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InterestInterest in Raman in Raman spectroscopyspectroscopy

Raman Raman spectroscopyspectroscopy

�� FastFast techniquetechnique

�� No destructiveNo destructive

�� SuitableSuitable technique for technique for 

pigments and pigments and dyesdyes

ForensicForensic needsneeds

�� FastFast techniquetechnique

�� No destructiveNo destructive

�� Sensitive Sensitive regardingregarding to the to the 

% of % of dyedye on on fibersfibers

Potential of Raman spectroscopy in forensic examination of fibers ?
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Objectives of the Objectives of the researchresearch projectproject

�� Evaluation of the techniqueEvaluation of the technique

�� CreationCreation of a spectral of a spectral librarylibrary

�� AutomaticAutomatic attribution of attribution of unknownunknown spectrumspectrum

to a to a chemicalchemical class of class of dyedye

�� ForensicForensic case case studiesstudies
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InstrumentationInstrumentation

DILOR DILOR LabRamLabRam

�� ConfocalConfocal microscopemicroscope

�� 10241024--256 Open Electrode CCD detector256 Open Electrode CCD detector

�� Lasers : 488, 514.5, 632.8 and 752.6 nmLasers : 488, 514.5, 632.8 and 752.6 nm

BRUCKER FTBRUCKER FT--RamanRaman

�� Laser : 1064 nmLaser : 1064 nm
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MeasurementMeasurement

10 µm 

10 µm 



6EFG Meeting Roma - October 2006

Data Data processingprocessing
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DyeDye and and dyeddyed fiberfiber

W avenum ber (cm -1)

400 600 800 1000 1200 1400 1600 1800

Pure  dye

D yed fiber

λ  =  514.5  nm    obj. 100x

S O3H

N N N N O C 2H 5

O C H3

PA fiber
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DyeDye and and dyeddyed fiberfiber

W avenum ber (cm -1)

2600 2800 3000 3200 3400 3600

S O3H

N N N N O C2H 5

O C H3

Pure dye

D yed fiber

λ  =  514.5 nm    ob j. 100x
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StudyStudy of of cottoncotton dyeddyed fibersfibers

�� SelectionSelection of monoof mono--dyeddyed cottoncotton fibersfibers fromfrom ourour

fibersfibers referencereference collection on the basis of the collection on the basis of the 

ColourColour IndexIndex bookbook

�� chemicalchemical classclass

�� chemicalchemical constitutionconstitution

�� 172 172 samplessamples

�� AnalysisAnalysis by Raman by Raman spectroscopyspectroscopy (514,5 nm)(514,5 nm)

�� CreationCreation of a spectral of a spectral librarylibrary in OMNIC softwarein OMNIC software



10EFG Meeting Roma - October 2006

SelectedSelected chemicalchemical classesclasses

�� AzoAzo (56 (56 samplessamples))

�� Anthraquinone, Anthraquinone, --nonoïïdd (62 (62 samplessamples))

�� IndigoIndigoïïdd (11 (11 samplessamples))

�� OxazineOxazine

�� PhtalocyaninePhtalocyanine

�� DiDi--, , triphenymethanetriphenymethane

�� StilbeneStilbene

�� ThiazoleThiazole

�� SulphurSulphur

……
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Preliminary resultsPreliminary results

�� Fluorescence masks Raman signal (20 % samples)Fluorescence masks Raman signal (20 % samples)

�� Raman spectra quality Raman spectra quality depends on fluorescencedepends on fluorescence

�� Discrimination Discrimination isis effectiveeffective

�� Raman Raman spectrumspectrum = = fingerprintfingerprint of the of the moleculemolecule

�� AssignmentAssignment to a class to a class withinwithin the spectral the spectral librarylibrary isis

�� optimal for optimal for veryvery similarsimilar dyedye moleculesmolecules

�� difficultdifficult withoutwithout similarsimilar referencereference moleculesmolecules
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ExampleExample

