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Abstract

New advances in the growth of research methodologies to
evaluate among various tools are of crucial to create the
best evaluation possible about whether a paint residue
seized ata crimescene arises from a tool detected. Standard
analytical techniques are not used to evaluate the red tools
for the prospective use of X- ray navigators. In this study,
the trace amounts of strontium and barium revealed by
XRD, the main mineral filler, namely strontium sulphate
and barium sulphate, a statistical approach was used, and
it can diagnose some forensic tool paint during a home
invasion. This work is the best example among others of
XRD for an enhanced characterization of tool paints in an
effective method.
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1. Introduction

Forensic science is the concept of the application of science in legal
disputes. Forensic science has developed to meet new problems
and become swifter and precise due to the rising rate of crime. It is
challenging to explain the immense amount of crimes undertaken
each day and the specifics for every incident. As a result, the forensic
investigator dealt with a wide variety of evidence. One case may
contain a bloodstained bed sheet, while the other case may contain
only produce a single hair. In forensic science laboratories, paint
evidence is frequently analysed sorts of trace evidence. Paint evidence
like automotive, artistic paints, architectural and automotive paints. It
based on the vehicle crashes and running from a collision frequently.
A violent interaction through objects as a result in the transfer of paint,
either as smears or chips. Paint is a ubiquitous material; it continues
to be an essential type of evidence due to its enormous physical and
chemical variations. A variety of the core circumstances are the cause
of paint evidence must be approached. For instance, forensic experts
collected a paint evidence from earlier incidents by a vehicle collision,
or it could contain loose paint from damage on vehicles that was
never repaired [1, 2]. As a result, the analytical process follows the
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recognised forensic principles from general to expertise procedures
and from non-destructive to destructive techniques. The tiniest
paint components are characterised by less sophisticated analyses,
than more sophisticated ones that allow a general description of
samples. Less harmful approaches will be selected over destructive
ones to prevent the samples from unneeded harm methods [3 - 5].
In hit-and-run accidents, paint is frequently transferred and used
as forensic evidence, like in the case mentioned above, where a car
accident with a bicyclist. Various paint substrates are used in hit-and-
runs frequently, it is used in various coating formulations: bicycles,
mopeds, motorbikes, boats, vehicles, timber, and traffic signs. In the
form of chips, flecks, flakes, powders, smears of paint may be found
as evidence or combined form of them. Sometimes, a mailbox or an
automobile panel, like a completely painted object may be obtained.
Forensic researchers are able to differentiate the unknown substances
from paint and are frequently to compare recovered paint from the
items found at a crime scene to know the paint source [6]. In other
circumstances, it may be to compare two or more unverified samples
of paint, which are from different sources of samples that have
been suspicion. Based on the paint chemistry, it might be feasible to
provide enough information on the colour, model year, model, and
making range as a potential investigation lead if automobile paint
is recovered [7]. After locating the suspicious vehicle, paint samples
can be collected and then it will be submitted for further analysis.
Examining works of art for authentication is one of the specific uses of
forensic analysis [8]. The identification of the pigment and the data on
the pigment’s availability, these conclusions are significantly essential
[9]. Due to the creation of cutting-edge, effective and user-friendly
technology, the adoption of this technique in forensic applications
has recently occurred. In break-ins, vandalism, and car accidents,
paint droplets are a vital piece of trace evidence that is frequently
found. These paints analysis may be used to link a suspect to a specific
crime scene [10, 11]. Coating evidence is a great deal of importance
in a forensic laboratory. The chemical substance comparison of paints
from the site and from the suspect cars or items can assist in identifying
the offenders. The automobile coatings are multi-layered, ranging in
thickness from a one micrometres to more than ten layers [12- 14]. The
main components of paints, which have been employed in classifying
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and distinguishing paints extensively [15], are pigments and resins. In
criminal investigations, paint coat fragments are among the items that
are used repeatedly. The paint samples are preserved from the crime
scene spot and contrasted with paint from a suspect car. Comparing the
colours is the initial criteria of the sample is an assessment [16]. Visual
comparison between the colour of an object under investigation and a
standard in a colour atlas is the most common method of determining
paint colour in crime detection. The findings depend on a number of
variables, including the intensity and the kind of the sample’s lighting
and the expert’s eyesight while judging colour. This procedure takes
more and more time [17].

