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PAR

PAR.1 Zeolite framework type and topology

The framework type code is named after the mineral PARthéite, Ca,Al,Si,0,5(OH), - 4H,0, first found in
the Taurus Mountains (Southwest Turkey) and described by Sarp et al. [79Sarl, cited after 84Engl]. A
first description of its aluminosilicate framework structure was given by Engel and Yvon [84Engl] in
space group C12/c 1 representing the highest possible topological symmetry. The interrupted framework
structure (Fig. PAR.1.1) consists of one-dimensional 10-ring channels parallel ¢ crosslinked by a complex
network of Si and Al atoms which cannot be described in terms of simple polyhedral building units. Every
second Al atom (Al 1) has a terminal OH group interrupting the framework. The linkage around the 10-
ring opening is shown in Fig. PAR.1.2 and the building scheme is shown in Fig. PAR.1.3.

a View parallel ¢ rotated by 4° about b and bxc.

Fig. PAR.1.1. The framework structure of PAR-type compounds in the highest possible topological symmetry
C12/c 1. Terminal OH groups are indicated by small circles with bonds to Al 1 atoms.
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b View parallel b rotated by 2° about ¢ and bxc.

Fig. PAR.1.1. (continued). The framework structure of PAR-type compounds in the highest possible topological
symmetry C12/c 1. Terminal OH groups are indicated by small circles with bonds to Al 1 atoms.

Fig. PAR.1.2. The linkage of T-atoms around the 10-ring opening. Terminal OH groups are indicated by small
circles with bonds to Al 1 atoms. View parallel ¢ rotated by 8° about b and 4° about bxc.
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Fig. PAR.1.3. The building scheme of PAR-type compounds. The 10-ring channels are linked according to the C-
centering of the unit cell with T16 units [2006van1] in the 6-ring nodes between adjacent channels as indicated by
the arrows. View parallel ¢ rotated by 2° about b and bxc.

PAR.2 Compounds and crystal data

Table PAR.2.1 Chemical data.

FD = framework density =~ CE = cation exchange TT = thermal treatment REF = reference
SM = source of material SR = sorbate T = temperature of thermal treatment [K]
code chemical composition FD SM CE SR TT T REF
PAR-I C12/c1
PAR1984a01 Cag . A116Si16060(OH)8 : 18.2 M - H20 - - 84Eng1
16H,O

Table PAR.2.2 Structural parameters of PAR-type compound.

code a[A] b [A] c[Al Bl VIAl  TIK] reference
PAR-I C12/c1
PAR1984a01 21.555(3) 8.761(1)  9.304(2) 91.55(2) 1756  n.s. 84Eng1

Landolt-Bornstein
New Series IV/14D



Ref. p. 391] PAR 389

PAR.3 Framework structure of PAR-I compound (C 1 2/c1,
IT #15)

a View parallel c] rotated by 2° about b and bxc. b View parallel a rotated by 1° about b and axb.

¢ View parallel b rotated by 2° about a and axb. b Ball and stick model corresponding to a) slightly
extended parallel c.

Fig. PAR.3.1 Projections of the PAR-I crystal structure of parthéite Cag - Al;6Si;s0gsHg - 16H,O (PAR1984a01,
84Engl).
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Table PAR.3.1 Atomic coordinates and site definitions for PAR-I, parthéite, Cag - Al;6Si;40¢sHg - 16H,0
84Engl).

