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Abstract: The interaction between curcumin(1,7-bis[4-hydroxy-3-methoxyphenyl]-1,6-heptadiene-3,5-dione) and 

ethylamines was studied in DMSO:H2O(5:1, v/v) using absorption and fluorescence measurements. The association 
constant, Kass, and the Stern-Volmer constants were calculated by the Benesi-Hildebrand and Stern-Volmer equation, 
respectively. Curcumin displayed marked UV-vis absorption changes and highly responsive fluorescence quenching 
in the presence of ethylamine and the quenching ability was enhanced almost linearly with the concentration of 
ethylamines. The apparent Stern-Volmer constant measured for the ethylamine-curcumin system was about 1000- 
fold greater than that of the triethylamine-curcumin system, indicating considerably greater quenching efficiency of 
ethylamines.
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1. Introduction

Curcumin is a yellow compound isolated from the root 

of Curcuma longa rhizomes and has been widely used as 

food additive in India and China for hundreds of years. 

Recently, curcumin has attracted much interest because 

several studies have demonstrated that this natural poly-

phenol has anti-inflammatory1,2), antioxidant1,3,4), antiviral5), 

antitumor6) and free radical scavenger properties7). 

Single crystal X-ray diffraction studies8) showed that in 

curcumin, the planar keto-enol form is stabilized by strong 

intramolecular-bonding between the hydroxyl and keto 

moieties. In a structural analysis of curcumin using Density 

Functional Theory(DFT), Kolev et al.9) showed that, 

according to the B3LYP/6-311G* calculation, the planar 

enol form was more stable than the nonpolar diketo form. 

A wide range of amines are pollutants in industrial and 

manufacturing areas because they are extensively used 

in the preparation of fertilizer, herbicides, pharmaceuti-

cals, surfactants, rubber latex, biological buffer sub-

stances and colorants. 

Turner et al. investigated the ability of a hemithioa-

cetal-based polymer to react with primary amines and to 

form a fluorescent isoindole complex10). 

Among various types of amines, ethylamine is a 

colorless, flammable liquid and an ammonia-like odor. 

It has an air odor threshold concentration of 0.95ppm 

of air. Inhalation exposure to ethylamine may cause 

eye irritation, tearing, conjunctivitis, and corneal edema. 

Qiu et al. worked with a supramolecular metal-organic 

frame work(MOF) constructed by two-dimensional infinite 

coordination polymers, [Zn(1,4-benzenedicarboxyate)-

(H2O)]m, and they evaluated the fluorescence response 

of the MOF nanosheets in the presence of ethylamine 

solution11). 

We have previously reported the colorimetric signaling 

of mono-, di-, and triethylamine based on intermo-

lecular CT interaction12) and have also described the 

naked eye sensing of ethylamine gas based on n-π 

intermolecular CT interaction using 2-chloro-3,5-dinitro-

benzotrifluoride as an acceptor13). In addition, the effect 

of acid/base on the absorption and emission of curcumin 

was investigated14). 

In this paper, we attempted to investigate the in-

teraction between curcumin and ethylamines by spectro-
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scopy. The association constant and the Stern-Volmer 

constants were calculated by the Benesi-Hildebrand and 

Stern-Volmer equation. 

2. Results and Discussions

2.1 The absorption spectrum

Figure 1 shows the changes in the absorption spectrum 

of curcumin upon addition of the ethylamines. 

Upon addition of ethylamines, the band at 410nm pro-

gressively decreased, whilst a new band with a peak 

at 550nm formed, resulting in a red colored solution.

The maximum absorption band displayed a bath-

ochromic shift of 140nm. The presence of an isobestic 

points at 455nm indicates that only two species coexist 

at the equilibrium. Upon addition of HCl, the red 

colored solution of curcumin became gradually yellow 

and recovered the initial state.  

2.2 The association constant Kass by the 

Benesi-Hildebrand

The stoichiometry and association constant of the 

curcumin-ethylanine complex are established by use of 

the Benesi-Hildebrand method15-18). 

When assuming a 1:1 association between curcumin 

and ethylanines, the Benesi-Hildebrand expression(1) is 

given as follows:




max 


max 

 ... (1)

  where,

  A : the absorbance obtained with anion
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Figure 1. UV-vis spectra changes of curcumin(1x10-5M) upon addition of (a) ethylamine, (b) diethylamine,

(c) triethylamine in DMSO:H2O(5:1, v/v).

  A0 : the absorbance of curcumin       

  Amax : the absorbance obtained with excess amount 

of ethylamines

  [ethylamine] : the concentration of the ethylamines

  According to the linear Benesi-Hildebrand ex-

pression, the measured absorbance [1/(A-A0)] at 550nm 

varied as the function of 1/[ethylamines] in a linear 

relationship. 

