
Chemistry 2301 Friday, January 23 
 

Workshop 1 
Drawing Organic Molecules 

 
 
1. In this exercise, we’ll construct molecules from the atoms in the chart below. For 

each atom, in each empty box: (i) give the electronic configuration; and (ii) give the 
number of valence electrons available for forming bonds and non-bonding electron 
pairs. 

 
atom   electronic configuration # of valence 

electrons 
 

H 
 

 

  1s1 
 

1 
 

C 
 

  

 
N 
 

  

 
O 
 

  

 
S 
 

 

  1s22s22p63s23p4 
 

6 

 
Br 
 

  

 
 
2. Complete the molecular structures below by drawing bonds between neighboring 

atoms as well as non-bonding electron pairs (or “lone pairs”) in each arrangement of 
atoms. For each arrangement, draw: (i) a Lewis dot structure, in which bonds and 
lone pairs are all illustrated as dots; and (ii) a Lewis dash-bond structure, with lines 
for bonds (but still with dots for lone pairs). 

 
 
  Lewis dot structures Lewis dash-bond structures 
 
 
 
 ammonia 
 (NH3) 
 

H N H 

H 

H N H 

H 



  Lewis dot structures Lewis dash-bond structures 
 
 
 
 formaldehyde 
 (H2CO) 
 
 
 
 
 
 
 
 dibromomethane 
 (CH2Br2) 
 
 
 
 
 
 
 
 
 
 3-bromo-1,2-oxazole 
 (C3H2NOBr) 
 
 
 
 
 
 
3. For each of the molecular formulae below, draw two possible Lewis dash-bond 

structures. Arrange the atoms however you like, but make sure that all atoms obey 
the octet rule. 
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 C4H6O 
 
 
 
 
 
 
 For later: Re-draw all of these as line-angle structures, by not drawing H’s on carbon 

or lone pairs on any atom.  
 
 
4. Starting in Period 3, elements can break the octet rule by having a valence shell of 

more than 8 electrons. This is possible because the valence shell can involve d-
orbitals in addition to s- and p-orbitals (which would total only eight). For example, 
sulfur (S) can use its 6 valence electrons to form 2, 4 or even 6 bonds. 

 
 For each arrangement of atoms below, draw Lewis dash-bond structures (including 

lone pairs). 

H C 

H 

H 

C 

H 

H 

S 

H 

H 

O S 

O 

O 

O 

H 

ethanethiol 
(added to natural gas 

so that it smells; 
obeys octet rule) 

sulfuric acid 
(disobeys octet rule; 
S has 12 electrons in 

valence shell) 



Chemistry 2301 Friday, January 23 
 

Workshop 2 
Valency and Formal Charges 

 
All of the protein in your body is composed of 20 amino acids, 14 of which are shown 
below. (The bold letters are standard abbreviations for the amino acids.) Some of these 
amino acids are charged. On the protein chains below,  

• Look for heteroatoms (N, O, S) that depart from typical valency. In order to have 
a filled octet, these atoms must be charged. 

• Draw the appropriate formal charge on these atoms. 
 
Notes: These are line-angle structures. So, H’s on carbon have been omitted, but all 

H’s on heteroatoms (N, O, S) are shown. 
 Assume all octets are filled. Lone pairs aren’t shown, but they are there. 
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Bonus: For F, G and H, draw all C-H’s that have been omitted. 



Chemistry 2301 Friday, January 30 
 

Workshop 3 
Charge and Resonance 

 
 
1. Are any of the atoms in the structures below formally charged? If so, draw the 

charge on the atom. 
 
 
 
 
 
 
 
 
 
 
2. For each of the structures below, draw the most significant resonance forms. (No 

need to re-draw the one I’ve drawn—just draw new ones.) Rate each resonance 
structure in order of significance. (Major? Minor?) Then, on the blank structure below 
the first, complete the consensus structure by drawing in partial positive (δ+) and 
negative (δ-) charges and partial bonds that illustrate the contributions from all 
resonance structures. 
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Chemistry 2301 Friday, January 30 
 

Workshop 4 
Mechanisms of Lewis Acids and Bases (by “Electron Pushing”) 

 
 
1. Lewis bases donate electrons to proton donors. For each acid-base equilibrium 

drawn below, draw double-barbed arrows (→) that (i) show how each of the bases 
could donate electrons to capture a proton from H3O+, and (ii) show where the 
electrons that used to be bound to the proton go. Then, draw the structures of the 
conjugate acid products on the right-hand side of the equilibria. 
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The base shown in the last two reactions on the previous page has basic electron 
pairs on two different atoms, which yield two different conjugate acids. One of those 
conjugate acid products is stabilized by resonance, and is thus favored. Which one? 

