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ABSTRACT
FORENSIC ANALYSIS OF COSMETIC FACE POWDERS
By
Kelly Greenough

Cosmetic face powders are widely used and a large amount is applied to the facial
region, thus making it possible to be transferred during the course of a crime. Therefore,
powders have potential to be used as forensic evidence. In such a case, it may be useful to
determine if two powder samples originated from a common source. The purpose of this
project is to determine if various samples of cosmetic face powder can be differentiated
from one another.

In this work, three analytical techniques were selected to differentiate between
pairs of cosmetic face powder samples. The chosen techniques included scanning
electron microscopy-energy dispersive spectroscopy (SEM-EDS), attenuated total
reflectance-Fourier transform infrared spectroscopy (ATR-FTIR), and matrix-assisted
laser desorption ionization mass spectrometry (MALDI-MS). Each method analyzes
different components of the face powders, and the data are thus complementary.

Twenty-seven samples were analyzed in this project, and each of the possible
pairs of samples was compared in order to evaluate the discrimination ability of each
technique. The individual techniques and the combined techniques achieve a high level of
discrimination between face powder samples, displaying the usefulness of cosmetic face

powders in forensic investigations.
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1. INTRODUCTION
1.1 Cosmetics

Ancient Egyptians used cosmetics as early as 4000 BC, a trend that was continued
throughout history by several different civilizations. Ancient Greeks and Romans applied
makeup in order to attract attention and to signify class standing. In our society today,
cosmetics continue to be used, applied to the eye area, fingernails, lips, or overall face,
typically to increase attractiveness.

The term “cosmetic” is defined by the Food and Drug Administration (FDA) as:

(1) articles intended to be rubbed, poured, sprinkled, or sprayed on,
introduced into, or otherwise applied to the human body or any part thereof for
cleansing, beautifying, promoting attractiveness, or altering the appearance, and

(2) articles intended for use as a component of any such articles; except
that such term shall not include soap. '

Cosmetics that are blended into the skin to even out skin tone have persisted
throughout history. Currently, a variety of cosmetics can help achieve the look of
flawless face, including foundations, concealers, and powders. Foundations are typically
liquid based, formulated to match skin tone, and are rubbed into the entire facial region to
reduce uneven skin tone. Concealers are also liquid based and skin colored, but are
generally used only to cover blemishes, rather than the whole face. Powders are also
matched to skin color, but their main purpose is not to cover redness or blemishes, but to
decrease sheen that may occur due to oils in the skin. As with foundations, powders are
also generally applied over the entire face, although are more easily reapplied throughout

the day.



Today, there are thousands of foundations, concealers, and powders produced by
different manufacturers and available in numerous shades to match the natural skin color.
Due to their widespread use in our culture, these foundations and face powders can easily
be transferred onto cloth or skin during the course of a crime and hence are an important
type of trace evidence. The aim of this research is to characterize a number of
commercially available face powders using a variety of analytical techniques, in order to
assess the potential to differentiate powders according to manufacturer and brand.

1.2 Cosmetic Face Powders

Cosmetics may contain hundreds of different components, and federal regulations
require ingredients to be listed on product labels in descending order by quantity.'
However, the federal government relies heavily on industry self-regulation.’
Unfortunately, the exact formulation is often proprietary and therefore ingredients within
a cosmetic may not be listed on the product label. The label might contain only a partial
list of ingredients, or a special listing of what “may” be contained in a product. Fatty
acids, waxes, and oils are typically present in cosmetics. Oils present include lanolin,
aloe, castor oils*? , while waxes commonly include beeswax, paraffins, and candelilla.>?
The color of cosmetics is provided by pigments and dyes such as D&C Red dyes,
dihydroxyacetone, titanium dioxide, mica, and iron oxides'.