Enhancing the analytical approach is required for the study of this
kind of material to get a result interesting. Using SEM/EDS through
more in-depth research of the inorganic fillers and pigments included
in the paint to get a better result [18- 20]. It is used to determine
whether a more thorough use of this technique would enable the
sample differentiation obtained from various tools indistinguishable
- or perhaps not sufficiently distinguished - by the existing analytical
strategy is also considerable [21, 22]. In this regard, it is noteworthy
that the question of whether or not samples can be distinguished
from one another is problematic when it comes to interpretation,
especially when homogeneity within the same paint (such as spray
paints) needs to be taken in a mind in order to determine whether
or not samples have the same origin [23, 24]. Another challenge is
when attempting to connect different elements; the beam of electrons
may travel beyond the area of interest. Because in order to find
any discrepancies or similarities between the samples that will be
assessed in every analytical advancement that improves material
characterization is undoubtedly. The investigation described here,
more particularly, examines tools from personal tool collection with
a focus on the presence of barium sulphate and strontium sulphate,
two minerals that are typically used as fillers in such paint. Red
was chosen since it is the widely used standard colour of the tools
that were evaluated in forensic cases. The findings in this research
include instances where in-depth XRD and local X-ray microanalysis
identified variations in this filler [25]. Given this, the main focus of the
current research was to compare the traces of strontium and barium
in paint samples as determined by characterising the main mineral
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fillers, strontium sulphate, and barium sulphate, which facilitated the
discrimination of various tools using a statistical approach and could
detect some forensic tool paint during a house search.

2. Methods and Materials:

Metal salts were acquired from Merck (Darmstadt, Germany). All the
spectroscopic and electrochemical study solvents have been purified
according to best practices. After microscopical examinations, all
samples were analysed using ultraviolet-visible (UV-Vis), Raman
micro spectroscopy and Fourier-transform infrared (FT-IR). These
analyses were performed to collect chemical frequency information in
addition to evaluating the discriminating power of these techniques.

It is a simple method; some of the slides are coated with metallic salts.

Directly and rest of slides spread out the paints with metallic
elements. Non-metallic flakes surface is an important consideration
in this methodology. At room temperature, the samples were allowed
to dry for a day. As with any non-homogenous sample, a quality
analysis depends on the control of preparation and sampling. During
sample preparation, consistent thickness and parallel planes are most
important. Microscopic comparisons must be dealt under identical
conditions, e.g., same instrument and analyst, etc. The only other
consideration made during sampling was the avoidance of metallic
flakes that efficiently reflect light to produce their effects and interfere
with obtaining spectra [26].

The paint layer of these instruments is sampled in bulk with a scalpel
into millimetre-sized pieces, which are then placed on stubs, which
are aluminium plates covered in a double-sided carbon sticker, for
SEM/EDS analysis. Therefore, it is an analysis of paint’s external
surface, in line with our laboratory usually does when dealing single-
layer paint.

Samples (a), (b), (c), and (d) are reported. Samples (a) and (c) are
metal-based samples. Sample (b) and (d) are metal based samples
along with the paints.

Here, (a, b) - Sr metal is used.

(c, d) - Br metal is used.
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(Fig 1). Shows the graphical abstract of the preparation method.

2.1 XRD:

Two Philips X- ray diffractometers were used to create the X- ray
diffractograms of the pigment samples given in this work. D8
Advance ECO XRCD Systems with SSD160 1 D Detector (Bruker) by
using Cu K(A = 1.54056 A) which is the most common and widely
used X-ray radiation for analysis of powdery and polycrystalline
materials. Multiple samples of each pigment from various suppliers
were utilised, the best results are provided here. To comparing results
from unknown sources or analysing unknown pigment samples,
which can be used as a standard for commercial pigments [27-30].
Not experiencing any phase changes in the polymorphic pigments
during the grinding operation. It has not needed any additional
sample preparation or grinding. Paint samples were stripped of their
pigment components b centrifuging and diluting, then cleansing and
drying them for analysis to identify the pigment.

2.2. UV-Vis Microspectroscopy:

All the samples were mounted, cross-section, 5 um thick, in a quartz
microscope slide and covered with a quartz cover slip. It was a
PERIN ELMER LAMBDA - 35 model. UV-Vis micro spectroscopy
analysed Colour coats and clear topcoats. Using a one paint sample
Heterogeneity or variability can exist. More than ten spectra from
different areas, for each clear coat and colour coat, were gathered
to obtain a clear representation of the paint. Using the CRAIC data
software, Statistical analyses were performed for every single layer in
all the samples. More than, 10 spectra from each layer of each sample
were averaged, and calculated. Intra-sample variation was done by
spectral comparison. And based on the 2 SD envelope, inter-sample
spectral differentiation was examined [31- 33].

