
Name: ________________________     Section: __________
Chem 226/ Fall 2005     Dr. Rusay

Molecular Modeling: Resonance Worksheet

1. Draw resonance structures for each of the five possible phenoxide ion resonance structures in the
boxes below. Show arrows to indicate electron movements.

 

 

2. Refer to the attached WebMO data for the phenoxide ion, formaldehyde, methanol and methoxide ion.
Using all of the data, estimate the approximate bond order of the phenoxide C-O bond. Briefly explain
your reasoning.

3. If phenoxide were reacted with an electrophile, which atom in the phenoxide structure would you
predict to react? Could there be more than one possibility? Explain your reasoning for your answers to
both questions.

4. Four resonance structures of nitrobenzene are show below. Draw arrows indicating electron
movements between the resonance structures.
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5. Draw three resonance structures of nitrobenzene with a charge on a carbon atom in the ring. Draw
arrows indicating electron movements between the resonance structures.
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6. Build nitrobenezene in WebMO (http://butane.cabrillo.edu) starting with nitrobenzene from the
fragment selections under rings. Run the job as: Geometry optimization, AM1 and  a charge of 0. Refer
to the atom charges and compare them to your resonance structures. Do the charges generally agree
with the structures above? Provide the WebMO numerical values for the respective charges on each of
the appropriate carbon atoms to support your answer.

7. Check the on-line Chem 226 Assignment Web page under Worksheet, Resonance, Class for your
molecular modeling assignment of an isomer of the nitrophenoxide ion (ortho-, meta- or para). Build
your assigned molecule in WebMO starting with the nitrobenzene fragment under rings. (add an
oxygen atom in the appropriate position without a hydrogen atom and run the job as: Geometry
optimization, AM1 and  a charge of –1). Complete the following table; the nitro group should be
bonded to either C2, C3 or C4. Draw the nitro group in place of the number 2, 3 or 4. Complete the
following table.

Strructure Bond Bond
Length Atom Charge on atom

C - O O

C1

C2

C3

C4

C5

C6
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Consult with two classmates who were assigned the other two isomers. List their names and lab section(s):

_____________________ ____________

_____________________ ____________

8. Rank the (ortho, meta, and para isomers) in order of decreasing C-O bond length.

__________ > __________ >  __________

9. Rank the (ortho, meta, and para isomers) in order of decreasing negative charge on the oxygen atom.

__________ > __________ >  __________

10. Rank the (ortho, meta, and para isomers) in order of  increasing basicity.

__________< __________ <  __________

11. Rank the respective conjugate acids of the bases in order of increasing pKa values. Briefly explain
your reasoning for the order citing the ranking of C-O bond lengths, the respective charge on oxygen
for each isomer, and the resonance structures for each.

__________< __________ <  __________



WebMO Data

Structure Bond(s) Bond
Length Atom Charge on atom

ethane
CH3CH3 C - C 1.500 A

ethene
CH2=CH2 C = C 1.327 A

C  to C 1.395 A

C - O 1.269 A O -0.533

C1 +0.273

C2
-0.340

C3
-0.063

C4 -0.340

C = O 1.227 A

CH3OH C - O 1.412 A

CH3O C - O 1.309 A
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