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ESI 1: Details of EXAFS facility, samples and measurements

The measurements were performed in the fluorescence yield mode with a Si avalanche
photodiode as a fluorescence detector and an ionization chamber as an incident beam intensity
monitor. For the measurements, wet slurry of each bentonite sample was spread over an ash-less
filter paper. The measurements were performed at the Eu L;-edge (Eo~7617 eV) since Eu L;-
edge spectra (Eg~6977 eV) appeared to be spoiled by the occurrence of Fe K-edges (Eo~7120
eV) due to the presence of iron in bentonite. The series of samples measured included (a) 1x10™
M Eu(III) in bentonite suspension (1 g/L) at pH 3, 5 and 8 and I = 0.01 M (NaClO,), (b) 1x10™
M Eu(III) + 1x10™* M CA in bentonite suspension (1 g/L) at pH 4, and I = 0.01 M (NaClO4), and
(c) 1x10™* M Eu(II) + 1x10™* M HA in bentonite suspension (1 g/L) at pH 4, and I = 0.01 M
(NaClOy4). The EXAFS spectra were processed with Athena and Artemis software codes from
the IFEFFIT package. The multisphere fitting of normalized EXAFS curves y(k) was performed

in the photoelectron wave number range k 2.0-10.0 A™ (the range available is limited by the
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occurrence of Eu L;-edge) with the k* weighting scheme using the photo-electron theoretical

phases and scattering amplitudes calculated by FEFF.

ESI 2: Characterization of raw bentonite by XRD (2(a)) and FTIR (2(b))
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ESI 2(a): Powder XRD data (in d values) of raw bentonite
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ESI 2(b): FTIR of raw bentonite in KBr pellet

Bond Mode Frequency, cm’” References
Quartz -—- 459.07,798.56
(1085,797,778,694,511,460)
Si-O-Si Stretching 476.43
Al-O-Si Stretching 524.66 [1-3]
Al-Al-OH Stretching 918.15
Si-O In plane bending 1043.52
Si-O Out of plane 1112.96
H,O bending 1629.90
H,O in Benonite Bending 3406.40
H,0 in Benonite Stretching 3637.86
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ESI 3: Potentiometric titrations of humic acid
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ESI 3:Variation of pH of humic acid solution with the addition of
stanadard alkali (0.067 M NaOH) /: 0.01 M NaCIO,; T - 298 K)
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ESI 4: Sorption Kinetics
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ESI 4: Kinetics of sorption of Eu(lll) on bentonite at pH =4 +0.05;
Bentonite =1g/L; /=0.01 M (NaCIO,); T=298 K
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ESI 5: Gran plot and calculation details

2

The values of the Gran function (G) were calculated as:*> (refers to 32 no. reference of

manuscript)
On the acidic side: G, =(Vy + Vo + V) - 1077 - 100 (1)
On the alkaline side: G, =(Vy +V + Vi) - 10"735P . 100 2)

where, V 1is the initial volume of the bentonite suspension, and V, and V3, are the total
volumes of acid solution and of hydroxide ions (OH ) added at the different titration points,
respectively. As the bentonite suspension was acidified before the alkali titration, the OH added

to the suspensions were consumed in the following three steps as shown in the Gran plot:
(a) neutralization of excess H' in the suspension (before Vep,),

(b) reactions with the various surfaces active groups (between Ve, and Vo), and

(c) contributing to the system pH (after V).

The specific volumes, Ve, and Vepa, could be obtained from the linear regression analysis of the
Gran plots. The Ve, could be considered as the point the zero titration (The point before which
there were no surface reactions consuming OH except simple acid—base neutralization of

additional protons). The ‘TOTH’ was calculated using the following relation:

TOTH ==V = Ver1)*Cp /(Vo + Var + V) (mol/L), (3)

Where, Cy, is the concentration of standard NaOH.
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The data points from the hydroxide titration curve commencing after the point of zero charge
calibration, were utilized in a nonlinear least-squares optimization program (FITEQL 4.0) to
estimate the surface acidity constants.** The surface site concentration (Hs) was also derived
from Gran plot using two equivalent points in the Gran plots, as given by the following

equation:*

Hg = (VebZ - Vebl)sample ch - (Veb2 - Vebl)blank ch Vo (mOI/L) (4)
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ESI 6: Sorption profiles of different trivalent metal ions on to bentonite
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ESI 6: Sorption profile of tracer concentrations of different metal ions
as a function of pH; [Bentonite]: 1 g/L; I: 0.01 M (NaCIO,); T: 298 K
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ESI 7: Calibration plot for quantification of sorption of humic acid onto suspended
bentonite
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ESI 7: : Calibration plot for HA estimation by
spectrophotometry ; A__: 400 nm
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ESI 8: Species distribution of Eu(IIl) in the presence of citrate ion as a function of pH
(curves generated by Visual Minteq 3.0 Software using inbuilt data base)
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ESI 8(a): Speciation calculation of Eu(lll) as a function of pH;
[Eu(i)]: 10° M; I: 0.01 M (NaClO,)
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ESI 8(b): Speciation calculation of Eu(lll) in the presence of citric acid;
[Eu(i)]: 10° M; [cit]: 10 M; I: 0.01 M (NaClO,)
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ESI 9: Gd(IIT) sorption on bentonite in the presence of humic and citric acids
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ESI 9: Sorption of Gd(lll) on bentonite in the presence of diffrent ligands;
[Gd(I]: 1x10* M; [cit]: 1x10™* M; [HA]: 10 mg/L; I: 0.01 M (NaClO,)
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ESI 10: Species distribution of Gd(III) in the absence/presence of citrate ion as a function
of pH (curves generated by Visual Minteq 3.0 Software using inbuilt data base)
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ESI 10: Speciation of Gd(lll) in the absence and presence of CA;
[Ga(I]: 1x10°* M; [cit]: 1x10°* M; I: 0.01 M (NaCIO,)
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ESI 11: Species distribution of Gd(III) in the presence of humic acid as a function of pH
(curves generated by Visual Minteq 3.0 Software using inbuilt data base)
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ESI 11: Speciation of Gd(lll) in the absence and presence of HA;
[Gd(Il)]: 1x10* M; [HA]: 10 mg/L; I: 0.01 M (NaClO))

13




<<

  /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

  /CreateJDFFile false

  /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



  /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



