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Abstract

Sm,(S04)5(H,0)5, monoclinic, C2/c (no. 15), a = 15.653(3) A,
b =9.5369(19) A, ¢ =10.199(2) A, B = 120.36(3)°, V = 1313.9(6) A3,
Z =1, Ry(F) = 0.0281, eref(FZ) =0.0664, T = 293 K.
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Table 1: Data collection and handling.

Crystal: Colorless block

Size: 0.38 x 0.28 x 0.21 mm
Wavelength: Mo Ka radiation (0.71073 A)
u 9.42mm™"

Diffractometer, scan mode:
Omax, cOMpleteness:
N(hkl)measured: N(hkl)unique: Rint: 6284; 1492: 0.080
Criterion for Iops, N(hkl)gy: Iops > 20(Iops), 1413
N(param)refined: 118

Programs: SHELX [1, 2]

Rigaku R-AXIS RAPID, w
27.5°,99 %

1 Source of materials

All reagents are commercially available A. R. grade
reagents and are used without further purification: 0.176 g
(0.5 mmol) Sm,03; was added to 2.0 mL of ethylene glycol
and 2.0 mL of deionized water solution under stirring,
1.5mL of 1M H,S0, was added dropwise to adjust pH 1.5.
The resulting mixture was placed in a 24 mL Teflon-lined
steel vessel and heated at 170 °C for 4 days. The autoclave is
slowly cooled to room temperature, then the product is
filtered and dried in the air for day to obtain colorless block
crystals.
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
Sm1 0.11951 (2) 0.85634 (2) 0.06717 (2) 0.00974 (14)
S1 0.36140 (8) 0.71166 (11) 0.27428 (12) 0.0105 (2)
S2 0.000000 0.88092 (17) 0.250000 0.0108 (3)
01 0.2832 (2) 0.8012 (4) 0.2703 (3) 0.0171 (7)
02 0.3363 (2) 0.5636 (3) 0.2776 (4) 0.0154 (7)
03 0.4565 (2) 0.7479 (3) 0.4077 (4) 0.0169 (7)
04 0.3655 (3) 0.7373 (4) 0.1350 (4) 0.0202 (7)
05 -0.0842 (3) 0.7953 (4) 0.2278 (4) 0.0197 (7)
06 -0.0273 (2) 0.9686 (4) 0.1158 (3) 0.0164 (7)
07 0.2460 (3) 1.0092 (4) 0.0459 (4) 0.0250 (8)
H7A 0.294 (3) 0.974 (6) 0.045 (7) 0.037*
H7B 0.234 (4) 1.084 (4) 0.000 (7) 0.037*
08 0.1254 (3) 0.5981 (4) 0.0973 (4) 0.0259 (8)
HBA 0.169 (4) 0.555 (6) 0.171 (4) 0.039*
H8B 0.105 (4) 0.549 (6) 0.022 (4) 0.039*
09* 0.0102 (8) 0.4903 (10) —0.1965 (10) 0.046 (2)
H9 —0.047610 0.451250 -0.257680 0.069*

®Occupancy: 0.5

2 Experimental details

The structure was solved by Direct Methods with the SHerxs
and further refined with the Sueix. program. The oxygen-
bound H atoms were located on a difference Fourier map and
refined with distances O-H = 0.85 A and (U;so(H) = 1.5U4(0))
(Tables 1 and 2).

3 Comment

Over the years, efforts have been made to synthesize a
variety of one-, two- and three-dimensional inorganic
materials [3, 4]. Solvothermal techniques have been used to
synthesize various inorganic framework compounds con-
taining anionic components, such as phosphates [5], silicates
[6], selenites [7] and sulfates [8, 9]. Among these compounds
that have been synthesized and characterized, compounds
involving sulfates are a very important family [10, 11].
Compared with the relatively fixed coordination it is easy to
form stable three-dimensional structures, intricate topolog-
ical structures and types [12-14]. In addition, lanthanide
compounds have become an important class of luminescent
materials due to the unique photophysical properties of
lanthanide centers, such as long lifetime, large Stokes
shift, high quantum yield and linear emission bands
generated by 4f-4f transitions [15, 16]. At present,
many lanthanide sulfates have been reported in the litera-
tures, such as Smy(SO4)(H,0)s [17], Lay(SO,)3(H,0)9 [18],
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Eu,(S0,4)5(H,0)g [19], but the three-dimensional inorganic
framework for lanthanide sulfates has been relatively
limited.

The title compound is isomorphous with Nd,(S0,4);(H;0)s
[20]. The space group of the title compound is C2/c. As
shown in the Figure (left part), the Sm atom is coordinated
by eight oxygen atoms in a dodecahedral configuration, in
which six O atoms (01, 02, 03, 04, 05, 06) are derived from
five sulfate radical groups, and two O atoms (07, 08) are
derived from two coordinating water molecules. The long
distances of the Sm-0 bond lengths are 2.365(3)-2.554(4) A,
and the corresponding bond angles of the formed O-Sm-0
bond are 52.4(1)°-150.2(1)°. The two sulfate groups have
tetrahedral coordination, and the S—O bond distances are
1.463(3)-112.4(3) A, corresponding to S-0-S bond angles of
106.0(2)° to 112.4(3)°. The two sulfate groups (S1 and S2
groups) are both in the y, coordination mode. The skeleton
structure of the compound is formed by the adjacent SmOg
and SO, polyhedra sharing a single corner or edge. The
oxygens of the sulfate groups corresponding to S2 connect
four Sm atoms forming one-dimensional chains along [001]
direction. The SO, groups corresponding to S1 connect
three Sm atoms interspersed in the above chains. The
adjacent chains are further connected by 01 (for S1 groups)
forming the three-dimensional framework (Figure, right
part).

