Partial Separation of Charge in a Molecular Substance
(A First and Second Year Blog for the week commencing the 16th of August 2020.)

There is not long to go now before you resume your studies after being locked down by Covid-19. I hope that
you have used the time of your enforced absence well, and I wish you good luck in your studies when you are
back in school.

•

This Blog is about the Separation of Charge, and the resulting Dipoles that are created1.

•

The very essence of an Ionic Substance with electrovalent bonding is that the atoms of a metal element
transfer the electrons in their outermost shell to the atoms of a non-metal element which accepts those
electrons2. In an Ionic substance there is therefore a TOTAL separation of charge (albeit with an
element of covalent/molecular character normally in the bond). This Blog is NOT about Ionic Substances.
This Blog is about Molecular substances and how they acquire a PARTIAL Separation of Charge.

•

In a Molecular substance with covalent bonding, electrons are not transferred but shared. You will remember
that in earlier Blogs I have showed covalent bonding thus

but Professor Lower (formerly of Simon Fraser University) shows the edd (the electron density distribution) of
bonded electrons thus.

•

Where there is no difference in the electronegativity of the bonded atoms (as in H2 / O2 / N2 / and all the
Halogens) , then there is no separation of charge whatsoever. The bonded atoms cannot and do not pull the
electron clouds off each other. The edd is not distorted at all.

•

Even so, there will be a separation of charge in the atoms of molecular substances and in the molecules of
bonded non-metal atoms which form covalent substances. That is what this note is about.

•

In this note therefore, please remember that we will be talking about the PARTIAL separation of charge in
a Molecular substance and not the total separation of charge in an Ionic substance.

1

At ‘A’ Level you are not required to know how to calculate the magnitude of a “diploe”.
In doing so, both the metal and the non-metal elements achieve the stability conferred by the Noble Gas/Inert Gas/Group
VIII configuration.
2

Page 1 of "The Partial Separation of Charge in a Molecular Substance"

A dipole and a dipole moment
•

We must now talk about dipoles because chemists talk about a dipole whenever there is either a
PARTIAL (“∂– ” and “∂+”) or a FULL (“–” and “+”) separation of charge inside an entity.

•

A “dipole” is a word that strictly speaking should indicate that a full separation of charge into a positive pole
and a negative pole has occurred in a given species, but it does not have that meaning when chemists choose
to use it to indicate that a partial separation of charge has occurred.

•

A dipole moment consists of the product (i.e. the result of the multiplication) of the size of a charge and a
distance. In ‘A’ Level Chemistry, you are NOT required to know how to calculate (the size of) a dipole
moment, but you are required to know that in a symmetrical molecule, dipole moments can cancel each
other out.

The occurrence of a PARTIAL Separation of charge in a Molecular substance
•

The exact location of an electron at any point in time is purely a random matter. This situation is
exactly the opposite of (for instance) your daily curriculum where you can look up a timetable to see where
you will be at any point in time during the day. Scientists know roughly where any electron is (e.g. in an
Hydrogen atom there is one electron and it resides in the sole orbital of the ‘1s’ sub-shell) – but scientists
cannot say with certainty where any particular electron will be at any given point in time!3

•

The electrons in any atom and in any molecule are randomly orbiting their nucleus which is why scientists
cannot say where any particular electron will be at any given point in time. It can thus be seen that at any
one point in time there could be more of the electron cloud on one side (say on the Right Hand Side,
RHS) of the atom (or of the molecule) than there is on the other side of it (i.e. on the LHS).

•

If this were to happen, then the RHS of the atom or molecule (as shown in the diagram overleaf) would be
slightly more negative than the LHS (and this situation is indicated by the use of the signs “∂– ” and “∂+”),
and the atom or molecule would momentarily or “instantaneously” (in the old-fashioned use of the word)
be partially polarised i.e. it would then possess a Momentary or an Instantaneous dipole!

NB There could be more edd or more of the electron cloud on any one side (i.e. on the top/the bottom/the back/
front/RHS/LHS) of the atom (or the molecule) than there is on any other side of it.
•

However, please note that this MOMENTARY or Instantaneous Dipole would have occurred
RANDOMLY (i.e. purely by chance).
Normal edd of a
given atom/molecule
at any ONE point
in time.

