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ABSTRACT 

An optothermal analyte preconcentration method is 
introduced in this work based on temperature gradient focusing.   
The present approach offers a flexible, noncontact technique for 
focusing and transporting of analytes. Here, we use a 
commercial video projector and an optical system to generate  
heat and control the heat source position, size and power. This 
heater is used to focus a sample model analyte, fluorescent dye, 
at an arbitrary location along the microchannel. Optothermal 
manipulation of the focused band was demonstrated by 
projecting a series of images with a moving light band.  

1. INTRODUCTION 
Microfluidic systems can be designed to create rapid and 

efficient portable point-of-care (POC) medical diagnosis 
systems to obtain and process measurements from small 
volumes of complex fluids [1-3]. Detecting dilute analytes in 
microfluidic formats [1-3] generally requires preconcentration 
prior to separation and/or detection stages [4]. Examples of 
preconcentration methods include field amplified stacking 
(FAS) [5-8], isotachophoresis (ITP) [9, 10], sweeping [11-13], 
electric field gradient focusing (EFGF) [14-16], and 
temperature gradient focusing (TGF) [4, 17-20].  

In TGF, the focusing is achieved by balancing the bulk 
flow in a channel against the electrophoretic migrative flux of 
an analyte along a controlled temperature profile. In previous 
works, the required temperature profile was  generated by 
heating/cooling blocks [4, 17, and 19], peltier elements [18 and 
20], and joule heating in a variable cross-section microchannel 
[4,19]. Here, we use an optothermal heating method [21] to 
concentrate and manipulate analytes. Major advantages 
associated with the proposed heating method include control of 
the size, location and shape of the temperature profile, and also 
the ability to generate localized heating without need for 
integrated heating/cooling components, provides the ability to 

generate a tightly concentrated band in a very short 
microchannel  and transport it to the point of analysis, on 
demand. Since the proposed method is contactless, predefined 
geometries, complex fabrication and controlling systems are 
avoided. Moreover, using lower applied voltages for 
concentration is possible which prevents unstable focused 
bands due to the "thermal run away" effect which is common in 
the systems using the joule heating effect [19].  

2. EXPERIMENTAL RESULTS 
In our experiments, an inverted epi-fluorescent microscope 

(Jenco, Oregon) with 5X, 0.12 N.A. long distance objective, 
rhodamine B (excitation: band pass 546 nm, emission: band 
pass 600 nm) and green (excitation: band pass 540 nm, 
emission: band pass 580 nm) filter sets, a broadband mercury 
illumination source, and a digital CCD camera were used. 
Image acquisition and storage was controlled by Zarbco video 
toolbox (Ver. 1.65) software. Ultra-small pressure driven flow, ( 
flow rates on the order of ~1ݎ݄/ܮߤ), were produced using 
hydrostatic pressure (i.e. difference between two columns of 
water). A commercial video projector (Sony, 3-LDC BrightEra, 
190 W Mercury lamp, 1600/2000 ANSI lumens) equipped with 
special optics were used for optothermic control of the system. 
A 50 mm long rectangular borosilicate glass capillary 
(Vitrocom, NJ) with nominal inner dimensions of 20 ൈ  ݉ߤ 200
was used as the microchannel. The capillary was mounted on a 
microscope slide (25 ݉݉ ൈ 75݉݉ ൈ 1݉݉) using an acrylic 
double sided tape (Adhesives Research, Inc., Arclad 8102 
transfer adhesive). Pipette tips were cut, inverted (wide side 
down), and epoxied at the channel ends to interface to the 
external fluidics. A black electric tape was fixed on the surface 
of the microchannel, providing a light absorbing material. 
Images were projected onto the surface of the black tape using 
the abovementioned optical setup controlled by a laptop.   
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Figure 1. Measured temperature distribution along a microchannel 
spanning the 3.5-mm field of view of the microchannel. The heat 
source is approximately .   wide. At each axial location, the 
cross-sectional average of the temperature field is shown. 

 
We performed in situ temperature field imaging based 

upon the temperature-dependent quantum efficiency of 
rhodamine B, using the method introduced by Ross and co-
workers [22] and described in our previous work [21]. Briefly, 
0.1 mM rhodamine B in 900 mM Tris-borate buffer solution 
was prepared and introduced into the microchannel. A 
background and an isothermal “cold field” intensity image of 
the system were taken prior to each experiment. Following the 
acquisition of the cold field image, the prescribed pressure 
driven flow was set and a rectangular strip of light was 
projected on the surface of the black tape to provide a localized 
heating. The heat source width was estimated to be 1.5 ݉݉. 
Images were taken every 2 seconds with the resolution of 
1280 ൈ 1024 pixels, spanning a length of 3.5 ݉݉ of the 
channel. To extract the in-channel temperature profiles, 
background image was first subtracted from each raw image 
and the cold field. The corrected raw images were then 
normalized with the corrected cold field images. The intensity 
values of the treated images were then converted to temperature 
using the intensity vs. temperature calibration, as described by 
[21]. Figure 1 shows the Gaussian shape steady state 
temperature profile for no-flow condition along the 
microchannel produced by a heater size of approximately 
1.5 ݉݉, after taking cross-sectional averaging at each axial 
location. Our temperature measurements [21] show that by 
increasing the flow rate, the peak in temperature slightly 
decreases and shifts to the downstream of the flow.  

The thermal response of the microfluidic system plotted in 
Figure 2 indicates that our heating system reaches the steady-
state condition with the rate of approximately 1 Ԩ/ݏ. 
Maximum temperature rise in Figure 2, ܶ െ ܶ, was obtained 
by finding the maximum value of the cross-sectional averaged  
temperature profile at each time. 