While liquid based makeup products, such as the creams and lotions mentioned
previously, contain an abundance of oils and waxes, cosmetic face powder has a different
formulation which results in a different texture. The most common ingredient in face
powders is talc (Mg33Si4010(OH),), which is not typically found in liquid products. In

addition, powder lacks many of the oily components and preservatives found in



foundations. Other ingredients commonly found in powder samples include: titanium
dioxide, zinc stearate, parabens, octyldodecyl stearoyl stearate, palmitate, aloe extracts,
mica, calcium carbonate, silica, dimethicone, and mineral oil. Titanium dioxide, mica,
and calcium carbonate are used as opacifying agents, for their covering power, brilliance,
and reflectivity.* Parabens are a group of preservatives added to cosmetics for an
antimicrobial effect, while dimethicone, or polydimethylsiloxane (PDMS) is a silicon-
based organic polymer that gives a smooth feel to a cream, lotion, or powder.l
Octyldodecyl stearoyl stearate is an ester that functions as a skin-conditioning agent, and
a viscosity increasing agent.5 The listed ingredients are found in nearly all powders, but
each powder contains many more compounds, some that are listed on the product label,
and others that are not. In addition, there is typically no listing of the proportion of each
ingredient contained within that powder. Therefore, the exact composition of cosmetic
face powders is not easily determinable from the product labeling; in fact, the exact
composition is often known only by the manufacturer.
1.3 Forensic Analysis of Cosmetics

Several studies in the forensic science field have focused on the evidentiary value
of cosmetics. To date, the primary focus has been on lipsticks, eye shadows, and nail
polish, however, studies involving mascaras, sunscreens, and foundations have also been
conducted. >¢!! These studies have used a variety of instrumental techniques to either
differentiate or categorize cosmetics based on differences in their chemical composition.
Choudhry and colleagues examined lipstick by microspectrophotometry (MSP) in the
visible region and scanning electron microscopy-energy dispersive spectroscopy (SEM-

EDS). Both techniques offered a rapid means of sample discrimination.” MSP was able to



differentiate lipstick samples of similar color but with minor shade differences that were
invisible to the naked eye. SEM-EDS provided information regarding the elemental
composition of the samples, and provided images of pigment particle morphology.’” Both
the elemental compositions and particle morphology of lipsticks provided discrimination
ability. Ehara and Marumo performed a large study of 174 lipstick samples using purge-
and-trap gas chromatography (P&T-GC) to analyze lipstick smears and identify them
based on differences in oil composition.'? Each sample was first observed under white
light, and those samples that visually could not be separated based on color were
classified in the same group.'? The fluorescence of each sample was next observed using
light at wavelengths of 350, 445, and 515 nm, P&T-GC.'? The measurement of
fluorescence at these wavelengths enabled discrimination of dyes within the lipstick
samples. P&T-GC was used as a direct analytical technique for lipstick smears on filter
paper, and the results were based on chromatographic peaks characteristic of the oils in
each sample.'? Using this technique, 174 samples could be classified into 48 groups.'z
The lipsticks that originated from the same manufacturer often produced chromatograms
that could not be distinguished from one another.'? Combining this technique with
fluorescence and visual observation, the researchers were able to discriminate 15,038
lipstick pairs of samples out of 15,051, which corresponds to 99.9% of samples
analyzed."

Thin-layer chromatography (TLC) is a simple and economic technique that has
proven to be useful when studying cosmetics, particularly lipstick, due to its ability to
separate dye components.'>"" Singh and Jasuja analyzed 15 liquid lipstick samples of

different brands applied to a variety of substrates such as glass, filter paper, tissue paper,



and skin." The dry samples were lifted from the surfaces with cotton swabs moistened
with alcohol, and the stains were then dissolved in toluene before being spotted on a TLC
plate." The authors were able to develop a solvent system that allowed separation of dye
components and differentiation of the lipstick samples.'"* TLC is a valuable screening
technique, simple and rapid, yet it has limitations in its selectivity, and thus cannot be
used as a confirmatory test.