Edd of the same atom/molecule when for one
brief moment in time there is MOMENTARILY
or INSTANTANEOUSLY more electron density on
one side of it than there is on the other side of it.
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3

I know that my youngest adopted son (who is a Doctor) treats patients in a hospital on a Monday, but I cannot tell you
where in the hospital he will be at any point during the day (and if there had been an emergency he might have had to fly off
to a hospital in Sussex/China/America/Africa/or (for all I know) Mars or the Andromeda Galaxy. At University you may
find that concept helpful in understanding Heisenberg. I know roughly where my son is, but I do not know exactly where he
is! Heisenberg works on a different principle, but the concept of uncertainty is the same. In Heisenberg and in Schrödinger
there are different sorts of uncertainty.
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NB For the brief space of time in which the atom or the molecule has a partial separation of charge and a
dipole, then for that brief moment in time there is no difference between the atom or the molecule and an
entity that has a permanent dipole.
For that brief space of time in which an entity possessing a Momentary or Instantaneous Dipole has such a
dipole, then it is able to do all the things that a Permanent Dipole can do. For example, it can temporarily
induce polarity into another entity. In the diagram below, the middle molecule briefly takes on a Momentary
dipole, and it thus INDUCES polarity into its immediate neighbours.
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The molecule in that brief moment of time
has induced a dipole
into its immediate neighbours
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moment of time in which it takes
on a Momentary or an
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•
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•

However, as soon as the momentary or instantaneous polarity of the first atom or molecule is lost, then it
would cease to induce polarity into its neighbours.

•

In order to make what we are going to discuss in the next few Blogs easy, let me now point out something
very interesting to you. In the diagram above, I have shown what happens to the two molecules that are
positioned one on each side of the middle molecule; but, could YOU work out what would happen at
precisely the same point in time to the molecules that were the immediate neighbours of those two
molecules, and to the immediate neighbours of those molecules, and to the immediate neighbours of those
molecules, and to the immediate neighbours of those molecules, ........................ and so on!

•

Please do not carry on reading until you have worked out the answer for yourself.

.........................................
•

OK, the answer is that
• if just one single molecule in a group of molecules becomes momentarily and instantaneously
polarised, then
• in a flash EVERY SINGLE OTHER MOLECULE in the whole group of molecules will immediately
have polarity induced into it!

•

Isn’t that fantastic! Let me put it this way (and if this does not blow your mind, then nothing ever will), I do
not know how many molecules of water there are in the Pacific Ocean but the number must be colossal4, but
if we were to imagine that the whole of the Pacific Ocean were comprised of molecules of liquid Oxygen (or
liquid Nitrogen, or liquid Hydrogen) and if just one molecule in the whole of the Pacific Ocean were for
one brief moment of time to take on Momentary or Instantaneous polarity and no other molecule in
the ocean were to be momentarily or instantaneously polarised at that point in time (a situation that is
statistically impossible), then almost immediately every other molecule in the whole of the Pacific
Ocean would automatically acquire Induced polarity!5

4

.... “colossal” but NOT “infinite”. There are only as many molecules in the Pacific Ocean as there are. Man may not be able
to count how many there are, but that is not the same as there being no limit to the number of molecules of water in the
Pacific Ocean! The word “infinite” should be used only where it is appropriate. The word “infinite” does not mean “a very
large number”. It means “the number has no end”, “it has no boundary”, “it has no limit”. I am of the opinion that ALL
material things are finite and only non-material things are infinite. I am therefore not happy with the use of the word
“infinite” as it is used by astronomers. Just because human beings do not know the answer to something, then that does NOT
mean that the answer is unknowable. However, I am very happy to use the word “infinite” when it comes to emotions such
as love!
5
In fact, the idea of one molecule inducing polarity into the whole of the Pacific Ocean is an unrealistic concept (for the
reason outlined in the next bullet point); but, it is a nice little theoretical concept to play with just to illustrate the idea of
Induced polarity!
Page 3 of "The Partial Separation of Charge in a Molecular Substance"

•

Actually, it is even more fantastic than that, because it is not a question of one molecule in a group of
molecules possibly acquiring Instantaneous polarity. The edd of an unpolarised molecule is random and
uniform, therefore every single unpolarised molecule is constantly and continuously experiencing edd
reversals from uniform to non-uniform, and to all intents and purposes therefore, over a period of a split
second, every single molecule always has a separation of charge in it – and this is the secret of why the
molecules in any group of non-polarised molecules stay together instead of flying off in different
directions!

