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DISCLAIMER

• ACS is providing a remake of these tutorials and images as a courtesy to and 
for the convenience of the reader. It makes no representations or warranties, 
express or implied, relative to the accuracy, veracity, ownership, or authority 
contained within the information provided therein. In accessing these slides, 
the reader knowingly, willingly, and voluntarily accepts the information’s 
remake “as is”.

www.acs.org/Olympiad
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Useful References

• https://www.compoundchem.com/2014/05/22/typesofisomerism/

• https://usnco-quizzes.web.app/

• Patrick, Graham. BIOS Instant Notes in Organic Chemistry, CRC 
Press LLC, 2004. ProQuest Ebook Central

https://www.compoundchem.com/2014/05/22/typesofisomerism/
https://usnco-quizzes.web.app/
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Functional Groups

Copyright © Houghton Mifflin Company. All rights reserved.
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Hybrid Orbitals

• sp3 hybridization = the 2s 
orbital mixes with  three of the 
2p orbitals. FOUR hybrid 
orbitals

• sp2 hybridization = the 2s 
orbital mixes with  two of the 2p 
orbitals. THREE hybrid orbitals

• sp1 hybridization = the 2s 
orbital mixes with  one of the 2p 
orbitals. TWO hybrid orbitals

Copyright © Houghton Mifflin Company. All rights reserved.
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Hybridization

Copyright © Houghton Mifflin Company. All rights reserved.
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Multiple Bonding

• Now imagine that the atoms of ethene move into position.
• Two of the sp2 hybrid orbitals of each carbon overlap with the 1s 

orbitals of the hydrogens.

• The remaining sp2 hybrid orbital on each carbon overlap to form a σ
bond.

Copyright © Houghton Mifflin Company. All rights reserved.
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Multiple Bonding

• The remaining “unhybridized” 2p orbitals on each of the carbon 
atoms overlap side-to-side forming a π bond.

• You therefore describe the carbon-carbon double bond as one σ
bond and one π bond.

Copyright © Houghton Mifflin Company. All rights reserved.
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Bonding in Ethylene

Copyright © Houghton Mifflin Company. All rights reserved.



American Chemical Society 11

Spatial Arrangement of sp3

Hybrid Orbitals

Copyright © Houghton Mifflin Company. All rights reserved.
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Diagrams of Hybrid Orbitals Showing 
Their Spatial Arrangements.

Copyright © Houghton Mifflin Company. All rights reserved.
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Arrangement of Electron Pairs 
About an Atom

Copyright © Houghton Mifflin Company. All rights reserved.

3 pairs
Trigonal planar

2 pairs
Linear

4 pairs
Tetrahedral

5 pairs
Trigonal bipyramidal

6 pairs
Octahedral



American Chemical Society 14

Electron Pairs and Arrangements

Copyright © Houghton Mifflin Company. All rights reserved.
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2021 National Exam

www.acs.org/Olympiad



American Chemical Society 16

Acyclic Ester vs. Cyclic Ether

https://sites.science.oregonstate.edu/~gablek/CH336/Chapter9/ethernom.htm
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2021 National Exam
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Conjugated Diene

• A conjugated diene consists of two alkene units separated by a 
single bond– hence ‘conjoined’. Whereas, a non-conjugated diene 
has ’isolated’ C-double bonds.

• A conjugated system consists of delocalized pi bonds, usually 
across alternating single and double bonds. Often refers to aromatic 
molecules that are cyclic and planar with sp2 hybridizations

https://www.chem.ucalgary.ca/courses/350/Carey5th/Ch10/ch10-2.html
http://www.chem.uiuc.edu/organic/Alkenes/Chapter%203/sec3-14/3-14.htm
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Bonding in Ethylene

Copyright © Houghton Mifflin Company. All rights reserved.
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2021 National Exam
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Aldol Condensation of a Ketone

https://www.chem.ucalgary.ca/courses/350/Carey5th/Ch18/ch18-3-5.html
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2021 National Exam
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IR Spectrum

• “Molecules can absorb energy in the infrared region of the electromagnetic spectrum 
resulting in the increased vibration of covalent bonds. There are two types of vibration
resulting in the stretch or the bending of bonds. These vibration occur at specific 
frequencies (or energies) depending on the bond involved.  It is useful to think of the 
bonds as springs and atoms as weights in order rationalize the energy required for such 
vibrations.”

• “There are two factors affecting the frequency of vibration – the masses of the atoms and 
the ‘stiffness’ of the bond. 

– Multiple bonds such as double or triple bonds are stronger and stiffer than single 
bonds and so their stretching vibrations occur at higher frequency (or energy). 

– The stretching vibration of bonds also depends on the mass of the atoms. The 
vibration is faster when the bond involves a light atom rather than a heavy when 
the bond involves a light atom rather than a heavy atom.” (i.e. light atoms have 
higher frequency)

• Diagram of infrared spectrum:  
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/spectrpy/infrared/infrared.htm

Patrick, Graham. BIOS Instant Notes in Organic Chemistry, CRC Press LLC, 2004. ProQuest Ebook Central

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/spectrpy/infrared/infrared.htm
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2021 National Exam
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2021 National Exam

www.acs.org/Olympiad

A dipeptide has 2 positions. Each position can be filled by any of the 20 amino 
acids. So the total combinations are 20 X 20 = 400



PRACTICE QUESTIONS
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Past National Exam
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Name this Ester

Methyl ethanoate
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Past National Exam
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Past National Exam
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Past National Exam
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Past National Exam
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Past National Exam
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Past National Exam
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Also Identical
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Past National Exam

www.acs.org/Olympiad



American Chemical Society 37

Past National Exam
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Past National Exam
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Past National Exam
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Past National Exam
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Past National Exam
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