Several thesis projects performed at Michigan State University have characterized
different cosmetic types for forensic purposes.>®!® Mascaras were analyzed using
microscopy, Fourier transform infrared spectroscopy (FTIR), SEM-EDS, and MSP to
determine an appropriate protocol for analysis of such samples.® Microscopy grouped the
24 mascara samples into 4 groups based on particle colors, and presence or absence of
fibers that are sometimes added to mascara to increase the length of eyelashes when
applied.® However, visual observation and determination of color is subjective, and fiber
presence may be due to transfer. It was therefore concluded that microscopy was useful
as a preliminary screening tool.® Microscopy was then followed by FTIR spectroscopy,
which can identify functional groups in samples and allow for the comparison of samples
based on chemical composition.® FTIR was able to distinguish 21 of the 24 samples from
each other based on the presence of major peaks in the IR spectra.’ The third technique,
SEM-EDS, allowed differentiation of samples based on elemental concentrations.® Based
on the comparison of elemental weight percentage of the samples, SEM-EDS could
distinguish 99.67% of samples.® The last technique, MSP, did not provide any

discriminatory data for the analyzed samples, due to the black color of mascara.®



In addition to the mascara research, a project to determine an appropriate protocol
for analysis of nail polish was also performed.'® Romero studied 20 nail polishes varying
in color and manufacturer using microscopy, MSP, and FTIR spectroscopy. ' Microscopy
was able to distinguish between each of the nail polishes, with the exception of five.
These five were from the same manufacturer, but different lots.'® Three of the five
samples could not be distinguished by MSP, but were distinguished by microscopy. '’
When compared to a IR spectral library of lipstick samples, the correct lipstick was
identified 96% of the time.'® This study determined that, in order to determine a match
between a questioned and known sample, microscopy should be the first step in analysis,
followed by MSP, then reflectance FTIR for samples where quantity is limited.'® This
combination of techniques allows more confidence in discriminating samples compared
to a single technique which, as shown in this study, has limited discriminating power.'°

A thesis project performed by Stark combined the techniques of MSP, laser
desorption ionization mass-spectrometry (LDI-MS), and FTIR spectroscopy to classify
57 lipsticks.® MSP grouped the lipsticks into 5 spectral classes based on their wavelength
of maximum absorbance. IR spectra of the lipstick samples were compiled to create a
library of spectra, and then the spectra were re-collected, and compared to the library. For
this method, the top ten possible matches were listed.” Forty-eight lipsticks yielded
accurate search results, where the correct lipstick was the number one match, while the
other samples matches were all in the top ten.” Mass spectra of the lipstick samples were
obtained by LDI-MS and classification was performed based on presence or absence, as
well as the identity, of predominant peaks.” The initial assessment grouped the samples

into five general groups, then further classification into smaller sets was performed



within each of the groups. Within each group, distinctions between most of the lipsticks
could be made based on additional peaks present within the spectra.> Some of the peaks
found in the mass spectra could be identified as components of castor oil, a common
ingredient in lipsticks, and known dyes such as D&C Red 27 2 Other peaks within the
spectra could not be identified as known ingredients.

While the characterization of various cosmetics has been published in the
literature, few studies deal with cosmetics that have the specific function to even out skin
tone, such as foundations, concealers, and powders. Gas chromatography-mass
spectrometry (GC-MS) was used in an early study of castor oil-based cosmetic powders,
creams, and lotionsg, and a recent study examined the ability to discriminate between
different types of foundations using a combination of methods.® A study performed by
Gordon and Coulson in 2004 focused specifically on liquid foundations. Foundations
were smeared on three different types of fabric, and the smears were analyzed by FTIR,
GC with flame ionization detection (FID), and SEM-EDS’. A total of 53 samples were
considered. Twenty-three pairs out of the 1378 possible pairs could not be distinguished
with FTIR, yielding a discrimination power of 98.3%.8 GC-FID alone yielded a
discrimination power of 82%, or 1130 pairs distinguished out of 1378, and SEM-EDS
discriminated all but 83 pairs out of the possible 1378, for a discrimination power of
94%.% The three techniques when combined, resulted in a discrimination power of

99.7%.°



1.4 Research Objectives

The proposed research aims to firstly characterize cosmetic face powders using
SEM-EDS, FTIR, and matrix-assisted laser desorption ionization mass spectrometry
(MALDI-MS) and then assess the discrimination ability of each technique in
differentiating the face powders. Currently, no studies are available that analyze and
characterize face powders and thus it is believed that this work will contribute to the
significance of cosmetics as forensic evidence.

