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Direct Enumeration of Dilute Bio-Nanoparticles 
in an Optical Trap: Yi Hu, Xuanhong Cheng and 
H. Daniel Ou-Yang (hdo0@lehigh.edu) Lehigh 
University. Observation and real time quantification 
of bio-nanoparticles such as virions is significant for 
clinical diagnosis, environmental monitoring and 
fundamental science. However, the low 
concentration of these particles in their natural 
environment often prevents direct detection. Using 
optical trapping, we shown in our prior work that 
dilute nanoparticle concentration increases with 
trapping laser power, following a Boltzmann 
distribution Ntrap/N0=exp(Utrap/kBT). Here we 
demonstrate that the concentration of nanoparticles 
in the optical trap can be determined by fluorescence 
correlation spectroscopy (FCS). This methodology 
is tested on Gag virus-like particle (VLPs) in cell 
medium suspension. We anticipate the methodology 
described in this article will have potential 
application on biological suspension. 

      

 
Fig. (a) SEM image of Gag VLP, the diameter is 
measured to be 110 nm. (b) Fluorescent image of 
Gag VLP under 100X objective. (c) Selected 
autocorrelation curves of VLPs in culture medium at 
different trapping laser power. The prefactor of ACF 
decreases as the trapping laser power increases. (d) 
The average number of particles in the observation 
volume is plotted versus the trapping laser power, 

and an exponential fitting (red solid line) shows the 
trapping energy per particle is 0.02 kBT at each 
milli-Watts of laser power. 
 
Mapping the Optical Trapping Energy of 
Nanoparticles in an Optical Bottles via Confocal 
Microscopy: Melissa Goleb, H. Daniel Ou-Yang 
(hdo0@Lehigh.edu) Lehigh University. Optical 
trapping of nanoparticles, since its discovery by 
Ashkin et. al. in 1986, has become one of the most 
promising techniques in optical technology for 
nanoparticle manipulation. Using an infrared laser 
setup, we have the potential to contain nanoparticles 
with diameters as small as 100 nm in a centralized 
area. The area of containment of several of these 
particles is called an optical bottle. Optical traps and 
bottles allow control over nanoparticles that were 
difficult to manipulate before due to their size. One 
of the key parameters of optical traps is the trapping 
energy that correlates to how strongly the 
nanoparticles are attracted to the area. Trapping 
energy or the depth of the potential well of the trap 
can be determined by an ensemble method proposed 
by Junio et. al. This method has been expanded upon 
to create a method through which we are able to 
measure the trapping potential well in two 
dimensions. For a particle to be considered as stably 
trapped, the gradient force of the laser must be 
greater than the scattering force from the particles in 
all directions. After ensuring that the gradient force 
is large enough, we can assume the particles tend to 
stay within the area of the optical bottle. From this 
we can then map the profile of the bottle and 
analyze the potential energy well as a function of the 
distance from the center of the trap. With this 
research we are mapping only the 2D energy profile 
of the trap, but even with this information we can 
learn more about optical traps. This research can 
lead to better methods of concentrating 
nanoparticles by light to improve the sensitivity of 
diagnostics pathogens for biomedical applications. 
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Mapping AC Electroosmotic Flow at the 
Dielectrophoresis Crossover Frequency of a 
Colloidal Probe Jingyu Wang, H. Daniel Ou-Yang 
(hdo0@lehigh.edu) Lehigh University The AC 
electroosmosis (ACEO) flow field in the vicinity of 
conducting electrodes is mapped by the 
measurement of Stokes-Einstein forces on an 
optically trapped colloidal particle. 
Dielectrophoresis (DEP) of the probe particle is 
eliminated by measuring at the particle’s DEP 
crossover frequency. At this frequency the DEP 
force on the particle vanishes. Isolation of ACEO 
from DEP of the probe utilizes the fact that the 
ACEO flow velocity depends strongly on the 
electric field, which is spatially dependent, whereas 
the DEP crossover frequency, is independent of the 
electric field. Elimination of the particle’s DEP 
permits unambiguous mapping of the ACEO 
velocity field. 

 

 
Fig. (a) Side view (not to scale) of symmetric AC 
electroosmotic flow (dashed lines) induced in an 
external AC electric field. The direction of the flow 
is indicated by the blue arrows. Solid lines 5 show 
the electric field during a half cycle of the AC 
electric field generated by oppositely charged planar 
electrodes (yellow bars). The tangential and normal 
components of the electric field are indicated by red 
arrows (b) ACEO velocity field in the X-Z plane. 
 
Low-frequency Dielectrophoretic Response of a 
Single Particle in Aqueous Suspensions Jingyu 
Wang, H. Daniel Ou-Yang (hdo0@lehigh.edu) 
Lehigh University. α-relaxation, the counterion 
diffusion in the electric double layer, has been used 
to describe the anomalous low frequency dielectric 
dispersion of aqueous suspensions of colloidal 
particles. A microscopic theory describing this 
relaxation process proposed by Schwarz, however, 

has not been investigated systematically. We 
propose to use a single particle dielectrophoretic 
(DEP) force spectroscopy to study the relaxation 
mechanism as a function of particle size, medium 
viscosity and temperature. DEP is a phenomenon of 
directed motion of electrically polarizable particles 
in a nonuniform AC electric field. As the frequency 
of the field is varied, the polarizability of the particle 
together with its associated double layer relative to 
the surrounding medium determines the magnitude 
and direction of the DEP force on the particle. The 
frequency at which the DEP force is zero is called 
the crossover frequency. Here we measure the 
dependence of the DEP crossover frequency and 
compare results with predictions by Schwarz. 
 

  

  
Fig. (a)Side view of the optical tweezers-based 
motion detection. (b) DEP crossover frequency as a 
function of particle size at the temperature of 25°C 
(c) DEP crossover frequency as a function of solvent 
viscosity at the temperature of 30°C (d) DEP 
crossover frequency as a function of the ratio of 
temperature/viscosity. 
 
Ensemble Method to Measure the Potential 
Energy of Nanoparticles in an Optical Trap 
Joseph Junio,1 Jack Ng,2 Joel A. Cohen,3 Zhifang 
Lin,4 and H. Daniel Ou-Yang1 (hdo0@lehigh.edu)  
1Lehigh University, 2 Hong Kong University of 
Science and Technology,3University of the Pacific, 
San Francisco, 4 Fudan University. A method is 
described for measuring the potential energy of 
nanoparticles in an optical trap by trapping an 
ensemble of particles with a focused laser beam. The 
force balance between repulsive osmotic and 
confining gradient-force pressures determines the 
single-particle trapping potential independent of 
interactions between the particles. The ensemble 
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