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NanoDispense Contact Angle Measurements 
 
October 3, 2004 
 
The NanoDispense method is a highly automated method for depositing sessile drops for contact 
angle measurements.   It is intended for small volumes, down to 10 picoliters and below, but will 
also function up into the microliter regime.  The method automates the motion of the Z axis 
controlling the dispense tip and the liquid volume on the tip.   
 
The method uses real time image processing to guide the tip to an optimal height above the 
sample surface to touch-off the drop.  These measurements are made at the time of dispense, so 
the user does not have to measure or enter the sample position in the image.  The automation 
works equally well whether a reflection image is present (typical for a large sample) or it is a 
horizon type image (typical for small samples), although it functions differently in each case.  
Part of the algorithm is to ascertain which type of image is present.  The following image shows 
a 30 micron ID tip poised 25 microns above the surface.  The liquid volume on the tip is 
automatically measured, as is the distance to the true surface. 
 

 
Reflection image of tip (from above) and its reflection from the surface (from below).   

The outside diameter of the tip is about 50 microns. 
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Advancing Contact Angles 
 
The dispense method uses a touch-off that ensures the resulting contact angle of the sessile drop 
is an advancing angle.  It does this by having an “excess” of liquid in the meniscus between the 
tip and the surface as the tip starts moving back up through proper control of the pressure in the 
meniscus through the piezo pump.  When the meniscus finally breaks, some of the excess “falls 
down” on to the sessile drop and causes it to expand its diameter on the surface a small amount.  
This expansion ensures the resulting contact angle is an advancing angle (because, verily, the 
three phase line just advanced).  The method has been verified by making macroscopic contact 
angle measurements on the same surface with classical techniques.   
 
The following images illustrate the method.  These were taken at 30 frames per second, so 
significant motion is apparent within each image.  Since the images are interlaced, the two fields, 
separated by 16 milliseconds, appear as alternating pairs of lines.  The motion of the tip was 
controlled by the real time image analysis and touch-off control algorithm.  The sample is an 
extruded plastic rod which looks smooth to the eye but is obviously rough at this magnification.  
The dispensed volume is 1.7 nanoliters, so this is a large drop. 
 
 

 
165 micron OD tip moving down towards surface.  This is a horizon type image.   

A round liquid meniscus is present on the tip.  The frame rate is 30FPS. 
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Next image.  During this time, the tip went low enough for the liquid to touch the surface, wet it to 
approximately the same diameter as the tip is wetted, and started back up drawing an hourglass 

meniscus with it as it rose.  Notice both characteristic meniscus shapes are present:  the spherical 
meniscus on the tip before wetting and the hourglass meniscus as the tip is rising. 

 

 
Next image.  The spherical cap sessile drop is formed after the hourglass breaks.   

Its base diameter is slightly greater than the dark hourglass, as you can see in this image. 
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Next image in movie.  Sessile drop spreads further. 

 
 

Receding Contact Angles 
 
By a coincidence of nature, if the liquid on the surface evaporates and does not penetrate the 
sample surface, a receding contact angle will be present during the later stages of evaporation.  
The contact angle will be reduced by the loss of liquid.  When the angle reaches the receding 
angle (the lowest possible contact angle at equilibrium), the angle will remain constant and the 
drop shrink in area on the sample as evaporation continues.  During this time, a receding angle 
can be measured, 

 
 
Dispense Volume 
 
When the touch-off wetting occurs, the liquid spreads on the surface to a diameter similar to the 
wetted diameter of the tip prior to touch-off.  The NanoDispense method keeps the tip at its 
lowest point long enough to ensure complete wetting, but no longer.  If the tip is left at its lowest 
point for a significant time, then liquid will continue to flow from the tip to the surface and the 
sessile drop will become larger.  The wetted tip diameter, then, sets the wetted diameter on the 
surface.  The actual volume dispensed becomes a function of the contact angle.  This leads to the 
unusual situation where you can predict the sessile diameter but not its volume (unless you know 
the contact angle ahead of time).  However, this is the natural way very small tips and drops 
behave.  If you need a specific volume, without concern for the diameter, you must ascertain the 
contact angle and adjust the tip diameter accordingly. 
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All of the above presumes you want a “small” drop and not a “large” one.  A large drop is one in 
the mid-nanoliter to microliter range.  With a volume above, say, 20 nanoliters, you can form a 
pendant drop with the desired volume on the tip.  This is contrasted with a spherical cap on the 
tip.  The previous images in this paper all show spherical caps.  Assuming we are concerned with 
small drops, all dispenses form a spherical cap, or partial hemisphere, of liquid on the bottom of 
the tip and then touch-off the liquid.  The following table shows theoretical sessile drop volumes 
for different needles on two different surfaces:  one has a 90° contact angle and the other a 30°.   
 
