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Abstract: We have designed and synthesized the colorimetric chemosensor through the reactions of 1,2-anthraquinone and

indol-3-carboxaldehyde. Due to its well conjugated D-n-A system and the existence of NH- fragment in indole moiety, we
expected that the chemosensor can detect target anions with NH- fragment in indole part of the structure. In this regard,
UV-Vis absorption spectra were measured to investigate sensing properties of the probe toward different anions in DMSO.
This chemosensor shows to detect fluoride anions with absorption change in intensity. These properties are mainly related to
the deprotonation effect. ICT system in this molecule was also observed by the computational approach using Material Studio

4.3 package.
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1. Introduction

The development of chemosensor using organic dye
molecules has been interested and investigated due to
its function to recognize the guest molecules such as
cations and anions"”. The biological and environmental
concerns are deeply related to various kinds of anions”.
Among well know available anions, fluoride and
cyanide ions show considerable interests and concerns
as guest analytes in chemosensor fields™”.

Fluoride ions are biologically important roles in
dental care and treatment of osteoporosis. However,

. . . 46,7
an excess of fluoride ion is hazardous*®”

. Cyanide
ions are also vital as raw materials in industrial
process and they are also highly toxic to the human
body™".

In this regard, chemosensor can be an important ma-
terial to monitor these anions. In addition, chemosensor
having dye structure is to be simple and convenient
with showing its optical changeg). In this context, mi-
scellaneous concepts of chemosensor have been studied

and introduced”'”.
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Herein, to detect fluoride anions, the chemosensor
probe was synthesized by the reaction using 1,2-
diaminoanthraquinone and indol-3-carboxaldehyde.

UV-Vis absorption spectra were monitored to inves-
tigate the detection properties of dye probe toward
different anions in solution. With the designed and
prepared dye chemosensor, it could detect and recognize

fluoride ions with absorption enhancement as expected.
2. Experimental

2.1 Materials and Measurement

All reagents and chemicals were purchased from
Aldrich Chemical Co. and TCI. Solvents were purified
by normal procedures and used under moisture free
atmosphere.

The other materials were commercial products and
were used without further purification. Elemental analysys
were recorded on a Carlo Elba Model 1106 analyzer.

UV-Vis absorption spectra were measured on an
Agilent 8453 spectrophotometer whilst fluorescence spectra
were measured on a Shimadzu RF-5301 PC fluore-
scence spectrophotometer. Mass spectra were recorded

on a Shimadzu QP-1000 spectrometer using electron



energy of 70 eV and the direct probe EI method.
'H-NMR spectra were recorded using a Varian Inova
400 MHz FT-NMR spectrometer with TMS as

internal standard.

2.2 Synthesis

Anthraquinone chemosensor having indole moiety
was synthesized according to the established literature
11,12)
procedure
mmol) and indol-3-carboxaldehyde (0.305g, 2.1 mmol)

were dissolved in 10 ml of nitrobenzene. The ensuing

. 1,2-Diaminoanthraquinone (0.5g, 2.1

mixture was refluxed for 20hrs.

After cooling to room temperature, the precipitate
was obtained by filtration and washed with hexane. To
further purification, the obtained solid was dissolved
and boiled in diethyl ether/chloroform and brown solid
was obtained using filtration. The product was washed
with mixture solvent and dried in vaccum. The purified
product was obtained in 65% yield. In Scheme 1, the
synthetic procedure of chemosensor was depicted.

'H-NMR (400 MHz) DMSO-ds: & (ppm) 7.22 (m,
2H), 7.51 (m, 1H), 7.91 (m, 2H), 8.06 (m, 2H), 8.22
(m, 2H), 8.59 (m, 1H), 8.59 (m, 1H), 11.91 (s, 1H, -NH),
12.93 (s, 1H, -NH). EA: anal. calcd. Cy4H14N,O,: C;
76.02, H; 3.61, N; 11.56. found C; 75.13, H; 3.77,
N; 11.61 %. M'=363.

3. Results and Discussion

In this work, the chemosensor was designed and
synthesized through the reaction between 1,2-diamino-
anthraquinone and indol-3-carboxaldehyde. Owing to
its well conjugated D-n-4 system and the existence
of NH- fragment in structure, we expected that this

chemosensor can detect anion on NH- fragment in

NH; CHO
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the indole moiety of the structure.

According to the observed results, absorption changes
of chemosensor were firstly monitored to determine
the selectivity of chemosensor (2x10°M) toward various
kinds of anions (lequiv.) such as F, CH;CO,, CI,
HSO4, Br, H,POs, CN, NOs and ClO4 in DMSO.

As shown in Figure 1, noticeable absorption changes
were observed after addition of F to chemosensor
solution. However, there were no changes in absorption
of other anion mixtures. In naked eye detection, the
same results were also obtained as shown in Figure 2.
Among various anions, the addition of F  anions into
chemosensor solution only induced the color change

from orange yellow to red.
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Figure 1. Absorption ratio of chemosensor (1x10°M) with
various guest anions (lequiv.) in DMSO.

