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Microplastics pollution poses a significant environmental 
threat, highlighting the need for e�ective quantification 
methods across various matrices. This article provides 
an overview of measuring microplastic concentrations 
and emphasizes the importance of Raman micro-
spectroscopy. Capable of detecting microplastics down 
to 1 micron, this technique targets the smallest particles 
that present the highest risk.
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APPLICATION OF RAMAN 
MICRO-SPECTROSCOPY 
FOR QUANTITATIVE 
MICROPLASTICS ANALYSIS

M
icroplastics are 
synthetic polymer 
particles inso -
luble in water 
and measuring 
between 1 µm and 

5 mm. They are ubiquitous, found 
in drinking water, food, and the at-
mosphere. Concerns regarding their 
persistence in the environment and 
potential health risks are increasing. 
Studies indicate that microplastics 
may accumulate in organs, trigger 
in�ammatory responses, and cause 
cellular damage [1].

Measuring microplastic concen -
trations in various matrices is crucial 
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for assessing pollution pathways, 
human exposure risks, and ecolo-
gical impacts. Microplastic concen -
trations can be measured using two 
primary methods: mass-based and 
particle-number-based approaches 
[2]. Mass-based methods determine 
the total mass of plastic particles and 
di�erentiate various polymer types, 
o�en employing thermoanalytical 
techniques such as pyrolysis-gas 
chromatography/mass spectrometry 
(Py-GC-MS) and thermal desorption 
gas chromatography-mass spectro-
metry (TED-GC-MS). In contrast, 
particle-number-based methods 
provide detailed characterization of 

individual particles, including their 
number, size, shape, and chemical 
composition. Understanding these 
characteristics is critical for toxico -
logical assessments, as smaller and 
more numerous particles may exhi -
bit increased toxicity.

Vibrational micro-spectroscopy is 
the reference method for particle-  
number-based microplastics ana -
lysis, as recommended by ISO 
standards (ISO 24187:2023, ISO 4484-
2:2023, ISO/DIS 16094-2). Techniques 
such as Raman spectroscopy and 
Fourier-transform infrared spectros -
copy (FTIR) yield information regar -
ding chemical identity, particle 
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The first step in their produc-
tion generally involves crystal 
growth and sectioning into thin 
wafers. The wafers are then al-

tered using methods such as doping to 
give them speci�c electronic properties. 
Access to the subtlest details of these 
chemical and structural modi�cations 
on the sub-micrometer scale is crucial 
in new device development and final 
product quality control.

Raman microscopy is a powerful tool 
for semiconductor research that can 
nondestructively acquire high-resolu-
tion, spatially-resolved information to 
determine the chemical composition of 
a sample, visualize component distribu -
tion, and characterize properties such as 
crystallinity, strain, stress or doping. This 
is particularly valuable for compound se -
miconductors, which o�en consist of mul -
tiple elements and complex structures.

The measurements below demonstrate 
the insight that correlative Raman imaging 

can provide to researchers investigating 
stress, doping and topographic variation 
in a large-area wafer measurement.

TOPOGRAPHIC RAMAN IMAGING OF 
A SIC WAFER
To meet the challenge of maintaining 
nanoscale-precision across the surface of 
a 150 mm (6 inch) diameter Silicon Carbide 
(SiC) wafer, an Oxford Instruments WITec 
alpha300 Semiconductor Edition Raman 
system (Figure 1) was used. The micros-
cope’s extended-range scanning stage 
enables the inspection of up to 12 inch 
(300 mm) wafers and the acquisition of 
large-area Raman images.

Raman imaging revealed alterations 
in the doping-sensitive A1(LO)-mode 
at 960 rel. cm-1 of the Raman spectrum 
(Fig. 2A) for a region within the wafer 
(Fig. 2B). Compared to the bulk wafer 
area (red), this region contained a hi-
gher doping concentration (blue). The 
sensitivity of the system enabled the de-
tection of minimal shi�s of the E2(high) 
mode at 776 rel. cm-1, which is sensitive 
to material stress and strain. In compa -
rison to the overall wafer, more central 
regions were exposed to compressive 
stress while distal regions were sub-
jected to relatively higher tensile stress 
(Fig. 2C). TrueSurface compensated for 
height variations within the sample and 
allowed the recording of the wafer’s 
topography and warpage (Fig. 2D) si-
multaneously along with the Raman 
spectral information.

SUMMARY
Researchers in semiconductor deve-
lopment rely on detailed, conclusive 
investigations such as these to achieve a 
comprehensive understanding of their 
materials and manufacturing processes. 
The WITec alpha300 line of Raman mi-
croscopes o�er precise, versatile tools 
that can help accelerate their rate of ad-
vance. 

CONTACT
Oxford Instruments - WITec GmbH
Lise-Meitner-Str. 6
89081 Ulm, Germany
https://raman.oxinst.com/

Semiconductors are the materials from which the engines of the information age are 
built, and their advancement is among the most vital endeavors in technology. Powerful 
characterization tools enable researchers to comprehensively characterize novel devices 
in this field.