A uniformly distributed electron cloud
•

The edd (electron density distribution) of an atom or of a molecule is normally random and uniform (i.e. it is
evenly distributed in the areas in which it is located). The whereabouts (or the approximate location) of
the electron cloud in any of the orbitals of an atom is determined by the shape of the orbital (i.e. by
whether it is an ‘s’ orbital/or a ‘p’ orbital/or a ‘d’ orbital/etc, but within the region defined by that shape,
the electron density is distributed in a random and in a uniform manner – and thus there is no permanent
separation of charge within the atom (but there will always be a momentary separation of charge because the
very definition of randomness means that the edd does not have to be uniform).

The electron density distribution in the ‘s’ orbital of an atom (e.g. in Hydrogen)
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In an atom the edd pattern is normally random and uniform.
[The blue cross represents the nucleus of the atom.]
The representation on the right shows the edd without a defined boundary.

•

There are three ways in which a partial separation of charge can occur in a Molecular substance.

•

Whenever there is a separation of charge there will exist something that chemists call a dipole, therefore we
must talk about the different sorts of Dipoles i.e.

A) Instantaneous, or Momentary6, or Temporary dipoles
(the weakest of these three types of dipoles)
B) Induced dipoles, and
C) Permanent dipoles (in molecules such as HCl or CH3Cl or H2SO4) (the strongest of these three types of dipoles)
and we must do so because
- Hydrogen bonds, and
- van der Waals’/London/Debye forces of attraction
(which we shall discuss in the next couple of Blogs) require an intimate understanding of the above topics.

6

In the English that we used many decades (and indeed many centuries) ago, the word “instantaneous” meant “for a very
brief space of time” whereas in modern English it now means “immediately”; and, in modern English, the word
“momentary” now means “for a very brief space of time”. Chemists should therefore stop using the now very confusing
word “instantaneous” and should use the perfectly explanatory and adequate term “momentary”.
Page 4 of "The Partial Separation of Charge in a Molecular Substance"

SEPARATION OF CHARGE
Total (an Ionic Substance)
Partial (a Molecular Substance)

Momentary (partial)
Induced (partial)
Permanent (partial)

A) A Momentary (or Instantaneous) Partial Separation of Charge
•

I have now described in some detail how a random and uniform edd constantly and momentarily assumes a
partial separation of charge. It flips constantly from a uniform to a non-uniform edd.

•

If therefore anything is randomly distributed, then (by very definition) it can be non-uniformly distributed
because if something is random, then there are no rules which must be obeyed – and the distribution of
the electron cloud can and is non-uniformly distributed just as often as it is uniformly distributed.

When a separation of charge occurs, then the edd of an atom will no longer be uniformly distributed.
The edd at
one moment in time

then at the
then at the
next moment in time next moment in time

then at the
next moment in time

and so on

•

The edd of the atom or the molecule will switch from one orientation to another CONTINUOUSLY,
and when it has switched from uniform to non-uniform, then the separation of charge will create a
dipole (as in the second diagram from the left and in the last two on the right).

•

There will be non-uniformity just as often as there will be uniformity in the edd, and when a PARTIAL
separation of charge has occurred, then the areas where the edd has clustered will be labelled “∂–”, and
where there is a scarcity of edd that area will be labelled “∂+”.

•

There will always be a Momentary Partial Separation of Charge and thus a Momentary dipole in every
atom and/or molecule. It is the attraction of these momentarily polarised particles that keeps such
substances together (and when we get to van der Waals’/London/Debye forces of attraction, then
you will easily understand how such forces work).
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B) An Induced partial separation of charge
•

A partial separation of charge will occur in all the orbitals of an atom if a polarised entity is placed near the
atom. This is so because a positively charged entity will attract the electron cloud, while a negatively charged
entity will repel the electron cloud. One side of the atom will thus become “∂– ” and the opposite side will
become “∂+” and a partial separation of charge will thus have occurred.

•

An ionic substance has a permanent separation of charge, therefore the term Induced dipole applies only to
molecular substances – and here a partial separation of charge will exist only while the inducing agent is
close enough to exercise its inducing force.

•

If we were to put a magnet or a battery7 labelled “A” (cf. below) against or near an unpolarised molecule
labelled “B”, then “B” would become partially polarised for as long as we kept the magnet or the battery
against or near it – and when we took the magnet away, then “B” would no longer be partially polarised. In
other words, “B” would have an induced polarity (and it would have an Induced Dipole) for so long as the
magnet or battery were next to it.

