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Microcontact Printing 

 
Description: 

In this experiment students use stamps made from 

poly(dimethylsiloxane)(PDMS) to pattern silver on 

a glass or plastic surface, generating interesting and 

useful designs.  

 

Prerequisites: 

none 

 

Instruction Time: 

50 minutes for short version. 

Preparation: 1-2 hours. 

 

Audience: 

High school students. 

 

Lesson Objective: 

Students will experience working with a method 

used in nanotechnology. 

 

National Science Education Standards: 

Content Standard E: Understandings about Science 

and Technology. 

 

Illinois State Learning Standards: 

11.B.5a Identify a design problem that has 

practical applications and propose possible 

solutions, considering such constraints as available 

tools, materials, time and costs.  

11.B.5b Select criteria for a successful design 

solution to the identified problem. 

11.B.5c Build and test different models or 

simulations of the design solution using suitable 

materials, tools and technology 
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Instructional Method:  
The instructor leads students through a metal 

patterning method used in nanotechnology 

and encourages students to carefully examine 

their results.  

 

Background Information: 
Computer chips and other electronic devices 

are manufactured using a process known as 

photolithography. However, this method is 

expensive and complex. Soft lithography by 

microcontact printing is a complementary 

method that is cheap and simple. In this 

exercise, students will use a technique that 

will play an important role in the next 

generation of flexible and transparent 

electronics.  

 

Students will make elastomeric stamps out of poly(dimethylsiloxane) (PDMS) to print patterns on a 

silver-coated glass or plastic surface. Although other elastomers could be used, PDMS is attractive 

because the material is optically transparent, safe, easy to use and durable. PDMS can easily conform to 

surfaces with features as small as 1 micron, and hence it works well as a stamp. Molds for forming relief 

structures in the cured PDMS may be made from transparency sheets printed from a laser printer. 

 

A thin film of silver suitable for microcontact printing may be deposited on glass or plastic by means of 

the traditional Tollens’ process. In this experiment you will form a silver mirror on a glass or plastic 

surface by combining an aqueous solution of diammine silver(I) nitrate (Tollens’ reagent) with an 

aqueous solution of dextrose. 

 

The “ink” used to print patterns on silver is the chemical 1-hexadecanethiol (HDT) dissolved in ethanol. 

The HDT molecule is capable of “self-assembling” into replicas of the pattern on the PDMS stamp as it 

bonds to and protects the silver substrate. By etching the unprotected silver, the pattern is reproduced in 

the silver as well, generating interesting and useful designs. 

 

Overview: 
Each student should have a PDMS stamp and a silver-coated glass slide on a paper towel. Silver etchant, 

cotton swabs, a waste container and distilled water should be at each table. Have students identify which 

side of the PDMS stamp has been molded for printing (use the magnifying lens or gently rub with the 

back of a fingernail). Apply HDT solution to each stamp using a cotton swab, and allow them to air dry 

for a few minutes. Have students stamp their silver slides (more than one place if possible) by laying the 

HDT coated side of the stamp flat on the silver surface and applying gentle pressure for about 10 seconds. 

The stamped side may now be etched by dipping it into the silver etchant solution for about 5 seconds, 
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withdrawing it and looking for signs of the pattern protected by the HDT. Repeat until the pattern is 

evident. Improve etching by dipping a cotton swab in the etchant, and gently wiping the surface to help 

remove unprotected silver. Have students continue this until the stamped pattern in silver is clearly 

revealed, but warn students to be careful not to etch too long or rub too hard. The etched silver should be 

rinsed with distilled water over the waste container. Have the students use a magnifying lens or 

microscope to examine and compare the etched silver pattern, the PDMS stamp and the image on the 

transparency sheet. The patterned silver slide and washed stamp are safe for students to take home. 

 

Materials: 
• Sylgard 184 silicone elastomer base (PDMS)  

• Sylgard 184 silicone elastomer curing agent  

• Transparency sheet for laser printer 

• Disposable plastic drink cups 

• Microscope slides (or Petri dish) 

