CHEM 1405 - Lewis Structures and Geometries Worksheet
Objective:  To learn to draw the Lewis structure for a molecule or ion, determine the geometry of the electron pairs and the geometry of the molecule or ion.
Background:  Chemical bonding involves the outer shell or valence electrons of atoms.  Valence electrons are transferred when a metal loses electrons and nonmetal gains electrons to form an ionic bond.  Valence electrons are shared when two nonmetals form a covalent bond.  

A Lewis structure illustrates how the valence electrons are arranged between the atoms in a molecule or ion.  In a stable compound, atoms have eight valence electrons (octet rule) to achieve a noble gas electron configuration, except hydrogen, which only needs two valence electrons (duet rule).  
However, there are some exceptions to the octet rule above where the central atom in a molecule or ion has fewer than eight electrons or more than eight electrons around it.  In many of these cases, halogens (F, Cl, Br, I), are bonding to the central atom and can only form a single bond to the central atom.  
The geometry of the electron pairs around the central atom is predicted by the Valence Shell Electron Pair Repulsion (VSEPR) model.  The VSEPR model predicts that electron pairs around an atom repel one another and arrange themselves so as to be as far away from one another as possible.  

Procedure:  In order to draw correct Lewis structures, follow the steps given below.  
1) Calculate total number of valence electrons in the structure (add group numbers for each atom).

a) If structure is a positive ion, subtract electrons equal to the charge.

b) If structure is a negative ion, add electrons equal to the charge.

2) Draw a symmetrical skeleton structure connecting atoms bonded with a dash.

a) Generally, the least electronegative atom is the central atom (but never hydrogen as it always forms only one bond).

b) In ternary acids (ones containing polyatomic ions), hydrogen bonds to oxygen and not to the central atom.

c) If several structures are possible, choose the one where atoms have the usual number of bonds (usual number of bonds = 8 – group number)

3) Count each dash bonding atoms as two electrons then add lone pairs (non bonding pairs) to atoms surrounding the central atom until each has eight electrons around it (except H – 2 electrons).

4) Add remaining electrons as lone pairs on the central atom.

a) If you are two electrons short on the central atom, move a lone pair from a surrounding atom to become a bonding pair and form a double bond.

b) If you are four electrons short on the central atom, move two lone pairs from surrounding atoms to become bonding pairs and form a triple bond or two double bonds.

c) If you have extra electrons, place them as lone pairs on the central atom (central atom may have up to twelve electrons around it).

From the Lewis structures drawn, the geometries of electron pairs and geometries of the molecules or ions can be determined.  To find the geometry of the electron pairs you must focus on the central atom.  Count the number of electron pairs or areas of high electron density, on the central atom, counting each single bond, double bond, triple bond, and lone pair as one electron pair or one area of high electron density. 

If there are two atoms instead of a single central atom, follow the general rules for valence electron count and bonding, but apply to each atom separately.  First divide the electrons and number of attached atoms equally between them, when possible, and treat each of the two as if separate, attaching the assigned atoms with a pair of electrons, satisfying the octet or duet rule for the attached and then sharing the remaining electrons between the two atoms.  Find the electron geometry as described below for each of the atoms as if they were separate and for the final geometry view the molecule by combining the view of the separate geometries.

You will find from 2 to 6 electron pairs on the central atom, and the electron pair geometry can be found using the table below:  

	Number of Electron Pairs on Central Atom
	Geometry of Electron Pairs

	2
	linear

	3
	trigonal planar

	4
	tetrahedral

	5
	trigonal bipyramid

	6
	octahedral


If there are no lone pairs on the central atom, the geometry of the molecule or ion is the same as the electron pair geometry.  If lone pairs are present on the central atom, the geometry of the molecule or ion will be different.  It will depend not only on the number of electron pairs on the central atom but also on how many of the pairs are bonding electron pairs.  Each single bond, double bond, and triple bond on the central atom counts as one bonding electron pair or area of high electron density.  The molecule or ion geometry can be found using the table below:  

	Total Number of Electron Pairs on the Central Atom
	Number of Bonding Electron Pairs on the Central Atom
	Molecule or Ion Geometry

	2
	1 or 2
	linear

	3
	3
	trigonal planar

	3
	2
	V-shaped

	3
	1
	linear

	4
	4
	tetrahedral

	4
	3
	trigonal pyramid

	4
	2
	V-shaped

	4
	1
	linear

	5
	5
	trigonal bipyramid

	6
	6
	octahedral



Report Sheet:  Calculate number of valence electrons, draw Lewis structure, determine geometry of electron pairs and geometry of molecules or ions for:  
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	3. H2O
	Lewis Structure
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	4. H3O+
	Lewis Structure
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	5. NH3
	Lewis Structure
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	6. NH4+
	Lewis Structure
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	7. AsF5
	Lewis Structure *
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	8. AsF3
	Lewis Structure
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	9. GaI3
	Lewis Structure*
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	10. PCl2F3
	Lewis Structure*
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	11. ClO2-
	Lewis Structure
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	12. PO4-3
	Lewis Structure
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* exception to octet rule

	13. SiF6-2
	Lewis Structure *
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	14. PO3-3
	Lewis Structure
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	15. SiO2
	Lewis Structure
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	16. HCN
	Lewis Structure
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	17. C2H4
	Lewis Structure
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	18. C2H2
	Lewis Structure
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* exception to octet rule
	19. H2CO
	Lewis Structure  
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	20. O3
	Lewis Structure
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