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SUPPORTING INFORMATION 
 
The supporting information includes the (i) animation as a Flash file, (ii) the activity that 
accompanies the animation and (iii) scoring rubrics for the pre-post surveys, questions in the 
guided activity, and the two final exam questions discussed in the paper. 
 
ANIMATION 
The animation titled “DispersionActivity.swf” was created in Flash by an undergraduate student.  
It can be viewed by launching the file through a web-browser. The version included here was the 
basis of the work discussed in the accompanying paper.  
 
 
ACTIVITY  
The activity below is used in conjunction with the animation “DispersionActivity.swf”.  A few of 
the questions in this activity have been edited and modified compared to some of the questions in 
the accompanying paper.  These edits and modifications are a result of students’ feedback and 
analyses of students’ responses. 
 
 

What’s happening between nonpolar molecules? 
DISPERSION INTERACTIONS 

 
This activity is in conjunction with a Flash animation file called DispersionActivity.swf. In the 
animation there are directions to guide you through the animations and to let you know when 

you should come back to this activity sheet to answer questions before continuing with the 
animations.  

 
Drag the file “DispersionActivity.swf” into an open web browser window.  Once the 
animation has launched click anywhere to start the activity. 
 
PART I. THE DYNAMIC ELECTRON CLOUD. 
 
1) When you see an electron cloud, such as the H2 molecule pictured below, what does it 
represent?  
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2) Do you think the electron cloud of a molecule is static or dynamic? What are the implications 
of this? 
             
Go back to the Flash movie file and click on the arrow to continue until directed to come 
back here to answer questions. 
 
3) Describe the behavior of the electron cloud as depicted in the animation showing the 
probability distribution of electrons in a molecule.   
 
4) Look at the illustration of the H2 molecules below.  
 
 
 
 
 
 
 
 
 
 
 
While the upper representations are more realistic, we are going to highlight the brief change in 
polarity (called an instantaneous or transient dipole) with color, as shown in the animation. The 
green represents symmetric electron distribution, while the red represents a higher density of 
electron distribution and the blue a lower density. 
 
Explain how the polarity of the H2 molecule changes as the electron cloud changes shape and 
color. 
 
PART II. WHAT HAPPENS BETWEEN A COLLECTION OF NONPOLAR 
MOLECULES?  
 
Before continuing with the Flash movie file, answer questions 1 and 2: 
 
1) Even though an H2 molecule is on average nonpolar, how can an H2 molecule develop an 
instantaneous dipole?    
 
2) Is it possible for two H2 molecules interact with each other? Why or why not?   
 
Continue with the Flash movie file. 
 
3) What did you notice in the animation showing a collection of H2 molecules? Explain how and 
why H2 molecules can interact with each other.  
 
 
4) Try and explain how dispersion forces help the gecko climb.  
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PART 3. STRENGTH OF DISPERSION INTERACTIONS AND THE SIZE AND SHAPE 
OF THE MOLECULE. 

 
 
                                                       
 
 

   Methane                              
Propane                                                 Hexane 

1) Above are space-filling models of methane (CH4), propane (C3H8) and hexane (C6H14).   What 
is the nature of the interaction between two methane molecules, or two propane molecules, or 
two hexane molecules?  Explain why. 
 
2) Predict the relative strength of the interactions between two methane molecules, two propane 
molecules, and two hexane molecules?  Explain your answer.    
 
3) How would you expect the boiling points of these three molecules to differ – which would 
have the lowest and which the highest?  Explain why.   
 
4) Do a search for the boiling points of methane, propane, and hexane and list them below.  Do 
the boiling points scale as you had predicted in (3)?  In other words, did you predict correctly 
which has the lowest and which the highest?   
 
5) Below are models for n-octane and iso-octane (shown as stick and ball and space-filling 
models) and their corresponding boiling points.  They have the same chemical formula (C8H18) 
and same molecular mass. Explain why one has a higher boiling point than the other.   
 

                               
 
 

                          
 
 
 
 
 

 
        N-octane        Iso-octane 
        Boiling point: 127°C      Boiling point: 99°C 
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PART 4. THE ADDITIVE EFFECT AND SURFACE AREA. 
1) From what you have learned about dispersion interactions, can you explain how dispersion 
interactions allow a gecko to crawl up a wall?  
 
Continue with the Flash movie file.  
 