There is now an INDUCED Partial Separation of Charge in the atom or in the molecule
Atom or Molecule “B”
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NB It is an invariable rule that for every “∂-” area in a species, there must be at least one “∂+” area in that
species. It is a bit like a greedy bloke who has stolen the duvet from his partner in bed. If he is “∂-” (i.e. he
now has more of the duvet/more of the electron cloud), then she must be “∂+” (i.e. she now has less of the
duvet/the electron cloud). If an atom of a highly electronegative element such as Oxygen is bonded to
several atoms of less electronegative elements, then there will be one ∂– atom and several ∂+ atoms.

•

7
8

.
. .

∂+

. .... .
. . ... ..... .. .
. . .. .. . ... ... ...
. . . . .. .. . .. ..
. . x. .. . . .. .. ..
. . . .... . ..
. . . . . ...
. .. .. .. ..

∂–

.

. . . .

.
.
.
.

.

.
.
. . . ..
. . . . .
. . . . .
. . x. . . .
. . . . .
. . . .. .
. .

. .
.

.
.
.
.

Edd of the same molecule when an
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Normal edd of a
given molecule
Entity “B”
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A PARITAL separation of charge in a molecular substance can be either MOMENTARY (and we have
talked about this in section A), or it can be PERMANENT (where its polarity is independent of any other
entity, and we will talk about that in Section C) or it can be INDUCED (i.e. where its polarity is dependent
entirely upon the influence of a polarising species or of a polarising field that is nearby8).

A magnet would induce a magnetic field while a battery would induce an electric field.
Either a magnetic field (from a magnet) or an electric field (from a battery) will create the induced polarity.
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•

To create induced polarity, we could use any entity that has either a partial or a full separation of charge, and
we could use an entity that has (i) a momentary (or instantaneous) dipole or (ii) an induced dipole or (iii) a
permanent dipole!

NB By now you should be very aware of the difference in meaning of the terms
- TOTAL and PARTIAL separation of charge, and
- Momentary, Induced and Permanent Dipoles.
•

We can sum up the situation with regard to Induced Dipoles by saying that, if any entity “A” that has either
- a Total or a Partial dipole, or
- a Momentary/or an Induced/or a permanent dipole
were to come near to an unpolarised species “B”, then “A” would distort the electron cloud on “B”
and it would create a partial separation of charge in “B”, and “B” would then have an “Induced
Dipole” in it.

NB If you have never played with magnets before, then here are a couple of representations of magnetic fields.

It is a convention to label the
pole from which the field lines
emerge as “North” and the pole
at which the field lines
converge as “South”.

•

A magnet (or a battery) will also cause a separation of charge to occur in a molecule in which the atoms
have exactly the same electronegativity (e.g. in O2/H2/N2/F2/Cl2/etc).
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C) A Permanent Partial Separation of Charge
•

A partial separation of charge can also occur naturally inside a molecule if there is a significant difference in
electronegativity between any of the atoms inside the molecule. I am now going to draw a couple of such
molecules for you, and I shall insert all the relevant delta pluses and all the delta minuses in the molecules.

A Permanent Partial Separation of Charge. The electron clouds that belonged to Sulphur and Phosphorous
have been pulled off them in four different directions. (“∂+ ” means that the atom has lost some of its electron
cloud or some of its edd.)
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•

Next to Fluorine, Oxygen is the second most electronegative element that there is, therefore Oxygen draws
towards itself the electron cloud from the atoms of every element (other than Fluorine) to which it is bonded.

•

It really is very important that you should be able to recognise where separation of charge occurs, because
separation of charge (whether partial or total) is a major cause of reactivity in Chemistry – and it is very
easy to recognise which of two elements is the more electronegative simply by remembering the two rules
for electronegativity viz.
a) the electronegativity of elements increases as you go from Left to Right ACROSS each Period in
the Periodic Table, and
b) the electronegativity of elements increases as you go UP each Group in the Periodic Table.

•

However, you can always look up a good data book to ascertain the electronegativity values of any element.
Data books usually quote the values calculated by one of the world’s most important/most famous scientists,
Linus Pauling. He lived in the last (the 20th) century, and he was the recipient of two Nobel Laureates in two
separate subjects. The British scientist Fredrick Sanger was also the recipient of two Nobel Prizes (both in
Chemistry) in 1958 and in 1980.

