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BFYII Workshop W31:  Diffusion in Microfluidic Structures 

Activity Guide 
 

Goals: 
• To see how a microfluidic circuit enables the laminar flow of water. 
• To measure the diffusion coefficient for blue food coloring into water. 

Overview: 
You will work with an AHT-1025A T-Sensor Lab Card (see Figure 4) which is a piece of plastic 
about the size of a credit card in which microscopic channels have been carved.  Fluids from 
three reservoirs flow via a tiny channel from each reservoir into a wide (3.98 mm) shallow (100 
microns) channel, where they continue to flow side-by-side for 12.1 cm before entering a waste 
reservoir.  The components of each fluid diffuse into one another at their interface in the middle 
of the channel, and the degree of diffusion depends on the contact time. This contact time, in 
turn, is proportional to how far along the channel the fluids have flowed. In this lab, you’ll fill 
the left and center reservoirs with water and the right with food coloring, creating a water/food 
coloring interface.  The idea is that by photographing (with the camera, on a microscope) the 
interface at successive sites along the channel, and by measuring the light intensity across the 
interface at each site, the amount of diffusion can be calculated by fitting the intensity 
measurement to the appropriate solution for the diffusion equation.  To determine the diffusion 
coefficient D, you will also need to know how long the fluids have been in contact at each 
photographed site.   This can be determined by timing how long it takes the food coloring to 
traverse the full length of the channel; dividing this value into the length of the channel to get the 
flow rate; and measuring and dividing the length separating successive sites by the flow rate. 
You have just two chances to measure the flow rate so pay attention to the instructions!!! 

Theory of the Experiment 
 
Diffusion:  At an interface where one side 
contains no solute and the other side contains 
a concentration c0 of a solute as shown in 
Fig. 1, the solution to Fick’s second law (the 
diffusion equation) for the concentration 
c(x,t) across the interface is 
 

 c(x,t) = 
c0
2  + 

c0
2  erf{

x
4Dt

}  (1) 

    
where D is the diffusion coefficient, t is the elapsed time, and erf(x/x’) is called the error 
function and is encountered in integrating the Gaussian function.  It is defined by  
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Figure 1.  Ink (at right) diffusing into water. 
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and has the shape shown in Fig. 2.  This shape and function is sometimes called an S-curve for 
apparent reasons.  You should verify that Equation (1) satisfies the diffusion equation.  4Dt is 
known as the “diffusion length.” 
 
Light Attenuation: 
When light shines through a material, its 
intensity is attenuated exponentially by a 
concentration c of solute as described by 
 
 I(z) = I0 exp{-αz}, (2) 
 
where I0 is the irradiance in the solute free 
region, z is the thickness of the material, 
and α is the attenuation coefficient. Now, α 
is proportional to the absorption index of 
the material, which we assume is directly 
proportional to the concentration c of solute 
in the material.  In this experiment, the thickness z is fixed at 100 microns, but the concentration 
c(x) will vary in the direction perpendicular to the water/food coloring interface.  So we expect 
that 
 

 I(x) = I0 exp{-Ac(x)}, (3) 
 
where A is some constant. Putting these concepts together, we then expect that 
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is a good model for the variation of light intensity across the water/food coloring interface. 
 

WORKSHOP ACTIVITY Part I:  Data Collection 
 
Camera and Calibration Preparation:  The camera should be setup for you with the 4X 
objective.  Focus on the cross-shaped scale at the center of the Motic calibration slide, and then 
switch over to the camera view.  Start up Motic Images Plus 2.0 software.  Go to File ! Setting 
and set the following parameters: 
 File Name = Capture + Serial Number + .tiff 
 Image Size:  Auto 
 Checkbox checked:  Using current date and time as file names 
  
Click OK.  Go to File !  Capture; This brings up a new window with four tabs at far left.  On 
the first (Basic Adjustment) you can make change the viewing options; on the fourth( Video 
Capture) is the “Capture” button for snapping a photo.  Check the “fit to window” box and 
adjust the illumination and focus so that the calibration scale is in focus and fills up the image.  
Move to the Video Capture tab and set the format to 1600x1200, and then click once on the 
“Capture” button to capture the image.  Verify that the photo was taken by minimizing the 
Capture Window.  You should see the photo in the upper right corner of the Motic Images Plus 
2.0 ML Software.  Maximize the Capture window.   