2.3. FT-IR Microspectroscopy:

The comparison of the sample’s spectral quality to one another and
to a reference database was done by the infrared approach. Using an
IR Tracer - 100 shimadzu Infrared Microscope FT-IR spectroscopy
Analysis of the paint samples was carried out. A micro compression
cell II with diamond windows (Kalasalingam University,
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Virudhunagar) analysed 5 um thick Cross-sections of each paint
measurement. All paint layers of the samples were collected and
analysed in multiple times , each part of the paint layer. To identify
the chemical composition of each paint layer, including mixtures, by
Infrared spectral interpretation [34, 35].

2.4. Raman Microspectroscopy:

The following objectives are suggested for Raman spectra:

- To combine analytical data with discovered data using IR
techniques

- To examine the range of characteristics associated with chemical
composition that have been observed

- To determine the information that can be gathered;
- To know the technique’s ability to discriminate;

- To determine the paint’s constituents and create a chemical profile.
It has been demonstrated that Raman spectroscopy is a useful tool
in forensic pigments analysis. This analytical technique’s non
destructiveness and the ability to excite different components by
using multiple excitation wavelengths make it a substitute for
infrared spectroscopy. Further, this method is quite rapid and
requires no sample preparation [36, 37]. The paint samples were
analysed by Raman spectroscopy using an Imaging spectrograph
Raman microscope with a 500 mm laser. 5 um thick Cross-sections
of each paint were placed onto a quartz slide. It undergoing
Raman analysis with the colour coats. Using the Raman spectrum,
the pigments contained in the colour coating were identified.

2.5. Morphological Studies:

The morphology of as developed Strontium and barium based
samples(a, c) and paint based sample(b, d) was observed by Scanning
electron microscope (SEM). An Electron Microscope EVO18 (CARL
ZEISS) model is used for this analysis. SEM pictures were taken
at 1000x and 1500x magnification. Scanning electron microscopy
(SEM) plays a vital role in analysis of paint, especially in multi
layered paint investigations. It produces an enhanced image of the
paint sample, allowing the beam to be focused on a specific paint
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layer and individual particles for elemental analysis using EDS [38,
39]. Hence, this method is helpful. Because SEM has a significantly
greater resolution than optical microscopy techniques, it is highly
effective for cross-sectioned and pertinent to trace samples. For non-
destructive microscopic investigation in forensic applications, SEM
is the optimum instrument, and it has even been used as a reference
technique to verify the research. To magnify the sample’s physical
structures and evaluate the fundamental compositions of the sample,
SEM is frequently used with an EDS. It offers elemental information
about the sample; it has a certain capacity to convey molecular
data. As a result, it is more frequently utilised in conjunction with
other molecular information-producing techniques [26]. SEM-EDS is
employed to identify the distinctive constituent components of the
inorganic pigments by using tiny paint samples.

3.0 Result and Discussion

3.1.XRD:
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Fig 2. XRD image for metal-based samples (a, c¢) and paint-based samples
(b, d).

The study showed that XRD is useful for mass sample examination
and can be utilised for the initial screening of materials without
the need for any laboratory sample preparation. XRD patterns of
prepared samples are shown several numbers of peaks are identified
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(Fig. 2). Sample (a) showed the peaks at 23.24 ©, 25.81 °, 27.09 °, 28.06
©,30.30 ©. 32.55 °, 33.19 °©, 37.68 °, 41.85 °, 43.77 °. Sample (b) showed
the peaks at 23.56 °©, 26.14 °, 27.09 °, 28.06 °, 29.98 °, 32.87 °, 37.68 °,
39.93 °,41.85 °, 44.09 ° and 46.66 °. At 45.05 ° the same peaks showed
in both the samples (a) and (b); hence it proven the strontium present
in the samples. Sample (c) showed the peaks at 20.68 ©, 22.93 °, 24.85 °,
25.81°,29.02°, 31.58 °, 32.87 °, 36.07 ©, 38.64 °, 40.88 ©,43.1 °, 44.09 ° and
49.22 °. Sample (d) showed the peaks at 20.36 °, 22.60 °, 28.70 °, 33.19
©,36.07 °, 38.64 °, 40.88 °, 42.81 °©, 44.09 ° and 49.23 °. According to the
earlier researches, Sample (c) and (d) showed the same peak at 26.77
¢, it confirmed that the barium was present in the samples. According
to the samples (a), (b), (c) and (d), polycrystalline nanostructure was
present. The 100 % intensity (maximum) observed at 30.05° for sample
(a) and nearly same was shown in sample (b) exhibited that the paint
is incorporated with the extract and the plane is (0 0 2). Above 50 %
intensity peaks are 32.71°, 44.25°, 45.24° and 26.98°, and their planes
are (012),(221),(041) and (02 1). Using Debe scherer formula, the
crystallite sizes were calculated for the peaks. The crystallite size of
the samples is 11.8 and 20.6 nm. The minimum crystallite size was
observed for sample (a). The 100 % intensity appears at 42.95° for
sample (c) and the same intensity was observed in sample (d). Above
50% intensity peaks are observed at 25.9°, 28.79°,31.57° and the planes
are (021), (121)and (21 1) for sample (c) and 32.85°(0 0 2), 25.87 ° (0
21),28.78°(211),42.67 ° (14 0) for sample (d). Crystallite sizes of the
samples are calculated. The crystallite size of the sample (c) and (d)
are 50.28 and 61.06 nm.

