[bookmark: _GoBack]Chem1311Ch9Ep2 Transcript
00:00:00
Hello and welcome to the second episode of Chemical bonding.
00:00:08
Previously in chemical bonding.
00:00:13
We learned to draw Lewis dot structures.
00:00:18
And we learned to classify bonds based on the electronegativities of the atoms involved.
00:00:29
In this episode.
00:00:33
We will learn to calculate formal charges for Lewis dot structures.
00:00:42
And we will learn to determine which structure is more likely.
00:00:47
Based on these formal charges.
00:00:58
Some molecules you will come across will have more than one possible skeletal structure.
00:01:06
Formaldehyde, for example, has two acceptable Lewis structures.
00:01:24
These are the two possible skeletal structures with each one leading to a different Lewis dot structure.
00:01:31
To determine which of the two is the more likely structure.
00:01:35
The formal charges for each atom should be calculated.
00:01:42
An atom's formal charge is the difference between the number of valence electrons that the isolated atom had.
00:01:50
And the number of electrons assigned to the atom in the Lewis structure.
00:01:59
To calculate the formal charge of each atom, we can use the following formula.
00:02:15
Keep in mind also that the sum of the formal charges of the atom in a molecule or ion must equal to that molecule or ion's charge.
00:02:33
While we are in the topic of a formal charges, I might want to point out that.
00:02:41
Hydrogen always has a formal charge of 0.
00:02:47
So if you see a hydrogen in a molecule.
00:02:50
You can pretty much ignore it.
00:02:54
This is the Lewis structure for the first possible molecule and notice that it has full octets for both the carbon and the oxygen.
00:03:09
Next, we will use this formula to calculate the formal charges for carbon and for oxygen.
00:03:19
Carbon has four valence electrons.
00:03:24
In the Lewis structure, it has two nonbonding electrons.
00:03:37
And it also has three bonds.
00:03:42
Giving in a formal charge.
00:03:44
Of negative one.
00:03:56
Oxygen has 6 valence electrons.
00:04:04
2 nonbonding electrons.
00:04:10
And three bonds.
00:04:15
Giving it a formal charge of positive one.
00:04:30
Now we will carry out the same calculation for the other possible molecule.
00:04:40
Notice that this Lewis structure also provides a full octet for both carbon and oxygen.
00:04:51
Carbon has four valence electrons.
00:04:57
0 nonbonding electrons.
00:05:02
And four bonds.
00:05:07
Giving it a formal charge of zero.
00:05:17
The oxygen has 6 valence electrons.
00:05:24
4 nonbonding electrons.
00:05:30
And two bonds.
00:05:35
Giving it a formal charge of zero also.
00:05:47
When counting the number of bonds in a Lewis structure in order to obtain the formal charge, you will count double and triple bonds as if they were two or three single bonds, respectively.
00:06:02
That is an oversimplification though.
00:06:06
A double bond is not made up of two single bonds and it is considered just one bond for any purposes other than for formal charges.
00:06:32
Let's practice writing the Lewis structure and the formal charges of the carbonate ion.
00:06:39
Pause the video.
00:06:41
Write down your answer and then come right back.
00:06:54
Welcome back.
00:06:59
Here is the Lewis dot structure for carbonate.
00:07:05
24 electrons in all due to the negative 2 charge.
00:07:13
Now onto the fun stuff.
00:07:18
The formal charge of carbon first.
00:07:26
Carbon has 4 valence electrons.
00:07:32
0 nonbonding electrons and four bonds.
00:07:38
Giving it a formal charge.
00:07:41
Of zero.
00:07:46
The double bonded oxygen.
00:07:48
Has 6 valence electrons.
00:07:54
4 nonbonding electrons.
00:07:57
And two bonds.
00:07:59
Giving it a formal charge of zero as well.
00:08:13
The single bonded oxygen atoms have 6 valence electrons.
00:08:21
6 nonbonding electrons.
00:08:24
And one bond each.
00:08:27
Giving them a formal charge of negative one.
00:08:34
So our final Lewis structure.
00:08:38
Is this.
00:08:40
Notice this Lewis structure shows where carbonate keeps its negative charges.
00:08:47
On the two single bonded oxygens, also notice that the charge of the Lewis structure matches the charge of the carbonate ion.
00:09:19
Be sure to notice that the charges, the negative charges, should always be placed in the more electronegative atom.
00:09:36
Formal charges are easy enough to calculate.
00:09:39
But you must be wondering what is the point of them?