A total of 27 face powders were examined by SEM/EDS, FTIR, and MALDI MS.
Each of these methods provide complementary information about cosmetic samples.
SEM-EDS can produce images so the morphology of samples can be compared, and can
provide an elemental profile of the samples, yielding the atomic percentage of each of the
various elements within the samples. These atomic percentages can be statistically
compared among samples for comparison. FTIR spectroscopy can provide information
about the chemical functional groups present in the samples which can be used to identify
components present in the samples. The presence or absence of major peaks in the
spectra can be used to visually assess the similarities and differences between samples.
MALDI-MS can provide information about qualitative and quantitative composition of
both organic and inorganic components in the face powders, and can yield structural
information of the species within and each sample.'® The ability of the techniques to
discriminate the face powders will be investigated, individually and in various
combinations. By characterizing the chemical composition of the face powders using a
variety of techniques, successful discrimination of samples may be possible increasing

the significance of such evidence in forensic casework.



CHAPTER 2 INSTRUMENTAL THEORY
2.1 Scanning Electron Microscopy/Energy Dispersive Spectroscopy (SEM-EDS)
2.1.1 Introduction
Scanning electron microscopy-energy dispersive spectroscopy has proven to be a useful
tool in the field of forensic science, as it can provide both qualitative and quantitative
information of the inorganic components of samples.17 The scanning electron microscope
(SEM) in particular is often found in forensic laboratories and provides powerful
magnification (10X to 100,000X), a large depth of field, and high resolution when
compared to a light microscope.'” In addition, when combined with energy dispersive
spectroscopy (EDS), SEM has the capability to identify and quantify elements within a
sample.
2.1.2 Scanning Electron Microscopy

The magnification and imaging ability of the SEM allows the morphology of
samples to be visually examined, allowing sample differentiation based on morphology.

Samples must be prepared for the SEM so that they contain no volatiles, are
firmly mounted, and are electrically conductive. Samples are mounted in aluminum stubs,
attached by either carbon cement, epoxy glue, or adhesive tabs, then sputter coated,
typically with gold or carbon to make the samples conductive. Once conductive, the
samples are placed into the instrument chamber.

An SEM is composed of the following basic pans”: the electron gun, condenser
lens, scan coils, objective lens, f’mal aperture, scintillator, detector, computer, and cathode

ray tube (Figure 2.1.1)
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Figure 2.1.1. Diagram of SEM

The electron gun produces a beam of electrons that is condensed by the condenser lens.
The scan coils within the objective lens create a magnetic field that deflects the electrons
towards the sample. The electrons are focused and the electron beam then strikes the
sample.

‘When the electron beam interacts with the sample, a series of interactions occur,
producing secondary electrons (SE). When the beam interacts with the orbital shells of
atoms in the sample, the electron within the beam are scattered. When this occurs, the
path of the beam is deflected by a small angle, resulting in energy loss. This type of
interaction is called inelastic scatter and results in a low energy (3-5 eV) electron being

ejected from the atomic orbital. Any electron detected as a result of sample-beam
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interactions that has energy of less than 50 eV is a secondary electron. Most secondary
electrons do not have enough energy to escape from the sample, unless they are located
near the surface of the sample, within approximately 50 nm.

Common detectors for SEM include Everhart-Thornley (ET) detectors which are
composed of a Faraday cage, scintillator, and photomultiplier tube (PMT). Secondary
electrons emitted from the sample are attracted to the Faraday cage, which is maintained
at ~+300 V. Behind the Faraday cage is the scintillator, which typically has a thin
coating of conductor material to maintain the positive voltagc.'8 Electrons are accelerated
to a +12000 V charge on the scintillator and, upon striking the scintillator, photons of
light are produced that are then directed into the PMT. Inside the PMT, the photons’
interactions with electrodes causes an amplified emission of electrons that are sent to the
cathode ray tube to produce 3D images of the sample.

