
Phys 6715 - Biomedical Physics:y y

Optical Trapping in AirOptical Trapping in Air

Yong-qing Li, PhD

Department of Physics, East Carolina University
Greenville, NC 27858, USA

1

Email: liy@ecu.edu



Outline
1. Why optical trapping airborne particles in air?

2. Forces for optical trapping
- Radiation pressure

Gradient force- Gradient force
- Photophoretic force 

3. Different schemes of optical trapping in air
- Optical levitation and trapping by radiation pressure
- Single-beam gradient-force optical trapg g p p
- Vortex beam trapping and transportation
- Single Guassian beam and bottle beam trapping
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4.  Analysis of optically trapped airborne particles



I. Why trapping particles in air?
Particulate matter (PM) suspended in air is a major 
contribution to the degradation of indoor and outdoor air quality. g q y
Particle pollution (also known as PM) in the air includes a 
mixture of solids and liquid droplets. 
Fine particles (PM2 5) Particles less than 2 5 micrometers inFine particles (PM2.5). Particles less than 2.5 micrometers in 
diameter are called "fine" particles. Sources of fine particles 
include all types of combustion, including motor vehicles, 
power plants, residential wood burning, forest fires, agricultural 
burning, and some industrial processes.
Coarse dust particles (PM10). Particles between 2.5 and 10 p ( )
micrometers in diameter are referred to as "coarse." Sources of 
coarse particles include crushing or grinding operations, and 
dust stirred up by vehicles traveling on roads
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dust stirred up by vehicles traveling on roads.



Airborne particles is of importance in analyses related to 
monitoring air pollution, human health, and global climate 
change . Those less than 10 micrometers in diameter (PM10) 
are so small that they can get into the lungs potentially causingare so small that they can get into the lungs, potentially causing 
serious health problems.
Aerosol particles may include:

W t d l t (0 01 1 0 i di ) i td iWater droplets or snow (0.01-1.0 mm in dia.) in outdoor air.
Soil, soot, mineral dust, sea salt, and textile particles (1 mm 
to >1 mm). Some are toxic for human.
Biological particles: bacteria, spores, pollen, fungi, viruses, 
etc. Some cause human diseases.

Development of new means of sampling and chemical analysisDevelopment of new means of sampling and chemical analysis 
of atmospheric microorganisms and individual aerosol particles 
is a fundamental aspect of environmental and atmospheric 
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science.



Characterization of atmospheric biological particles 
i f l R t d ti l t iusing confocal Raman spectroscopy and optical trapping

Goal:  to develop and apply innovative confocal Raman 
micro-spectroscopy and optical trapping methods to measure and 
characterize single atmospheric particles.  

Specific aims include: 
(1) Development of a novel LTRS bioaerosol-analyzer 
instrument for the collection of Raman spectra of singleinstrument for the collection of Raman spectra of single 
airborne biological particles that are impacted into 
background-free liquids or on solid microscope slides; 
( ) h i i d di i i i f i b(2) Characterization and discrimination of airborne 
microorganisms based on Raman spectra; 
(3) Optical trapping and identification of single aerosol 
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( ) p pp g g
particles in air environments.
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Radiation pressure

F
Fscatt = mg

F hk

Fscatt

Fscatt = nhk,

n – number 
of scattered 
photons per 
second

mg

second
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Gradient force trapping, 
NA=0.95, 100XNA 0.95, 100X
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Photographs of the single-beam gradient-force opticalg p g g p
trap of a glass sphere of d - 5.0 μm in air. A trapping laser beam is 
irradiated perpendicularly to the plane of the photographs. (a) 
Trapped glass sphere indicated by the arrow (b) The same trappedTrapped glass sphere indicated by the arrow. (b) The same trapped 
sphere, lifted by a vertical movement of the focus of the beam.



Light-absorbing particles cannot be trapped by single-beam 
gradient force, but trapped by two optical vortex beams.
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Thermal photophoretic force

Photophoresis - When a surface of an aerosol particle is heated 
nonuniformly by light, the surrounding gas molecules rebound off 
the surface with different velocities creating an integrated force on 
the particle.the particle.

Radiation pressure force exerted by a beam with power P, 
Fa = P/c, a ,

The photophoretic force for particles with zero thermal  conductivity,
Fp = P/(3v)

where c is the speed of light, and  is the molecular velocity.

Fp/Fa = c/(3v) ~6 x 105
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With c = 3x108 m/s, 3v ~500 m/s.



Fig. 3 a Vortex intensity
cross-section; red-shaded is 
the part of a vortex beamthe part of a vortex beam
illuminating particle (green
sphere). b Transfer of a
momentum (red arrow) from 
a gas molecule to a particle.
c Stationary positioning ofy p g
particle along optical axis by
changing relative intensity of
the beams
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the beams.



Optical vortex pipeline



Remote manipulation of particles using the optical 
vortex pipeline
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Fig. 3. (Color online) Raman spectra of optically trapped particlesg ( ) p p y pp p
in air. (A) Carbon nanoparticle cluster: inset is the image
of the trapped cluster and (B) two individual particles of ground
pencil powder The laser power of the input trapping beam was
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pencil powder. The laser power of the input trapping beam was
about 400 mW and the Raman acquisition time was 50 s.



Summary
We demonstrated a new method for optical trapping and 

Raman spectroscopy of micron-sized absorbing airborne p py g
particles using a single focused Gaussian beam. 

A single Gaussian beam is used to trap single absorbing 
particles in air We have actively stabilized the position of theparticles in air. We have actively stabilized the position of the 
trapped particles by controlling the laser power and then 
measured their Raman spectra. The position of trapped particles 
can be conveniently moved by several millimeters by adjusting 
the 3D position of the focused lens. 

The manipulation of absorbing particles makes it p g p
convenient to image the trapped particles and measure their 
Raman spectra using a high throughput objective. This method 
may be applied for characterization and identification of single
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may be applied for characterization and identification of single 
airborne particles in atmospheric and environmental sciences.
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