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Application Note- Forensicsl

Investigation of Car Paint Coatings with the Combined Raman
LIBS System CORALIS

Lutz Pfeifer, Saskia Damaske, Wolfgarsgntke
LTB Lasertechnik Berlin

Introduction

The aim of this technical paper is ttemonstratethe suitability of the CORALI#istrument for forensic
investigations.Of particular interestin this workis the combination of Raman and LIBS spectroscopy for
analyzing samples.

Asatest sample, car paint was chosélrypical analysis of car paint usually involgegermining the kind of

dye used as pigment, the chemical composition of the layered strugtordlse nature of inorganic pigments

and fillers. Well established methods fimrensic applications are infrared, Raman and XRF spectrogédpy.

All of these spectroscopic methods have their specific advantages and strefiggh€ ORALISpWwever,
provides ecombination ofooth Raman and LIBSalysiwithin oneinstrument Ramarspectroscopy enables

the investigation of the chemical constitution and LIBS of the elemental constitution of the samples on a
micrometer scale. This powerful combinatienables fast and reliable sample investigation at exactly the
same samphg points without the need for sample preparation or realignment

In the followingsection spatially resolved measurements with Raman and LIBS are described with the aim of
characterizing a previously unknown sample.

Instrument

CORALI& an instrument combining the advantages of tw
complementary spectroscopic methads Raman
spectroscopy and Lasérduced breakdown spectroscopy
(LIBS)

The ley hardware features of CORALIS are:

1 Apulsed Nd:YAG laser (1064 nm) for MBB
continuoudy variablelaser energy

1 Twolasesfor Ramarspectroscopy532 and 785 nmyith continuoudy variablelaser power

Laser spot sizen sample: 10 pm (Raman) and 20 pm (LIBS)

1 Sample stage foX,Y,Zmovement of samples with accuracy of 1 um
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1 Spectrometer: Aryelle Butterfly spectromet@rTB Lasertechnik Berlin) equippeith a
DU940mBU2detector (Andor Technologies, Nogin Ireland)

1 Instrument control softwar@FusionR{.enabling microscopic sample imaging, data acquisition,
spectra visualation, and comprehensive and advanced data analysis.

Raman spectranalysis islonewith peak findingbaseline correction methods argbectra comparison using
a large spectra database (KnowltABioRad, USA). For LIBS spectra analgsislementfinding algorithm,
spectrd classification with PCA and P& and multivariate quantification methods are available.

Material and Methods

Samples under investigation were collected on the street from residues of car accidents. The samples were
used asdund without any further treatment (e.g. cleaning, grinding or polishing). An example of a sample is
seen inFigurel.
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Figurel: Gar accident samplécar model Renault Megangcollected 28.5.20)%een from top (left) and in profile (righBample size
is appr. 27 x 11 mm, sample thickness is appr {2560

Measurementsn raster scan modare donefrom top of the sample anih line sca modeacross the profile.

Raman measurementsere done with 532 nm excitationypically the laser power on the sampheas 2 or

3 mW. Theacquisition time per spectruiwas set tol00s. Horizontal binning of the detector camera was set
to 4 pixels in ader to improve signato-noise ratio. The spectral resolution of the detector for Raman
measurements waabout2.5 cm?.

For LIBSypically a laser energy of 3 mJ per pulse was used. Accumulation of laser pulses per LIBS spectrun
was set to 5. The temporal delay of starting the signal acquisition after the laser pulse was adjusted to 1 ps in
order to effectively exclude the unspdcitontinuous background signal from the specific elemental radiation

in the plasma plume. The spectral resolution of the LIBS arm of the spectrowatén the range of 13 to 35

pm, depending on the wavelength between 190 and 520 nm.
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Resultsand Discus#n

Araster scarmeasurement of the samplim Raman mode from top as seenRigure2, left, resulted in 25
very similar spectra with a pronounced fluorescence maxinatiarelative wavenumbeof 2240 cm' to the

excitation wavelength of 532 nifappr. 604 nmhand Raman signatusen the rising and falling edge of the
signal
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Figure2: Detailed image of sample surface with 10 gpaced raster of 5 x 5 sample poifieft) and all 25 untreated spectra (right)

All 25 spectra were used to calculate the average spectrum. The baseline was estimated manually using the
Origin software package (Version 8.5.1, OriginLab Corporation, d&A)btracted.
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Figure3: Baselinecorrected average Raman spectraficar paint sample seen from top

l"““‘"\ LTB Lasertechnik Berlin GmbH Geschaftsfiihrer: Christian Scholz, Dr. Matthias Scholz Commerzbank Berlin
(.-‘) Am Studio 2c¢ Handelsregister: HRB 34953 IBAN: DE65.1204.0000.0310.0856.00
\\ /) 12489 Berlin USt.-Id-Nr.: DE 137204269 BIC: COBADEFFXXX
“::,.!,5‘ s Germany Steuer-Nr.: 37/085/45216 Deutsche Bank 24
info@ltb-berlin.de <, +49.(0)30.912075-100 IBAN: DE92.1007.0024.0701.7700.00
Intertek www.ltb-berlin.de = +49.(0)30.912075-199 BIC: DEUTDEDBBER

3/8



LTB/\

LASERTECHNIK BERLIN

____ ucHTeREGSIONMNANTSs. | L

i‘ R

The KnowltAll database search with all appr. 25000 reference spectra resulted in an 80 percent match with
CuPhthalocyanine as best outcome.