The images obtained by SEM result from the differences in amounts of secondary
electrons from flat portions of the sample versus projections on the sample. The flat
regions are seen as dark images on the cathode-ray tube, while projections yield brighter
spots. This is a direct result of secondary electrons’ ability to escape the sample surface.
When topographical features are present on the sample, a greater volume is close to the
surface. In such an area, the secondary electrons are close to the surface, and can escape,
thus creating a brighter image.

Although secondary electrons account for the majority of interactions that
produce the SEM image, other types of interactions occur between the sample and the
electron beam. Elastic scatter, which can occur between incident electrons and the

nucleus of atoms in the sample,'” is characterized by a large-angle deflection of the
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incident electron beam, as well as little energy loss by the incident electrons.!” Some
elastic scatter produces backscattered electrons (BSE), which are those electrons
eventually scattered at ~180° to the incident electrons. Unlike secondary electrons,
backscattered electrons have energies on the order of kV, similar to the energy of the
incident beam, allowing escape from much greater depths within the sample. They can
provide an atomic number image as well as a depth image.
2.1.3 X-ray Production

Along with secondary and backscattered electrons, interaction of the electron
beam with the sample can also result in the emission of X-rays, as electrons from higher
energy shells fall to fill the vacancy created by the initial interaction (Figure 2.1.2). Due
to the quantized nature of atomic energy shells, the energy of the x-ray emitted is
characteristic of the atom and related by Equation 2.1, where A is the wavelength in
nanometers, and E is the energy in keVv."

A =-l% (eqn. 2.1)

incident electron beam

Figure 2.1.2 Inelastic scatter resulting in an x-ray.
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With the SEM coupled to an energy dispersive spectrometer (EDS), the x-rays
emitted following interaction of the electron beam with the sample are detected. Since the
energy of the emitted x-ray is characteristic of the atom, elemental composition of the
sample can be determined.

The critical excitation energy, also known as the absorption edge, is the beam
energy needed to eject an electron from an atomic shell. With an electron ejected, a
vacancy now exists in the shell, and the atom is unstable. To restore stability, an electron
from a higher shell falls to fill the vacancy, emitting an x-ray as it does so. Each type of
X-ray is called a line, and if sufficient x-rays of a given line are generated, they produce
an x-ray peak in the spectrum. If the critical excitation energy is not sufficient to remove
an electron from a given shell, then no x-ray lines are seen.'” The difference in critical
excitation energies for different elements gives rise to differences in the analytical spatial
resolution when analyzing for specific elements. 1

X-rays are named according to the atomic shell where the vacancy exists, and the
number of jumps made by the electron to fill that vacancy. The atomic shells are named
K, L, M, and N, where K is the inner shell, closest to the nucleus, followed by L, M, and
N.

If the electron falls one shell to fill the vacancy, the emitted x-ray is called an a x-
ray, falling two shells results in a B x-ray being emitted, and falling three shells to fill the
vacancy would be termed a y x-ray. For example, if there was a vacancy in the L shell of
an atom and an electron from the N shell falls to fill the void, then the electron has fallen
two shells. Since the vacancy existed in the L shell and involved an electron falling two

shells to fill the vacancy, the emitted x-ray is an Lg x-ray (Figure 2.1.3).
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acancy in L shell

Figure 2.1.3 An electron from the N shell fills a vacancy in the L shell, resulting in
the emission of an Ly x-ray.
2.1.4 X-ray Detection

The energy of the emitted x-rays can be detected via energy dispersive
spectroscopy (EDS). Since the x-ray energies are characteristic of the elements present,
EDS allows elemental identification.

The EDS detector is designed to convert the energy of each individual x-ray
emitted into a voltage signal of a proportional size.'” The EDS detector (Figure 2.1.4)
consists of the following main components: collimator, crystal, field-effect transistor

(FET), pulse processor, analog-to-digital converter, multichannel analyzer.
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Figure 2.1.4 The EDS detector

