
objective

Help students understand the adhesive and cohesive properties of water.

Attractive forces at work
Grades 6-12
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Structure of the water molecule:  
Red represents the one central oxygen atom,  

while the white represents the adjacent  
hydrogen atoms on each side. 

 

Materials

Tap water
Plastic cups to hold water (small size is sufficient, e.g. punch cups), one per pair of students
Assorted coins (pennies, nickels, dimes)
Disposable eyedroppers, one per pair
Paper towels
Copies of “Attractive Forces At Work” Data Sheet, one per pair of students

Background

Atoms, composed of protons, neutrons, and electrons, are the building blocks of all matter.   Structur-
ally, atoms include a dense, positively charged nucleus (containing protons and neutrons) surrounded 
by a large cloud in which the negatively-charged electrons circulate. 

Within the outer electron cloud, there are different layers, also referred to as valence shells or orbitals, 
where electrons reside.  It is most desirable, and chemically stable, for each orbital to be full.   If the 
orbitals are not full, atoms can hook up, sharing and/or stealing electrons from one other to satisfy the 
needs of each.  Much like the dating scene, there are many attractive forces at work in chemistry!

Chemical bonding is built upon the fact that opposites attract, and water chemistry is no exception.   
Oxygen (O2

-) has 6 out of a possible 8 electrons in its outer orbital, with open spaces for two more elec-
trons.    Conveniently, hydrogen (H+) has 1 extra electron that 
it’s willing to share.   So two hydrogens (H+) will readily com-
bine with one oxygen (O2

-), sharing electrons and filling each of 
their orbitals, forming a happy stable neutral molecule.   

As the song lyrics state, they are “sharing electrons covalently”; 
covalent bonding refers to the sharing of electrons between 
atoms.  To differentiate, there are other types of chemical bond-
ing, such as ionic bonding, that involve stealing or complete 
transferring of electrons rather than equal sharing.
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background (cont.)

Although a water molecule has an overall neutral charge, the structure of the water molecule makes it 
a polar molecule.  The oxygen “end” of the molecule, shown in red, has a slight negative charge, while 
the hydrogen “ends” of the water molecule, shown in white, hold a slight positive charge.  

Due to this polar nature, water 
molecules act as tiny magnets, 
constantly attracting other water 
molecules, or other substances.  
The attraction between water 
molecules is called cohesion.  
The attraction of water mol-
ecules to other substances, like 
soil or glass, is called adhesion.  
The cohesive force that occurs 
between water molecules is so 
strong that when comes in con-
tact with another medium, such 
as air, the water creates a “sticky 
skin”, which is known as sur-
face tension.  These bonds are 
so strong that they can support 
insects, such as the water strider. 

Teacher Preparation

Students will work together in 
partners to carry out this experi-
ment.  In advance of the class 
period, print out or photocopy 
the “Attractive Forces At Work” 
Data Sheet, enough so there is 
one data sheet per group.

Instructions

1. Divide students into teams of two.  Give each pair three coins (one penny, one nickel, and one 
dime), an eyedropper, a cup of water, paper towels, and one copy of the “Attractive Forces At 
Work” Data Sheet.

2. Working together with partners, ask students to investigate their coins and describe the coins’ 
conditions on the data sheet.  Prompt the students to predict how many drops of water they will 
be able to successfully place on each coin.  Record predictions on the data sheet.

3. Starting with the penny, instruct students to slowly begin to place drops of water on the coin.   

Definitions

Atom – The smallest unit that defines chemical elements
Electron – Subatomic particle with a negative charge
Proton – Subatomic particle with a positive charge
Neutron – Subatomic particle with a neutral (zero) charge
Nucleus – The dense, positively charged center of an atom, con-
taining protons and neutrons
Orbital – A cloud in which electrons exist surrounding the 
nucleus
Valence Shell – The outermost orbit, or cloud, in which electrons 
exist surrounding the nucleus 
Molecule – Electrically neutral group of two or more atoms 
chemically bonded together
Polar Molecule – A molecule holding partial positive and partial 
negative charges due to asymmetric arrangements of bonds
Covalent Bonding – Chemical bonding in which electrons are 
shared between atoms
Ionic Bonding - Chemical bonding in which electrons are fully 
transferred between atoms
Adhesion – The attraction of water molecules to other substances
Cohesion – The attraction of water molecules to one another
Surface Tension – The property of the surface of a liquid that al-
lows it to resist an external force, due to the cohesive nature of its 
molecules
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Tell the students to add the water one drop at a time for best results.  Students will count the drops, 
and continue to add drops until the surface tension breaks, the water drop collapses, and spills over 
the side of the coin.  Have the students record the number of drops they were able to successfully 
place on the penny before the water drop collapsed.

4. Ask the students to trade places, allowing the other student on the team to repeat the activity.   
Record results on the data sheet.

5. Repeat the same process using the given nickel and dime, recording results on the data sheet.
6. When all groups have completed the exercise, ask each team to report their data to the class.   

Collect the class data on the chalkboard or markerboard for comparison purposes.
7. Optional:  Expand this activity to include additional mathematics practice by having students 

calculate some simple statistics on the data collected, including but not limited to mean, median, 
mode, range, standard deviation, and percent error between the predicted and actual number of 
water drops for each coin.

Discussion Questions

• How did the number of drops change with the size of the coin?
• Did the number of drops change by using the “heads” side versus the “tails” side of the coin?
• Did using a new coin differ from using an older (more used and worn down) coin?  Why?
• How would you define adhesion and cohesion in simple terms after conducting this experiment?

Challenge Question

This experiment was conducted using clean tap water.  How would you expect the results to change if 
the water was dirty, cloudy, or had suspended sediment in it?  Why?

Additional Resources 

http://water.usgs.gov/edu/adhesion.html (USGS - Adhesion and Cohesion of Water)
http://water.usgs.gov/edu/surface-tension.html (USGS - Surface Tension and Water)

Adapted from The Global Water Sampling Project, Center for Innovation in Engineering and Science 
Education (CIESE) at Stevens Institute of Technology: http://ciese.org/curriculum/waterproj/water-
chemistryactivities/



“Attractive Forces at work” data sheet
Student Names: _______________________________
   _______________________________

Penny Data 

Condition of Coin:  ______________________________
Name of student using dropper Predicted number of water drops held on coin Actual number of water drops held on coin

nickel Data 

Condition of Coin:  ______________________________
Name of student using dropper Predicted number of water drops held on coin Actual number of water drops held on coin

dime Data 

Condition of Coin:  ______________________________
Name of student using dropper Predicted number of water drops held on coin Actual number of water drops held on coin

statistics calculation area:
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