00:09:46
The point is that they give you an objective way to decide which of two or more possible Lewis structures for a molecule is more likely.
00:10:00
So when in doubt.
00:10:02
Formal charge.
00:10:09
For neutral molecules.
00:10:12
A zero formal charge is preferred to having a formal charge.
00:10:22
For Lewis structures with small formal charges.
00:10:26
Those are preferred to having large formal charges.
00:10:31
If you must have a formal charge, it should be small one.
00:10:39
Negative formal charges should be on the more electronegative element.
00:10:56
Let's apply these principles to formic acid.
00:11:05
Formic acid has two possible skeletal structures that lead to valid Lewis dot structures.
00:11:14
There is a third skeletal structure, but it would violate the octet rule, so we will not even consider it.
00:11:30
The first skeletal structure yields the first two possible Lewis structures drawn here and the 2nd skeletal structure yields the third one.
00:11:41
That's a total of 3 Lewis structures which do not violate the octet rule.
00:11:51
To determine which of the three is the most likely structure, we must calculate the formal charges for each atom in each of the Lewis dot structures.
00:12:08
As we look quickly at the results.
00:12:11
The first structure is looking like a favorite.
00:12:22
The reason for that is that it has zero formal charges for every single atom.
00:12:28
That is the preferred.
00:12:30
Lewis structure.
00:12:36
The second structure we drew has small charges on the oxygen atoms.
00:12:45
And the third structure has them on the carbon and one of the oxygen atoms.
00:12:51
But as if having charges is not bad enough.
00:12:56
The negative formal charge is not on the more electronegative element.
00:13:03
Therefore, the third structure is our least favorite.
00:13:14
And so in conclusion.
00:13:18
We are going to go with the first structure.
00:13:22
Because it has zero formal charges.
00:13:36
A resonance structure is one of two or more Lewis structures for a molecule which cannot be accurately represented by a single Lewis structure.
00:13:53
For example.
00:13:56
Ozone can be represented using 2 resonance structures.
00:14:02
The fact that they are resonance structures of the same molecule is indicated by the double headed arrow.
00:14:11
But this arrow sometimes misleads students.
00:14:17
This double headed arrow does not mean that the molecule alternates between resonance structures.
00:14:25
It does not do that.
00:14:30
Rather, it indicates that the structure of the molecule is somewhere in between the representations of the resonance structure.
00:14:40
That one resonance structure by itself does not.
00:14:43
Do it justice.
00:14:50
Notice that both resonance structures have the same skeletal structure.
00:15:03
Let's give the resonance structures of nitrous oxide a go.
00:15:08
Pause the video.
00:15:10
Write down your answers and come right back.
00:15:21
Welcome back.
00:15:25
Using this skeletal structure, we have 5 valence electrons from each nitrogen and six from the oxygen.
00:15:35
Giving us 16 electrons total.
00:15:40
The two bonds we drew use up 4 electrons.
00:15:45
Leaving us 12.
00:15:49
The first nitrogen requires 6 electrons, the 2nd.
00:15:55
4 electrons and the oxygen 6 electrons.
00:16:01
That is a total of 16.
00:16:05
And we only have 12.
00:16:08
Therefore we are short 4 electrons.
00:16:12
And we will have to draw two more bonds.
00:16:20
And where should these bonds go is what gives us resonance structures?
00:16:30
We could have two double bonds.
00:16:33
Or a triple bond.
00:16:37
All three of these Lewis structures will satisfy the octet rule.
00:16:42
So we will have to calculate formal charges.
00:16:53
Also notice that the skeletal structure of all three resonance structures.
00:17:01
Is the same.
00:17:03
Just as it should be.
00:17:06
If it has a different skeletal shape, then it is not a resonance structure.
00:17:20
Next, we have the remaining 8 electrons to each in order to complete the Lewis dot structures.
00:17:34
And now we will calculate those formal charges.
00:17:40
So for each atom of these 3 resonance structures.
00:17:44
Let's do the math.
00:17:54
And now the fun stuff.
00:17:57
What do these charges mean?
00:18:05
The second structure is the preferred 1.
00:18:09
Because the charges are small and the negative charge is on the oxygen atom which is more electronegative than the nitrogen.
00:18:26
The third structure is the least preferred because it has a large separation of formal charges.
00:18:35
And it has a positive charge on the oxygen which is more electronegative.
00:18:55
The octet rule is very important, but you must know there are exceptions to it.