Plane 20 d- spacing FWHM Crystallite size (nm)
210 30.005 2.97576 0.07 11.8
002 30.08 2.96852 0.04 20.6
012 32.71 2.73623 0.04 20.7
221 4425 2.04541 0.2 42.9
041 4524 2.00297 0.23 37.5
021 26.98 3.30167 0.13 62.9
1004 42.95 2.10389 0.002965 50.28
105 25.9 3.43722 0.001744 81.62
121 26.88 3.31352 0.001221 11.68
604 28.79 3.09763 0.000698 20.53
804 31.57 2.83114 0.000174 82.67

Table 1: Table for strontium and paint based samples crystallite size, 2 theta
values, d spacing and FWHM values.
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If the size is increased, the tinting strength and the chemical resistance
will be increased to the forensic tools. The evidence of the crime scenes
have never destroyed by the over heat. It helped to get accuracy in the
forensic examinations. Compared all the samples, Sample (a) and (b)
is better than samples (c) and (d). It easily binds with the paint to coat.
The other one is not fully dispersed. Crystallite size and miller plane
values for certain peaks are given in the table. 1.
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Fig 3. UV image for metal-based samples (a, c) and paint-based samples (b, d).

The maximum energy absorption was reported between 200 and
350 nm, for sample (a) and (b). In the present work, the bands were
identified at 210 and 322 nm for the Sr based sample, and at 216 and
290 nm for the paint-based samples are indicated. The energy band
gap (Eg) was calculated. The values found were 3.3 and 3.41 eV for
paint based (b) and strontium based (a) samples, respectively.

For samples (c) and (d), between 200 to 350 nm, the maximum energy
absorption was reported for sample (c) and (d) (Fig. 3). In the present
study, the bands were located at 290 and 300 nm for Br based sample
(c) and at 210 and 320 nm for paint-based samples with barium (d).
The energy band gap was calculated. The highest absorption was
noted at 210 nm for all the samples. The measured band gap for (a)

48



Asma, Palanimurugan etal.  Forensic Analysis of Strontium and Barium Sulphate

and (c) is so close to (b) and (d). It is used to easily identify external
compounds. Thus, it will be used to identify the crimes scene by the
evidence easily.

3.3. FTIR:

Based on the IR spectra, these tools belong to the epoxy-polyester
family containing strontium sulphate as filler. Even some differences
are observed, the IR spectra showed similar fingerprint. Still, these
differences are related to weak signals or variations in intensities.
It is safer to test various independent methodologies to support or
disprove these distinctions. X-ray microanalysis spectra (Fig. 4) were
collected under the identical circumstances. It showed some changes
in peak heights, similar to the IR spectra, although these differences
should to be verified by additional analysis. Therefore, XRD was
performed on these samples. The primary goal of determining
whether any variations in the primary filler, strontium sulphate or
barium sulphate, was dispersed.

sa [ ©

Transmittance(%)

1000 2000 3000 4000
Wave number{cm-1)

Fig.4. Infra-red image for metal based samples (a, c) and paint based
samples (b,d)

The samples (a, b) showed the peaks at 3400 cm™ due to the OH-
stretching. The peaks at 1462.83cm™and 1411 cm™ was shown. Its due
to the CH, in O- CH, bending and n- formaldehyde resin containing
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butylated melamine. In addition, the band at 2399cm™, 2078 cm™,
2081cm™ and 2078.62 cm™ showed the nitro cellulose paint. Presence
of methine bending mode is proved by the peak formed at 1296.05
cm™. The combination of N- H bending mode and C- N stretching
mode produces the peak at 1629 cm™. The peaks formed at 650- 670
cm showed the presence of strontium in both the samples.