2) What features of the gecko’s foot allow dispersion interactions to be strong enough to hold the 
animal up? Explain why a human hand doesn’t allow a human to climb a wall like a gecko.  
 
3) While a gecko’s foot appears to stick to the wall, it appears to just as easily detach.  Can you 
explain why? 
 
 
To find out more about geckos watch the following videos: 
 
http://www.ted.com/talks/robert_full_learning_from_the_gecko_s_tail.html 
 
http://science.discovery.com/videos/weird-connections-the-sticky-gecko.html 
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SCORING RUBRICS 
 
Scoring Rubric for Pre-Post Questions.  The scoring was done by one of the authors of this 
paper (BV) who was also the instructor for the course that used the animation. 
 
1) Draw an H2 molecule. Include a representation of the electron cloud, clearly indicating how 
the electron density is distributed over the molecule. 
 

Score 
(max 2) 

Criteria for Score Sample Student Response 

2 If drawing showed a symmetrical, 
non-polar electron cloud  

 
OR 

 

1 
If drawing showed symmetrical 
electron cloud, but also revealed 
misconceptions  

 

0 If drawing did not include electron 
cloud 
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2) Draw several H2 molecules interacting with each other. Indicate what, if any, kind of 
interaction is between the molecules.          
 

Score 
(max 3) Criteria for Score Sample Student Response 

3 

Drawing shows interacting 
molecules with asymmetric 
electron distribution and correct 
orientation   

2 

Drawing shows interacting 
molecules with asymmetric 
electron distribution but also 
misconceptions 

 

 
 

    
 

1 

Drawing did not show interacting 
molecules with asymmetric 
electron distribution, but did show 
some orientation preference  

 

 
 

    
 

0 

Drawing showed asymmetric 
electron distribution and molecules  
oriented in a line and/or with no 
preferred orientation 
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3) Explain why you depicted the H2 molecules interacting above in the way you did. 
 

Score 
(max 5) Criteria for Score Sample Student Response 

5 

Answer includes comments on 
dynamic electron cloud, 
instantaneous/transient dipole, non-
polar to polar, induced  interactions, 
momentary interactions 

Student 1: Electrons are not static.  They 
move around.  There is a chance that all the 
electrons might end up at one end of the H2 
molecule.  When that happens, another 
nearby H2 molecule will also become 
momentarily polarized (it feels the force 
from the electrons)                                               

4 
Answer does not include all aspects, 
but demonstrates good, correct 
understanding 

Even though they're non polar they still 
might interact randomly depending on 
momentary electron distribution 

3 
Answer demonstrates partial 
understanding but also 
misconceptions or incomplete 

I drew the hydrogen molecules interacting in 
dispersion interactions because this seems 
like the only type of intermolecular 
interactions that takes place between more 
than one H2 molecule 

2 Answer reveals misconceptions They're spaced out because they don’t 
interact with each other 

1 Irrelevant answer 

I depicted the H2 molecules this way because 
H2 is non-polar.  Therefore they do not form 
hydrogen bonds.  Hydrogen bonds require 
highly electronegative atoms (F, O or N) 

0 No answer I don’t really know 
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Three Examples of Scoring Rubric for Questions on Activity 
 
Q4: Do you think two H2 molecules will interact with each other? Why or why not? Based on 
Part 1 of this activity describing the dynamism of the electron cloud, can you imagine or predict 
how they might interact? 
 
Score      
(max 5) Criteria for Score Sample student response 

5 

Answer should include an 
understanding that electron cloud is 
dynamic – more dense indicates an 
transient/instantaneous situation that 
establishes a transient dipole.  During 
this moment molecule could influence 
neighboring molecule’s electron 
distribution – induce a dipole – and 
hence momentarily interact. 

Yes, they will. When one molecule 
becomes instantaneously polar, the 
charge of the molecule will affect the 
other non-polar molecule’s electrons. 
The electrons will move away from 
the first molecules’ and it will 
become polar as well, as its electrons 
will be concentrated in on area. This 
will then end a moment later when 
the electrons are repulsed from each 
other.  

4 

Answer does not include all aspects, 
but demonstrates good, correct 
understanding.  Answer does not 
clearly state that if one molecule 
establishes a transient dipole it will 
induce a transient dipole in a 
neighboring molecule and this allows 
for a brief interaction/ 

Two H2 molecules can interact. If one 
of them has a transient dipole 
moment, it can have interactions with 
other H2 molecules. That transient 
dipole could have an almost ripple 
affect. The moment of polarity could 
cause the molecules around the polar 
one to also become, for a moment, 
polar. This polarity could move 
through a bunch of H2 molecules. 

