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Experimental 
 
Synthesis: All polymer types were synthesized by either hydrothermal or ambient solvent 

diffusion methods. 1-Ln: 0.5mmol Ln(OAc)3.xH2O: 0.75mmol 2,2'-biphenic acid : 0.5mmol 

KOH in 2mL H2O, heated at T=160oC, 2 days. Large granular crystals filtered off, isolated 

yields varied from 68-78%.   Crystalline powder products filtered off, isolated yields varied 

from 85-93%.   

Phase identification and purity of phase types 1 was by powder X-ray diffraction, carried out 

on a Panalytical diffractometer operating with Xpert-pro strip-detector. The diffractograms 

were compared to simulated patterns from individual single crystal structure determinations 

and revealed no additional peaks or broad baseline maxima. Examples are given in the 

Supplementary data.  The polymer types were chosen due to the isostructurality across the 

lanthanide series enabling formation of solid solutions. Hetero-lanthanide polymers of 

different metal ratios were prepared either stoichiometrically by direct weighing of 

appropriate molar ratios of lanthanide acetates (e.g. for 50:50 or 25:75 samples) or through 

addition of standard solutions for more accurate doping of smaller amounts below 10%. 

Preferential incorporation of metals into the solid samples was found to be minimal by 

checking metal ratios by X-ray fluorescence spectroscopy. Values from hetero-polymers 

agreed within 5% to XRF standards made from mixing the appropriate ratios of homo-

polymers, thus indicating formation of random solid solutions. 

Photo-luminescence: PL measurements were made based on crystalline powder samples of 

compounds.  All samples were prepared in ca. 200mg quantity and used to fill a 1cm width 

spectrophotometric quartz sample cuvette. Excitation wavelength at 267 nm was generated 

from 3rd harmonics output of the femtosecond Ti: sapphire laser amplifier at 1kHz repetition 

rate. The laser pulse width was approximate 200 fs and the excitation power varied between 

0.025 to 1mW from run to run dependent on the strength of the PL response of the samples.  
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Similarly integration times for the emission spectrum were varied from 5ms to 500ms. To 

check the effect of the exciting wavelength a near-uv CW He-Cd source operating at 325nm 

was also used.  The experimental set-up is shown in the supplementary material; the laser 

focus would pass through the sample with a path length of ca 2mm. The photoluminescence 

(PL) is collected orthogonal to the incident beam by a collimating and focusing lens system 

and detected by a fiber coupled spectrometer/CCD system (Ocean Optics USB 2000) with 

spectral resolution about 2nm. Removal of residual 800nm line from the Ti sapphire source 

was carried out and in general the PL was measured and plotted between 300 and 700nm.   

Values for PL in the Tables are semi-quantitative and a variability of ca. 5% is found for 

sample based on multiple measurements.  The effect of sample particle size was found to be 

minimal based on comparisons of PL from coarse granular powder of 1-Ln compared to 

samples that had been finely ground. Quantum yield data were based on summation from all 

emission lines and obtained using an integrating sphere to collect the PL light, with the 

methodology adapted from that of Friend et al.[16] 
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Figure S1.  Schematic setup for measurement of powder sample photo-luminescence 

 

 

 

Figure S2. Schematic setup for quantum efficiency measurement (after Friend et al) 
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Figure S3. Emission Spectra for 1-Ln Homopolymers excited by 325 nm 

 

 

 

4G5/2  6H7/2 597nm 5D4 7F5 543nm 

5D0  7F2 614nm 4F9/2  6H13/2
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Figure S4.  Photoluminescent Energy Transfer Cascade proposed for 1-Ln  (Tb-Eu) 
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Figure S5. Photoluminescence for polymer types 1-Ln and [Ln(135-BTC)] using 325 and 
266 nm excitation for Ln = Eu and Ln = Eu0.02:Tb0.98.  
Note In all cases stronger signals seen at 2% Eu doping.  

 

  
Figure S6. Enhancement of Eu3+ Photoluminescence by Tb3+.  Intensity at 615nm versus Eu 
conc from 106 ppm to 100 ppm Eu at the Ln sites in 1-EuTb and [(EuTb)TMA)] respectively 
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The 2,2-biphenate (BPA) polymer 1-Ln shows clear enhancement with a well-defined peak,  
whilst the trimesate (TMA) polymer exhibits a 'plateau' we have found in many systems. 
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Figure S7.  Structure of Polymer Chains in 1-Ln, with atomic labelling below 
Ln (Pr) = dark green, O = red, C = black, H = pale green 
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Experimental and Simulated Powder Diffractograms: 
1-Ln [Ln2(BPA)3(H2O)2] BPA = 2,2-biphenate, C14H8O4;  

[L n2(B P A)3(H2O)2] 1-L n
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Above patterns based on Ln =Eu; an isostructural series found for all Ln. 

 
X-ray Fluorescence Data: 

  
Comparison of XRF results with 50:50 Hetero-polymer and  

50:50 mixed Homo-polymer of [(Eu:Tb)2(BPA)3(H2O)2] 
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Additional Photo-luminescent Data: 
 
Table S1.  Photoluminescent Intensities from 1-Ln [Ln(BPA)(H2O)2] Homo-polymers and 
50:50 Hetero-polymers using exciting wavelength of 325nm.  

 

1-Ln-@ 325nm Sm Eu Gd Tb Dy 

Sm (597nm) 25 0 540 420 9 

Eu (614nm) 900 3200 12000 12000 110 

Gd (none) 0 0 0 0 0 

Tb (543nm) 1000 2000 200000 340000 33000 

Dy (580nm) 27 30 7500 1500* 300 

 
Notes: Absolute values cannot be compared with 267nm excitation wavelength, since different laser powers and 
flux apply.  General trends are very similar. 
 
 
Table S2. Estimated Quantum Efficiencies 
 
The quantum efficiencies for various biphenate and trimesate polymers were estimated by the 
method of Friend et al. (reference 16) and using the experimental set up shown in Figure S2 
and excitation wavelength of 325nm. 
 

  La Lc Abs% QE% 

1-Tb 73123 28570 61  18.0  

1-Tb0.5Gd0.5 73123 19382 73  9.2  

1-Eu 73123 19364 74  0.09  

     

Tb(TMA) 17830 8265 54  14.0  

Eu(TMA) 17830 7983 55  5.3  

Eu0.5Tb0.5(TMA) 17830 10673 40  9.9  
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Table S3.  Europium and Terbium Emissions[a] in Eu-Tb(ss) Polymers  

 

Biphenate 1-Ln @325nm  

Eu% Tb% Eu signal Tb signal  

100 0 3200  0  

1 99 15400  44400   

0.5 99.5 10000  59700   

0.2 99.8 4000 56700   

0.1 99.9 2500 75500   

0.05 99.95 1900 97800   

0.02 99.98 800* 113000   

0.01 99.99 500* 114000   

0 100 0 340000   

 

[a] PL intensities listed at 614nm (Eu) first and 543nm (Tb) second. 

 
* Numbers becoming uncertain due to tailing from a Tb signal at 619nm. 

 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 (None)
  /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 <>
    /ENG ()
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


