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Time resolved fluorescence measurements 

Fluorescence transients have been measured and fitted by using commercially available 

spectrophotometer (LifeSpec-ps) from Edinburgh Instrument, U.K (excitation wavelength 409 

nm, 80 ps instrument response function (IRF)) with an attachment for temperature dependent 

studies (Julabo, Model F 32). The observed fluorescence transients are fitted by using a nonlinear 

least square fitting procedure to a function ( ) ( ) ( )' ' '
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exponential factors (Bi), characteristic lifetimes (τi) and a background (A). Relative 

concentration in a multi-exponential decay is finally expressed as; 
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the curve fitting is evaluated by reduced chi-square and residual data. 

To construct time-resolved emission spectra (TRES) we follow the technique described 

in references1, 2. As described above the emission intensity decays are analyzed in terms of the 

multi-exponential model, 
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where αi(λ) are the pre-exponential factors, with Σαi(λ)=1.0. In this analysis, we compute a new 

set of intensity decays, which are normalized so that the time-integrated intensity at each 

wavelength is equal to the steady-state intensity at that wavelength. Considering F(λ) to be the 

steady-state emission spectrum, we calculate a set of H(λ) values using, 
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which for multi-exponential analysis becomes, 
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Then, the appropriately normalized intensity decay functions are given by,  
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where α′i(λ)= H(λ)αi(λ). The values of I′(λ,t) are used to calculate the intensity at any 

wavelength and time, and thus the TRES. The values of the emission maxima and spectral width 

are determined by nonlinear least-square fitting of the spectral shape of the TRES. The spectral 

shape is assumed to follow a lognormal line shape2 
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with 1
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=α , where I0 is amplitude, ⎯νmax is the wavenumber of the emission 

maximum and spectral width is given by, ⎥⎦
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b
sinh(b) . The terms b and Δ are asymmetry and 

width parameters. The equation (S5) reduces to a Gaussian function for b=0. 

 

Design of the Temperature Dependent Accessory:  

Figure S1 detail on the temperature dependent setup in the commercially available 

fluorescence up-conversion setup, FOG100, CDP. The setup is made from a solid aluminum 

plate (width 7.5cm, height 7.8cm, thickness 1.3cm) that is bored inside to make hollow channel 



(Figure S1a). In this system another bore (3.1cm) has been made along the breadth of the setup. 

This setup is the base of the sample holder. The sample holder (Figure S1b) is made from 

another solid aluminum tube in which 3.1cm pore has been bored. The outer diameter of this cell 

holder (3.0cm) is such that this can fit well and rotate in the axis of hollow of 3.1cm bore of 

Figure S1a. The sample holder consists of three different parts (b, c, e). The liquid sample is 

taken between two quartz plates with a Teflon spacer of required sample thickness and placed in 

the body of the sample holder (Figure S1b) and the top cover of the sample holder “c” is 

tightened by using 3 screws. The other part “e” is the safety bolt of the sample holder. This 

sample holder is then inserted into the hole of the temperature dependent setup “a” and fitted 

with “e”.  The “e” is inner threaded with the same pitch of the thread of “b”.  Top view of the 

sample holder after fitting all the components is shown in “d”. 

Water, from an automated temperature bath (Julabo, model F32), is pumped to the 

container from one side (scheme S1) and filling the whole container, returns to the bath from 

another side. The temperature of the sample changes due to the thermal contact of the sample 

holder and the setup. The sample temperature of the system is calibrated by our own designed 

temperature sensor. We have observed that upon insertion of the temperature controlled cell-

holder in the up-conversion setup does not affect the instrument response function compared to 

that of the original setup supplied by CDP Company. 
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Figure Captions: 
 
Figure S1: Temperature dependent setup unit. (a) Temperature bath, (b) sample holder (c) top 

cover of the sample holder, (d) top view of the sample holder,(e) screw bolt of the 

sample holder. 

Scheme S1: Schematic representation of the temperature controlling unit. 

Scheme S2: Optimized structure of the molecular probe coumarin 500. 

 



<<
  /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
  /CreateJDFFile false
  /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

  /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