Figure 2. Photo images of color changes for chemosensor

solutions with various guest anions in DMSO.
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Scheme 1. Synthetic procedure of chemosensor
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Figure 3. Absorption response of chemosensor (1x10'5M)

upon the addition of different mole concentrations for F
(0~4equiv.) in DMSO.

These findings proposed that the designed chemo-
sensor has been characterized with its sensing potential
toward F'.

The binding efficiency is an important sensing
factor toward selected target anion. In this regard,
absorption spectra of the chemosensor (ZXIO'SM) upon
the addition of different mole concentrations for F
(O~4equiv.) anions were investigated as shown in
Figure 3. Upon the addition of F  anion to the
chemosensor in DMSO, absorption band at 473nm
gradually decreased and a shifted new peak app-
eared. At the same time, the isosbestic point at
503nm was observed in the spectra. This isosbestic
point is good evidence showing that stable complex
formations between chemosensor and F anion are
present in solution'”.,

The binding stoichiometry between chemosensor and
F* was confirmed by Job's plot (Figure 4).

Job's plot was formed by continuous variations with
a total concentration of 10uM. The maximum absor-
bance was obtained at 503nm when the molecular
fraction of F° and chemosensor was close to 2:1,
suggesting 2:1 stoichiometry for the binding of chemo-
sensor and F".

According to the 2:1 stoichiometry supported by
the Job's plot, the function can be given as follows.
Where A; and A, denote the absorbance of chemo-
sensor in the presence and absence of F~ respectively;

Aoco stands for the absorbance measured when excess
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Figure 4. Job's plot of chemosensor and F in DMSO

solution.
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Scheme 2. Proposed 2:1 binding formation

amount of F added; K. is the association constant,
and [F] is the concentration of fluoride anions
added to the solution. A likely sensing mechanism
is proposed in Scheme 214D,

As shown in Scheme 2, these absorption changes
of chemosensor were caused by F anions being
induced complex formation. Especially, NH- fragment
in molecular structure has been studied due to its
efficient to detect anions by deprotonation'”. In this
connection, 'H-NMR spectroscopy employed to gain
a clear understanding and agreement of the complex
structure for chemosensor (1x10°M) toward F~ (0~
2equiv.) in DMSO-de.

Figure 5 showed that 'H-NMR spectra of chemo-
sensor upon the addition of F anion mole concen-
trations. For the present, proton of NH- fragment in

indole and pyrrole moiety for chemosensor was
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observed at 10.85ppm and 11.34ppm, respectively and
the peaks clearly disappeared as F~ anion were added.

This indicated that deprotonation of NH- fragment
was induced due to the binding with F ion. Fur-
thermore, all aromatic and olefinic protons were clearly
shifted to the up-field region. These findings indicate
that NH + F increased the electron density of
the olefinic and aromatic ring'’. The results supported
binding process of chemosensor as we expected that
NH- fragment was deprotonated by the complex with
F ions.

Modeling calculation of electron density distribution
of chemosensor was finally studied using this chemo-
sensor. All theoretical calculations were carried out
by DMol’ program of Material Studio 4.3 package,
having the quantum mechanical code using density
functional theory'*>".

Figure 6 showed electron distributions of chemo-
sensor for HOMO and LUMO

HOMO was distributed in indole moiety and was

states. Electron in

moved to anthraquinone moiety in LUMO.
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Figure 6. Electron distributions of HOMO and LUMO
energy levels for chemosensor.

This finding can suggest the ICT system property:
indicating a strong migration characteristic of electrons

in chemosensor.
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Figure 5. 'H-NMR spectra of chemosensor (1x10°M) with different mole conentrations of F (0, 1.0 and 2.0equi.) (400MHz,

DMOS-de).
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In addition, the energy gap between HOMO and
LUMO was also calculated in same approaches. The

finding of calculated value was 4E=1.447eV.

4. Conclusions

In this work, we have synthesized and reported a
novel chemosensor through the reaction of 1,2-dia-
minoanthraquinone and indol-3-carboxaldehyde. This
chemosensor displayed that significant changes in
absorption intensity upon the addition of F anions
were induced by the deprotonation of NH- fragment
in indole moiety. The molecular fraction of F and
chemosensor was close to 2:1 stoichiometry for the
binding of host and guest molecules. Deprotonation
of NH- fragment was induced due to the binding
with F~ ions and all aromatic and olefinic protons

were clearly shifted to the up-field region.

Acknowledgments

This research was supported by Kyungpook National
University Research Fund, 2013.

References

1. M. Formica, V. Fusi, L. Giorgi, and M. Micheloni,
New Fluorescent Chemosensors for Metal Ions
in Solution, Coordination Chemistry Review, 256,
170(2012).

2. T. S. Snowden and E. V. Anslyn, Anion Reco-
gnition: Synthetic Receptors for Anions and their
Application Current

Chemical Biology, 3(6), 746(1999).