Needle ID OD Wetted R 30° Drop 90° Drop 
      
20 micron hydrophobic 20 microns 35 microns 10 microns 0.43 picoliters 2.09 picoliters 
20 micron glass 20 microns 35 microns 17 microns 2.12 picoliters 10.3 picoliters 
      
30 micron hydrophobic 30 microns 50 microns 15 microns 1.45 picoliters 7.0 picoliters 
30 micron glass 30 microns 50 microns 25 microns 6.73 picoliters 32.7 picoliters 
      
35GA hydrophobic SS 75 microns 144 microns 37 microns 22.7 picoliters 110 picoliters 
35GA stainless steel 75 microns 144 microns 72 microns 161 picoliters 782 picoliters 
      
34GA hydrophobic SS 100 microns 164 microns 50 microns 53.8 picoliters 262 picoliters 
34GA stainless steel 100 microns 164 microns 82 microns 236 picoliters 1,155 picoliters 

 
Even larger volumes are possible by forming full pendant drops on the stainless steel needles.  
Volumes into the microliter range are possible. 
 
The following two images show a spherical cap and, secondly, a pendant drop on a 30GA needle 
(305 microns OD). 
 

 
Spherical cap of 3.3 nanoliters. 
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Small pendant drop on tip of 10.7 nanoliters. 

 
 
As a convenience to the user, the NanoDispense algorithm automatically calculates image 
magnification based on the known motions of the tip Z axis.  Thus the zoom microscope may be 
adjusted without concern for going through a manual magnification calibration. 
 
 
Example of Water on Paper 
 
The paper sample was commercially obtained Polaroid photo paper for printing high quality 
images on a ink jet printer.  Distilled water was the test liquid.  The following images show the 
touch-off and the subsequent rapid evaporation.  The movie was taken at 60 frames per second.  
The fact that only a few images are present before the drop disappears is an argument for higher 
speed cameras in this type work. 
 
This is a 50 picoliter dispense.  The example following this is a large drop (6500 picoliters, or 
6.5 nanoliters, tremendous by our standards).  It will show a very similar initial contact angle.  In 
fact, all differences between these examples of water on paper (there will be three in total) can be 
accounted for by evaporation during the image time. 
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Touch-off image.   Even though the frame rate is 60/s, the tip image is blurred.   

The horizontal field of view is 400 microns.   The tip is a wettable 30 micron glass capillary.  The wetted 
diameter on the paper is 72 microns, slightly greater than the tip diameter. 

 

 
Next image, 16.7 milliseconds later.  Wetted diameter has spread to 77 microns.   

Volume = 50 picoliters.  Contact angle = 55°. 
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Final image, 100 milliseconds after touch-off.  Drop has evaporated. 

 

 
Contact angle (o’s) and sessile volume (x’s) as time functions. Scale on the volume axis is 60 picoliters.   

Volume starts at 50 picoliters and evaporates to essentially zero.  The contact angle levels out at low 
volumes because it has reached the receding angle and can go no lower.  Instead the drop gives up 

diameter. 
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Example of Large Water Drop on Paper 
 
The tip Z bias was set negative to hold the tip against the paper and a significant volume of fluid 
flowed out.  Initial volume is 6.5 nanoliters.  
 

 
 

 
First two images after touch-off.  Frame rate = 60FPS. 
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Contact angle (o’s) and volume (x’s).  The initial contact angle of this macroscopic drop (57.5°) validates 

the contact angles of the smaller drops.  Notice frame-to-frame evaporation on even this large drop. 
 

 
Contact angle (o’s) and base diameter (x’s).  Diameter is constant,  

even though drop is evaporating, because receding angle is not reached yet. 
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Example of Small Water Drop on Paper 
 
This example shows a 10 picoliter dispense.  The setup is similar to those above except the tip Z 
bias is towards a smaller droplet (positive, so tip does not go as low).   
 

 
 

 
First two images of touch-off.  Note rapid loss of contact angle and volume. 
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Contact angle (o’s) and volume (x’s).  Volume scale is 10 picoliters.   

Contact angle is less than the macroscopic 57° because of evaporation during image time. 
 

 
Contact angle (o’s) and base diameter (x’s).   

Base diameter drops rapidly under evaporation as contact angle reaches receding angle (≈10°) 
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Example of Ink Jet Ink on Paper 
 
This example shows an 11.6 picoliter drop of ink jet ink deposited on Polaroid photo paper. 
 