COMPOUND SEMICONDUCTOR ANALYSIS 
WITH CORRELATIVE RAMAN IMAGING
STRESS, DOPING AND TOPOGRAPHIC 
VARIATION VISUALIZED
///////////////////////////////////////////////////////////////////////////////////////////////////

Figure 1. Oxford Instruments - WITec 
alpha300 Semiconductor Edition

Figure 2. Raman imaging of  
a 150 mm SiC wafer. A: Characteristic 
Raman Spectra; B: Di�erent doping 
concentration; C: Distribution  
of stress fields. D: Warpage of  
the SiC wafer with height variations  
of up to 40 �m.

https://raman.oxinst.com/
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TYPICAL WORKFLOW FOR 
MEASURING MICROPLASTICS 
CONCENTRATION
Prior to particles characterisation the 
sample preparation is performed ai -
ming the e�cient separation of the 
targeted microplastics particles from 
the sample matrix. Depending on 
matrix, di�erent approaches can be 
applied such as density separation, 
chemical and/or enzymatic digestion 
and �nally �ltration. Nevertheless, 
a�er the �nal step of samples prepa -
ration, �lter usually contains various 
particles, thus the chemical identi� -
cation of each particle is the key for 
obtaining reliable results. 

AUTOMATIZATION  
OF RAMAN ANALYSIS
There are two primary methods for 
performing automatic Raman analy -
sis of particles on the �lter. The �rst 
method involves Raman mapping, 
which entails point-by-point scan-
ning of the �lter surface. Although 
highly precise, enabling the charac -
terization of particles even when 
agglomerated or overlapping, it is 
time-consuming. As a result, this 
technique is generally applied to a 
subset of the �lter surface, relying 
on statistical subsampling [3].

The second approach focuses the 
laser beam directly on speci�c areas 
where particles are located, acqui-
ring one spectrum per particle [4]. 
This method is widely adopted due 
to its efficiency, with commercial 
software available for particle lo -
calization, correlation with Raman 
analysis, and the measurement of 
particle geometrical parameters 
using optical microscopy images 
(Figure 1). However, this method re -
quires sample preparation that en -
ables automatic particle detection. 
Current algorithms depend on the 
optical contrast between the �lter 
surface and the particles, making 
the choice of �lter material and the 
optical microscope’s illumination 
mode critical. For instance, silicon 
�lters are ideal due to their �at, re -
flective surfaces and regular pore 
patterns. Particles deposited on 
such �lters, when illuminated using 
dark-�eld mode (where the sample 
is illuminated from the sides by a 
hollow cone of light), appear bright 
against a dark background (Figure 1). 
Additionally, silicon exhibits a dis-
tinct Raman signal that does not over-
lap with polymer signals, simplifying 
data interpretation.

For spectral acquisition, several 
parameters must be optimized to 
balance the quality of spectra and 
the time required for analysis. Key 
variables include laser wavelength, 
laser power, exposure time, numeri -
cal aperture of the optical objective, 

count, size, and shape. Notably, 
Raman spectroscopy can analyze 
microparticles down to 1 micron, 
making it invaluable for ecotoxico -
logical studies and monitoring. This 
article gives a brief overview of the 
application of Raman spectroscopy 
in microplastics analysis.

PRINCIPLE OF RAMAN 
SPECTROSCOPY
Raman spectroscopy is a powerful 
analytical technique based on the 
scattering of light, which provides 
molecular and structural informa -
tion about a sample. When laser 
light interacts with molecules, most 
of it is elastically scattered (Rayleigh 
scattering), but a small fraction un -
dergoes inelastic scattering—this is 
known as Raman scattering. During 
Raman scattering, the energy of 
the photons is either increased or 
decreased due to interactions with 
the molecular vibrations, rotations, 
or other low-frequency modes of the 
sample. The difference in energy 
corresponds to speci�c vibrational 
modes of the molecules. Since each 
compound has a unique vibrational 
signature, Raman spectra are used 
as a fingerprint for the chemical 
identi�cation of the particles.

Figure 1. Optical image of Si filter with the particles in dark field illumination. b) Particles 
are located automatically on the optical image with Particle Finder TM so�ware. Green mask 
indicates the particles area, the red spot indicates where the laser will be sent to acquire the 
Raman spectrum of each particle
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and autofocus settings. Depending on the complexity of the 
sample and the size of the target particles, these parameters 
should be adjusted to obtain spectra of su�cient quality for 
reliable chemical identi�cation. For relatively large par -
ticles (> 5 µm) that have been e�ciently separated from the 
sample matrix and do not exhibit �uorescence, analysis can 
be performed using a green laser and a low-NA objective, 
without the need for confocal mode or additional autofo -
cus. In such cases, exposure times can be short (less than 1 
second), and laser power can be increased to obtain a su�-
cient Raman response in a short period. To increase signal 
intensity, the system should o�er �exibility in confocal set -
tings, allowing the user to adjust the confocal pinhole size 
or �bre diameter in �bre-based optics. Under these condi -
tions, rapid analysis of several thousand particles can be 
completed in a few hours, making Raman spectroscopy an 
excellent tool for fast monitoring of simple matrices, such 
as drinking water or food ingredients soluble in water, or 
matrices where microplastics can be e�ciently separated.

