
 

Honors College Thesis Proposal 

 

Introduction 

 Patterning of surfaces with submicron pits or the negative, submicron bumps, is very important in 

several technologies.  These pits can be used as nanovessels for micro/nano chemistry.  Or, if the 

material is thin and the pit is able to extend through the surface a pathway for controlled transport 

would be made.  Patterned arrays of these pits can be used as molds for submicron lens formation, 

which has applications in data transmission, copy machines, and laser printers.1  These arrays, patterned 

or not, can affect the washing, printing, painting, and coating properties of surfaces as well.2-5  For 

instance, the submicron raised bumps on the tree frog’s toe pad provides the organism with its adhesion 

ability.6   

 We already know that pits can be formed on polymers through the use of volatile solvents.7-10.  

Using an ink-jet system to deposit drops of toluene on polystyrene, Bonaccurso et al.7 produced patterns 

of pits as small as 20 μm in diameter, with aspect ratios (depth-to-diameter) as high as 0.1.  This pit 

formation was decided to be due to the “coffee stain effect,” where polymer dissolved near the center 

of the drop is transported to the perimeter and deposited as the solvent evaporates.  (A similar process 

produces ring-like stains when coffee is spilled on a hard surface.4) 

 I will attempt to characterize the formation of pits on poly-(methyl methacrylate) (PMMA) films by 

the condensation of small acid drops from formic acid vapor.  Formic acid is a strong solvent for PMMA 

and has a high vapor pressure at room temperature.  Under these conditions, pit formation is strongly 

affected by the kinetics of drop growth and coalescence, and should be able to be modified by exposing 

the polymer film to ammonia vapor immediately after exposure to formic acid. 

 With vapor condensation the pits will be randomly distributed but high pit densities will be easily 

achieved.  These pits should be much smaller than the pits formed by Bonaccurso et al.7 and will 

hopefully have higher depth-to-diameter ratios due to the smaller radii of the droplets.   

 

Research Question and Hypothesis 

We will test the hypothesis that we can, utilizing the coffee stain effect and vapor deposition, 

improve upon previous methods of forming micron and sub-micron diameter pit features on the surface 

of a polymer, namely poly(methyl-methacrylate) (PMMA), with formic acid by a using new method of 

drop deposition.  We hypothesize that our new method will decrease the diameters of the resultant pits, 

vastly increase the efficiency of nanometer-scale pit formation, and result in a much more economic 

method for fabricating polymers with similarly patterned surfaces.   

 



 

Methodology 

Materials.  Glass microscope slides (Precleaned Gold Seal Micro Slides from Becton, Dickinson, and 

Company) will be used as received.  A 15% by weight solution of poly(methyl methacrylate) (Aldrich, Mw 

≈ 145,000 amu) powder in a mixture of 67% propylene glycol methyl ether acetate and 33% -

butyrolactone will be prepared.  A few drops of polymer solution are placed on a glass slide, spun at 

500-1000 rpm for 10–30 s, and baked at 95 °C for one hour.  The resulting films should be 5-15 µm thick.  

Formic acid solutions will be prepared from purum grade (≥ 98%, Fluka), or reagent grade (88%, J.T. 

Baker) solutions, diluted with deionized water.  Reagent grade ammonium hydroxide (28-30%, J.T. 

Baker) will be employed in some experiments. 

Instruments.  The resulting pits will be imaged with a Molecular Imaging PicoScan atomic force 

microscope (AFM) using square-pyramidal tips with tip angles of 70° ± 4°, and nominal radii of curvature 

of 20 nm (maximum 60 nm).  The nominal cantilever forces constants are between 0.06 Nm-1 and 0.60 

Nm-1.  Nanoindentation experiments will be performed with a Hysitron Triboscope and Nanoinstruments 

Nanoindenter II with a 3-sided pyramidal diamond Berkovich tip at loads from 25 to 400 μN and loading 

rates between 2.5 and 40 µNs-1.   

Methods.  Formic acid drops will be condensed onto a PMMA-coated glass slide by holding the slide 

(PMMA side down) over a 400 mL beaker containing 20 mL warm formic acid.  The solution temperature 

will be controlled with 300 mL water bath in a 14.5 cm diameter dish; unless otherwise noted, the 

reported temperature is that of the bath.  In some cases, the slide will then be immediately exposed to 

ammonia vapor by holding the slide over a 400 mL beaker containing room temperature (RT) 

ammonium hydroxide.  The slide will then be removed, allowed to dry 1-50 minutes, and imaged by 

AFM.   

The dimensions and net volumes of the selected pits will be calculated from the AFM images with a 

Mathematica® program.  The program identifies image pixels lying above and below the flat background 

surface and sums the volumes associated with each set of pixels.  The difference between the volume of 

the elevated regions and the depressed regions corresponds to the net volume change.  Pit diameters, 

depths, average heights, average depths, and average diameters were also determined.   

The hardness and Young’s modulus of PMMA material both inside and outside the pits will be 

determined from nanoindentation measurements.  

Expected Results 

Our new vapor condensation method should both decrease the diameters and increase the aspect 

ratios (ratios of pit depth to pit diameter) of our micron and sub-micron scale pits relative to previous 

ink-jet drop technologies.  Although our method will sacrifice control over specific pit location, formic 

acid vapor condensation produces orders of magnitude more pits per experimental setup relative to the 

ink-jet drop deposition method.7   



 

We expect the net volume change of the pits to be positive to coincide with previous work.7  This 

change in volume should be due to a local decrease in density of the polymer exposed to the solvent.  

Increasing the length of exposure time to the warm solvent vapor should increase the diameters of the 

resultant pits somewhat linearly for particular conditions.  The effect of formic acid concentration is 

expected to follow this linear pattern as more concentrated solutions produce deeper features.  Since 

the shape of a drop is a function of its surface tension an increase in the surface tension should produce 

higher contact angles for the droplet on PMMA.  This can be achieved by exposing the film to formic acid 

and then ammonia vapor.  The ammonia should react with the formic acid to form an electrolyte, 

thereby increasing the surface tension greatly.9   
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