The samples (c, d) showed peaks at 550 cm-1 due to the presence of
barium in both samples. The peaks at 1420 - 1650 cm™ showed the
methyl in methoxy stretching and the presence of calcium carbonate
peaks. The peak at 1257.57 cm™, indicated the alkyd resin is present.
Ethyl stretching mode peaks are formed at 3417 cm™. The peaks at
570- 650 cm™ showed the barium presented in the samples. The peaks
at 2057.90 and 2134.87 cm™ showed the presence of nitrocellulose
paint in the samples.

IR spectra revealed that sample (a) and sample (b) displayed every
component in the paint, however, sample (c) and sample (d) did
not. The bands in samples (c) and (d) are not visible. Hence, the
components present in the samples are not determined.

3.4. RAMAN SPECTRA:

According to Forensic investigators, Raman spectroscopy to be a
priceless and astonishing analysis technique that may be used with
large number of different evidence. The typical Raman spectra of
samples (a, b, c and d) are depicted in (Fig 5). The most dominating
lines of the strontium based(a) and strontium with paint based(b)
sample is around 981 cm™ exhibits (C = C stretching area), which are
completely same in phase vibration of the thiophene ring and span
over the entire component, C- S - H ring deformation exhibits due
to the band around 453 cm™. This vibrational signature shows that
most of the electrons are either very confined inside the chain domain
or primarily contained in each thiophene ring. The bands strongly
located at 661cm™suggest the presence of S = O vibrational bonds.
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Fig.5. Raman spectra for metal-based samples (a, c) and paint-based
samples (b, d)

The most dominating line of the barium based and barium with paint
samples (c, d) are formed at 978 cm™ (C- C Stretching). The band at
around 440- 500 cm™ formed, which exhibited S- S stretching. The
band at 610 cm™ showed the C- O bond. Presence of C= C is proven
by the band formation at 1150 cm™.

3.5. SEM:

The morphology of as prepared Sr based sample (a) and Sr with paint-
based sample(b) was investigated by Scanning electron microscope
(SEM). Even, not all of the techniques are accessible in forensic
laboratories and itis unclear if increased sensitivity would compensate
for the local information provided by SEM/EDS examinations. SEM
pictures taken at various magnifications (Fig. 6) showed equivalent
distribution of charges. (Fig.5) revealed that non uniform square
shape particles. The paint-based molecules make surface alterations
with grows as heterogeneous long sized rod inside the surface. Each
image shows the intensity scale that shows the depth and height
along the Z- axis on the left side. Sulphur and oxygen interactions
with strontium were proved and it depends upon the level of present
in the prepared samples. It proved the sulphoxide paint present in
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the sample. Samples recorded at various magnifications The SEM
images represented. Each images showed distinct and well identified
non uniform crystal with different shapes.

A

uuuuuuuuuuu

Fig. 6 SEM/ EDS images for metal based samples (a,c) and paint based
samples (b, d)

At the same, barium based (c) and barium with paint based (d)
samples were charcterised by SEM with EDAX. SEM image revealed
the equivalent dispersion of the sample (c). And it was a non-uniform
and randomly shaped particle. And, Barium with paint (d) based
sample showed a unique spherical-shaped particles. Sulphur is one
of the ingredients in the paint. Magnification, take off and live times,
and errors ratio are all mentioned in the EDAX.

4, Conclusion

During the comparative analysis of tools from the same chemical
family revealed that using statistical tests, this [Sr] % / [Sr] % ratio
could distinguish five of the six pairs. The same method is done for
barium sulphate samples (c, d). Like other analytical approach this
method has limitations and should be used with caution in actual
forensic cases, especially statistical tests, Are carry arisk of inaccuracy.
To establish an opinion on whether a trace and a reference come
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from the same source. Overall, this study has demonstrated that
XRD significantly improves paint analysis, especially in light of the
following: i). Components present in a sample can still be revealed
by XRD even if they are over the SEM/EDS limit.ii) the detection of
correlations between elements provides further details during the
characterisation of the paint, it allows the identification of chemical
constituents and/ or the presence of contaminants; iii) the number
of samples from the internal collection could be differentiated by
XRD, even when they were not done so using other techniques. The
tindings of this work support a more cautious use of XRD on samples
from our own collection than the application of this technology to
characterise the real-world samples in the best manner.
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