• Petri dishes  

• Balance  

• Drying oven 

• Disposable pipettes 

• Blow dryer 

• Plastic knives 

• Spatula 

• Laser printer 

• Ethanol 

• Q-tip swabs  

• Small beakers 

• Amber bottles 

• Scissors or utility knife 

• Lab detergent or dishwashing detergent 

• Dextrose  CAS 50-99-7 

• Distilled or deionized water 

• Solid tin(II) chloride (SnCl2•3H2O)  CAS 10025-69-1 

• Concentrated aqueous ammonia solution (30%)  CAS 1336-21-6 

• Silver nitrate (AgNO3)  CAS 7761-88-8 

• Sodium thiosulfate (Na2S2O3)  CAS 7772-98-7 

• Potassium hexacyanoferrate(II) trihydrate (K4Fe(CN)6•3H2O)  CAS 14459-95-1 

• Potassium hexacyanoferrate(III) (K3Fe(CN)6)  CAS 13746-66-2 

• *1-hexadecanethiol (HDT)  CAS 2917-26-2  

* Needs to be Refrigerated 

 

Safety:  
Goggles, gloves and aprons should be worn as in all chemistry laboratory activities. Avoid skin contact 

with PDMS or the crosslinker. In case of contact wipe off any material with paper towels, and wash the 

area thoroughly with soap and water.  
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Tollens’ reagent should not be heated above 70
o
C and 

should not be evaporated to dryness. Silver nitrate 

solutions darken with exposure to light and, upon 

contact, will leave dark stains on skin or clothing. 

Concentrated ammonia is caustic, and it releases 

irritating ammonia vapor; thus, it should be used only 

under a fume hood or in a well-ventilated room. 

  

Skin coming into contact with HDT or silver etchant 

should be washed thoroughly with soap and water. If 

either HDT or silver etchant comes into contact with 

the eyes, flush the eyes for 10 minutes at an eyewash 

station and seek medical help immediately.  

 

Preparation:   
You will need to prepare the following: 

• PowerPoint presentation or transparencies 

• Pre-made flexible stamps for students to use   

• Tollens’ reagent solution (within a few days of the lab) 

• 10% Dextrose solution 

• *Silver etchant solution (within a few hours of the lab) 

• 1-hexadecanethiol dissolved in ethanol 

 

Solutions:  

• 2% AgNO3 solution: add 2 g of AgNO3 to about 100 mL of distilled water. Store in 

amber bottle. 

• Tollens’ reagent: Add concentrated ammonia (dropwise) to a 2% silver nitrate (AgNO3) 

solution while gently stirring the contents. Initially, a dark, cloudy precipitate will form. 

Continue adding drops until the last traces of cloudiness disappear. Place the resulting 

solution in an amber bottle. 

• 10% Dextrose solution: Add10 g of dextrose to about 100 mL of distilled water. Store in 

an amber bottle. 

• Silver etchant is an aqueous solution containing 0.025 M Na2S2O3, 0.0025 M K3Fe(CN)6 

and 0.00025 M K4Fe(CN)6. One liter of etchant can be prepared by adding 3.95 g 

anhydrous Na2S2O3, 0.823 g of anhydrous K3Fe(CN)6 and 0.106 g K4Fe(CN)6•3H2O to 

one liter of distilled water. This solution degrades over time (turning from yellow to 

blue). To prolong its life, protect the etchant from sunlight, UV light and heat. It should 

be prepared as near to its use as possible and stored in a refrigerator. 

• HDT solution is made by adding 2 drops of 1-hexadecanethiol to 20 mL of ethanol, 

mixing, then adding 20 mL more ethanol. 1-hexadecanethiol needs to be stored in a 
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refrigerator and is solid when cold, chip out a small amount and leave at room 

temperature to melt, then pipette 2 drops. This solution should be prepared right before 

use, and stored in a refrigerator to slow down deterioration. 
•  

Flexible Stamp Fabrication 

 

 

 

1. Using a computer word processor, image editor 
or other program, create a text/image pattern for 
a transparency master to be molded into the 
PDMS stamp. 

 2. Run a test print on paper to check size and 
quality of pattern. Print the pattern on a 
transparency sheet using a laser printer. 

 

 

 

3. Cut the pattern from the transparency sheet 
leaving a border around the printing. Place it 
printed side up in a Petri dish.  

 4. Add 10-25 grams of PDMS elastomer base per 
dish to a drinking cup. (Depends on size of the 
Petri dish.) 
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5. Add 1-2.5 grams of curing agent crosslinker per 
dish to the cup using a disposable pipette. (Use a 
1:10 crosslinker to base ratio.) 

 6. Stir the mixture with a plastic utensil for 5 
minutes. 

 

 

 

7. Carefully pour the PDMS mixture into the Petri 
dish containing the transparency master. The 
PDMS layer should be 2-3 mm thick. 

 8. Gently tap the dish on the table top, and blow 
on the surface in order to loosen or pop the 
bubbles of gas that have formed. Set aside for 
10 minutes and repeat. 
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9. Place the dish in an oven at 65°C to cure PDMS 
in about 30 minutes. (Do not heat plastic above 
70°C.) PDMS can also be cured at room 
temperature in 2-3 days.  