In cases involving �uorescent matrices, which are com -
mon in biological or environmental samples, lasers with 
longer wavelengths (e.g., 785 nm) should be considered to 
minimize �uorescence, which can obscure Raman peaks. 
Given that Raman scattering intensity (I) decreases with 
the fourth power of the excitation wavelength (�, I ~ � �4 ), 
higher laser power and longer exposure times are neces-
sary to achieve a strong Raman signal. Longer acquisition 
times are also useful for reducing �uorescence and correc -
tly identifying pigmented polymeric particles. Pigments 
o�en exhibit strong (pre)resonant Raman signals, and spec -
tra collected with short acquisition times (around 1 s) may 
incorrectly be identi�ed as pigment particles. Extending 
acquisition time can help capture the Raman signals of the 
polymers as well [2].

Spectral identi�cation is a critical step in the analytical 
work�ow [5]. A common approach is to compare the acquired 
spectra with a reference database. The sample spectrum is 
matched to the most similar entry in the database, o�en 
with a minimum similarity threshold applied. However, 
determining spectral similarity can be complex, and choo -
sing an appropriate database is essential for accurate 

Under optimized conditions, it is possible 
to analyze several thousand particles, 
including those smaller than 20 microns, 
within a few hours. This e�iciency makes 
Raman spectroscopy an excellent tool for 
monitoring microplastic concentrations, 
particularly in matrices relevant to 
human exposure, such as drinking water, 
food, and air.
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identification. At a minimum, the 
database should contain spectra of 
various synthetic polymers (plastics) 
as well as other non-plastic substances 
commonly found in the sample or in -
troduced during sample preparation.
For simple matrices, such as drinking 
water, these databases should include 
spectra of proteins, oligosaccharides, 
cellulose, and typical minerals like 
carbonates, which are naturally pre -
sent in water and may be found on the 
�lter a�er �ltration.

It is also essential to account for 
particles introduced during sample 
preparation. For example, salts of 
fatty acids, commonly used as slip-
ping agents in laboratory gloves, 
have been mistakenly identi�ed as 
polyethylene (PE) [6]. Additionally, 
spectra of detergents like sodium 
dodecyl sulphate (SDS), common-
ly used in cleaning procedures, 
resemble PE spectra. In principle, 
any organic molecule with a long 
C-H chain presents similar vibra -
tional spectra to PE (Figure 2). 
Differentiation is possible only if 
adequate reference spectra are in-
cluded in the database, and if the 
risk of confusion between subs-
tances is well-known.

machine learning approaches en-
able the development of more adap-
tive and robust algorithms capable 
of handling large-scale, automated 
analysis of environmental samples, 
making them valuable tools in high 
throughput microplastics research.

PERSPECTIVES
Raman spectroscopy is a promising 
technique for nano-plastics analysis. 
When coupled with preconcentra -
tion methods such as �ow �eld frac -
tionation and advanced localization 
techniques like scanning electron 
microscopy (SEM) and atomic force 
microscopy (AFM), Raman spectros-
copy can overcome the limitations 
of diffraction-limited optical mi-
croscopy [2]. This powerful combi -
nation allows for detailed chemical 
identi�cation and characterization 
of nano-plastics.

CONCLUSIONS
Raman spectroscopy stands out as 
one of the reference methods for mi -
croplastics analysis. The automation 
of Raman analysis facilitates rapid 
quantitative assessments, enabling 
the counting of microplastic particles 
and their classi�cation by chemical 
composition and size categories. 
Moreover, Raman spectroscopy is 
a promising method for advancing 
nano-plastics research, especially 
when integrated with other advanced 
techniques.  

Figure 2. Raman spectra of a polymer (Polyethylene, PE) and other organic molecules (Salt 
of stearic acid, wax, oil) containing long C-H chain. It is important to include such spectra in 
the library dedicated to microplastics analysis to avoid the false positive identification.

Beyond traditional spectral 
matching, machine learning algo -
rithms are increasingly being inte-
grated into microplastics analysis. 
These models can be trained on large 
datasets of polymer spectra, allowing 
them to recognize complex patterns 
and subtle variations that may not be 
as easily detected through standard 
library matching. Machine learning 
models improve identi�cation accu -
racy, particularly for microplastic 
particles that are weathered, de-
graded, or contaminated, leading 
to spectral changes. Furthermore, 
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