3. R. M. Manez and F. Sancenon, New Advances

in Sensors, Opinion in

in Fluorogenic Anion Chemosensors, J. of Fluore-
scence, 15(3), 267(2005).

4. M. Cametti and K. Rissanen, Recognition and
Sensing of Fluoride Anion, Chemical Communications,
20, 2809(2009).

5. R. M. Manez and F. Sancenon, Fluorogenic and
Chromogenic Chemosensors and Reagents for
Anions, Chemical Reviews, 103, 4419(2003).

6. N. Kumari, S. Jha, and S. Bhattacharya, Color-
imetric Probes Based on Anthraimidazolediones

for Selective Sensing of Fluoride and Cyanide

10.

11.

12.

13.

14.

15.

Ion via Intramolecular Charge Transfer, J. of
Organic Chemistry, 76, 8215(2011).

L. Zang, D. Wei, S. Wang, and S. Jiang, A
Phenolic Schiff Base for Highly Selective Sensing
of Fluoride and Cyanide via Different Channels,
Tetrahedron Letters, 68, 636(2012).

T. Gunnlaugsson, M. Glynn, and G. M. Tocci,
Anion Recognition and Sensing in Organic and
Aqueous Media using Luminescent and Color-
imetric Sensors, Coordination Chemical Reviews,
250, 3094(2006).

S. L. E. Figueroa, M. E. Moragues, E. A. Climent,
R. M. Manez, and F. Sancenon, Chromogenic and
Fluorogenic Chemosensors and Reagents for Anions,
Chemical Society Reviews, 42, 3489(2013).

Z. Xu, S. K. Kim, and J. Yoon, Sensors for the
Optical Detection of Cyanide Ion, Chemical Society
Reviews, 39, 127(2010).

Y. Wnag, S. Y. Gwon, S. Wang, and S. H. Kim,
The Synthesis and Spectral Properties of a Stimuli
-responsive D-m—A Charge Transfer Dye Based
on Indole Donor and Dicyanomethylene Acceptor
Moiety, Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 86, 294(2012).
A. Y. Shaw, C. Y. Chang, H. H. Liau, P. J. Lu,
H. L. Chen, C. N. Yang, and H. Y. Li, Synthesis
of 2-styrylchromones as a Novel Class of Anti-
proliferative Agents Targeting Carcinoma Cells,
European J. of Medicinal Chemistry, 44(6), 2552
(2009).

J. Y. Park, S. Y. Gwon, N. S. Yoon, Y. A. Son,
and S. H. Kim, Isophorone and Pyrrole Based
Push-pull System Dye: Design, Preparation and
Spectral Switching on pH/fluoride lon, Fibers and
Polymers, 12, 692(2011).

H Kim, S. Lee, J. Lee, and J. Tae, Rhodamine
Triazole-Based Fluorescent Probe for the Detection
of Pt*', Organic Letters, 12, 5342(2010).

Y. Zhao, B. Zheng, J. Du, D. Xiao, and L. Yang,
A Fluorescent Probe for the Dual-
channel Detection of Hg(I) and Mg(Il) and its

“turn-on”

Application of Imaging in Living Cells, Talanta,
85(4), 2194(2011).

Textile Coloration and Finishing(J. Korean Soc. Dye. and Finish.), Vol. 26, No. 1



16. J. Wang, L. Long, D. Xie, and X. Song, Cu”"- Selective

“off-on” Chemosensor Based on the Rhodamine
Derivative Bearing 8-hydroxyquinoline Moiety and
its Application in Live Cell Imaging, Sensors
and Actuators B: Chemical, 177, 27(2013).

17. K. Huang, H. Yang, Z. Zhou, M. Yu, F. Li, X.

Gao, T. Yi, and C. Huang, Multisignal Chemo-
sensor for Cr’* and Its Application in Bioimaging,
Organic Letters, 10(12), 2557(2008).

18. Q. Wang, Y. Xie, Y. Ding, X. Li, and W. Zhu,

o

Colorimetric Fluoride Sensors Based on Depro-
tonation of Pyrrole-hemiquinone Compounds, Chemical
Communications, 46, 3669(2010).

TG} R A 268 A 1%

19.

20.

Young—A Son - Sung—Hoon Kim

B. Delley, An Allelectron Numerical Method for
Solving the Local Density Functional for Poly-
atomic Molecules, J. of Chemical Physics, 92,
508(1990).

M. Cho, Two-dimensional Vibrational Spectroscopy
VII, Investigation of the Vibronic and Vibrational
Couplings by using Novel Triply Resonant Two-
imensional Vibrational Spectroscopies, J. of Chemical
Physics, 113, 7746(2000).

21. A. D. Boese and N. C. Handy, A New Parame-

trization of Exchange-correlation Generalized Gradient
Approximation Functionals, J. of Chemical Physics,
114, 5497(2001).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


