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Experimental  
 
Materials and methods 
 
N1-(naphthalen-1-yl) ethane-1, 2-diamine and pyrene-1-carbaldehyde were purchased from 

Sigma Aldrich (India). The amino acids kit was purchased from Himedia (India).Other 

chemicals were of analytical reagent grade and used without further purification except when 

specified. Milli-Q Milipore 18.2 MΩ cm−1 water was used throughout all experiments. 

A Shimadzu-1800 UV-Vis spectrophotometer was used to measure UV-Vis spectra. Mass 

spectra were recorded on a QTOF MicroYA263 mass spectrometer in ES positive mode. 

Steady state emission and excitation spectra were recorded with a Perkin Elmer LS55 

fluorescence spectrometer. 1H NMR spectra were recorded in DMSO-d6 on a Bruker 

Advance 600 MHz instrument using TMS as internal standard. Systronics digital pH meter 

(model 335) was used to measure the solution pH. Either 50 mM HCl or KOH was used for 

pH adjustment. Geometries of NEDAP and NEDAP-His adduct are optimized by DFT 

(B3LYP/6-31G basis set) using Gaussian ‘03 software package.1 

Imaging system 
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The imaging system is composed of an inverted fluorescence microscope (Leica DM 1000 

LED), digital compact camera (Leica DFC 420C), and an image processor (Leica Application 

Suite v3.3.0). The microscope is equipped with a 50 W mercury arclamp and UV filter. 

Preparation of cells  

Candida albicans cells (IMTECH No. 3018) from an exponentially growing culture in 

a yeast extract glucose broth medium (pH 6.0; incubation temperature, 37 °C) were 

centrifuged at 3000 rpm for 10 min, washed twice in normal saline, and then treated with 50 

μM histidine for 30 minutes in normal saline. After incubation, the cells were washed again 

in normal saline, incubated with NEDAP (1 μM) for 15 minutes, and observed under a 

highpower fluorescence microscope. Cells loaded with NEDAP but not with histidine were 

used as the control. 

A Gram positive bacterial strain was  isolated from a tea garden soil, later identified 

as Bacillus sp. On the basis of 16S rDNA sequence homology and physio-biochemical 

characteristics. The bacteria isolate was grown in nutrient broth  (pH 7.00 at 37 0C  for 24 

hours. After 24 hrs  incubation one ml culture broth containing the bacterial cells was 

centrifuged at 3000 rpm for five minutes, the supernatant was discarded and  the cell pellet 

was washed twice in normal saline and  then incubated  in a solution of histidine (1 mg/ml) 

for one hour at 37 0C. After incubation they were again washed in normal saline and observed 

under fluorescence microscope using appropriate UV filter in presence and absence of the 

NEDAP.  

 

Calculation of Quantum Yield 

Fluorescence quantum yields (Ф) were estimated by integrating the area under the 

fluorescence curves using the equation2, 
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Where, A was the area under the fluorescence spectral curve, OD was optical density of the 

compound at the excitation wavelength and η was the refractive indices3 of the solvent. 

Tris(2,2’-bi pyridyl) ruthenium(II) was used as a reference with a known φ
ref 

value of 0.042 

in water.4 

 
Synthesis of NEDAP [(E)-N1-(naphthalen-1-yl)-N2-(pyren-1-ylmethylene) ethane-1,2-

diamine] (Scheme 1) 

To a solution of N1-(naphthalen-1-yl)ethane-1,2-diamine hydrochloride (466.2mg, 2.1 mmol 

in 10 mL dry methanol), pyrene 1-carboxaldehyde (500 mg, 2.10 mmol) was added in 

presence of excess NaHCO3. The reaction mixture was refluxed for 4 h. After removing the 

solvent using rotary evaporator, the crude product was subjected to column chromatography 

(hexanes: EtOAC = 85: 15, v/v). Yield, 80%.1HNMR (600 MHz, DMSO-d6) (Fig. S6, S7) in 

ESI):δ (ppm): 9.3 (1H, s); 8.9 (1H ,d, J = 9.6 Hz); 8.5 (1H, d, J = 7.8 Hz); 8.3 (2H, m) 8.2 

(4H, m); 8.1 (3H, m); 7.8 (1H, s); 7.5 (1H, s); 7.3 (1H, d, J = 10.2 Hz); 7.3  (1H, s); 6.4 (1H, 

d, J = 7.8 Hz) 6.3 (1H, m); 4.0 (2H, m,); 3.5 (2H, m,)   QTOF – MS ES+: [M +H+]+ (Fig. S8), 

calcd., 399.1; found, 399.1 (100%);  

Calculation of detection limit 

Fluorescence titration of NEDAP with histidine was carried out by adding aliquots of micro-

molar concentration of histidine. From the concentration at which there was a sharp change 

in the fluorescence intensity multiplied with the concentration of NEDAP gave the detection 

limit.5 

Equations used for calculating detection limit (DL) 

DL = CL × CT 

ref  sample 
sample ref  

sample  ref  ref

OD A
OD A

φ φ=
2

X X sample
X 2

X X

η

 

η
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CL = Conc. of NEDAP; CT = Conc. of histidine at which fluorescence enhanced.  

Thus;  

DL = 1 µM× 0.01 µM = 0.01 µM = 1 × 10-8 M 

 
 
 
 

 
 
Fig. S1 Plot of fluorescence intensity vs. externally added [His] (1-10 µM). Inset: linear 

portion of the plot (up to 1.0 µM histidine).  
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Fig. S2 Job’s plot for determination of stoichiometry of the [NEDAP – His] adduct (λEx = 

410 nm, λEm = 458 nm). 

 

Fig. S3 Mass spectrum of [NEDAP-His] adduct  
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Fig. S4  Determination of the binding constant of NEDAP with histidine using (F∞  – F0)/ (Fx 

– F0) = 1+ (1/K) ×(1/[C]n), where F∞, F0 and Fx are fluorescence intensities of NEDAP in 

presence of histidine  at saturation, free NEDAP and at any intermediate histidine 

concentration, respectively. Here [C] = [Histidine]. 

 

Fig. S5 Determination of binding constant of NEDAP with histidine using equation (ii).  
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Fig. S6 1H NMR spectrum of NEDAP (aliphatic region) in DMSO-d6 
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Fig. S7 1H NMR spectrum (aromatic region) of NEDAP in DMSO-d6 
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Fig.S8 Mass spectrum of NEDAP 

 

References 

1. Gaussian 03, Rev.C.02 (Gaussian Inc., Wallingford CT), 2004. 

2. E. Austin and M. Gouterman, Bioinorg. Chem.,1978, 9, 281. 

3. F. I. El - Dossoki, J .Chin. Chem. Soc.2007, 54, 1129. 

4  (a) A. Sahana , A. Banerjee , S. Lohar , B. Sarkar , S. K. Mukhopadhyay  and D. Das  
 
Inorg. Chem., 2013, 52,  3627; (b) J. Van Houten, R. J. Watts, J. Am. Chem. Soc., 1976, 98,  
 
4853. 
 
5.  G. L. Long, J. D.Winefordner, Anal. Chem.,1983, 55, 712A. 

 
 

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

http://pubs.acs.org/action/doSearch?action=search&author=Sahana%2C+A&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Banerjee%2C+A&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Lohar%2C+S&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Sarkar%2C+B&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Mukhopadhyay%2C+S+K&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Das%2C+D&qsSearchArea=author


<<
  /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


