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EXPERIMENT 

Specific thermal capacity CRpR measurements were carried out on a STA 449C 

thermal analyzer from RT to 800 °C. High temperature XRD (TTR , Rigaku, Japan, 

Cu K ,  = 1.5406 Å) data were collected from RT to 600 °C with a scanning rate of 

4 ° / min for 2 ; The heating rate was 10 °C / min and the sample was hold for 15 min 

at a specified temperature to reach heat equilibrium. 

The first-principles DFT calculations were performed using Vienna ab initio 

Simulation Package (VASP).P

1-4
P The electron-ion interaction was described using the 

projector augmented wave (PAW) method, the exchange correlation potential using 

the generalized gradient approximation (GGA) in the Perdew-Burke-Emzerhof (PBE) 

form. The cut-off energy for the basis set was 200 eV. Brillouin zone was sampled by 

4 4 4 k-point mesh. In our present DFT calculations, a non-split model was used 

to simplify the calculation process, where the PbP

2+
P were put on the mirror plane 

instead of two splited sites in pentagonal sites (Figure S1b). A 1 × 1 × 2 supercell was 

built, where two KP

+
P and two Pb P

2+
P ions are alternately distributed along [0 0 1] 

direction in one pentagonal site, shown in Figure S2. 

 

RESULTS AND DISCUSSION 

In the refining process, splits in pentagonal sites were included. Both PbP

2+
P and KP

+
P 

occupy 50% in pentagonal sites. Furthermore, the PbP

2+
P (PbRpR(2), PbRpR(3)) itself also 

split on both sides of (0 2 0) mirror plane,P

5
P similar to PbR2RKTaR5ROR15R.P

6
P In PKN, there are 

two PbRpR(2) or PbRpR(3) and one KRpR(2) or KRpR(3) sites in one pentagonal space with 
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occupancy of 25% for PbP

2+
P and 50% for KP

+
P (Figure S1a). To investigate the electron 

density distribution, DFT calculations were performed. Because of the complexity of 

the structure, a non-split model was used to simplify the calculation process, where 

the Pb P

2+
P were put on the mirror instead of two splited sites in pentagonal sites (Figure 

S1b). A 1 × 1 × 2 supercell was built, where two KP

+
P and two Pb P

2+
P ions are alternately 

distributed along [0 0 1] direction in one pentagonal site, see Figure S5. 

It should be noted that in DFT calculations, a simplified model was used because of 

calculation limit. We don’t take into account the spilt of Pb in 15-coodination sites. 

The results can not be used to quantificationally determine the electronic structures. 

Not withstanding its limitation, this study does reveal the trend of charge distribution. 

A more reasonable model may be built in future studies 
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Figure S2. Electron density difference of PKN calculated by DFT in different planes 

(a) – (d); (e) and (f) are enlarged view of selected regions in (c) and (a), respectively. 

The 0 and 100% in color scale correspond to 0.2 and 3.5 ÅP

-3
P, contours from 0.2 to 1.7 

ÅP

-3
P by 1.5 ÅP

-3
P step. 

 

 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



Fi

(5 1

igure S3. X

1 0) peaks.

XRD patternns at differeent temperattures. (b) Thhe evolution

 

n of (1 5 0)) and 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

 

Figure S4. Temperature dependence of specific thermal capacity measured by DSC. 
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Figure S5. Different slices of the 1 × 1 × 2 supercell used for DFT calculations. (a), 

an aerial view of the model. The colored plane responds to slices in (b) – (e).
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Table S1. Refined structural parameters of PKN at room temperature. 

Atom Sites x y z URiso Occ. 