 

Figure 2. Variation of maximum temperature rise, ࢀ െ  vs. time ,࢈ࢇࢀ
for no-flow condition and stationary heater. The heater width is 
approximately 1.5 mm for this plot. Each data point is obtained by 
finding the maximum temperature along the microchannel. 
Temperature at each axial location is obtained by taking the cross-
sectional average.   

 
Focusing experiments were performed using 0.1mM 

Fluorescein in 900 mM Tris-borate buffer at pH 8. Before each 
experiment, the channel and reservoirs were flushed with 
distilled water and buffer for at least 15 ݉݅݊. Both reservoirs 
were emptied and 0.1mM Fluorescein solution was introduced 
in one reservoir and the channel was allowed to fill with the 
hydrostatic pressure. Then the other reservoir was filled with 
Fluorescein and the pressure head was applied. The heat source 
was projected on the surface of the black tape, electric field was 
switched on after the steady state temperature was obtained, 
and image acquisition was performed every 20 seconds. After 
electric potential was applied to the channel the pressure head 
was tuned until the focused band was observed.  

 Parts a to f in Figure 3 show the focusing of Fluorescein 
after applying 200 ܸ/ܿ݉ electric field. Images were taken 
every 20 seconds and exported to an in-house Matlab code for 
post processing. Initially, the microchannel was filled with a 
diluted sample solution (0.1 mM in Tris-Borate, PH 8) 
uniformly distributed within the channel. It can be seen that 
after 6 minutes, concentration of the Fluorescein is significantly 
increased under the heat source. Figure 3-g shows the variation 
of axial concentration profile with time. At each axial location 
cross-sectional averaging was performed. It should be noted 
that the optothermal heating system used in this work is able to 
control the location of the heat source. As a result, the location 
of focused band along the microchannel can be determined on-
demand without any need for pre-defined geometry or complex 
controlling system. Moreover, since the size of the heat source 
can be shrunk down, shorter preconcentration channels are 
required, thus significantly smaller microchannel footprint is 
needed.  
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Figure 3. Images of sample analyte focusing with an applied 
electric field of 200 V/cm. (a) heat source location under the 
microscope, (b) channel after 40 sec, (c) channel after 120 sec , (d) 
channel after 200 sec, (e) channel after 360 sec, (f) channel after 
480 sec, and (g) transient variation of Fluorescent intensity profile 
along the microchannel. Pressure driven velocity is in the order of 
0.15 mm/s in favour of the electroosmotic flow from right to left.  

 
The measured peak concentration versus time for two runs 

is plotted in Figure 4. The peak concentration for each of the 
two runs follow a roughly linear increase as predicted by Ross 
et al. [4]. Normalized concentration in this plot is defined as  
  is the initial intensity (corresponds to  0.1 mMܫ  whereܫ/ሻݐሺܫ
concentration) and ܫሺݐሻ is the measured intensity at anytime. As 
can be seen, more than 50-fold enrichment in 12 minutes is 
obtained for Fluorescein  as the analyte model.  

Figure 4. Peak sample concentration vs. time for two different 
focusing runs. Normalized concentration at each time is defined as 
the ratio of fluorescent intensity at that time over the initial 
fluorescent intensity. More than 50-folds enrichment in 
concentration is obtained in almost 12 mistunes.  

 
On-demand transport of the focused band along the 

microchannel was performed by moving the heat source. Figure 
5 shows the image sequence of the fluorescein band transport in 
two directions. The applied electric field for both directions was 
160 V/cm with the same electrode polarity. The direction and 
magnitude of the pressure driven flow was also remained 
unchanged. To ensure the stability of the focused band at the 
initial location (i.e. point A), image sequences were taken every 
2 seconds for 3 minutes and the location of the peak 
concentration was monitored. Then the heat source was 
transferred 500 ݉ߤ every 3 minutes to generate a quasi-steady 
moving heat source. As can be seen, the focused band is 
following the heat source in both directions indicating the 
successful transport of the focused band from point A to B, and 
back. It should be noted that the advantage of present method 
compared to conventional concentration methods such as such 
as sample stacking is that both stationary and moving focused 
bands can be generated by this method, transporting of the 
focused sample in both directions is possible with only one 
background buffer, and the instabilities that can occur at the 
interface between high/low concentrations is avoided. 

3. CONCLUSION  

We  presented an optothermal analyte manipulating method 
based on temperature gradient focusing that enables dynamic 
control of the focused band location and its on-demand 
transportation to the point of analysis. Moreover, using this 
optothermal technique shorter preconcentration channels are 
required compared to other heating techniques used in TGF in 
previous works.  The proposed method was demonstrated using 
a sample model analyte, fluorescent dye. More than 50-fold 
enrichment in concentration of fluorescein was achieved in 
under 14 minutes. Since the location of the heated area is 
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controllable, the focused band can be generated at any point 
along the microchannel without integrated heaters/coolers of 
predefined geometry or a complex control system. We also 
demonstrated the on-demand manipulation of the focused band 
by projecting a translating image and thus moving the 
optothermal heat source. This ability of the system can be used 
for sequential concentration and separation of different analytes 
and transporting the focused bands to the point of analysis. 

 

Figure 5. Image sequences showing the on-demand transport of 
Fluorescein focused band from point A to B by moving the heat 
source. (a) from left to right and (b) from right to left. Applied 
electric field is 160 V/cm, the left hand side electrode polarity is 
negative, and the right hand side electrode is grounded for both 
directions. Stable focused band is first generated at point A (the 
stability is examined by processing a sequence of images taken 
every 2 seconds for 3 minutes) and then transported to point B 
following the heat source. The direction and magnitude of the 
pressure driven flow was remained unchanged during the 
experiments. 
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