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A DOT STRUCTURE FOR A POLYATOMIC ION

@ Count valence electrons

Pick central atom and draw
skeletal structure

- central atom is
usually the one that
needs to gain the
mMost electrons!

- skeletal structure

has all atoms connected
to center with single
bonds

Distribute remaining valence
electrons around sfructure,
outer atoms first. Follow
octet rule unfil you

run out of electrons.

Check octet rule - each atom
should have a share in 8 electrons
(H gets 2). if not, make double

or triple bonds.

NH*
Nt L x S
LA R An odd number of electrons? But Lewis
— structures for molecules generally
< involve PAIRS of electrons.
— |
<\ Subtract an electron to account for
3 the +1 charge.
H
)
M~N~-H
1
N
B L B —/,—\ Draw brackets around the
\ \__ complete structure for an

ion, then indicate the charge
in the usual way.
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EXPANDED VALENCE and other exceptions to the "octet rule’

- Some atoms do not always obey the octet rule. A few, like BORON, will bond in such a way that
they end up with less than eight electrons.

o °

... but many more bond in such a way that they end up with a share in MORE THAN EIGHT
electrons!
- Any atom in period three or greater can do this. SULFUR and PHOSPHORUS
compounds commonly do this!

... these atoms have unfilled 'd" orbitals that may participate in
bonding!
- All noble gas compounds (example: XENON compounds with oxygen and
fluorine) exhibit this behavior!
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EXAMPLES:

\' } - The central SULFUR atom has a share in TWELVE total electrons, not eight!
' F’ - S - F . - The SHAPE of the sulfur hexafluoride molecule in three dimensions agrees
/N T with the picture of six fluorine atoms each sharing a pair of electrons with
A=A a sulfur center.

5
C\ \ S pL P
Ps \s P Clg L1t 7yS =35
P LS
2 ¢\ . , L 4@
3 6\_7‘+5_'LL LAY
16 iy Ny
(1— P -C\: ¢ “':“Q.‘f
‘ Cy
This structure obeys the octet rule. This molecule does NOT obey the octet rule. Phosphorus

ends up with tfen electrons instead of eight.
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FORMAL CHARGE

- You can often draw more than one structure for a molecule that appears correct. How can you
determine which one is more likely?

- USE FORMAL CHARGE!

- Formal charge is a hypothetfical charge on each atom in a sfructure. It assumes:

(D All bonding electrons are shared EQUALLY between atoms
(D Lone pairs are NOT shared.

FORMAL _ ORIGINAL # OF _ NUMBEROF __ NUMBER OF
CHARGE VALENCE ELECTRONS BONDS UNSHARED
ELECTRONS

* The sum of the formal charges of all atoms in a structure should equal to the
charge of the molecule (O for neutral molecules)
The "better' Lewis structure will have:

- Lower magnitudes of formal charge (0 0 is better than +2 -2)

- Negative formal charges on ELECTRONEGATIVE atoms, or
positive formal charges on atoms that are less electronegative.
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example: COC\,

a o
~

O O o
1\ oR | | \:
— N\
-/ N\t 7 N 7, . / N\ . v
¢y Cl e Ll ‘cl; G\

... cdlculate formal charges to tell which structure is more likely!

-V -6 = )
O:6-L—4 = 0 © L’_L__ 5
C:h-94-0=0 L
C\.T,_.\__Q): 6 :Cf?‘-’l”’lﬂ]:“Ll
C\y 7~V b~ © —(\v7-1-6=0

* The sum of the formal charges on both structures equals zero, so they're correctly drawn.

“The structure on the left is preferred. It has LOWER formal charges (all zeros) than the
structure on the right (+1/-1/0).
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H-N=C: VA H—C=N: ?

... we can determine which of these sftructures is more likely by calculating formal charges!

H! \_]HO:D

H:l-1-0 = ©
CiH-3-2=7 Co 9~ -0 =0

. - — :_‘.
N: §~H-6 =) VT3 =0

Which structure is more likely?

* The HCN structure (on the right) is more likely. It has lower formal charges than the
HNC structure. Also m the HNC sfructure places a positive formal charge on
electronegative NITROGEN while placing a negative formal charge on the much less
elctronegative carbon.
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Let's look at sulfur trioxide. SO 3 5

616 x3 = \%
Skeletal structure: 24 g~
1O
(
S
O O
< b ¢ . P . ’
l : Cl)l L O
S — &— é Resonance
NN o structures.
» ’ . N .' . 0 y .
‘ Q ¢ ) O .'O‘ , O / "O ’
.'O‘
|
lS Expanded valence
TN (Sulfur is period 3)
¢ O -OJ

To decide which structure is preferred, let's look af formal charges.
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.c[), e "y

[

S S | &— [ Resonance
(')/ N -/S\ , . /S structures.
O O .0 Yo e X

S b4 -0 = +2
o-16~-1—L =~
O~ 6~1-6G= 1
0'::&*1—‘—11 O

'o*

|

lS Expanded valence
TN (Sulfur is period 3)
tO .OJ

BASED ON FORMAL CHARGES, the expanded valence

&, -~ -0=0 structure is preferred.
O=:b-1-4 =0 o I

The correct structure is typicall the one with minimized
o=i6-L-4 =#0 formal charges - EVEN IF it violates the octet rule. But remember,
Oz ~L - 4, - O PERIOD 2 NEVER VIOLATES THE OCTET RULE EXCEPT FOR BORON.




219 PREDICTING MOLECULAR SHAPE

The shape of simple molecules (and parts of larger molecules) can be easily predicted using
the VSEPR model

VSEPR = Valence ghell Electron Rair Repulsion Model

- Each BOND or LONE PAIR OF ELECTRONS around an atom will try fo move
itself as far away from other bonds or lone pairs as possible!

180° 1%0°
O ‘f/c\: O O—@—O LINEAR
- ~ MOLECULES
For the two red circles
to be farthest apart, they
must be 180 degrees apart

—_—

ANY diatomic (two-atom) molecule
is linear, but only some three-atom
molecules arel
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C\ e O\) TRIGONAL

/
l’\ 'l PLANAR
For the three red MOLECULES

circles to be
farthest apart, they
spread out so that
eachis 120
degrees from the
othersl!

—
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/CK‘F' ]——{ These hydrogen atoms might appear at first glance to
A be 90 degrees apart, but remember that molecules

\/ exist in THREE DIMENSIONS, not two!
H- C—H |
\ Each hydrogen atom is actually 109.5 degrees
H apart, forming a TETRAHEDRON.

@ ¢«—— These atoms are in the plane of the paper!

C, 0
This atom is behind the paper!—7 @, é>l0 1.5
\/qu L0 y
Je Q,

NThis atom is pointing out af youl!

To see the tetrahedron in three dimensions WITHOUT buying a
molecular model kit, just take four balloons, blow them up, and then
fie them together. The knot will be the central atom, and the balloons
will line themselves up to be 109.5 degrees apart.,