 
Figure 2.  Error Function erf(x/x’) as a function of x, 

for x’=1, x’=10, and x’=20. 
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Prepare microscope for use with microfluidic card: Switch back to eyepiece view and 
place your microfluidic circuit card in its place.  Focus onto an edge of the main channel.  Adjust 
the illumination until it’s just a bit brighter than you’re comfortable with.  Switch to the camera 
view and adjust the focus and illumination until the edge appears sharp and the lighting appears 
uniform in intensity on both sides of the edge.    
  
Sample preparation and measurement of the flow rate:  In this section, you’re going to 
mark the sites at which you’re going to photograph the interface and you’re going to measure the 
flow rate.  Get a watch or stopwatch with a second hand and make sure you know how to use it.  
Perform the following steps. 
 
1.  Lay this paper flat on the lab bench, and place the microfluidic card directly on top of this 
template: 
  

  
 

Figure 3:  AHA-1025A Microfluidic Card.  The three teardrop shaped holes at upper 
right at are the reservoirs.  Fluids flow from these through the tiny inlet channels into the 
main channel, and flow 12.1 cm into the waste reservoir.  Marks are made at 0.5,  1.0,  
4.0,  4.5,  5.0,  8.0, 8.5,  9.0,  11.75,  and 12.0 cm along the main channel 

 
2.  With the permanent marker, make a tiny mark between the arrow and the edge of the main 
channel at the 1.0, 4.0, 8.0, and 11.75 cm sites. You will be photographing the channel at these 
sites.  The numbers denote the distance, in centimeters, from the junction where the inlet 
channels converge. 
 
3.  Place your microfluidics card flat on the laboratory bench on top of a blank sheet of white 
paper, so that the channels are visible. 
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4.  Refer to Fig. 4.  Place the water-filled pipette tip inside the left reservoir and fill it slowly. 
Wait until the fluid has been aspirated by capillary action completely out of this reservoir and 
through the channels to the other two reservoirs as well as to the waste reservoir, as indicated by 
the arrows in Figure 4, before going to the next step.    
 
Your partner should have the stopwatch ready.  
 
5.  Read carefully before executing:  Carefully fill the right reservoir with the food coloring.  
Your partner is to watch for the fluid to flow into the channel.  As soon as the fluid appears at the 
junction of the three inlet channels, start the stopwatch, and time how long it takes the fluid to 
reach the waste reservoir at the end of the channel.  Record this time.  
 
Continually top off the reservoirs so as to keep the fluid flowing throughout the experiment. 
 
Photography:   
6.  Place the card on the microscope stage and focus the microscope camera on the water/food 
coloring interface adjacent to your first mark. The illumination should be such that the white area 
isn’t too washed out, and the blue area isn’t too dark (i.e. you should be able to see very faintly 
through the blue food coloring).  Photograph this junction. 
 
7.  Without changing the microscope settings, translate the microscope stage to the second, third, 
and fourth interfaces and photograph them.  
 
8.  Close the capture window and verify that the calibration and the ten fluid flow photographs 
appear at right in the Motic Images Plus 2.0 ML software.  Then close the Motic Images Plus 2.0 
ML software.  Remove your T-Sensor Lab Card, and turn off the microscope.  
 
9.  Re-time the flow rate:  Top off the left and right reservoirs.  Then add red food coloring to the 
middle reservoir and measure how long it takes the red color to flow from the junction to the 
waste reservoir.  Decide what value you will use for the flow duration if this measurement is 
different from your first measurement. 

 
Figure 4. 

Fill this reservoir 
with water first 

Wait until water 
has flowed to 
these two points 
before adding 
blue coloring to 
the outer 
reservoir. 
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The images are stored in 
C:\Motic\Motic Images Plus 2.0\Capture Folder.  I recommend that you copy this folder to your 
desktop for convenience.  Upload a copy of the images to a USB flash drive or a server 
somewhere for safekeeping.  This is your raw data.   
 
