Comparing the Strength of Intermolecular Forces Lab
Learning Targets:

· I can classify the type of intermolecular forces (hydrogen bonding, dipole-dipole interaction, and London dispersion forces) present in covalent molecules. 

· I can infer the relative strength of intermolecular forces based on observations of physical properties.    
Station 1 – comparing liquids with hydrogen bonding 
There are 3 flasks with different liquids: C2H5OH (ethanol) and C3H5(OH)3 (glycerin). DO NOT remove the stoppers from the flasks. Test them by swirling the contents and comparing the time it takes for the fluid motion to stop and the difficulty you have in moving the fluid quickly. Also shake the flask and observe how long it takes for the bubbles to disappear.
	Letter of Sample
	Results of Swirling
	Results of Shaking

	A
	
	

	C
	
	


1. Draw a structural formula for each compound (look them up):

Ethanol C2H5OH

Glycerin C3H5(OH)3

2. How can you determine by looking at the formula if a molecule can form hydrogen bonds?   
What is a Hydrogen bond?  What types of elements are involved with Hydrogen bonding?
3. How many hydrogen bonds can form in each compound? 

ethanol = _____ glycerin = ______ 

4. Identify the liquid in each flask and give your reason. Your reason should relate your observations to the number of hydrogen bonds.  Describe how viscosity (the resistance of a liquid to flow) is related to intermolecular forces.  Would a viscous liquid (like molasses) have strong or weak intermolecular forces?  Would the compound with the most hydrogen bonding possibilities have a low or high viscosity?
A = ___________

B = ___________
Station 2 – comparing molecules with only London Dispersion Forces

You have a sample of C3H8 (propane), C6H14 (hexane), and C18H38 (paraffin). Observe the samples and compare the strength of the dispersion forces between the molecules.
	Letter of Sample
	State (Phase) of Sample
	Relative Strength of Intermolecular Forces

	C
	
	

	D
	
	

	E
	
	


1. Draw a structural formula for each compound (look them up):

Propane C3H8

Hexane C6H14

Paraffin C18H38

2. Identify each of the samples and explain your reasoning by relating observations to intermolecular forces.
C = ___________

D = ___________
E = ___________

3. In general you can say that as the __________ of the molecule increases the dispersion forces will increase.   How does size (or length) of a compound affect London Dispersion Forces?  Do shorter or longer molecules have greater London Dispersion Forces?
4. What causes dispersion forces? 
Station 3 – surface tension and strength of van der Waal forces

There are 2 test tubes with plastic pipettes at this station. Place one drop of each of the liquids on a piece of plastic: C12H26 (oil) and H2O (water) 

1. Look at each droplet from the side. Draw a picture of the drops made by each liquid. 

C12H26 (oil) 



 H2O (water)

2. Draw the structural formula for each of the liquids at this station. 

C12H26 (oil) 



 H2O (water)

3. Identify the types of intermolecular forces found for each of the liquids and relate these to the shape of the drop as seen from the side. Include the terms cohesive and adhesive forces properly in your explanations.  What forces (dipole-dipole, hydrogen bonds, or dispersion forces) are present in each sample? 
Station 4 – using evaporation to compare attraction between molecules

At the same time, place one drop of each of the 3 liquids on the counter and observe the time it takes each to evaporate. The liquids are water, C3H7OH (rubbing alcohol), and Methanol (CH3OH). Indicate the relative time it takes each to evaporate – fastest, medium, slowest.

	Letter of Sample
	Relative Ranking of 

Rate of Evaporation

	F
	

	G
	

	H
	


1. Draw a structural formula for the 3 liquids and identify the intermolecular forces present in each liquid. 

Isopropyl alcohol (rubbing alcohol)

Methanol
Water

2. Identify the liquids and give a reason for your choice. Your reason should relate your observations to the intermolecular forces.  What are the IMFs in each compound (dipole-dipole, hydrogen bonds, or dispersion forces)?  Which compound has the strongest IMFs?  Which compound has the weakest IMFs?  What a compound with strong IMFs evaporate quickly or slowly (how easy will it overcome the IMFs between molecules)?  
F = ___________

G = ___________
H = ___________

Station 5 – using viscosity to compare attraction between molecules

You will find 3 test tubes at this station. Each test tube is capped and has a small plastic bead in it. Each test tube has a different liquid in it. For each liquid, follow these steps: 