As depicted in Figure 2, plot of 1/ (A-A0) versus 

1/[ethylamines] presents a linear relationship, which 

indicates that the interaction of curcumin with ethy-

lamine, diethylamine and triethylamine is in a 1:1 

stoichiometry having the binding constant of Kass =

1.96x104, 2.86x102 and 3.22M-1 for ethylamine, 

diethylamine and triethylamine, respectively, which 

indicates that the reaction occurs more readily in fo-
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Figure 2. Benesi-Hildebrand plot(absorbance at 550nm)

of curcumin assuming 1:1 binding stoichiometry with

(■) ethylamine, (●) diethylamine, (▲) triethylamine.
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llowing order: ethylamine > diethylamine > triethylamine.

2.3 Chemical structure of curcumin

Chemically, curcumin is diferuloylmethane molecule, 

containing two ferulic acid residues linked by a methy-

lene bridge, as shown in Figure 3. 

While the beta-diketone moiety undergoes keto- 

enol tautomerization, curcumin exists in solutions pre-

dominantly in the enol form19). 

The curcumin molecules are deprotonated by added 

ethylamines thus giving rise to red solutions. 

A theoretical study in agreement with the formula 

Figure 3. Chemical structure of keto, enol and dianion

forms of curcumin.
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Figure 4. Fluorescence spectra of curcumin(1x10-5M) upon addition of (a) ethylamine, (b) diethylamine, (c) 

triethylamine in DMSO:H2O(5:1, v/v).

shown in the Figure 3 has suggested the formation of 

a dianion in basic media20).

2.4 Fluorescence intensity

The effect of the ethylamines on curcumin fluorescence 

intensity is shown in Figure 4. 

The fluorescence intensity of curcumin also decreases 

upon addition of ethylamines without obvious changes 

in emission wavelength. 

2.5 The Stern-Volmer constants by the 

Stern-Volmer equation

  The fluorescence quenching was described by the Stern 

-Volmer equation(2):




  .................................... (2)

where, 

I, I0 : the fluorescence intensities of the curcumin in 

the absence and presence of ethylamines

[ethylamine] : the concentration of the ethylamines

Figure 5 shows the Stern-Volmer plots describing 

the I0/I as a function of ethylamine concentration. The 

coefficient of the linear fits are 0.999, 0.979 and 

0.989 for ethylamine, diethylamine and triethylamine, 

respectively.

It indicated that the quenching ability of ethy-

lamines to curcumin is enhanced almost linearly with
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Figure 5. Stern-Volmer plots for the fluorescence 

quenching of curcumin(1x10-5M) by (■) ethylamine, (●) 

diethylamine, (▲) triethylamine at 20℃. λex = 430nm.

the concentration of ethylamines. 

  The apparent Stern- Volmer constant measured for 

the ethylamine-curcumin system was Ksv = 3.08 x104 

which is about 1000 fold greater than for the 

triethylamine-curcumin system (Ksv = 5.16), indicating 

considerably greater quenching efficiency of 

ethylamine. 

Acknowledgements

This work was supported by the National Research 

Foundation Korea(NRF) grant funded by the Korea 

Government(MSIP)(2014002985). 

This research was supported by Kyungpook National 

University Research Fund, 2012. 

References

 1. A. J. Ruby, G. Kuttan, K. D. Babu, K. N. 

Rajasekharan, and R. Kuttan, Anti-tumour and Anti-

oxidant Activity of Natural Curcuminoids, Cancer 

Lett., 94, 79(1995).

 2. A. Duvoix, R. Blasius, S. Delhalle, M. Schneken-

burger, F. Morceau, E. Henry, M. Dicato, and M. 

Diederich, Chemopreventive and Therapeutic Effects 

of Curcumin, Cancer Lett., 223(2), 181(2005).

 3. T. Masuda, K. Hidaka, A. Shinohara, T. Maekawa, 

Y. Takeda, and H. Yamaguchi, Chemical Studies 

on Antioxidant Mechanism of Curcuminoid:  Analysis 

of Radical Reaction Products from Curcumin, J. 

Agric. Food Chem., 47(1), 71(1999).

 4. C. X. Zhou, X. Y. Zhang, X. W. Dong, Q. F. 

Tao, H. Dou, R. P. Zhang, K. X. Huang, X. K. 

Li, C. X. Chen, S. Zeng, and Y. Z. Chin, Three 

New Diarylheptanoids and their Antioxidant Property, 

Chem. Lett., 18, 1243(2007).