W avenum ber (cm -1)

400 600 800 1000 1200 1400 1600

Q uery spectrum

Correlation (% )

80,5

72,6

66

65,1

64,5

56,9

Dye 17

Dye 9

Dye 6451

Dye 19

Dye 26

Dye 10

Dye 8

λ  = 514,5 nm    O bj. 20x
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ExampleExample
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Case Case studystudy 11

Comparative Comparative studystudy for for evidenceevidence of contactof contact

�� Cotton Cotton dyeddyed fibersfibers fromfrom a black a black trouserstrousers

�� Cotton black Cotton black fibersfibers collectedcollected on a car on a car seatseat
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Case Case studystudy 11

W avenumber (cm -1)

400 600 800 1000 1200 1400 1600 1800

Trousers f1

Trousers f2

Car seat f1

Car seat f2

Reactive Black 5

λ = 514,5 nm   Obj. 20x
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Case Case studystudy 22

InvestigativeInvestigative studystudy for for evidenceevidence of contactof contact

�� Cotton Cotton blueblue dyeddyed fibersfibers collectedcollected on on victimvictim

�� Blue jeans ?Blue jeans ?



17EFG Meeting Roma - October 2006

Case Case studystudy 22

W avenum ber (cm -1)

400 600 800 1000 1200 1400 1600

Suspect 
Jeans 1

S uspect 
Jeans 2

Jeans Father

Ind igo  powder

Jeans friend

λ  =  514,5  nm    O b j. 20x
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Case Case studystudy 22

AtAt thisthis stage of Raman investigationsstage of Raman investigations

�� EveryEvery jeans jeans dyeddyed withwith indigo indigo isis a possible sourcea possible source

BUTBUT

A A particularparticular aspect of the aspect of the suspectsuspect’’ss jeansjeans

�� UndyedUndyed PES PES fibersfibers are are usedused for the for the weftweft yarnyarn
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Case Case studystudy 22

W avenum ber (cm -1)

400 600 800 1000 1200 1400 1600 1800

T rousers  PES fiber w ith  b lue portions

PES fiber m elted w ith  ind igo dye

PA fiber m elted  w ith  ind igo dye

T rousers cotton b lue fiber

λ  =  514,5 nm    O bj. 20x
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FurtherFurther workwork

�� DevelopmentDevelopment of of statisticalstatistical toolstools basedbased on on 

discriminant discriminant analysisanalysis

�� InterestInterest for polyfor poly--dyeddyed cottoncotton fibersfibers

�� Extension of Extension of studystudy to to woolwool

�� Daily application to Daily application to forensicforensic case case studiesstudies
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ThankThank youyou for for youryour attentionattention
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Laser Laser wavelengthwavelength

Wavenumber (cm -1)
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Pure dye 11   λ = 514.5 nm   obj. 20x

Pure dye 11   λ = 752.6 nm   obj. 20x

Dyed fiber 11   λ = 514.5 nm   obj. 20x

Dyed fiber 11   λ = 752.6 nm   obj. 100x
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Evaluation Evaluation isis positivepositive

�� Raman Raman resonanceresonance spectraspectra of of dyeddyed fibersfibers

�� higherhigher signal signal fromfrom the the dyedye ((minorminor component)component)

�� Laser Laser choicechoice

�� Green excitationGreen excitation

�� a a littlelittle bit more fluorescence bit more fluorescence 

but a but a strongerstronger Raman signalRaman signal

�� Red excitationRed excitation

�� severalseveral peakspeaks of the fibre in the of the fibre in the dyedye signalsignal
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Commercial Commercial 

cataloguecatalogue
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Case Case studystudy 11

W avenum ber (cm -1)

400 600 800 1000 1200 1400 1600 1800

T rousers f1

T rousers  f2

C ar seat f1

C ar seat f2

b  - in  res in

a - in  s itu

λ  =  514,5  nm    O bj. 20x

Reactive Black 5