•

A permanent dipole will exist where there is a permanent separation of charge i.e. there will be a
permanent dipole in any substance where there are permanent regions of “∂– ” and “∂+” in a molecular
substance, or of “–” and “+” in an ionic substance. For example, HCl in its gaseous form i.e. HCl (g), is a
molecular substance that is always partially polarised, viz H∂+–|–––> Cl∂–(g), and the molecule HCl (g)9
therefore always has a dipole, i.e. it has a permanent dipole.

•

In a Molecular substance the separation of charge is PARTIAL, whereas in an Ionic substance the
separation of charge is complete (or very nearly complete).

9

In aqueous form it becomes ionised (an Ionic Substance) and it is an electrolyte. That is what Arrhenius’ Doctoral thesis
and Nobel Prize was about.
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•

This Blog has been about
- The separation of charge i.e.
- The Partial separation of charge (in a molecular substance), and
- The Full separation of charge (in an ionic substance), and whenever there is a separation of charge there
will exist something that chemists call a dipole, and it has also been about the different sorts of
Dipoles i.e.
- Momentary/Instantaneous/Temporary dipoles,
- Induced dipoles, and
- Permanent dipoles
and these will affect Hydrogen bonds, and van der Waals’/London/Debye forces of attraction.

•

Could you now close your eyes and pretend that I am sitting in front of you, and now please tell me
- the difference between a full and a partial separation of charge, and then tell me
- the difference between a Momentary (or Instantaneous) dipole, an Induced dipole, and a Permanent dipole.

•

If you cannot (and I strongly suspect that you will not as yet be able to do so) then please could you re-read
this Blog again and again and again until you can do so, and I promise you that you WILL have to read this
Blog again and again and again before you really and truly understand the concepts herein – but, I also
promise you that once you HAVE mastered the concepts herein, then you will make a very good chemist or
if you are going on to do something in the medical field, then you will understand things like DNA and
double helices without any difficulty at all. You will sail through DNA and RNA with no problem at all.

•

Think about what I have just said “If you understand all the different bonds and forces of attraction clearly,
then you will pick up DNA and RNA in a flash” – because DNA and RNA are nothing more than big
entities. DNA and RNA are biologically complex but chemically simple. (My Biology colleagues will burn
me at the stake for saying so, but DNA and RNA are about nothing more complicated than Ribonucleic Acid
and Phosphate Groups and chemicals that function as bases by means of a lone pair of electrons attached to a
Nitrogen atom.) Once you understand what a polymer is and how (if you like) the head of one molecule can
hold onto the tail of another molecule, and the Hydrogen bond forces that hold one strand of a double helix
onto the other strand – then that’s it, you’ve cracked DNA (and RNA does not even have such a
complication). OK, that won’t make you into Francis Crick/Maurice Wilkins10/James Watson/Rosalind
Franklin/the two (father and son) Braggs/Dorothy Hodgkin/JD Bernal/Max Perutz/Sir John Kendrew/Sir
John Sulston11/Fredrick Sanger/Sir Aaron Klug/John Finch/Ken Holmes/Sydney Brenner/Bill Astbury/Linus
Pauling/Sir Paul Nurse/Venkatraman Ramakrishnan/et alii12) but you will then be able to begin to
understand what these unbelievably clever scientists discovered and why most of them received Nobel
Prizes for their discoveries in this field of Chemistry/Biology. (Indeed, Fredrick Sanger is one of the very
few scientists who won TWO Nobel Laureates in the sciences!)

•

When we get to Organic Chemistry/Chains & Rings next term, I will tell you how the head of one molecule
holds onto the tail of another molecule. That is the beauty of Chemistry. If you take the trouble to master the
simple stuff, then later on you can just sail through the complicated stuff.

