1) 9
87.35(5).
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Figure 4 A mesh of the layer in the crystal of [Mn(HCOOH),(HCOO),]. Received: 9th July 2007; Com. 07/2978

- 93 _




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