References

1. Sheldrick G. M. SHELXTL - integrated space-group and crystal-structure
determination. Acta Crystallogr. 2015, A71, 3-8.

2. Sheldrick G. M. Crystal structure refinement with SHELXL. Acta
Crystallogr. 2015, (71, 3-8.

3. Dan M., Behera J. N, Rao C. N. R. Organically templated rare earth
sulfates with three-dimensional and layered structures. J. Mater. Chem.
2004, 14, 1257-1265.

4. DingS. H.,XuY., NieL.B., Feng W.]. Hydrothermal synthesis and crystal
structure of a novel 3-D porous lanthanum sulfate. J. Clust. Sci. 2006,
17, 627-636.

5. Rao C. N. R, Natarajan S., Choudhury A., Neeraj S., Ayi A. A. Aufbau
principle of complex open-framework structures of metal phosphates
with different dimensionalities. Acc. Chem. Res. 2001, 34, 80-87.

6. Ananias D., Ferdov S., Paz F. A. A, Ferreira R. A. S., Ferreira A.,,
Geraldes C. F., Rocha J., Lin Z. Photoluminescent layered lanthanide
silicate nanoparticles. Chem. Mater. 2008, 20, 205-212.

7. Kemnitz E., Troyanov S. I. Hydrogen bonding systems in acid metal
sulfates and selenates. Adv. Mol. Struct. Res. 1998, 4, 79-114.

8. Rao C.N.R, Behera]. N., Dan M. Organically-templated metal sulfates,
selenites and selenates. Chem. Soc. Rev. 2006, 35, 375-387.

9. ZhangD.,LuY., Zhu D.R., Xu Y. (C4N3H12)3[Ln3(OH)(SO4);] (Ln = Sm, Eu,
and Tb): a series of honeycomb-like open-framework lanthanide
sulfates with extra-large channels containing 24-membered rings.
Inorg. Chem. 2013, 52, 3253-3258.



DE GRUYTER

10.

1.

12.

13.

14.

15.

Yaghi O. M., O’Keeffe M., Ockwig N. W., Chae H. K., Eddaoudi M., Kim J.
Reticular synthesis and the design of new materials. Nature 2003, 423,
705-714.

Zhao X., Wong M., Mao C. Y., Trieu T. X., Zhang J., Feng P. Y., Bu X. H.
Size-selective crystallization of homochiral camphorate metal-organic
frameworks for lanthanide separation. Angew. Chem., Int. Ed. 2014, 136,
12572-12575.

Liddle S. T. The renaissance of non-aqueous uranium chemistry. Angew.
Chem., Int. Ed. 2015, 54, 8604-8641.

Hu).Y, LiuR,ZhaiS. L, WuY.N. Zhang H. Z, Cheng H. T., Zhu H. J. AlE-active
molecule-based self-assembled nano-fibrous films for sensitive detection of
volatile organic amines. J. Mater. Chem. C 2017, 5, 11781-11789.

LinJ., Liu Q., Yue Z. H., Diefenbach K., Cheng L. W., Lin Y. J., Wang J. Q.
Expansion of the structural diversity of F-element bearing molybdate
iodates: synthesis, structures, and optical properties. Dalton Trans.
2019, 48, 4823-4829.

Qie M. Y., Lin]., Kong F., Silver M. A,, Yue Z. H., Wang X. M., Zhang L. J.,
Bao H. L., Albrecht-Schmitt T. E., Wang J. Q. A large family of
centrosymmetric and chiral F-element-bearing iodate selenates

M. Li et al.

17.

18.

20.

: The crystal structure of samarium sulfate pentahydrate =—— 203

exhibiting coordination number and dimensional reductions. Inorg.
Chem. 2018, 57, 1676-1683.

. Lin ., Diefenbach K., Kikugawa N., Baumbach R. E., Albrecht-

Schmitt T. E. Dimensional and coordination number reductions in a
large family of lanthanide tellurite sulfates. Inorg. Chem. 2014, 53,
8555-8564.

Kepert C. ., Junk P. C., Skelton B. W., White A. H. Structural systematics
of rare earth complexes. XX (maximally) hydrated rare earth sulfates
and the double sulfates (NH4)Ln(S0,),-4H,0(Ln = La, Th). Aust. J. Chem.
1999, 52, 601-616.

Wei D. Y., Zheng Y. Q. Crystal structure of terbium sulfate
octahydrate, Th,(S0O4)38H,0, and of dysprosium sulfate octahydrate,
Dy»(S04)38H,0. Z. Kristallogr. N. Cryst. Struct. 2003, 218, 23-24.

. XuY., Ding S. H., Zheng X. F. Hydrothermal synthesis, crystal structure

and properties of 2-D and 3-D lanthanide sulfates. /. Solid State Chem.
2007, 180, 2020-2025.

Larsson L. O., Linderbrandt S., Niinisto L., Skoglund U. The crystal
structure of neodymium sulphate pentahydrate Nd;(S04)3(H,0)s.
Suomen kemistilehti. B 1973, 314-322.



	The crystal structure of samarium sulfate pentahydrate, Sm2(SO4)3(H2O)5
	1 Source of materials
	2 Experimental details
	3 Comment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