 
 
2. Lewis acids accept electrons from bases. For the acid-base equilibria drawn below, 

draw double-barbed arrows that show how each of the acids could release a proton 
to an electron pair from OH-. Make sure that your arrows show the motion of 
electrons, not protons. Then, draw the structures of the conjugate base products. 
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Chemistry 2301 Friday, January 30 
 

Workshop 5 
Ranking Acids and Bases 

 
 
1. For each of the sets of acids below, rank the molecules from 1 (most acidic) to 3 or 

4 (least acidic) without consulting a pKa chart. Then describe why you ranked the 
acids the way you did. In each case, it may help to think about the relative stability of 
both the acids themselves as well as their conjugate bases. 
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2. For each of the sets of bases below, rank the molecules from 1 (most basic) to 3 
(least basic) without consulting a pKa chart. Then describe why you ranked the 
bases the way you did. Again, consider the relative stability of both the bases and 
their conjugate acids. In particular, think about the relative stability of charged 
species; which are more or less stable? 
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3. The molecules shown below can act as acids in different ways; each has multiple 
protons that might be transferred to a Lewis base. Of those protons, which is most 
acidic, and why? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. The molecules shown below can act as bases in different ways; each has multiple 
electron pairs that might be donated to a Lewis acid. Of those lone pairs, which is 
most basic, and why? 
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Chemistry 2301 Friday, February 6 
 

Workshop 6 
Hybridization and Molecular Shape 

 
 
1. For each of the structures below: (i) give the hybridization on all atoms other than 

hydrogen; and (ii) draw a wedge/dashed-bond structure to illustrate the molecule in 
three-dimensions. (Wherever I’ve abbreviated “-CH3”, you can too—no need to draw 
methyl hydrogens individually.) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
2. For each of the structures below, predict the indicated bond angles. 
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Chemistry 2301 Friday, February 6 
 

Workshop 7 
Molecular Orbitals 

 
 
In a molecule of formaldehyde, the four atoms contribute a total of 12 
valence electrons to bonding and lone pairs in the molecule. In the 
absence of bonding, these electrons would occupy H(1s), C(2s), C(2p), 
O(2s) and O(2p) orbitals. However, bonding causes these atomic orbitals 
to hybridize, and then to mix, to form molecular orbitals. 
 
a) What is the hybridization on each of the atoms in the structure above? In other 

words, what hybrid atomic orbitals will we have to make for each atom? 
 
b)  On the next page, form the necessary hybrid atomic orbitals for the hybridization 

states you described in part (a). In other words, draw new horizontal lines in the 
hybrid atomic orbital columns that show new orbitals that will participate in mixing. 

 
c) Then, mix appropriate C and O hybrid atomic orbitals to form new molecular orbitals 

that represent the C=O double bond. (For this part, don’t worry about the other 
bonds in the molecule.) Which atomic orbitals, hybrid or otherwise, will you need in 
order to make the C=O bonding and antibonding molecular orbitals? 

 
d) Next, make molecular orbitals for the two C-H bonds. 
 
e) Are there any non-bonding orbitals that didn’t mix to make bonds? (Say, lone pairs?) 

If so, just move them over into the molecular orbital column. 
 
f) Finally, fill these molecular orbitals with the 12 valence electrons. 
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Chemistry 2301 Friday, February 13 
 

Workshop 8 
Cyclohexane Conformers, and Sweetness 

 
 
Sucralose (marketed as Splenda by Tate & Lyle) is a chlorinated sugar that mimics the 
three-dimensional structure of sucrose, and tastes even sweeter than sucrose. The 
chlorines prevent sucralose from being metabolized by the body, making it a no-calorie 
sucrose substitute. 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
This workshop addresses the three-dimensional structures and preferred conformations 
of each of these two molecules. We’ll be considering the conformations of the six-
membered and five-membered rings separately, and then we’ll put the rings together to 
look at the whole molecule. 
 
a) Starting with sucrose: One of the two possible chair conformers of sucrose’s six-

membered ring is shown below. Draw the other chair conformer (by “flipping” the 
chair), and then add the ring substituents in their appropriate axial and equatorial 
positions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
b) Which of these conformations do you think is more stable? 
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