3 
Answer demonstrates partial 
understanding but also 
misconceptions or incomplete 

If a hydrogen molecule were to 
become temporarily polar, than yes, 
they would interact with each other. 

2 Answer reveals misconceptions NA* 
1 Irrelevant answer NA 
0 No answer NA 

 
 
*Note: NA indicates that no student response received this score 
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Q7: Look at the two molecules below (shown with ball and stick and space-filling models) and 
their boiling points.  They have the same chemical formula (C8H18). Explain why one has a 
higher boiling point than the other?   
 

Score      
(max 5) Criteria for Score Sample student response 

5 

Answer includes the fact that n-
octane has a higher surface area 
allowing for more “contacts” for 
dispersion interactions and hence 
stronger inter molecular forces 
resulting in higher boiling point 

Even though the two molecules have 
the same chemical formula, the 
reason they have different boiling 
points is because of their different 
shapes and different surface areas. 
Dispersion interactions are additive, 
so that means if there is more surface 
area for more potential dispersion 
reactions to add up, then the energy 
required to break apart the molecule, 
or boil it, will be higher, thus 
resulting in a higher boiling point for 
the molecule with the larger surface 
area. 

4 

Answer does not include all aspects, 
but demonstrates good understanding.  
Answer uses shape of n-octane – 
linear - allowing for closer packing 
and hence stronger interactions and 
higher bp 

The respective shapes of the 
structures of these molecules will 
influence their boiling points. 
Although all of these are non polar, 
we will observe an addition amount 
of energy required to overcome 
dispersion interactions due to N-
octane’s strand-like structure. 

3 
Answer correctly predicts relative 
boiling points but incomplete 
explanation or misconceptions 

N-octane has a higher boiling point 
because its simple shape, and 
accessible hydrogen-bonded end, 
makes it more able to form bonds 
with other C8H18 molecules. In 
contrast, iso-octane has a shape an 
awkward shape that does not link up 
well with other molecules. As a 
result, it doesn’t form as strong 
bonds, and so it is easier to break 
apart when exposed to heat 

2 
Answer correctly predicts relative 
boiling points but incorrect 
explanation  

NA 

1 Incorrect prediction NA 
0 No answer NA 
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Q9: What features of the gecko’s foot allow dispersion interactions to be strong enough to hold 
the animal up? Explain why a human hand doesn’t stick to a wall. 
 

Score      
(max 5) Criteria for Score Sample student response 

5 

Answer correctly explains that the 
larger surface area affording by the 
setae on the gecko’s foot allows for 
more dispersion interactions and a 
cumulative effect that allows the 
gecko to walk up a wall.  Human 
hands do not have these structures 
and hence do not have a high surface 
area. 

The gecko increases the surface area 
of its hand by both having ridges in it 
and by having tiny hairs on the ridges.  
This increased surface area could 
allow a dispersion reaction to 
influence many more molecules than 
that of a human hand.  I would guess 
that this increase in surface area and 
thus an increase in the number of 
molecules influenced by the 
dispersion reaction would allow for 
the gecko to stick to the wall when a 
human hand could not.  

4 Answer does not include all aspects, 
but demonstrates good understanding.   

The non-polar protein molecules in 
the gecko’s setae and the non-polar 
molecules in the window surface both 
experience instantaneous moments of 
polarity as their electrons zip around 
their clouds and momentarily find 
themselves in proximity to one 
another.  This causes the two non-
polar molecules to interact based on 
the uneven charge distribution.  The 
geko uses this interaction to “stick” to 
the walls. 

3 
Answer demonstrates partial 
understanding but also 
misconceptions 

NA 

2 Answer demonstrates misconceptions NA 
1 Irrelevant answer NA 
0 No answer NA 
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Scoring Rubric for Final Exam Questions 
 
Q1 (2009): Explain the physical origin of the interaction between non-polar molecules. 
Q1 (2010 & 2011): Clearly explain how dispersion interactions arise in non-polar molecules 
 

Score    
(max 5) Criteria for score Sample Student Response 

5 

Answer should include dynamic 
nature of electrons results in a chance 
that electron density could get 
momentarily polarized resulting in a 
transient dipole.  This transient dipole 
can induce transient dipoles in 
neighboring molecules allowing for a 
momentary interaction/attraction. 