Nb(1) 2a 0.00000(0) 0.00000(0) 0.00000(0) 0.0175(9) 1.000(0) 

Nb(2) 2a 0.00000(0) 0.49848(15) 0.00000(0) 0.0175(9) 1.000(0) 

Nb(3) 4d 0.17615(4) 0.10766(11) 0.00000(0) 0.0073(4) 1.000(0) 

Nb(4) 4d 0.31726(4) 0.39503(10) 0.00000(0) 0.0073(4) 1.000(0) 

Nb(5) 4d 0.39546(5) 0.18023(10) 0.00000(0) 0.0073(4) 1.000(0) 

Nb(6) 4d 0.10704(5) 0.32070(10) 0.00000(0) 0.0073(4) 1.000(0) 

KRpR(1) 4e 0.33106(17) 0.01059(18) 0.50000(0) 0.0262(31) 0.500(0) 

KRpR(2) 2b 0.00000(0) 0.16664(31) 0.50000(0) 0.0262(31) 0.500(0) 

KRpR(3) 2b 0.50000(0) 0.31335(34) 0.50000(0) 0.0262(31) 0.500(0) 

PbRpR(1) 4e 0.32765(7) 0.03435(11) 0.50000(0) 0.0105(13) 0.500(0) 

PbRpR(2) 4e 0.01658(12) 0.19331(14) 0.50000(0) 0.0105(13) 0.250(0) 

PbRpR(3) 4e 0.52381(12) 0.34354(14) 0.50000(0) 0.0105(13) 0.250(0) 

PbRt 4e 0.25407(5) 0.25187(10) 0.50000(0) 0.0193(7) 1.000(0) 

O(1) 2a 0.00000(0) -0.01791(10) 0.50000(0) 0.0165(5) 1.000(0) 

O(2) 2b 0.50000(0) -0.01419(15) 0.50000(0) 0.0165(5) 1.000(0) 

O(3) 4e 0.18697(7) 0.10043(11) 0.50000(0) 0.0165(5) 1.000(0) 

O(4) 4e 0.31084(7) 0.38155(11) 0.50000(0) 0.0165(5) 1.000(0) 

O(5) 4e 0.39045(6) 0.17083(11) 0.50000(0) 0.0165(5) 1.000(0) 

O(6) 4e 0.10810(6) 0.30024(10) 0.50000(0) 0.0165(5) 1.000(0) 

O(7) 4d 0.07968(6) 0.06945(11) 0.00000(0) 0.0172(4) 1.000(0) 

O(8) 4d 0.14382(7) 0.20753(11) 0.00000(0) 0.0172(4) 1.000(0) 

O(9) 4d 0.21619(3) -0.00428(12) 0.00000(0) 0.0172(4) 1.000(0) 

O(10) 4d 0.28640(7) 0.13483(10) 0.00000(0) 0.0172(4) 1.000(0) 

O(11) 4d 0.41953(7) 0.06777(11) 0.00000(0) 0.0172(4) 1.000(0) 
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O(12) 2a 0.50000(0) 0.20618(13) 0.00000(0) 0.0172(4) 1.000(0) 

O(13) 2a 0.00000(0) 0.27866(12) 0.00000(0) 0.0172(4) 1.000(0) 

O(14) 4d 0.08053(6) 0.41688(12) 0.00000(0) 0.0172(4) 1.000(0) 

O(15) 4d 0.21652(7) 0.34103(10) 0.00000(0) 0.0172(4) 1.000(0) 

O(16) 4d 0.35270(6) 0.27652(11) 0.00000(0) 0.0172(4) 1.000(0) 

O(17) 4d 0.42411(6) 0.41139(10) 0.00000(0) 0.0172(4) 1.000(0) 

Subscript “p” means in 15-coordination site, “t” means in12-coordination site. 
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Table. S2. atomic patameters refined from NPD at 550 °C. 

Name Sites x y z URiso Occ. 

PbRp 8j 0.1411(10) 0.6871(8) 0.5000(0) 0.0434(35) 0.2500(0) 

KRp 4h 0.1916(26) 0.6916(26) 0.5000(0) 0.1560(22) 0.5000(0) 

PbRs 2b 0.0000(0) 0.0000(0) 0.5000(0) 0.0430(13) 1.0000(0) 

Nb1 2d 0.0000(0) 0.5000(0) 0.0000(0) 0.0213(12) 1.0000(0) 

Nb2 8i 0.0736(3) 0.2150(3) 0.0000(0) 0.0222(6) 1.0000(0) 

O1 2c 0.0000(0) 0.5000(0) 0.5000(0) 0.0391(21) 1.0000(0) 

O2 8i -0.0036(4) 0.3453(3) 0.0000(0) 0.0294(9) 1.0000(0) 

