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A NOTE TO TEACHERS

This work is designed to introduce students in an
introductory chemistry class to a number of features about
scientific Kknowledge that are seldom mentioned in & chemistry
class. Our purpose % several fold™ ™ First of all we are
seeking to correct the impression of many students that
scientific facts are unchanging. Every scientific fact has a
history and its history shapes the form which the fact takes
in a textbook. In this case, the octet rule and the shared
.pair bond were bern in association with & specific atomic
mode!, the cubical atom, and the notation, still used today,
connected with the theory had a specific meaning in terms of
that model. Here we trace the evolutibn of the octet rule
and the shared pair bond to ‘its present textbook form.
Secondly, this study shows how personalities can enter into
the scientific process and change the course of scientific

thinking. The role of models is demonstrated. Morecover, it
can be seen that theoretical preconceptions can alter the way
one thinks about scientific -problems. Sqience does! not

always work from the data to the theory. After-working
through this study, we hope the student will have a clearer
view of the way science works and a less naive attitude about
the nature of scientific Knowledge. .
We envision that this—~work would be .used after the
lesson- on the octet rule anéétfzzs dot structures. There are
discussion questions which get at .our major points and these

" could be answered by the students and could form the basis

.$or a period of class discussion about the issues the study
raises. ’ ' g
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'CUBES, EIGHTS AND DOTS

The pufpose of this paper is in some ways simple and

some ways complex. In a & ?caLAchemistry textbook you read

about chemical facts em solving ‘strategies; little

is said about where tt” Mt s come from or how they evolved

into the form which you VNS R the textbook. The impression

N

one gets is that the facts ;‘*,\nq hlstory and that theY
orginially took the form which You

is seldom the case because ﬁﬁst of the facts that you leern

have a rich history, and’tﬂé? have ungone a long evolution to
. S _

reach their present form. fﬁis ioﬁm is-geperally easy to
understand, remember; and sihﬁ%e for tpe begfnnigg student to
use. Such facts are the sa&e in all textbooks. They have '
been reshaped by the chemists and‘teechers to become teols of
instruction and calculation. Borrm;in&.a phrage which is
some times usedlby philosphers of science, we will call these
kinds of facts §tandardizedvf§cts{ Our purpose;heqe is

to take one such standard fact, the octet rule, and examune
its hlstory.‘ We wish to demonstrate that sclentlflc
Knowledge is not a cast iron set of facts but rather a fluid
body of .information shaped bY the peop]e‘whb use it for
SPECifiCIDPFPOSESi - ) _ ;
| I+ you ook up ’octet rele’in your textbbbk, you will
.probably find a short statement attributing the rule to the
American chemist, G. N Lewls, and then you %}ll 4|nd a

statement of the rule which goes something l1ike this: "Atoms

‘by sharing electrons to form an electron pair bond &an

. -
\ 3

see in the -textbooK. This-
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acquire a stable noble-gas'structure.“(Masterton

1, e

et.al.,Chemical Principles Alternate -Edition,2nd
ed.,p.185). Remember that .the stable noble-gas stEucture
inuol;es a valence configuration of eight electrons. /
Following the statement of the rule, You are introduced to
the dot formula representation for the uafence electrons in
afoms and instructed in how to writg-dotbstructures for
molecules, usually by following a set of directions to ensure
that theAcorreEt formula is writfen.'Next some exambles are
gjugn in the use of the rules to predict bonding structure in
molecufes, and theﬁ you a;e invited to practice writing
structures youﬁself. Some space is usually given over to
exceptions to the.rule which are taken as ah‘iﬁdication of
thg.lack of its validity in everYy case. In what follows, we
will examine the history of the octet rule and érace its
euo]ut?on in the work of G.N.Lewiéﬁ the chemist who is most
oftgn identified as its originatér.

| While Lewis first published the octet rule in 1916
(Lewis,1916), its origins go back mucﬁ further. They are
4irﬁlylr60ted in Lewis’s very original (and in our mi nds
unusual) notion éf the structure of the cubic;l atom; A page
from his notebooks, dated 1902, is shown.,in Figure {. Here he
conceived of the atoms‘of"the firsf three rows of the

pebiodic chart .as cubes with the electrons occupying

pfaces in the corners of the cube. Thus the structure of Li
is shown with just one electron- in the corner of the cube,
the other positions being qacani; the innner electrons, as

Lewis sﬁgculated, were thought to reside in smaller cubes



;
“
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ﬁn'v r g e . 3
BEQT TN .'_..:..'.‘.C . .
inside the ‘valence cube’.(Note, at the time Lewis thought
that helium had a completed cube of eight electrons; the
evidence showing He had only two electrons had not ryet been

discovered). The special role of eight ‘in the

Figﬁre 1. A page from Lewis’s 1902 notebook showing his early.
cubical atoms.