 
 

 
First two images of touch-off at 30FPS. 
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Contact angle (o’s) and sessile volume (x’s).  Volume scale is 15 picoliters max. 

 

 
Contact angle (o’s) and base diameter (x’s).   

Diameter remains constant until receding angle is reached. 
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Example of Taking It to the Limit:  Very Small Ink Drop on Paper 
 
This is a bit absurd, but it illustrates what can be done with the NanoDispense system if you are 
willing to tweak the tip Z bias and to do a little manual contact angle curve fitting.  The 
magnification in these images is extremely high and one can easily see diffraction patterns, so 
there is no claim that the contact angle analysis is fully automatic.  The initial volume in the 
following example is sub-picoliter.  The sample is ink jet ink on Polaroid photo paper. 
 

 
Touch–off of 0.96 picoliter drop.  30 micron hydrophobic tip with tip Z bias positive to minimize wetting 

dwell.  While difficult to see in this Word image (Word aliases the interlaced image lines), the sessile drop 
can be seen clearly enough on the real time screen. 
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Next image at 30FPS.  By the subsequent image, the drop evaporated completely. 
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Example of Water on Small Machined Plastic Component 
 
This example shows a medium volume drop of water placed on a small part.  The surface is 
small so a horizon rather than a reflection image is formed.  The initial volume is 903 picoliters. 
 

 
Touch-off image.   

 

 
Contact angle (o’s) and sessile volume (x’s).  Evaporation causes volume decrease. 
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Example of Water on Semiconductor Surface:  Large Drop 
 

 
Touch-off.  This device has a pattern on it, hence the features in the image. 

 

 
Next image. This movie taken at 30FPS. Contact angle = 67.0° and volume = 1.16 nanoliters. 
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Contact angle (o’s) and volume (x’s).  Volume scale is 1.2 nanoliters max. 

 
 

 
Contact angle (o’s) and base diameter (x’s).  Drop spreads on surface (hydrates).   

Diameter is approximately 200 microns. 
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Example of Water on a Semiconductor Chip:  Mid-Size Drop 
 

 
Tip before touch-off.  Shows spherical cap of water on bottom of tip. 

 
 

 
Touch-off.  Movie taken at 60FPS. 
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Next image after touch-off.  Contact angle = 79.2°, volume = 142 picoliters, diameter = 89 microns. 

 
 

 
Contact angle (o’s) and sessile volume (x’s).  Drop spread during measurement,  

creating slight uncertainty in volume during first images. 
 
 



 22 

 
465 Dinwiddie Street • Portsmouth, Virginia 23704 • 1.757.393.1584  Fax: 1.757.393.3708 

http://www.firsttenangstroms.com 

Example of Water on Semiconductor:  Small Drop 
 

 
Touch-off.  Contact angle = 70.1°, volume = 7.8 picoliters, base diameter = 36.5 microns. 

 

 
Contact angle (o’s) and sessile volume (x’s).  Volume scale = 8 picoliters.  The plateau of the contact 
angle at approximately 45° after 150 milliseconds shows it has reached the receding angle.  It stays 

constant as the volume continues to evaporate. 
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Example of Top View Alignment Camera 
 
The following three images will show the top view alignment camera’s viewpoint of a sample.  It 
looks down at a 60° angle.  This microscope and camera are very convenient for placing drops 
precisely on features.  The tip is a 30 micron glass capillary.  You can see its reflection image 
clearly in each image.  The contact point is always half way vertically between the images.  
 

 
Lowest magnification .  6.8mm horizontal field of view.   

Zoom = x0.7 onto 4.8mm horizontal CCD. 
 

 
Mid magnification.  Horizontal field of view = 2.4mm.  Zoom = x2. 
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High magnification.  Horizontal field of view = 1.2mm.  Zoom = x4.   

 
 
Summary of NanoDispense Features 
 

• Electronic piezo pump for precise control of small volumes. 
 

• Prepares liquid meniscus on tip automatically for touch-off. 
 

• Measures height of tip above sample in real time and adjusts drive so liquid just touches. 
 

• Magnification automatically measured so user can change magnification at will. 
 

• Sessile diameter driven by wetted diameter of tip.  Contact angle determines volume for 
any given diameter. 
 

• Touch-off method assures advancing contact angle. 
 

• Capable of traditional microliter deposition in addition to volumes below 10 picoliters. 
 

• Top View camera to position dispense on desired sample feature. 
 

• Special side port for injecting ink into dispense needle so ink, or other difficult liquids, do 
not need to pass through piezo pump. 
 
 

 
File:  NanoDispenseExamples.doc 