atom X y z Bey [ A2 site Wyckoff  no. of atoms
symmetry position in unit cell
Sil 0.06729(9) 0.1832(3)  0.2896(2)  0.53 1 8(f) 8
Si2 0.23983(9) 0.0077(3)  0.4621(2) 0.46 1 8(f) 8
All 0.1161(1)  0.0844(3)  0.6006(3)  0.56 1 8(f) 8
Al2 0.1999(1)  0.3162(3) 0.2858(2)  0.51 1 8(f) 8
Ol 0.0695(2)  0.0181(7)  0.2162(6) 0.73 1 8(f) 8
02 0.0725(2)  0.1719(7)  0.4626(6)  0.84 1 8(f) 8
03 0.1222(2)  0.2883(7)  0.2295(6)  0.90 1 8(f) 8
04 0.1722(2)  0.0363(6)  0.0250(6)  0.86 1 8(f) 8
05 0.2081(2)  0.4669(6)  0.4096(6)  0.71 1 8(f) 8
06 0.2345(3)  0.1550(6)  0.3605(6)  0.84 1 8(f) 8
o7 0.2340(2)  0.3599(6)  0.1221(6)  0.76 1 8(f) 8
08 0 0.2632(9) Y 0.63 2 4(e) 4
OH9 0.3523(3)  0.2673(7)  0.2918(6)  1.11 1 8(f) 8
Cal 0.35586(7) 0.1991(2) 0.0444(2) 093 1 8(f) 8
oW1 0.0712(3)  0.5050(8)  0.0159(9) 2.63 1 8(f) 8
ow2 0.4541(3)  0.3070(8)  0.0800(7)  1.72 1 8(f) 8

Table PAR.3.1.2 Selected interatomic distances and angles for PAR-I, parthéite, Cag - Al;sSi;s0¢sHs
16H,0 84Engl).

T-0[A] T-0-TI[°] T-0[A] T-O-T[°]

Sil - O1 1.601(7) 138.9(3) Si2 - 06 1.602(6) 156.4(4)
Sil - 03 1.612(6) 132.7(4) Si2 - 07 1.623(6) 138.9(4)
Sil - 02 1.614(6) 141.4(4) Si2 - 05 1.631(5) 129.6(3)
Sil - 08 1.644(4) 129.5(5) Si2 - 04 1.632(5) 129.03)
mean 1.617 135.6 mean 1.622 138.5

All-01 1.741(6) 138.9(3) Al2 - 06 1.734(6) 156.4(4)
All-02 1.748(6) 141.4(4) A2 - O7 1.751(6) 138.9(4)
Al1-0OH9 1.766(7) - Al2 - O5 1.758(6) 129.6(3)
All-04 1.767(5) 129.0(3) Al2 - O3 1.758(5) 132.7(4)
mean 1.755 136.4 mean 1.750 1394
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PARM4 Chemical composition
D
H He
Li Be B C N 0 F Ne
Na | Mg AI Si P S Cl Ar

K Ca Sc Ti \Y Cr | Mn | Fe Co Ni Cu | Zn Ga | Ge | As | Se Br Kr

Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn | Sb | Te | Xe

Cs | Ba L Hf | Ta | W Re | Os Ir Pt | Au | Hg T Pb Bi Po | At | Rn

Fig. PAR.4.1 Chemical elements (highlighted) occurring in PAR-type compounds. Framework cations are in grey
fields.

PAR.S Flexibility and apertures

There is insufficient information available about the PAR-type to judge its flexibility.

The 10-ring openings in the PAR-type framework are compressed into ellipses, with diameters
approximately 3.5 A by 7 A, as compared with the more regular dimensions of the MFI-type where they
are about 5 A by 5.5 A.

PAR.6 Other information

No useful properties have been reported for PAR-type compounds.

PAR.7 References

79Sarl Sarp, H., Deferne, J., Bizouard, H., Liebich, B.W.: Bull. Suisse Min. Petrogr. 59 (1979) 5.
84Engl Engel, N., Yvon, K.: Z. Kristallogr. 169 (1984) 165.

2006vanl van Koningsveld, H.: http://topaz.ethz.ch/IZA-SC/ModelBuilding.htm

Gone to press April 1, 2006

Landolt-Bornstein
New Series IV/14D



	PREVIOUS DOCUMENT
	NEXT DOCUMENT
	 
	LB-Home
	Contents Vol. IV/14D
	Frontmatter
	Title page
	Contributors
	Preface

	Introduction
	1  General remarks
	2  Systematics, descriptions, and definitions
	2.1  Modifications and changes
	2.2  Minerals with zeolite-type frameworks
	3  List of abbreviations
	4  Polyhedral units, 1D-units, and 2D-nets
	5  Chemistry
	6  References

	Zeolite-Type Crystal Structures. Framework type codes LTA to RHO
	Index to Crystal Structures
	PAR
	1  Zeolite framework type and topology
	2  Compounds and crystal data
	3  Framework structures
	4  Chemical composition
	5  Flexibility and apertures
	6  Other information
	7  References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


