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ABSTRACT 

Here we report a single point detection method for the characterization of surface properties in micro-

fluidic channels.  Our method couples segmented flow (SF) with laser induced fluorescence (LIF) to as-

sess the hydrophobicity of microfluidic channels by analyzing the shape of a fluorescent plug as it moves 

past a detector.  Differences in plug shape are shown to correspond to differences in surface conditions 

and allow us to distinguish between hydrophobic, partially hydrophobic and hydrophilic surfaces.  
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INTRODUCTION 

The surface modification of microfluidic channels is often an important part of chip fabrication.  

Researchers routinely modify channel surfaces to be either more hydrophobic or hydrophilic depending 

on the application.  Assessment of the surface modification is conventionally done by goniometry (i.e. 

contact angle measurement).  Such measurements are, however,  impossible to perform directly inside a 

closed microfluidic chip. 

 In SF or two-phase flow, arrays of aqueous droplets separated by plugs of an immiscible liquid 

phase, usually an oil, are generated inside a microfluidic channel, typically by means of a T-junction [1, 

2].  Aqueous droplet arrays of this kind have been used in many applications, such as reaction vessels [3], 

to segregate cells [4]or to contain separated analytes to prevent diffusional broadening [5].  Optical 

detection methods such as LIF have been used previously to measure droplet fluorescence, size and 

reproducibility [4, 5].  Our present work focuses on using the shape of moving droplets to characterize the 

dynamic surface properties of channels.  

 

THEORY 

 

 
Figure 1: A) SolidWorks model of droplet interaction with a laser. B) Interaction volume vs. location of droplet plot 

for droplets with different contact angles. C) Plots of the residuals of the model and fit to the Boltzmann equation.  

The interaction of the laser beam with a droplet inside a channel was modeled using SolidWorks soft-

ware.  To simplify the model, we have assumed a channel with a circular cross-section.  A droplet was 

generated inside the channel and moved stepwise past a conical region representing the laser light (Figure 

1a).  The interaction volume between the droplet and laser was calculated by SolidWorks.  The hydro-

phobicity of the channel surface was altered by changing the contact angle of the droplet.   The model was 

used to generate plots of the interaction volume vs droplet position for a range of contact angles between 

40º and 120° (Figure 1b).  The droplet profiles so obtained were fit to the Boltzmann function (1).  
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Residuals values between fit and model were plotted (Figure 1c).  The residual plots show more clear-

ly than the droplet profiles the effect of the contact angle on the droplet shape.  We concluded from these 

results that channels with different hydrophobicities would result in measurable changes in droplet shape. 

 

EXPERIMENTAL 

The first set of experiments to confirm the results of the model were performed using a 40 cm piece of 

fused silica capillary.  The hydrophobicity of the capillary surface was modified by chemical vapor depo-

sition (CVD) using the silanizing reagent FAS-17 (Sigma, USA).  A detection window was made 10 cm 

from one end of the capillary by burning the polyimide coating and placed into a home-built LIF detec-

tion system (Figure 2a).  A second window, 10 cm from the other end of the capillary,  was placed in the 

viewing field of a digital microscope with a CMOS sensor (Aigo, China) for simultaneous droplet imag-

ing.  An LED with a nominal wavelength of 470 nm (Thorlabs, USA) was used as the source for fluores-

cence excitation.  The sampling rate that could be achieved using the microscope software was too low 

for continuous imaging of the high velocity droplets produced for SF.  For this reason, a stroboscopic im-

aging technique was used, in which the LED was operated in “burst” mode synchronized to the sensor 

frame rate.  The frequency of the bursts was set so that there was only a short pulse of light during each 

capture, essentially freezing the motion of the droplet in the channel.  SF was generated inside the capil-

lary using an acrylic T-junction to mix hexadecane and an aqueous fluorescein solution.  The fluorescence 

signal was monitored with a photo multiplier tube (PMT) and an oscilloscope.  In a second set of experi-

ments, segmented flow was generated inside a glass microfluidic droplet generator (Micronit, Nether-

lands).  The chip was placed in the viewing field of an inverted microscope with a 50× objective (Figure 

2b).  Droplet fluorescence was monitored first using a CCD camera (Jenoptik, Germany) and the afore-

mentioned flashing method.  The camera was then replaced with a PMT to obtain traces like in the capil-

lary experiments.  

 

                  
Figure 2: A) Instrument setup for capillary experiments. B) Micronit droplet generator chip and holder. 

RESULTS AND DISCUSSION 

In the capillary, the hydrophobicity of the FAS-17 modified (hydrophobic) capillary was confirmed by 

the droplet shape in the images (Figure 3a).  The droplet front and back profiles obtained from the oscil-

loscope traces for both silanized and untreated (hydrophilic) capillaries were fit to the Boltzmann function 

(Figure 3b).  The residual plots for the modified and unmodified capillaries also exhibited measurable dif-

ferences as predicted by the model (Figure 3c,d).  This can be seen most clearly at the beginning of the 

interaction.  For example, in the hydrophilic capillary the rise of profile from the experimental data is 

slower than that of the Boltzmann function, leading to a greater deviation from the model than in the hy-

drophobic capillary.  The comparison of both residual plots (Figure 3c) shows a larger “peak” for the hy-

drophilic capillary in this region. 
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Figure 3: A) Fluorescence images of droplets in a hydrophobic (top) and hydrophilic (bottom) capillary. B) Profile of droplet 

back in a hydrophobic capillary. C) Residual fits for droplet profile front in a hydrophobic (red) and hydrophilic (black) capil-

lary. D)Residual plots for droplet back in a hydrophobic (red) and hydrophilic (black) capillary. 

Based on these results, we have also extended the method to microfluidic channels with non-circular 

cross-sections.  A commercial glass chip with a T-junction was used to generate SF in a channel with a 

cross section shown in Figure 4a.  Fluorescence traces from these experiments were analyzed as de-

scribed for the capillary experiments.  Surface information was also obtained from the fluorescence signal 

measured on-chip. Droplet asymmetry from partial wetting, for example, was observed in the PMT trace.  

 

 
Figure 4: A) Images of cross-section of Micronit microchip channel (top) and fluorescent droplet in the channel (bottom, arrow 

indicates direction of flow). B) Residual plot for droplet front. B) Residual plot for droplet back. 

CONCLUSION 

    We conclude that SF coupled to LIF is a powerful method to extract information about the dynamic 

surface conditions of microfluidic channels.  Such an approach could be a valuable tool for assessing 

coating or surface modification efficiency in microfluidic devices. 
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