CHM 112 Experiment #2. Intermolecular Forces and Lewis Structures

The shape (also known as geometry) of a molecule influences its properties. Symmetrical shapes lead to
electrons being evenly distributed throughout the molecule and are called non-polar. Asymmetrical shapes lead to
molecules with more electrons on one side than the other. This imbalance leads to a partial positive and negative within
the molecule known as a dipole. Molecules with dipoles are known as polar molecules. Polar molecules are attracted to
magnetic and electric fields.

Determining Polarity of Molecules

A covalent bond is polar if there is a difference in electronegativity between the bonded atoms. An entire
molecule will be polar if the bond dipoles do not cancel. Polar molecules have a positive and a negative end and behave
like tiny magnets. The shape of the molecule determines if dipoles cancel or not.
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Polar molecules — bond dipoles do not cancel. )H/} ‘\\I\-I :8—C=0:
Have a lone pair on the central atom OR different outer atoms. -
dipoles don’t cancel
Non-polar molecules — bond dipoles cancel. . .
Have no lone pairs on the central atom AND have all outer atoms the same. :0=C=0":
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dipoles cancel

Intermolecular Forces (IMFs)

IMFs hold molecules together into solids and liquids. The stronger the IMFs, the higher the boiling and melting
point of a compound. The forces between covalent compounds are relatively weak, so covalent molecules tend to have
low boiling and melting points. IMFs are summarized in the table below.

IMFs Found in Description Examples
found in covalent | hydrogen bonds molecules with H-F, H-O, | extreme case of dipole-dipole, H,O, NH,
compounds or H-N bonds occurs with small, highly

strongest electronegative atoms

dipole-dipole forces | polar molecules attraction between CH,Br,, PH,

O
® +and &-
weakest dispersion forces all molecules (only force | attraction between temporary | CH,, CO,
in non-polar molecules) dipoles

Intermolecular forces are the glue that holds covalent molecules together, the stronger they are, the stickier the
molecules are. As a result, these intermolecular forces influence many properties of substances:

Stronger IMFs result in:
e Higher boiling and melting points
® Increased surface tension
e Lower evaporation rates and lower vapor pressure
Surface Tension
Surface tension is the amount of energy
required to stretch or increase the surface of a liquid.
Molecules at the surface are less stable because they
are only held together by molecules on one side.
Surface tension results from the need to minimize the
amount of surface to a liquid. The stronger the IMFs,
the higher surface tension.

(credit photo: OpenStax Chemistry modification of work by
“OliBac”/Flickr)




Capillary Action

Capillary action is the flow of liquid up a narrow tube against the force of gravity. It depends on both the IMFs
between the liquid molecules (cohesive forces) and the IMFs between the liquid and the tube surface (adhesive forces).
As liquid spreads on the tube surface it creates more surface area, the liquid then rises to reduce the surface area. This
continues until a balance is reached between gravity pulling liquid down and surface tension pulling it up. The final
height depends upon the surface tension of the liquid, the attraction between the liquid and tube surface, and the tube
diameter.

(image: Stephen Lower via chem.libretexts.org)
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Liquid wets walls of ~ Surface tension acts ~ Wetting continues ~ Eventually the liquid

tube, increasing to decrease surface from higher level, reaches a height at

surface area. area, pulling liquid up. causing liquid which its weight is

to continue rising.  exactly balanced by

surface tension,
resulting in a constant
height.

For a review of Drawing Lewis structures, see
Condensed Structural Formulas

Organic (carbon-based) molecules can contain chains of several central atoms. Condensed formulas are often used to
indicate how the atoms are connected. To draw a Lewis structure from a condensed structure, connect any elements that
are not hydrogens or halogens in a chain in the order written. Connect the hydrogens and halogens with single bonds to
the atom they are written next to. Count valence electrons and add lone pairs and double/triple bonds to complete
octets as needed.

Molecular Formula Condensed Formula Lewis Structure
HH _H
C;HgO CH,CH,0CH; H-C-C-0-C—-H
oo |
Hh T
HHH
C;H.0 CH,CH,CH,OH o1 .
i i H-G-C-C-0-H
HHH
cF: H
C,H,NF, CF,CH,CN |



Materials: buret with water buret with hexane balloons paper towels
acetone dropper ethanol dropper isopropanol beakers
Pennies

Pr r

A. Lewis structures
1. Complete the table.

B. Polarity of Liquids
2. Turn on burets of water and hexane to allow a fine stream of liquid. Rub a balloon on your hair or shirt, bring it near
each liquid and record your observations.

C. Evaporation Rate
3. Put two drops of acetone and two drops of ethanol on either end of a paper towel and observe their evaporation.

D. Surface Tension

3. Get two dry pennies and lay them face up. Count how many drops of isopropanol you can add to the top of one
penny before the liquid spills onto the table surface. Count drops of water you can add to the top of the other penny
before it spills on the surface. This works best when the dropper is close to the penny.

4. Dry the pennies and repeat the experiment with each other group member.

E. Capillary action
5. Measure and pour 3 mL of water into a small beaker. Measure and pour 3 mL of acetone in to another small beaker.
6. Put a capillary tube in each beaker and compare the heights of the liquids.
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CHM112 Lab — IMFs

Name

Team Name

To participate in this lab you must have splash-proof goggles, proper shoes and attire.

Criteria

Points possible

Points earned

Lab Performance

Safety and proper waste disposal procedures observed. 3
Actively participates.

Lab Report
Part A (table correct and complete) 5
Part B—E. Complete explanations citing polarity and IMFs 6
Post lab table 5
Total 20

Subject to additional penalties at the discretion of the instructor.




A. Complete the following table

Water (H,0) valencee-=

Hexane (CH;CH,CH,CH,CH,CH;) valence e- =

Lewis structure

(all carbons connected in a chain)

Polar? Y/N

IMFs

Acetone (CH,COCH;) valence e- =

Ethanol (CH,CH,OH) valence e- =

Lewis structure

(connectivity is)

(connectivity is C—C—-0-H)

Polar? Y/N

IMFs

Isopropanol (CH;CHOHCH;) valence e- =

Lewis structure

(connectivity is)
Q
c’c‘c

Polar? Y/N

IMFs




B. Polarity of liquids
1. a) What happened when the charged balloon was brought near water?

b) What happened when the charged balloon was brought near hexane?

2. Using the properties in table A, explain why the liquids behaved differently.

C. Evaporation rate.
3. Which liquid has a faster evaporation rate, acetone or ethanol?

b) Using the properties in table A, explain why one evaporated faster.

D. Surface Tension
Group member #isopropanol drops | # water drops

4. a) Which has more surface tension, water or isopropanol?

b) Using the properties in table A, explain why it had more surface tension.

E. Capillary Action



5. a) Which liquid reached a greater height, water or acetone?

b) Given that glass is highly polar, and the properties in table A, explain the height difference.

Complete the following table.

Formula | Lewis Structure Polar? Y/ N IMFs

PCl,

HOBr
(Ois
central)

CH,OCH,

CH,0

NH,F