O3 8j 0.0753(4) 0.2044(4) 0.5000(0) 0.0322(9) 1.0000(0) 

O4 4g 0.2155(4) 0.2846(4) 0.0000(0) 0.0318(17) 1.0000(0) 

O5 8i 0.1407(4) 0.0692(4) 0.0000(0) 0.0285(8) 1.0000(0) 
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Table. S3. Pb-O bond lengths in PbOR15R (PbRpR-O) and PbOR12R (PbRtR-O) polyhedral at 

RT. The shaded atoms are in the equatorial plane of PbOR15R and PbOR12R polyhedral (the 

same layer as Pb along c direction). 

Atom 1 Atom 2 Count d [Å] Atom 1 Atom 2 Count d [Å] 

PbRpR3 O17 2  2.4901(19) PbRpR2 O8 2  3.4718(21) 

PbRpR2 O13  2.5103(22) PbRpR1 O4  3.6972(25) 

PbRpR2 O6  2.5243(30) PbRpR3 O16 2  3.8175(22) 

PbRpR3 O1  2.5351(32) PbRpR2 O1  3.8218(32) 

PbRpR1 O11 2  2.6229(13) PbRpR3 O4  3.8505(26) 

PbRpR1 O5  2.7037(27) PbRpR3 O5  3.9162(31) 

PbRpR1 O10 2  2.7691(19) PbRpR2 O3  3.9902(26) 

PbRpR1 O3  2.7722(21) PbRpR1 O15 2  4.0772(24) 

PbRpR1 O9 2  2.8743(13) PbRpR1 O6  4.3752(28) 

PbRpR3 O17 2  2.9135(20) PbRt O4  2.5481(26) 

PbRpR2 O6  2.9396(29)  O15 2  2.6224(17) 

PbRpR2 O8 2  3.0057(20)  O16 2  2.6685(12) 

PbRpR3 O4  3.0206(26)  O6  2.7396(18) 

PbRpR2 O7 2  3.1775(25)  O5  2.8328(20) 

PbRpR3 O16 2  3.1832(21)  O8 2  2.8864(14) 

PbRpR3 O12 2  3.1880(29)  O10 2  2.9381(20) 

PbRpR1 O2  3.1889(16)  O3  2.9814(25) 

PbRpR1 O14 2  3.3171(21)     

PbRpR2 O7 2  3.4306(25)     

PbRpR2 O3  3.4637(27)     

PbRpR3 O5  3.4690(32)     
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Table. S4. Pb-O bond lengths in PbOR15R (PbRpR-O) and PbOR12R (PbRtR-O) polyhedral at 550 

°C. The shaded atoms are in the equatorial plane of PbOR15R and PbOR12R polyhedral (the 

same layer as Pb along c direction). 

Atom 1 Atom 2 Count d [Å] 

PbRp O2 2  2.668 (9) 

 O4 2  2.955(10) 

 O1 1  2.967(11) 

 O2(2) 2  3.057(7) 

 O3 1  3.064(12) 

 O5 2  3.081 (8) 

 O3(2) 1  3.113(12) 

 O3(3) 1  3.597(13) 

 O5 2  3.711(11) 

 O3(4) 1  3.8543(5) 

PbRt O3 4  2.757 (4) 

 O5 8  2.8031(28) 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



REFERENCES 

1. Blöchl, P. E., Phys. Rev. B 1994, 50, 17953-17979. 
2. Kresse, G., Phys. Rev. B 1996, 54, 11169-11186. 
3. Kresse, G., Phys. Rev. B 1999, 59, 1758-1775. 
4. Perdew, J. P.; Burke, K.; Ernzerhof, M., Phys. Rev. Lett. 1996, 77, 3865-3868. 
5. Sciau, P.; Calvarin, G.; Ravez, J., Acta Crystallogr. Sect. B: Struc. Sci. 1999, 55, 
459-466. 
6. Sciau, P.; Lu, Z.; Calvarin, G.; Roisnel, T.; Ravez, J., Materials Research Bulletin 
1993, 28, 1233-1239. 

 

 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



<<
  /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
  /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

  /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 <>
    /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


