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1. Introduction

Rhodamines are fluorophores composed of the group
of xanthenes with fluorescein and eosin dye. These
rhodamines have attracted by many scientists due to
their promising optical functions and photochemical
properties1-5). Rhodamine 6G is one of these dye classes
and has been researched toward its higher fluorescent
opto-properties. This fluorescent property can be utilized
into the various parts of analysis and measurement
process. For this reason, rhodamine based dyes can be
applied for solvatofluorochromism. The fluorescence
spectrum of a solvatochromic probe molecule, namely
fluorochromism, is a property of changing its fluorescent
emission with the subjected solvent polarity.
This phenomenon depends on different dipole moments

and energy gaps between the ground and excited state.
These dyes can be applied into the sensor probes for the
determination of solvent polarity and utilized as the
potential application tools for the fluorophore sensor
toward volatile organic compounds2,3,6-9).
In this context, we have herein designed and synthe-

sized a novel rhodamine 6G based dye compound.
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This prepared dye compound was determined with the
properties of fluorescent solvatochromic functions. The
dye showed the bathochromic absorption and emission
shift with increasing solvent polarity. As a fluorescent
emission probe, this dye showed significant "turn-on"
type of fluorescent responses with polar solvent media,
especially acid media. In addition, related electron
energy states of the dye compound such as HOMO and
LUMO state were also characterized by computational
calculations.

2. Experimental

All reagents and solvents used for the synthesis of
rhodamine 6G based dye, were purchased from Aldrich
and used without further purification. 1H-NMR spectra
were recorded on an NMR spectrometer JEOL-AL400
operating at 400MHz. Chemical shifts were referenced
to internal Me4Si (TMS). The absorption and fluorescent
spectra were measured with an Agilent 8453 spectro-
photometer and a Shimadzu RF-5301PC fluorescent
spectrophotometer, respectively. The elemental analysis
was performed by a Thermoc-Flash EA 1112 Automatic
elemental analyzer. Mass spectra were recorded on a
Shimadzu QP-1000 spectrometer using electron energy
of 70eV and the direct probe EI method.
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Figure 1. Synthetic routes of dye 1.

Electron distributions and energy potentials were calcu-
lated with Material Studio 4.3.
Rhodamine 6G based dye compound was synthesized

through 2step reaction with rhodamine 6G hydrazide and
indole-3-carboxaldehyde6,15). The synthetic procedure of
dye 1 was illustrated in Figure 1.
Rhodamine 6G (2g, 4.18mmol) was dissolved in 40ml

MeOH. To the solution, hydrazine hydrate (2.5ml) was
added dropwise. Ensuing mixture was refluxed until the
red color disappeared. After cooling to room temperature,
the solution was poured into distilled water (800ml) for
1day. Thereafter, the solid precipitate was filtered and
dried in vacuum for 1day. Without further purification,
next step was proceeded.
Rhodamine 6G hydrazide (0.428g, 1.1mmol) and indole

-3-carboxaldehyde (0.1596g, 1.1mmol) were refluxed
in methanol with 3 drops of acetic acid. After 4hrs of
stirring, white precipitates were obtained. These white
solids were filtered off, washed with ethanol and dried
in vaccum. The yield was 63%. 1H NMR (CDCl3) : 9.21
(s, 1H); 8.19 (s, 1H); 8.02-7.99 (m, 2H); 7.50-7.48 (m,
2H); 7.33-7.32 (d, 1H); 7.20-7.12 (m, 3H); 6.43 (s, 2H);
6.38-6.26 (t, 2H); 3.57-3.44 (d, 2H); 3.22-3.17 (m, 4H);
2.95-2.88 (d, 1H); 1.91-1.86 (d, 6H); 1.39-1.25(m, 3H);
1.10 (s, 1H); 0.89-0.86 (t, 2H). Anal. Calcd: for
C35H33N5O2:C, 75.58 H, 5.93 N, 12.59, O, 5.7 Found: C,
71.86 H, 5.68 N, 11.39, O, 7.34. MS m/z: 555 (M+).

