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Abstract A single crystal of sodium and potassium cin-

namates was grown by slow evaporation of methanol

solution at room temperature. The effect of metals sodium

and potassium on the electronic structure of cinnamic acid

was studied. In this research many analytical methods such

as FTIR, UV, second harmonic generation (SHG) and TG–

DTA were used: The spectroscopic studies lead to con-

clusions containing the distribution of the electronic charge

in molecule, the delocalisation of p electrons and the

reactivity of metal complexes. The SHG efficiency is more

pronounced in the presence of sodium and potassium

dopant in the growth medium. Incorporation of sodium and

potassium increase the thermal stability ensuring the suit-

ability of material for possible non-linear optical (NLO)

application up to 180 �C.

Keywords Solution growth � Sodium and

potassium cinnamate � Single crystal � TG–DTA �
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Introduction

Cinnamic acid (3-phenyl-2-propeonic acid), a derivative of

phenyl alanine, composes a relatively large family of

organic isomers [1–4]. Thermal and spectral analyses are

very useful techniques for materials characterisation.

Therefore, many investigators have used these techniques

for many materials characterisation [2, 5–24]. In nature,

cinnamic acid derivatives are important metabolic building

blocks in the production of lignins for higher plants. Cin-

namic acid possesses antibacterial, antifungal and parasite

fighting abilities. Derivatives of cinnamic acid are impor-

tant pharmaceutics for high blood pressure and stroke

prevention and possess antitumour activity. Cinnamic acid

derivatives and flavonoids in wine create pigments and

tannin agents that give each vintage its characteristic

bouquet and colour. Cinnamic acid extensively studies not

only due to its important biological activity, but also

because of its specific structure. In the spectrum of cin-

namic acid the carboxylic group is separated from the

aromatic ring by a double bond. It causes conjugation

between the C=C and the p electron system. It is very

interesting to compare the electronic structures of cinnamic

acid and the structures of metal cinnamates.

Experimental

Sample preparation

The metal compounds were prepared by digesting appro-

priate weighed amount of cinnamic acid in methanol of

alkali metal thiocyanides in stechiometric ratio of 1:1.

Then methanol was evaporated in a dryer. The results of

elemental analysis are as follows; for sodium cinnamate
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C = 64% and H = 5%; for potassium cinnamate C =

59% and H = 4%.

Measurements

The FTIR spectra were recorded with a Bruker IFS spec-

trometer in the range of 400–4000 cm-1. Samples in the

solid state were measured in KBr matrix pellets which were

obtained with hydraulic press under 739 MPa.

The UV absorption spectra were recorded using a dou-

ble beam UV spectrometer in the spectral range 100–

400 nm.

The thermogravimetric and differential thermal analyses

were carried out on a Netzsch STA 409C thermal analyser

in the nitrogen atmosphere. The sample was heated between

30 and 800 �C at a heating rate of 10 �C per minute.

Results and discussion

FTIR spectral studies

The FTIR spectra of cinnamic acid, sodium and potassium

cinnamates, recorded in KBr pellet technique and in

organic matrix are presented in Figs. 1, 2 and 3. There is an

intensive band at 3445.72 cm-1 in sodium cinnamate,

3441.31 cm-1 in potassium cinnamate and broad bands in

the range 2359–2528 cm-1 assigned to the –OH stretching

vibrations of acid dimmers [25–27]. In this range there are

also the bands of the –CH stretching vibrations what is seen

in the Figs. 1, 2 and 3.

There are splitting bands assigned to the stretching

vibrations of the C=O group (i.e. 1891.28, 1667.56 and

1892.16, 1819.85 cm-1, respectively) in the infrared spec-

tra of sodium and potassium cinnamates. This indicates the

existence of different types of molecular packing and cin-

namic acid with the intermolecular packing and associates

cinnamic acid with intermolecular hydrogen bonds

C=O���H–O. Replacement of the carboxylic group hydrogen

with a metal ion causes a break down of the intermolecular

hydrogen bonding and the characteristic changes in the IR

spectra of acid appeared. Namely, the disappearance of

bands which originate from stretching cOH vibration, an

appearance of bands of the unsymmetric and symmetric

vibration of the carboxylate anion cas(COO-) shifted

towards wave numbers along the series (Na ? K) in FTIR

spectra. Moreover, band wave numbers of bS(COO-)

decrease along the metal series (Na ? K). This indicates

the formation of sodium and potassium cinnamates.
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Fig. 1 FTIR spectrum of cinnamic acid
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Fig. 2 FTIR spectrum of sodium cinnamate
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Fig. 3 FTIR spectrum of potassium cinnamate
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UV spectral analysis

The UV spectra for cinnamic acid and alkali metal cinna-

mates are shown in Figs. 4, 5 and 6. In alkali metal cin-

namates, the p–p* absorption band shifted to lower

wavelength compared to cinnamic acid. This is because of

the formation of co-ordinated bond between metal with

cinnamic acid, thus greater energy required for this tran-

sition and hence the absorption shows the blue end of the

spectrum.

Second harmonic generation efficiency

An Nd:YAG laser with modulated radiation of 1064 nm

was used as the optical source and directed on the powder

sample through a filter. The doubling frequency was con-

firmed by the green radiation of 532 nm. Input radiation is

5.35 mj/pulse. Interestingly, second harmonic generation

(SHG) gives an indication of NLO efficiency of the

material [28]. Nonlinearity is facilitated in the presence of

dopant. The dopant has catalytic effect on the NLO prop-

erties of cinnamic acid crystals. It is interesting to observe

that the SHG efficiency is more pronounced in the presence

of sodium and potassium dopant in the growth medium. It

appears that the attainment of second-order effects requir-

ing favourable alignment of the molecule within the crystal

structure is well facilitated in the presence of inorganic

dopant sodium and potassium.

