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How large can a Microplastic be?
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Infrared Spectroscopy for identification of polymers is not 
new

“Fourier Transform Infrared Spectroscopy (FT—
IR) is developing as a ubiquitous tool for use in 
the characterization of polymers”. 
Jack L. Koenig -1985
Department of Macromolecular Science, Case Western Reserve 
University, Cleveland, Ohio 44106

Analytical Chemistry - 1948
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Infrared spectroscopy

Shine infrared light on a particle and 
see which wavelengths it absorbs
• Every substance has a unique 

fingerprint and extensive libraries 
exist

• Robust and reliable
• Non-destructive

Fourier Transform Infrared (FTIR) 
spectroscopy is the traditional choice

Data
Polystyrene library
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FTIR Micro-Spectroscopy

To measure small things, combine 
FTIR spectrometer + microscope

Problem: a large incoherent source 
cannot be focused onto a small 
microparticle
• Weak signals, slow analysis
• 30 seconds per spectrum typical

Solution: use a laser!

Only a tiny fraction of the light can be absorbed.

10-µm particle

Incoherent light
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Laser Direct Infrared (LDIR) Spectroscopy

New instrument architecture 
• Bright infrared laser source
• Proprietary Agilent quantum 

cascade laser (QCL) technology
• Rapidly tunable across the mid-

infrared for spectroscopy

Focus all laser power onto a particle
• One second per spectrum 

Coherent laser light

“Laser focus”

All light reaches the particle

10-µm particle
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• More light (~1000x)
• Highly directional (it’s a laser)
• Diffraction Limited Spot size

• Operates like a 
monochromator instrument 
(measures one wavelength at 
a time)

• Spectral range covers most 
important frequencies 
(fingerprint)

QCL imaging systems 

Sweep the whole spectrum one 
wavelength at a time just like a 
traditional monochromator 
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Conventional FTIR microscope modes VS LDIR

• Measure one pixel at a 
time (very quickly)

• Take a spectrum at a 
single pixel (in a very 
reasonable amount of 
time)

• Focus all light to a single point and 
rapidly sweep across the sample
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LDIR

Single Point Single Point – Automated Stage FPA Imaging



Eliminate complex manual microscope manipulations
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LDIR Analysis of Microplastics
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Wash off 
filtered 
sample

Sonicate Pipette on 
Kevley Slide
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Obtain spectra by passing infrared beam thru sample 
reflecting off Kevley slide (transflectance) and then back thru 
sample to the detector.

Detector QCL



LDIR Microplastics Analysis Workflow

Insert 
sample

Locate 
and 
measure 
all 
particles

Compare to 
standard IR 
library

Acquire 
spectrum

Update 
statistics

For every 
particle
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3 Steps for analysis
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Scan and Identification
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Spectral example  

Spectrum from PS bead obtained from automated 
analysis; very good match with PS in library.



Polyethylene
66 µm

Polystyrene
31 µm

Cellulose acetate
33 µm

Poly(methyl methacrylate)
23 µm

7/31/2021 DE. 5989583333    



Particle breakdown and statistical analysis
Reported results

3 mm × 3 mm; 39 particles; 5 minutes
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Large microplastic example

Both large (1 mm) and 
small (10 µm) particles 
can be measured in the 
same analysis

Bright laser light is able 
to transmit through thick 
particles and ID them

Polystyrene
840 µm × 130 µm
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Physical Properties
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What do the reported parameters mean?

Aspect ratio = the ratio of width/height
Area = calculated based on the pixels enclosed by width and height
Diameter = calculated by equating the calculated particle area to the area of a 
circle: using the circle area, the diameter is calculated using equation A = pi * 
(diameter^2)/4
Circularity: Measures how close the shape of the particle is to a circle. A perfect 
circle will have a circularity of 1. Other shapes will have a value < 1. 
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What do the reported parameters mean?
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Perimeter:  The length of the line that makes up the boundary of the 
particle.

Eccentricity: Another metric that characterizes the shape. A circle has a 
value of 0. Ellipses range from 0‐1. A value close to 1 suggests a high aspect 
ratio. 

Solidity: The ratio of the particle area over the area of its convex hull. That 
might be confusing so perhaps easier to say. A particle in the shape of a 
rectangle will have a high solidity close to 1. A starfish shape, or a fiber that 
is curving will have a low solidity since its area is small relative to its 
bounding area



Routine, robust, automated microplastics analysis by non-experts

Agilent 8700 LDIR Chemical Imaging System
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Thank you!
LOUIS.TISINGER@AGILENT.COM
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