Nonpolar molecules interact through 
dispersion interactions.  Though they 
may not attract each other at first 
(they have evenly distributed electron 
clouds) they can have instantaneous 
dipole when a molecule's electron 
cloud may not be as even for a little 
while.  Then it will influence other 
molecules around it and interact until 
all their electron clouds become even 
once again (drew a figure of the 
process - even electron cloud, 
instantaneous dipole shown by uneven 
cloud - inducing dipole in a 
neighboring molecule) 

4 
Answer does not include all aspects, 
but demonstrates good, correct 
understanding 

Dispersion interactions arise from 
instantaneous dipole moments in non-
polar molecules.  These moments 
occur when the electrons in the 
molecule are momentarily more 
concentrated in one region of the 
molecule than another. 

3 
Answer demonstrates partial 
understanding but also 
misconceptions or incomplete 

Non-polar molecules interact because 
of dispersion bonding.  The weakest 
of the types of bonding, the molecule 
will obtain an instantaneous dipole, 
thus affecting the molecules 
surrounding it so that the opposite 
charges attract. 

2 Answer demonstrates misconceptions NA 

1 Irrelevant Answer 

Nonpolar molecules are those that 
hold an evenly distributed shape 
where the charges are the same across 
the molecule.  This causes less change 
in electronegativity and is more stable 

0 No Answer NA 
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Q2: Stearic acid is an example of a saturated fat – which means all bonds between the carbon 
atoms are single bonds.  Oleic acid is an example of an unsaturated fat - which means the 
molecule contains at least one double bond between carbon atoms. Foods like lard and margarine 
tend to have higher saturated fat content (such as stearic acid), whereas vegetable oils tend to 
have higher unsaturated fat content (such as oleic acid).  Below are the structures for stearic acid 
and oleic acid.  The melting point of stearic acid is about 70oC and that of oleic acid is about 
13oC (Note room temperature is about 25oC). Using the structures of stearic acid and oleic acid 
explain why lard and margarine are solids at room temperature, but vegetable oils are liquids at 
room temperature.   

Score    
(max 5) Criteria for score Sample Student Response 

5 

Answer refers to the shape of 
the molecule and the increased 
surface area as the reason for 
stronger intermolecular, 
dispersion interactions resulting 
in higher melting point for 
stearic acid and hence 
lard/margarine 

Saturated fats and unsaturated fats both interact 
intermolecularly through dispersion interactions.  Saturated 
fats, however have a higher surface area than the unsaturated 
fat.  This means that there will be a higher chance that 
spontaneous dipoles will arise and they will bump against 
each other more.  overall this means stronger, more frequent 
interactions between molecules and that means you'll nead a 
higher temperature to break these bonds,  So it will stay solid 
at a higher temperature. 

4 
Answer does not include all 
aspects, but demonstrates good, 
correct understanding 

The food with saturated fat (stearic acid) will be a solid at 
room temperature as a consequence of their strand-like 
structure, they will be able to pack closely with each other and 
will form a dense solid at room temperature.  The unsaturated 
fats will be liquids because they are not able to pack together 
and will have less of an intermolecular attraction between the 
molecules 

3 
Answer demonstrates partial 
understanding but also reveal 
misconceptions or incomplete 

I suppose the intermolecular interactions between stearic acid 
is stronger than those between oleic acid, and it must have to 
do with the respective shapes of the molecules.  My guess is 
that because stearic acid has a thinner shape its -COOH end 
can form more hydrogen bonds with nearby molecules than 
can oleic acid, because stearic acid's hydrocarbon chain will 
be out of the way.  Oleic acid's hydrocarbon chain might 
interfere with its ability to bond with other molecules. 

2 Answer demonstrates 
misconceptions 

Stearic acid has higher freezing/melting points and at room 
temperature are solids because of their hydrogen bonds.  
Unsaturated fat like vegetable oil has a much lower melting 
point below room temperature and are therefore liquid at 
room temperature because less hydrogen bonds need broken 
and can melt at lower temperatures.  Saturated fats are more 
polar. 

1 Irrelevant Answer 

The single bonds of saturated fats allow them to be 
comparatively reactive whereas the double bonds in 
unsaturated fats will be more stable.  This means that the 
saturated fats require less energy to change from form and 
would therefore have a higher melting point. The double 
bonds of the unsaturated fat would require comparatively 
more energy and would therefore have a lower melting point 

0 No Answer NA 

 
 