3. Results and Discussion

We have studied the synthesis of novel solvatofluor-
ochromic dye compound and its related absorption and
emission optical properties in various solvent polarities.
Dye 1 showed good solubility with hexane, diethyl ether,
THF, EA, pyridine, acetic anhydride, DMSO,
aceticacid and formic acid. These investigated solvents

were
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Figure 2. Absorption spectra of dye 1 in various solvents.

various from non-polar to polar properties. As shown in
Figure 2, dye 1 did not show noticeable solvent effects
(solvatofluorochromism) in its maximum absorption wave-
length with most applied solvents.
However, the clear absorption wavelength shifts were

observed with acetic and formic acid, which can be
considered as the promising molecular probe toward acid
media detection sensor.
With applying sufficient excitation energy at 365nm,

solvatofluorochromic effect was observed. Noticeable
emission shifts were observed in fluorescent intensity
spectra as shown in Figure 3. These fluorescent intensities
show various values in different solvents.
In particular, clear new emission wavelength shifts in

Figure 3were also observed in acetic acid and formic
acid, which are well agreed with the results as shown in
Figure 2. Through the fluorescent emission spectra, it was
monitored that the emission spectra wavelength increased
with increasing solvent polarities. In this regard, we
anticipated that these different emission spectra values in
different solvents may be influenced by solvatofluoro-
chromic effect. Furthermore, the wavelength values of
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Figure 3. Fluorescent emission spectra of dye 1 in various
solvents.

absorption and fluorescent emission were clearly shifted
in acid solvents compared to other solvents. This finding
is well agreed with Figures 2 and 3.
Especially in acetic acid, the clear lemonish- yellow

fluorescent emission was observed. Commonly, this
acetic acid is classified into one of volatile organic
compounds (VOCs)7). Accordingly, we may anticipate
that this dye 1 can be utilized as the probe sensor
toward VOCs, namely the detection sensor probe for
hazardous VOCs7).
For further investigation on solvatofluorochromic

effect of dye 1, the λmax em values of dye 1 in various
solvents and ET(30) are tabulated in Table 1.
These ET(30) values are an empirical parameter of

solvent polarity. Namely, the transition energy for
pyridinium-N-phenoxide betain dye, expressed in kcal
mol-1, is used as a polarity parameter. It is possible to
determine the chromic effects using nearly 362 different
solvents8,9,16).

Figure 5. The fluorescent emission photograph of dye 1 in various solvents.

Solvent λmax em ET(30)

Hexane 413 31.0

Diethyl ether 413 34.5

THF 412 37.4

EA 432 38.1

Pyridine 422 40.5

Acetic anhydride 466 43.9

DMSO 442 45.1

Formic acid 553 54.3

Acetic acid 557 51.7

Table 1. λmax em and ET(30) values of dye 1 in various
solvents
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Figure 4. The liner plots on plotting max emλ versus solvent
polarity parameter ET(30) (kcal/mol-1).

With λmax em and ET(30) values shown in Table 1, we
have obtained a linear plot of dye 1 on plotting λmax em

versus the solvent parameter as represented in Figure 4
and the corresponding fluorescent emission photographs
of dye 1 in several solvents are also shown in Figure 5.
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The linear relationship and features of fluorescent
emissions indicate that λmax em values increased with
increasing solvent polarity. R2 value was calculated for
0.83803. Fluorescent emissions changed from blue to
yellow were also observed with naked eye. From the
results of Figures 4 and 5, the dye 1 showed batho-
chromic shift with increasing polarity of solvents. It can
be proposed that this effect occurred by the interaction
between decreasing energy gap of HOMO-LUMO and
increasing solvent polarity10,11).
With regard to above results, we have also inves-

tigated the geometrical shape and HOMO/LUMO energy
levels of dye 1. Geometrical structure and molecular
orbital calculations were performed with measuring a
Material Studio 4.3 suite of programs which is the
quantum mechanical code using density functional theory.
Perdew-Burke-Ernzerhof (PBE) function of generalized
gradient approximation (GGA) level with double numeric
polarization basis set was used to calculate the energy
level of the frontier molecular orbits12-14). As shown in
Figure 6, the calculated molecular structure and the
electron distribution of HOMO and LUMO of dye 1

Figure 6. Electron distributions and HOMO/LUMO energy
levels of dye 1.

were observed. With comparison of HOMO and LUMO
electron state, electron localization was moved from
indole-3-carboxaldehyde to the unit of rhodamine 6G. It
is related with the system of intramolecular charge transfer
(ICT) property of dye 1 molecule and the change of
electron distribution from HOMO to LUMO causes to
the fluorescent intensity8).

4. Conclusions

We have synthesized a novel rhodamine 6G based
solvatofluorochromic dye 1. The prepared dye compound
was determined with the properties of solvatofluoro-
chromic functions. The dye showed the bathochromic
absorption and emission shifts with increasing solvent
polarity. As a fluorescent emission probe, this dye showed
significant "turn-on" type of fluorescent responses with polar
solvent media. The related electron energy level of dye
compound such as HOMO and LUMO state and the
electron density distribution were characterized by com-
putational calculations, which showed intramolecular
charge transfer system through dye 1 molecular structure.