theory of molecules was not one of Lewis’s discoveries, but
explaininé it in terms of thg electronic strLctdre of atoms
in cubical form was his novel idea. As the notebook shows,
_Lewis was trying to explain the bonding in ionic compounds.
Thus, for.NaCI sodium loses an electron to comﬁlete the octet
of the -chlorine atom (see Figure 1.>. This leaves both the Na

and Cl1 with completed octets, and hence in a stable

configuration. ' _



4 .
While thé cubical atom may sé;m naive,6 to you, ¥you
g mus{\:emembgr that what you read if ydur textbook or hear in
class is the tesult of the work of many chemists and
ph}sicists, much of which was done in the dec#des after 1902,
The prevailing valence theory of the time waslcalled the , -
electrochemical theorvy. Basically, it assumed that chemic;l
bon ere the result;of complete transfer of electrons from
one atom to another. The molecule was théﬁ ﬁeld together by
the attraction of uhliké charges. This theory worked well
for compounds that were ionic but ran into pfobléms with
covalent compounds 1iKe me thane or carbon dioxide. This
difficulty or anomaly,.as they are now. called, led some
;esearchers to probose a dualist theory in which two di5tinct
Kinds of chemical union, one for ionic and one far,ﬁoualqnt
compounds, were said to exist. Lewis himself'hefd a dualist
view prior to his 1914 work. Dualisms in science are very
unsatisfactory because r;ther than giving one soiution to an
anémaly, they make a virtue out of a vice by allowing two
incompatible answers to be accepted as solutiohg.:; - S
Lewis did very little with his cubical’atom'until
shortly before his paper in 1916. Others workers had been
puzzling over the problem of explaining bonding in molecules.
Many attempts were made "to arrive at a theory that would use
the recent discovery of the electron to explain the existence .
of ionic»compounds as those cohpounds thch tfansfer
electtons from one atém to anéther to form &ompieted o;fets.
Also \the theory had to explain the existence of what we now

/éal! coualent'subsfances, like molecular hydrogen, where

8
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‘there is no apparent charqe geparation in the molecule} Lewis
was certainly aware of the work being done by others in the
”field of valence and there can be little doubt that théir
ideas helbed inspire Lewis to think on the same probfems. One
of Lewis’s great achievements wﬁs to create afspecifjc visual
model of the atom as a cube or séries of nested cubes which
placed\tho electrons in spegific places in space, Thus the

notebook page of 1902 became transformed into the atoms

_.depicted in his 1916 paper (See Figure 2).
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Figure 2.Cubical atcms of the flrst row of eight in the
per|odcc chart (Lewis,1918). .

The importance of visual models is that they condense
a groaf deal of information into a form ahicﬁ someone can
easily grasp and use. For exdmple: consider how quickly you
can grasp the re;ltionships of distance by merely looking a;
a road map aqr consider how easily you can plan manYy alternate
ways to reach your destination. Science textbooks contain
'.many‘di;grams, pictpres and moéjl;/because most people find
them extremely useful in organizing and mémorizing' -
information. Moreouer,’most people feel that they have a
deeper understanding of how somefhing works when they can
visualize or "see with the mind’s eye” how processes
interact. A famous example is.picturing the ideal gas in

t

terms of bouncing billard balls, Visual models, therefore,



\ é
do three things; (1)they organize 3 quantity‘of information
iﬁ‘a simplé ¥o;m, (2) they are useful tools 40f prediction ﬁr

"for planning further researchfand (3) they give us a deeper

sense of comprehending what i3 gbing‘on. .
The cubical atom was one of those pow?rful visual

models wh}ch advanced chemicgl undersfanding. Ionic

compounds liKe NaCl can be explained as a matter of course as

has been noted above. The really impqrtaa& and novel insight

*>

.

‘that Lewis had came in the explanation of such molecules as
molecular hydrogen, iodine and.a host of other compounds,;
,megure 3 itlustrates this insight. Here we see a picture of

the formﬁfion of molecular

iodine 1. The electrons

on edge can be shared

rL_’: , 4 o
petween the two iodine “ .
’ o & &
atoms to : ' T . . ‘ . \
simul taneocusly complete ' Figure 3 Formation of
) molecular iodine.
both octets. Because each (Lewis,1918)

iodine atom now ha$ eight electrons-around it, they satisfy
what Lewis called the ‘prule of eight’ by forming an electron
_ pair bond. Thebcubical atomuxheor9 allows us to picture and
to understand Lewis)s ne@ idea of ~an electron pair bond.