 10. Once the PDMS has cured (firm to the touch), 
carefully remove it from the dish using the end 
of a spatula or other thin, blunt object. 

 

 

 

11. If it has not already come loose, pull the 
transparency master away from the underside of 
the PDMS.  

 12. Cut around the pattern of the PDMS stamp with 
scissors or a utility knife.  
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13. Place the PDMS stamp pattern-side-up in a 
clean, dust-free place for later use. Dispose of 
PDMS scraps. 

  

Prepare Silver Substrate 

 

 

 

14. Prepare a clean, streak-free glass or plastic 
surface by washing in a detergent solution. Rinse 
thoroughly with distilled water. 

 
15. Add 2-3 small grains of solid tin(II) chloride to 

about 200 ml of distilled water in a small beaker 
or other container. 
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16. Soak the clean glass or plastic objects to be 
silvered in the tin(II) chloride solution for about 30 
seconds. 

 
17. Remove the glass or plastic object, and rinse 

away all traces of the sensitizing solution with 
distilled water. 

 

 

 

18. While still wet, lay the glass or plastic object on a 
paper towel on a level table. Add enough Tollens’ 
reagent to barely cover the surface of the glass 
or plastic. Do not overfill. 

 
19. Add a several drops 10% dextrose solution to 

the Tollens’ reagent on the glass or plastic. 
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20. Watch for signs of silver formation as blue/gray 
blotches appear on the glass or plastic surface. 

21. After 60-90 seconds, the surface should be coated 
with a thin, translucent film of silver metal. Carefully 
pour remain liquid into a waste container. Wipe up 
any spills with a wet paper towel.  

 

 

 

 

22. Rinse the silvered surface thoroughly with 
distilled water. (Make sure the waste does not 
evaporate to dryness.) 

 23. Without touching the silver film, carefully shake 
off the excess water and dry it with a blow dryer. 
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24. Set the dry, silvered object aside for microcontact 
printing. 

  

Microcontact Printing 

 

 

 

25. Place PDMS stamp on a paper towel with the 
pattern features facing up.  

 
26. Using a disposable pipette cover the stamp 

surface with HDT solution. Spread the HDT 
evenly over surface with cotton swab. 
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27. Dry the stamp with a hair dryer.  
28. Before stamping on a silver surface, place the 

stamp face down on a clean glass or plastic 
surface, and apply pressure to the back of the 
stamp in order to remove excess HDT. 

 

 

 

29. Carefully lift the stamp, and gently place it on the 
silver surface. Try not to trap air between the 
stamp and the silver coated surface.  

 
30. Carefully remove stamp from silver surface. 

Hold silver mirror in disposable cup of etchant 
solution until pattern is clear. Do not over etch. 
Dip a clean cotton swab into etchant and gently 
wipe away unpatterned areas.  
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31. Rinse silver thoroughly with distilled water. Dry 
the surface with a blow dryer. Do not wipe the 
silver film. 

 
32. Observe the pattern left in the silver under a 

hand lens or microscope. Wash hands after 
clean up.  
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Notes: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For more information, contact: Center for Nanoscale Chemical-Electrical-Mechanical Manufacturing Systems; University of Illinois 

at Urbana-Champaign, 4400 Mechanical Engineering Laboratory, 105 South Mathews Avenue, MC-244, Urbana, IL  61801 

Phone: 217.265.0093  Email: nano-cemms@illinois.edu  Website: http://www.nano-cemms.illinois.edu 

Established in 2003, the Center for Nanoscale Chemical-Electrical-Mechanical Manufacturing Systems (Nano-

CEMMS) is funded by the National Science Foundation. Partnering Institutions include the University of Illinois, 

North Carolina Agriculture and Technical State University, Stanford University, University of Notre Dame, 

University of California – Irvine, and Northwestern University. Researchers are developing a nanomanufacturing 

system that will build ultrahigh-density, complex nanostructures. The Center’s research will ultimately result in a 

new way of working and has the potential to create millions of jobs for American workers. Our nation’s school 

children must be prepared to assume the new roles that will be the inevitable outcome of these emerging 

technologies. 

This learning module is one of a series that is designed to interest middle and high school students in pursuing 

this new field.  The Center also offers ongoing professional development for teachers through a continuous series 

of workshops and institutes. To sign up for a workshop or to order more learning modules, visit our website at 

http://www.nano-cemms.illinois.edu. 
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