Acknowledgment

This research was supported by the Basic Science Re-
search Program through the National Research Foundation
of Korea (NRF) funded by the Ministry of Education,
Science and Technology (No. 20110022326). This research
was supported by a grant from the Fundamental R&D
Program for Core Technology funded by the Ministry of
Knowledge Economy, Republic of Korea.

References

1. M. Beija, C. A. Afonso, and J. M. Martinho,
Synthesis and Applications of Rhodamine Derivatives
as Fluorescent Probes, Chem. Soc. Rev., 38(8),
2410(2009).

2. P. Bamfield, “Chromic Phenomena-Tech Appli-
cations of Color Chemistry”, The Royal Society of
Chemistry, Cambridge, pp.66-68, 2001.

3. M. C. Janzen, J. B. Ponder, D. P. Bailey, C. K.
Ingison, and K. S. Suslick, Colorimetric Sensor
Arrays for Volatile Organic Compounds, Anal.
Chem., 78(11), 3591(2006).

4. H. N. Kim, M. H. Lee, H. J. Kim, J. S. Kim, and



Synthesis and Properties of Novel Rhodamine 6G Fluorescent Dye Compound 157

Textile Coloration and Finishing, Vol. 24, No. 3

J. Yoon, A New Trend in Rhodamine-Based Chem-
osesnors: Application of Spirolactam Ring-Opening
to Sensing Ions, Chem. Soc. Rev., 37(8), 1465
(2008).

5. B. N. Ahamed, M. Arunachalam, and P. ghosh,
Thiomethoxychalcone-functionalized Ferrocene Ligands
as Selective Chemodosimeters for Mercury(II):
Single-crystal X-ray Structural Signature of the
[Hg8(mu8-S) (SCH3)12]2+ Cluster, Inorg. Chem.,
49(10), 4447(2010).

6. H. Li, J. Fan, F. Song, H. Zhu, J. Du, S. Sun, and
X. Peng, Fluorescent Probes for Pd2+ Detection by
Allylidene-Hydrazone Ligands with Excellent Selec-
tivity and Large Fluorescence Enhancement, Chem.
Eur. J., 16(41), 12349(2010).

7. H. Kim and G. Kwak, Combinatorially Responsive,
Polarity-Indicative, Charge Transfer Dye-Based Polymer
Gels for Odor Visualization in VOC Sensor Array,
Macromolecules, 42(4), 902(2009).

8. C. Reichardt, “Solvents and Solvent Effects in
Organic Chemistry, 3rd ed.”, John Wiley & Sons,
Weinheim, pp.389-470, 2003.

9. C. Reichardt, Solvatochromic Dyes as Solvent
Polarity Indicators, Chem. Reviews, 94(8), 2319(1994).

10. S. Wang and S. H. Kim, New Solvatochromic Mero-
cyanine Dyes Based on Barbituric Acid and
Meldrum’s Acid, Dyes and Pigments, 80(3), 314(2009).

11. Y. L. Fu, W. Huang, C. L. Li, L. Y. Wang, Y. S.
Wei, Y. Huang, X. H. Zhang, Z. Y. Wen, and Z.
X. Zhang, Monomethine Cyanine Dyes with an
Indole Nucleous: Microwave-Assisted Solvent-Free
Synthesis, Spectral Properties and Theoretical Studies,
Dyes and Pigment, 82(3), 409(2009).

12. B. Delley, An All-Electron Numerical Method for
Solving The Local Density Functional for Poly-
atomic Molecules, J. Chem. Phys., 92(1), 508(1990).

13. B. Delley, From Molecules to Solids with the DMol3

Approach, J. Chem. Phys., 113(18), 7756(2000).
14. A. D. Boese and N. C. Handy, A New Parame-

trization of Exchange-Correlation Generalized Gra-
dient Approximation Functionals, J. Chem. Phys.,
114(13), 5497(2001).

15. D. Kwak and T. Kim, Synthesis of Diamino-an-
thraquinonoid Blue Disperse Dyes Having Alkyl
Substituents Longer than Pentyl Group and their
Dyeability toward Pure Polypropylene Fibers, Textile
Coloration and Finishing(J. Korean Soc. Dyers &
Finishers), 24(2), 106(2012).

16. J. H. Kim, H. Y. Ma, S. Y. Yang, and S. J. Kim,
Analysis of Electrical and Physical Property of the
PU/MWNT Film and Dispersion Characteristics of
MWNT According to the Solvent, Textile Coloration
and Finishing(J. Korean Soc. Dyers & Finishers),
24(1), 69(2012).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 true
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