Thermal analysis

The single crystal of sodium and potassium doped cin-

namic acid was subjected to simultaneous thermogravi-

metric analysis–differential thermal analysis using a

Netzsch STA 409C thermal analyser in the nitrogen

atmosphere. The samples were heated between 30 and

800 �C at a heating rate of 10 �C per minute to study the

mass loss and thermal stability. The TG–DTA curves of

grown crystals were shown in Figs. 7, 8 and 9. The TG

curves reveal that the major mass loss took place at

253.2 �C in sodium cinnamate and 275 �C in potassium

cinnamate, respectively. Such change was also observed by

DTA. This indicates that incorporation of sodium and

potassium increase the thermal stability ensuring the suit-

ability of material for possible NLO application up to

180 �C.
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Fig. 4 UV spectrum of cinnamic acid
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Fig. 5 UV spectrum of sodium cinnamate
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Fig. 6 UV spectrum of potassium cinnamate
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Conclusions

Optical quality single crystals of sodium and potassium

cinnamates were grown by slow evaporation technique at

room temperature. UV absorption spectra confirm the

transparency of the crystals. The molecular vibration and

functional groups of the grown crystals were studied by

FTIR spectral analysis. Thermal analyses showed that the

crystals retain its texture up to 253.2 �C. The dopants have

catalytic effect on the NLO properties of cinnamic acid

crystals.
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Fig. 8 TG–DTA of sodium cinnamate

200
0

–25

Inflection: 275.0 °C

Mass change: –92% Mass change: –97%

–20

–15

–10

–5

0

5

10

15

20

40

60

80

100
TG/% DTG/(%/min)

400 600 800 1000 1200
Temperature/°C

[1]

[1]

Fig. 9 TG–DTA of potassium cinnamate

814 G. Madhurambal et al.

123



15. Paresh C. Second order polarisability of p-substituted cinnamic

acids. Chem Phys Lett. 1996;248:27–30.

16. Mojumdar SC, Melnik M, Jona E. Thermal and spectral proper-

ties of Mg(II) and Cu(II) complexes with heterocyclic N-donor

ligands. J Anal Appl Pyrolysis. 2000;53:149–60.

17. Meenakshisundarm SP, Parthiban S, Madhurambal G, Mojumdar

SC. Effect of chelating agent (1,10-phenanthroline) on potassium

hydrogen phthalate crystals. J Therm Anal Calorim. 2008;94:

21–5.

18. Skorsepa JS, Gyoryova K, Melnik M. Preparation, identification

and thermal properties of (CH3CH2COO)2Zn.2L.H2O (L = thio-

urea, nicotinamide, caffeine or theorbromine). J Therm Anal.

1995;44:169–77.

19. Ondrusova D, Jona E, Simon P. Thermal properties of N-ethyl-N-

phenyldithiocarbamates and their influence on the kinetics of

cure. J Therm Anal Calorim. 2002;67:147–52.

20. Verma RK, Verma L, Ranjan M, Verma BP, Mojumdar SC.

Thermal analysis of 2-oxocyclopentanedithiocarboxylato com-

plexes of iron(III), copper(II) and zinc(II) containing pyridine or

morpholine as the second ligand. J Therm Anal Calorim.

2008;94:27–31.

21. Bruce C, John R. A mechanistic study of the epoxidation of

cinnamic acid by hydrogen peroxide catalysed by manganese

1,4,7-trimethyl-1,4,7-triazacyclononane complexes. J Mol Catal

A. 2004;219:265–72.

22. Madhurambal G, Ramasamy P, Anbusrinivasan P, Vasudevan G,

Kavitha S, Mojumdar SC. Growth and characterization studies of

2-bromo-40-chloro-acetophenone (BCAP) crystals. J Therm Anal

Calorim. 2008;94:59–62.

23. Mojumdar SC, Melnik M, Jona E. Thermoanalytical investigation

of magnesium(II) complexes with pyridine as bio-active ligand. J

Therm Anal Calorim. 1999;56:541–6.

24. Mojumdar SC, Madhurambal G, Saleh MT. A study on synthesis

and thermal, spectral and biological properties of carboxylato-

Mg(II) and carboxylate-Cu(II) complexes with bioactive ligands.

J Therm Anal Calorim. 2005;81:205–10.

25. Mojumdar SC, Miklovic J, Krutosikova A, Valigura D, Stewart

JM. Furopyridines and furopyridine-Ni(II) complexes—synthe-

sis, thermal and spectral characterization. J Therm Anal Calorim.

2005;81:211–5.

26. Madhurambal G, Mojumdar SC, Hariharan S, Ramasamy P. TG,

DTC, FT-IR and Raman spectral analysis of Zna/Mgb ammonium

sulfate mixed crystals. J Therm Anal Calorim. 2004;78:125–33.

27. Mojumdar SC. Thermoanalytical and IR-spectral investigation of

Mg(II) complexes with heterocyclic ligands. J Therm Anal Cal-

orim. 2001;64:629–36.

28. Kurtz SK, Perry TT. A powder technique for the evaluation of

nonlinear optical materials. J Appl Phys. 1968;39:3798–813.

Thermal, UV and FTIR spectral studies in alkali metal cinnamates 815

123


	Thermal, UV and FTIR spectral studies in alkali metal cinnamates
	Abstract
	Introduction
	Experimental
	Sample preparation
	Measurements

	Results and discussion
	FTIR spectral studies
	UV spectral analysis
	Second harmonic generation efficiency
	Thermal analysis

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