00:19:06
It should not surprise you that if someone came up with the term “lone pair.”
00:19:13
The terms “incomplete octet.”
00:19:17
And “extended octet.”
00:19:19
Would not be far behind.
00:19:22
This must be.
00:19:24
Coin an oxymoron day.
00:19:32
Atoms, like beryllium and boron, form stable molecules in which the central atom has less than 8 electrons assigned to it.
00:19:44
These structures will be revisited when we focus on the geometry of the molecules.
00:20:08
Nitrogen is notorious for making molecules in which the number of electrons is odd.
00:20:16
And this makes a complete octet impossible.
00:20:33
The expanded octet is only possible for molecules in which the central atom is in the third period and beyond, because a “d” orbital is involved.
00:20:53
Sulfur hexafluoride is an example of a molecule with an expanded octet.
00:21:01
12 electrons.
00:21:12
Here's an example of a molecule with an incomplete octet.
00:21:21
Aluminum is less electronegative than iodine.
00:21:27
So it will be the central atom.
00:21:35
After drawing the skeletal structure.
00:21:38
We have used six of the 24 valence electrons we had.
00:21:45
That leaves us only 18.
00:21:50
There they are.
00:21:53
If we place six electrons around each, Iodine.
00:21:58
We will have used up all 18 of our electrons and aluminum will only have.
00:22:05
6 electrons.
00:22:08
This is the incomplete structure and notice that there are no formal charges anywhere.
00:22:29
But, someone right now is probably thinking.
00:22:33
Why not add a double bond so the octet rule is not violated?
00:22:40
What is wrong with this Lewis structure?
00:22:48
Well, this Lewis structure looks good on the surface.
00:22:54
But if you assign charges, formal charges.
00:22:59
You will notice that the negative charge.
00:23:04
Goes to the aluminum.
00:23:07
Which is the least electronegative element.
00:23:13
So no.
00:23:26
Let's now draw phosphorus pentafluoride's Lewis structure. This is another exception to the octet rule.
00:23:34
Pause the video.
00:23:36
Write down your answer and then come right back.
00:23:49
Welcome back.
00:23:53
Because phosphorus has five bonds, it will have to have an expanded octet.
00:24:02
Which is OK because it is in the third period.
00:24:10
The five bonds we drew use up 10 of the 40 electrons, leaving us just enough to complete the octet of all fluorine atoms.
00:24:27
So the Lewis dot structure will look like this.
00:24:35
Additionally, there are zero formal charges on all the atoms.
00:24:50
Next draw the structure of sulfate with all oxygen atoms attached to the central sulfur.
00:24:59
Pause the video.
00:25:01
Write down your answer.
  00:25:03
And then come right back.
00:25:11
Welcome back.
00:25:14
We will start with a skeletal structure.
 00:25:18
The four bonds take away eight of the 32 valence electrons.
00:25:25
So that will leave us.
00:25:27
24
00:25:40
Each oxygen requires 6 more electrons, and that's all 24 electrons we had.
00:25:48
And sulfur already has an octet.
00:25:51
So this structure works fine.
00:25:58
Next, we calculate the formal charges of each element and this is what we get.
00:26:14
Sulfur is in the third period.
00:26:18
So potentially an expanded octet.
00:26:22
Could be used to lower the formal charges.
00:26:27
Like so.
00:26:34
So should we?
00:26:37
That's a definite maybe.
00:26:40
This is kind of a gray area.
00:26:45
Do keep in mind, both Lewis structures are valid, and you should be able to draw both types with and without the expanded octet.
00:26:58
If you decide to expand your octet to reduce formal charges, make sure that you only expand it enough to bring the central atoms charge down to 0.
00:27:15
So this structure would be a firm no.
00:27:31
Next, let's draw the Lewis dot structure for xenon tetrafluoride.
00:27:39
Pause the video.
00:27:40
Write down your answers and then come right back.
00:27:50
Welcome back.
00:27:52
Let's start by drawing the skeletal structure and counting those valence electrons.
00:28:02
The four bonds use eight of the 36 valence electrons and that leaves us with 28 electrons.
00:28:16
Each fluorine will need 6 electrons to complete this octet.
00:28:21
So that uses up 24 of the 28 electrons.
00:28:26
And xenon must expand its octet to accommodate the remaining 4 electrons.
00:28:34
Like this.
00:28:42
And there are no formal charges anywhere.
00:28:57
And that's all there is.
00:28:59
There isn’t any more.