1 - RHX#419; Copper phthalocyanine
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Figure4: Best KnowlItAlldatabase match of the otop average pectrum

As seenin Figure4, most peaks are in accordance between the measured and the reference wmectr
However, some structural features of the measured spectruennat explained by CBhthalocyanine. These
are thebandsat 997 and 1034 crh Also, the signal structures at around 3000*cane not well represented
by the reference spectrunn addition the band at 480 crhof the CuPhthalocyanine spectrum is not found
in the sample spectrum.

Adatabase search using 2 or more components did not result in better spectral matthimggreement of
the main Raman band at 19Zm? with the reported value of 130 cm? in [2] is nevertheless a strong
indication of the presence of ERhthalocyanine pigment in the sample.

Next, a line scan across the sidle profile of the sample wagzerformed first in Raman mode artienin LIBS
mode. Here the step size wastto 20 um.
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Figure5: Detailed image of sample surface with 20 um spaced raster line across the sample layers
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Visually four different layes can easily be differentiateddeFigureb):

1. adark layeabout50 um thick

2. alight whitish layer aboutID pm thick

3. asecond dark layer approximatel@ fm thick
4. alight yellowish layeabout 65um thick

However, by meansf the untreated Raman spectrfive different spectra typesan be distinguished

a) Type 1 is located ilayer 1(top layer)characterized by a narrow fluorescence band at around
2200cn! andRaman bands on the rising edge of the spectrum

b) Type 2 is located in layer 2 and characterizetilmyprominent Raman bands at 448 and 611'cm
anda broadfluorescence distributiometween 1000 and 3000 cin

c) Type 3ais located in layemBdonly shows a sparse Raman signature on a broad fluorescence
background with maximum at 15560 éithe sparse Raman signal has a band at 1002 cm

d) Type 3b is seen onlyone spectrum and located at the bottom of layerTRis spectrum type has a
weak and broad fluorescence background and several Raman batwisen 500 and 1600 ci

e) Type 4 is located in layer 4 (bottom layer), has the largest fluorescence backgroutidelager 2,
hastwo prominent Raman bands at 448 and 611%cm
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Figure6: Fivedifferent characteristiaman pectra across therosssectionof a car paint sample

For the analysis of the Raman spectrall spectra were pretreated with automed baseline correction
(method airPLS, sd8] for detailg. Tablel belowlists the results of thenecomponent database search with
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KnowltAll together with the maximum correlation coefficient. The comparison range was resttizt&s0-

3200 cmt.
Type of Bestdatabasematch Correlation Chemical structure
spectrum coefficient [%]
Type 1 CuPhthalocyanine 82,67
/1
| /ch/N %:@
V4 UWN\
Type 2 Rutile 92,98 TiO
Type & Clearstrength W500 87,99 -
(Atofina Chemicals Inc.)
Type 3b Irgalith Blue 77,26
Chemical Class: Cu Wl
Phthalocyanine @i((/m/fm i:@
v
Type 4 Rutile 96,91 TiQ

Tablel: Results oRaman spectra analysis of the 5 different types of spectra

FromTablel it seems probable that both type 1 and typesgectra mainly consist of €Rhthalocyanine.
However, due to the high background fluorescence and the need for baseline correction, thesigoisie
ratio is not sufficient for a more precise determination of the chemical nature of the layers.

In order to verify if Cd#Phthalocyaninésindeed the dominating dyeing agent within the car pamt,|IBSine
scan was performed on exactly the safime where the Raman scan waerformed Figure7 shows the
sample after performing the LIBS line scan measurement.
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Figure7: Car paint sampl after LIBS line scan with 20 jgtep width

The line where sample material is ablated by the laser pulses is clearly visible. Tksectmssis Wshaped
with a width at the bottom of about 50 um.

Figure8 (left) shows an example LIBS spectrum obtained from laysp@ctrum at position 6)
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Figure8: Left:LIBS spectrum of the 6th sample point across the side of the car paint s&igpie Detail of LIBS spectra at all 17
sample positions with marked dines

The analysis of the elemental lines within the LIBS spectra revealed that among others these elements
contributed to the spectra: C, 19j,Ba, FeMg, Ca, Zand Cu

Cu hadhe strongest lines at 324,754m and 327,396 nm according to the NIST database. A zoom into the
overlaid 17 LIBS spectffeigure8, right)shows that in order to analyze the relative Cu distribution across the
sample the line at 327,396 nm is better suited than the line at 324,754nimch is found as a shoulder on a
much more intensive Ti line &24,86) nm.

In order to analyze the elemental distribution across the sample line integrals were estinratedxample
Figure9 shows theelemental distribution of Cu, Ti and C across the sample cross sectithre@klements
show a different distribution: C it guite evenly distributedTi has pronounced maxima around posisah
and 14 andCu has maxima at positie and 12.
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Figure9: LIBS line integrals according to measurement position on the saXgiée Culine intensity is magnified by 10 andige
intensity by 4
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