 
Part II:  Selecting data for the fit (with ImageJ): 
 
Click on the ImageJ icon to start the program.  Click on File !  Open.  Navigate to the folder 
containing your images, click on the first image of your sequence (this will be the calibration 

image), and click Open.  This will be the calibration slide.  Use the magnifying glass ( ) and 

the scrolling tool ( ) to center the scale on your screen.  It should run almost the full length of 
the screen and be fully visible.  You can also enlarge the display window, too. 
 
Calibration:   
Click on the line selection tool  from the ImageJ toolbar, click-hold on the center of the left- 
or right-most scale tick, drag to the center of the scale tick on the other side of your photo, and 
let go.  Select Analyze !  Set Scale from the menu, and enter the Known Distance.  (Recall each 
scale tick is separated by 10 microns; the full length is 1000 microns).  Enter “microns” as the 
unit of length, and check the “Global” checkbox so that this scale applies to subsequent images.  

Selecting the Diffusion Profile: 
Open the next file, for your first food coloring/water interface.  If the interface is not vertical in 
the photograph, use Image !  Transform !  Rotate… to rotate the image into position.  Use 

the rectangular selection tool  to select a sliver of the photograph, perhaps 1000 or more 
microns wide (x-direction) by 50 microns or so high (y-direction), centered on the interface.  
Click on Analyze !  Plot Profile, and you should see something like 
 

 . 
 
This is a plot of the intensity across the interface, where the intensity has been averaged in the 
direction parallel to the interface.  Click the Save… button at the bottom of this graph, and give 
the file a descriptive name (e.g. profile05) so that you’ll remember that this is the profile from 
the first mark at 0.5 cm.  It’s okay to save this in the same directory where the images are stored. 
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Close the Plot Profile window, open the photo of the next junction, and repeat the steps above 
until you’ve collected the plot profile for all four interfaces.  Quit ImageJ. 
 
 
Part III:  Extracting the Diffusion Coefficient 
 
Click on the Diff_Fit_Program icon on your desktop to open a custom made fitting routine.  
Click LOAD DATA FROM FILE and navigate to where you saved your first profile data, 
select the data, and click Open.  You should see the profile data in the graph at right.   
 
The fitting routine fits to an equation of the form  
 

 Y = a * erf
⎝⎜
⎛

⎠⎟
⎞x-b

c  + d,  (5)  

 
where a, b, c, and d are the coefficients sought by the fitting routine.  Taking the natural 
logarithm of equation 4, we get 
 

   Ln (I)  = Ln (I0)  - A
⎝
⎜
⎛

⎠
⎟
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2  + 
c0
2  erf [

x
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Hence, data in the form of Ln(I) versus x can be fit to the to Equation (5). Comparing equations 
(5) and (6), you should see that the parameter c will be equal to 4Dt  provided that all 
assumptions hold. 
 
Click TAKE LN OF Y.  Your data should reappear, but “logarithmed.” Now Click DO LM 
NONLINEAR fit to fit the data. You should see a red line that represents the best fit, and best fit 
values for a, b, c, and d should appear at left. Record in a table the value for c, along with the 
distance of the interface from the channel origin.  Repeat this process for all of your data. Click 
STOP PROGRAM and close the program when you’re done. 
 
You’re now in position to extract the diffusion coefficient.  Calculate the flow rate, and convert 
the site positions into the ten corresponding temporal values ti.  With an experimentally 
determined value for 4Dti  for each of these times ti, what will the slope of a plot of c2 versus t 
give you?  To make this plot, you might calculate c2 (i.e. 4Dt) in Excel, copy and paste the 
columns for t and for 4Dt into Logger Pro, and fit to a straight line.  Use Analyze ! Curve Fit, 
and define the function mx+b; this will give you uncertainties for both m and b instead of a 
correlation coefficient.  From this you should obtain a value for D. 
 
The blue food coloring used here is composed of Brilliant Blue FCF molecules, 
C37H34N2Na2,O9S3, molecular weight 789.9 g/mole, dissolved in deionized, distilled water.  
Knowing the molecular weight, and assuming the molecules have a density equal to that of 
water, calculate a value for D for these molecules using the Einstein relation, ζD = kBT, and the 
viscous drag coefficient for a sphere ζ = 6πηa.  How does this compare to your experimentally 
measured value for D?  [my DEinstein = 354 µm2/s for Blue FCF] 