The carbon-lined collimator contains internally mounted magnets that absorb stray
radiation. Following the collimator is a thin membrane window that serves as a barrier
and prevents contamination of the detector crystal, which is composed of silicon and
lithium."” The crystal, which has a 1000 V bias, converts each x-ray into a charge by the
ionization of atoms in the semiconductor crystal.'® The charge is then converted into a
voltage signal by the FET pre-ampliﬁer.19 The voltage signal is sent to a pulse processor
for measurement.'” The number of pulses produced corresponds to the energy of the
incoming x-ray. The analog-to-digital converter takes each pulse from the pulse processor
and converts it into a series of pulses of equal height.'” The number of pulses corresponds
to the height of the original pulse and to the energy of the x-ray.'” The multichannel
analyzer places the pulses into channels of varying energy which, through the computer
and cathode ray tube, displays the energy spectrum. The resulting spectrum is plotted as

intensity or counts on the y-axis and x-ray energy (in keV) on the x-axis (Figure 2.1.5).
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Figure 2.1.5 Example of an EDS x-ray spectrum
2.1.5 SEM/EDS

SEM combined with EDS is an effective analytical technique. The secondary
electrons produced from the sample make it possible to collect high resolution images,
giving detailed sample morphology, while the EDS detector allows qualitative and
quantitative analysis of elemental composition within the sample.

The combination of SEM images and EDS make this technique particularly
effective when analyzing cosmetic samples since complementary information can be
obtained in a single analysis. In this work, the morphology of the face powder samples
was compared by SEM. Elemental composition was determined by EDS and the element

weight percentages were calculated for comparison of samples.
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2.2 FOURIER TRANSFORM INFRARED SPECTROSCOPY
2.2.1 Introduction

Infrared (IR) spectroscopy is a technique in which infrared radiation is directed
through a sample and, depending on the chemical structure of the sample, various
wavelengths of IR light are absorbed, allowing sample identification. The infrared region
of the electromagnetic spectrum is between 12800 cm™ and 10 cm™, and is further
divided into the near IR (12800 cm™ — 4000 cm™), mid IR (4000 cm™ — 200 cm™), and
far IR (200 cm™- 10 cm™) regions. The mid IR region is the most useful for identifying
functional groups in the sample and to provide both qualitative and quantitative
information. Within the mid-IR region, functional groups display absorbances in the
4000-1500 cm’' region, while the region from 1200 cm™ to 600 cm™, called the
“fingerprint region” displays peaks characteristic of certain molecules, potentially
allowing definitive identification of the sample.
2.2.2 Molecular Interactions with IR Radiation

Infrared light is low energy and therefore excites vibrational modes of a
molecule. There are two types of vibrations within a molecule: bending modes and
stretching modes. For a substance to absorb IR radiation, the molecule in question must
undergo a net change in dipole moment as a consequence of the incited vibrational
motion. Therefore, the bonds within the molecule must have a permanent dipole moment
to absorb IR light. Molecules including homonuclear diatomics and some simple
inorganic salts do not absorb in the mid IR region, but many organic functional groups do

have the required dipole moment and will absorb infrared light.
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Every molecule has natural vibrational frequencies based on the functional
groups present in the molecule. Because vibrational energy levels are quantized, there are
particular frequencies associated with transitions between energy levels for different
types of bonds and functional groups (Appendix A). When the molecule absorbs infrared
light with a frequency that corresponds to the energy between two levels, the molecule is
vibrationally excited, an increase in the amplitude of absorbance occurs, and peaks are
seen in those regions on the infrared spectrum. Typically, the presence or absence of
major peaks in the region from ~4000 cm™ to ~1500 cm™ can yield information about the
functional groups present in a particular samples, and differentiation of samples can be

made based on such visual comparison of the corresponding IR spectra.

The “fingerprint” region of an IR spectrum is between ~1200 cm™ and ~600 cm™.
This region of an IR spectrum is often more complicated than in the region above 1200
cm’! because these absorptions are mainly due to bending modes rather than stretching
modes within the molecule. Different molecules have unique vibrations in this region,
allowing definitive identification of the molecule.?’ However, when classifying groups of
compounds based on IR, it is often easier to first examine the “cleaner” region from 4000
cm™ to ~1200 cm™ and determine whether samples can be grouped based on the presence

or absence of major peaks.
2.2.3 Fourier Transform Infrared Spectroscopy
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