 5. A. Mazumder, N. Neamati, S. Sunder, J. Schulz, H. 

Pertz, E. Eich, and Y. Pommier, Curcumin Analogs 

with Altered Potencies against HIV-1 Integrase as 

Probes for Biochemical Mechanisms of Drug Action, 

J. Med. Chem., 40(19), 3057(1997).

 6. A. Khar, A. M. Ali, B. V. V. Pardhasaradhi, Z. 

Begum, and R. Anjum, Antitumor Activity of Cur-

cumin is Mediated through the Induction of Apo-

ptosis in AK-5 Tumor Cells, FEBS Lett., 445(1), 

165(1999).

 7. N. Sreejayan and M. N. Rao, Free Radical Scavenging 

Activity of Curcuminoids, Arzneim Forsch., 46(2), 

169(1996).

 8. J. T. Mague, W. L. Alworth, and F. L. Payton, 

Curcumin and Derivatives, Acta. Cryst. C., 60, 608 

(2004). 

 9. T. M. Kolev, E. A. Velcheva, B. A. Stamboliyska, 

and M. Spiteller, DFT and Experimental Studies 

of the Structure and Vibrational Spectra of Cur-

cumin, Int. J. Quant. Chem., 102, 1069(2005).

10. S. Subrahmanyam, S. A. Piletsky, E. V. Piletska, B. 

Chen, R. Day, and A. P. F. Turner, “Bite- and- 

Switch” Approach to Creatine Recognition by Use 

of Molecularly Imprinted Polymers, Adv. Mater., 

12, 722(2000).

11. Z. Q. Li, L. G. Qiu, W. Wang, T. Xu, Y. Wu, 

and X. Jiang, Fabrication of Nanosheets of a Fluo-

rescent Metal-organic Framework [Zn(BDC)(H2O)]n 

(BDC=1,4-benzenedicarboxylate): Ultrasonic Synthesis 

and Sensing of Ethylamine, Inorg. Chem. Commun., 

11, 1375(2008).

12. S. Y. Gwon, J. S. Bae, Y. A. Son, S. Wang, and S. 

H. Kim, Colorimetric Signaling of Mono-, Di-, 

and Triethylamine Based on Intermolecular n-π

Charge Transfer Interaction, Fibers. Polym., 10(6), 

855(2009).

13. E. M. Lee, S. Y. Gwon, Y. A. Son, and S. H. Kim, 

Fast Ethylamine Gas Sensing based on Inter-

molecular Charge-transfer Complexation, Chin. Chem. 



344                                Sung Hoon Kim · Seon Yeong Gwon · Eun-Mi Lee · Jin-Seok Bae

한국염색가공학회지 제 27권 제 4호

Lett., 23(4), 484(2012).

14. S. H. Kim, S. Y. Gwon, S. M. Burkinshaw, and Y. A. 

Son, The Photo- and Electrophysical Properties of 

Curcumin in Aqueous Solution, Spectrochimica 

Acta Part A., 76, 384(2010).

15. H. J. Kim, J. E. Park, M. G. Choi, S. Ahn, and S. 

K. Chang, Selective Chromogenic and Fluoro-

genic Signalling of Hg2+ Ions using a Fluorescein 

-coumarin Conjugate, Dyes and Pigments, 84(1), 54 

(2010).

16. J. R. Jadhav, C. H. Bae, and H. S. Kim, Fluor-

escence Sensing of H2PO4 by a Imidazolium-based 

Cholestane Receptor, Tetra. Lett., 52, 1623(2011).

17. J. S. Bae and S. H. Kim, Spectral Properties of a 

pH Responsive Water Soluble Spironaphthoxazine 

and Its Multi-Switching Property, Textile Coloration 

and Finishing, 25(1), 18(2013).

18. J. S. Bae, S. Y. Gwon, and S. H. Kim, Anth-

raquinone-carbamodithiolate Assembly as Selective 

Chromogenic Chemosensor for Fe3+, Textile Colo-

ration and Finishing, 25(1), 13(2013).

19. F. Zsila, Z. Bikadi, and M. Simonyi, Unique, pH 

-dependent Biphasic Band Shape of the Visible 

Circular Dichroism of Curcumin-serum Albumin 

Complex, Biochem. Biophys. Res. Commun., 301(3), 

7762(2003).

20. F. Zsila, Z. Bikadi, and M. Simonyi, Circular Di-

chroism Spectroscopic Studies Reveal pH Depen-

-dent Binding of Curcumin in the Minor Groove 

of Natural and Synthetic Nucleic Acids, Org. Biomol. 

Chem., 2, 2902(2004).



<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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