1. Hold the tube upright until the bead is at the bottom. 

2. Quickly turn the tube upside down so that the bead is at the top. 

3. Measure the time recorded for the bead to fall to the other end of the tube. 

4. Repeat two more times and determine the average time for each liquid. 

	Sample
	Trial 1
	Trial 2
	Trial 3
	Average Time

	K
	
	
	
	

	L
	
	
	
	

	M
	
	
	
	


1. Compare the forces of attraction between molecules for the 3 liquids. Which has the strongest forces? Which has the weakest forces?   Would a viscous compound have strong or weak IMFs?  
2. Polymer chemists use a test just like the one at this station to determine the molecular weight of polymers they manufacture. Using this test, which liquid (assume they are all nonpolar molecules) has the largest molecules? Explain by relating your observations to the IMF’s present in the liquids.  How do dispersion forces relate to length/weight of a compound?  Do shorter or longer molecules have greater dispersion forces?  In the experiment, would a more viscous substance (longer time for beads to reach end of the tube) be long or short in length?
Station 6 – Intermolecular Forces/Evaporation Lab 
Divide a section of the lab benchtop in half. Wipe one half with a moist paper towel while your partner wipes the other half with a wet wipe. Time how long it takes for each half to dry. 
	Benchtop Swipe Test 
	Time 
	Observations 

	1. Damp paper towel 
	
	

	2. Wet wipe 
	
	


1. How does the presence of intermolecular forces affect the rate of evaporation of various liquids?  Why would alcohol wipes evaporate more quickly than water?  Which compound has more prevalent hydrogen bonding? 
2. Certain liquids must be stored in air-tight containers because they can evaporate quickly. Gasoline is an excellent example of this concept.  Infer the type of intermolecular forces present in gasoline.  

Station 7 – intermolecular forces and solubility (DEMO)
Solubility is very important in the paint and coatings industry as the pigment (solute) must be soluble in the vehicle (solvent). Thus watercolors contain different pigments than those found in oil-based paint.  Examine the solubility of each solute in each solvent.  
1. Add approximately 0.1g of CuCl2 (very small scoopful) to approximately 25mL of water, ethanol, and hexane (each in a separate test tube).  Stir and observe 

2. Add approximately 0.1 g of iodine (very small scoopful) to approximately 25mL of water, ethanol, and hexane (each in a separate test tube).  Stir and observe.  

	Solvent 
	CuCl2 Solubility 

(Y/N?) 
	Iodine Solubility

(Y/N?) 

	Water 
	
	

	Ethanol 
	
	

	Hexane 
	
	


1. Define solubility.
2. Classify the bond characters of CuCl2 and iodine.
3. Draw each molecule and classify the overall polarity of each molecule.
Water

Ethanol (C2H5OH)

Hexane

4. Explain the experimental results. How does the phrase “like dissolves like” relate to the polarity of a molecule?  

	Types of Solids* 
	Intermolecular Force(s) Between Particles

	1. Metallic Crystals (Metals) 
Examples: Na, Cu, Fe, Mn 

metal atoms only
	Metallic bonding: Valence electrons form mobile sea of electrons which comprise the metallic bond. 

	2. Ionic Crystals (Ionic Solids) 
Examples: NaCl, MgCl2, MgO 

metal + nonmetal
	Ionic Bonding: Attraction of charged ions for one another. Lattice energy is a measure of ionic bond strength. 

	3. Covalent Crystals 

(Network Solids) 
Examples (small class!): C(diamond), SiC(s), SiO2 (quartz) 
	Network covalent bonding.  Network solids are extremely hard compounds with very high melting and boiling points due to their endless 3-dimensional network of covalent bonds. 

	4. Molecular (Covalent) Crystals
Examples: 
	One or more of the following: 

	(a) Need H bonded to O, N or F: H2O, HF, NH3. 
	(a) Hydrogen bonding: Hydrogen bonds are weaker than covalent bonds, but stronger than (b) or (c) below. 

	(b) C6H6 (benzene), polyethylene, I2, F2, and all the compounds from (a) above. 
	(b) Dispersion forces (induced dipole – induced dipole or London dispersion forces): universal force of attraction between instantaneous dipoles. These forces are weak for small, low-molecular weight molecules, but large for heavy, long, and/or highly polarizable molecules. They usually dominate over (c) below. 

	(c) CHF3, CH3COCH3 (acetone) and H2O, HF, NH3. 
	(c) Dipole-dipole forces: these forces act between polar molecules. They are much weaker than hydrogen bonding. 

	5. Atomic Crystals 
Examples: He, Ne, Ar, Kr, Xe 
	Dispersion forces: See Section 4(b) above.


