Mechanisms: The Basics
A) The Correct Use of Arrows to Indicate Electron Movement


The ability to write an organic reaction mechanism properly is key to success in organic chemistry classes.  Organic chemists use a technique called arrow pushing to depict the flow or movement of electrons during chemical reactions.  Arrow pushing helps chemists keep track of the way in which electrons and their associated atoms redistribute as bonds are made and broken.  The first essential rule to keep in mind is the following:
First rule: Arrows are used to indicate movement of electrons

A regular arrow (double-sided arrowhead) is used to indicate the movement of two electrons, while a line with a single-sided arrowhead (sometimes called a “fish hook arrow”) is used for single electron movement involved with radical reactions that are first described in Chapter 8.  
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The great majority of reactions that will be discussed in this book involve movement of pairs of electrons, so they are represented by double-sided arrowheads. 
Second Rule: Arrows are never used to indicate the movement of atoms directly.  The arrows only show atom movement indirectly as a consequence of electron movement when covalent bonds are made and broken.
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A common mistake beginning students make is that they will erroneously write an arrow pointing from the H of the acetic acid to the O atom of the hydroxide anion.  This is wrong, because such an arrow would be indicating the H atom movement directly, not electron movement!  Other common mistakes in arrow pushing are given at the end.
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Third Rule: Arrows always start at an electron source and end at an electron sink.  
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An electron source is a bond or a lone pair of electrons.  It is either a  bond or a lone pair on an atom of relatively high electron density in a molecule or ion, or a bond that must break during a reaction.  An electron sink is an atom on a molecule or ion that can accept a new bond or lone pair of electrons. 

Fourth rule: Breaking a bond will occur to avoid overfilling valence (hypervalence) on an atom serving as an electron sink.

In these cases, the electron source for the arrow is the bond being broken, and the sink is an atom able to accommodate the electrons as a lone pair, generally an electronegative atom such as an O atom or a halogen.  If an ion is created, that ion is often stabilized by resonance delocalization or other stabilizing interactions.

[image: image5.emf]Bond being

broken on
sink atom
HON .0
/ -.. 4 .
HC—CQ b + 1o-H ——=HC=C + o-n
5" o Hb :0: H
ﬁ Q Acetate ion
i electron source
clectron sink (relatively high Relatively stable
(relatively low electron density) ion created during

electron density) the bond breaking

process (stabilized
by resonance
delocalization)