10

I used not to like Maurice Wilkins until I came to understand that philosophically his revulsion with the effect of the
atomic bomb (that he had helped to develop in the Manhattan Project) had caused him to believe that all scientific
knowledge should be shared, and that is why he allowed James Watson to rifle through Rosalind Franklin’s drawers while
she was away from King’s – and to this day, Watson has never fully acknowledged his debt of gratitude to Franklin.
Watson is actually a very clever man, and it would cost him absolutely nothing whatsoever to acknowledge that it was
Franklin and Gosling’s X-ray plate (the famous photograph 51) that gave him (and Crick) the key to solving the structure of
the DNA double helix.
11
………... and they had to stand on the shoulders of Rosalind Franklin. Franklin stood on the shoulders of Dorothy
Crowfoot Hodgkin, who stood on the shoulders of Lawrence Bragg, …… and so on. In Science, we all depend on the people
who have paved the way for us to do whatever we do. (You may want to read my blog Participants in the development of
Molecular Biology, UK 1920-1970 at https://chemistry-explained.org/ .)
12
Many of whom were at the Medical Research Council for Molecular Biology (and some of whom were at Peterhouse
Cambridge when Sir John Meurig Thomas was the then Master of the College).
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NB If you do want to do something in the field of medicine, then please do try to understand what you are
doing. The idea of someone who has the power of life and death in his/her hands only half understanding
what he/she is doing is a terrifying one.13

FOOTNOTE
NB It is quite possible for a molecule to have partially polarised bonds, but for the molecule itself not to
be polarised.
•

For ‘A’ Level Chemistry you are required to know that whilst a bond such as C∂+– Cl∂– may be partially
polarised, nevertheless it does not necessarily follow that a molecule that possesses two or more partially
polarised bonds will automatically be polarised or have a dipole.14

•

Carbon is a Group IV element, and every Carbon atom therefore has to have four bonds. Carbon atoms are
more often bonded to the atoms of Hydrogen than to those of any other element, and sometimes a Chlorine
atom will replace or substitute for a Hydrogen atom – and a Cl atom can replace or substitute for 1 or 2 or 3
or even for all four H atoms viz.
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•

There are five molecules in the diagram above, and in turn from Left to Right they are called (i) Methane (ii)
Chloromethane (iii) Dichloromethane (iv) Trichloromethane, and (v) Tetrachloromethane (or Carbon
Tetrachloride). It is sometimes said that there is no separation of charge in a C–H bond (because the
difference in electronegativity between Carbon and Hydrogen is not sufficiently large) – but there is
unquestionably a sufficient difference in electronegativity between Carbon and Chlorine for there to be a
separation of charge in every C– Cl bond viz. C∂+–|––> Cl∂–, therefore Chloromethane/Dichloromethane/
and Trichloromethane (but not Tetrachloromethane) are all partially polarised molecules i.e. the molecules
THEMSELVES (and not just the C– Cl bonds) have a “∂+” aspect and a “∂–” aspect to them.

•

However, Tetrachloromethane (or Carbon Tetrachloride) is a symmetrical molecule therefore even though
it has four partially polarised bonds, the dipole moments cancel each other out and the molecule itself is
NOT polarised! The reason why symmetrical molecules are not polarised is because their dipole moments
cancel each other out (and a simple Trig calculation will show this) – and in the ‘A’ Level exam there is
one mark awarded for this realisation.

13

A junior doctor once almost killed my late wife when he injected a drug straight into one of her veins instead of putting it
into a bag of saline solution and then dripping it into her over the next few hours. She was such a nice lady that she forgave
him immediately. Thirty years later I still find it difficult to do so.
14
If a molecule has only one partially polarised bond in it (e.g. C–Cl), then it WILL/it MUST have a dipole moment in it. A
dipole moment is calculated by the magnitude of a difference in charge multiplied by the distance that separates the two
charges. You do NOT need to know how to calculate dipole moments at ‘A’ Level, but if you have a few minutes to spare,
then you could look at The Khan Academy’s outstanding Chemistry website. The bit on dipole moments is at
https://www.khanacademy.org/science/chemistry/chemical-bonds/copy-of-dot-structures/v/dipole-moment .
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•

In an exam, the three molecules that the examiners love to get you to compare are CCl4 (Carbontetrachloride
or Tetrachloromethane), and BF3 (Boron Trifluoride) and CO2 (Carbon Dioxide). If you are given any one
of these three molecules in the exam, then if required to do so, please state that “although the bonds in the
molecule are polarised, the molecule itself is not polarised because it is a symmetrical molecule and the
dipole moments cancel each other out”. The bond-line diagrams for each of these three molecules is
shown below and I have tried to draw each diagram with the correct bond angles involved. [We will talk
about bond angles in a later Blog.]
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Linus Puling’s Electronegativity Values

Source: Oklahoma State University
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