With the cubical atom and the concept of the sharing.
of electrons to complete the octet, the structure of both
ionic and coJalent cqmpounds.sfuld pbe understood in one
comprehensive theory. In the case of NaCl, an ionjc
compound, the transfer of the electron to finish the octet

was complete, but in a covalent molecule 1ike ICI there was

10
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~ ,
no complete transfer of electrons, merely a sharing whnch

-satiéfies the rule of eight. The central idea could be taken

“ further to explain the structure of molecular ongen o 2" };

Here. ea;h 0O atom is deficient in 2 electrons to comglete the

octet' thus by sharing two electron pairs and forming two

bonds (maklng a double qsnd), the stable eight conmfigurations

were pres.ruod This is lllustrated in Figure 4. Again the
powor of the cubical atung

' !
was further shown 1in the

case of ammonia NH 3¢ The

N atom has five electrons ’
in the valence

shcll, lacking three; thus- Figure 4. The double bond in

_ . . molecular oxygen. :
three H’s*each with one (Lewis 1918 , oo “
electron to share can complote the oztet. With three "

electron pair bonds taklng é ologfrons, this le;:esig\giir
that are not involved in bonding. A H* with no electrons
can attach to the unbonded,bair to form the well Known ’

1

_ammonium ion,NH, +

Today many people would say that the cubical atom is

" too simplistic or that it is too misleading because it makes

us think of atoms as stable solid "building blocks". To
judge the past in terms of the way we-think today is the
historical fallacy of only seeing the present in the paét.

To see the cubical atom in this way is to lose all sense of

what an achievement Tt was and to fail to see how it promoted'
o A .

the growth of chemical Knowledge. We can scmetimes sense the

fallacy of hindsight overtaking us .when we start sa?ing to

A 11



M \ . . - ““<
oursolves "How silly to see things that way"" “Why did they * ‘
A

go off im that: dnrectlon°“ or “"Why couldn’ t they get the

!

right answer" I1f we begln th|nk|ng in that way, we canno\

hope to understand the hlstorlcal context of oug present’

. "knowledge. SO ~j o T ' <

\
v : L .’ "

While the mode! of the cubical atom seemed-to offer LN

‘. the Key to explainnng molecular structure, it was cumbersome\< :

to draw cubes tied to cubes in so many dlfffrent ways. This \\\

must naue been obvlous to Lewis because he offered‘a |

notatlonal<system, a chemlcal shor thand, for representlng the
,Mmolecules shown inwFlgures 2 to 4. He proposed that the

chemical symbol in boldface stand for the atom without the’

valence electrons (the charge on the atom would no: be -

eioressed but would be |mpl|dix.in the ﬁotation). Hence the

electronic Kernel of l|th|um would be Li whlch would have

\

a charge of +1 since Li has one valence electron. 18e
vthe Be kernel wi th a»;z €harge and .so on. Leuie then proposed
that compounds be expressed in the following way. Lithlum
fluoride(LiF) would be written as LIFEg where Li _'J ' ’ \
and F are the Li. and F kernels and the E represents
the valence -electron count.

To make this more graphic and to show how ‘atoms were ®
Jo|ned together to make molecules Lewis further proposed
another notatnon where the same kernel symbol above would be;
used, but the valence electrons would be represented by dots. ;‘ ?
Thus the H atom would be H. and'the_hydrogen molecule
would then be H: H. The water molecule would be

'

*vrepresented as H 0=H.‘ More subtlety. could be bullt |nto

>

3

]_2 ‘ | S _ 7; :
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thls symbolism to express the fact that a compound liKe

"9

gaseous HCI had a shared electron pair which was more closely

held to‘the chlorine atom thap_té“the H/;tom. This unequal

A} [od

sharlng could be oxprossed in the hotation as H :Cl: or

in the water molecule it would be H 0. H. Here we have:

_the origin of the , dot structures whnch you are learnlng to

use in elementany_chemistry" But it must be noted
“ . J - '
the dot structure for Lewis was only - H
, ’ : ~ HiN:H + H = H:li:H
a convenient shorthand to depict . H H
molecules made up of cubical atoms.
Some other examples of the use of
the dot structure notation are given
"fn Figure 3.
Lewis’s cubical atom worKed Flgure S. Lewis dot
' structures‘¥or several

very well for a lérge:number of , compoqnds

compounds but it failed for some

"examples ih'organic chemistry. For instance, the compound

v

,'atetylene(HCCH) appeared to require the formationOof‘three

electron pair bonds be tween the two carbons in order to

satlsfy the rule of eight; howouer theré is no way to join

+

two cubes s0 that they can ‘share three edges to make a triple

" bond. Thus as Lewis sald in the case

T of very small atoms 1iKe carbon it P
¥ ]
is nocessary«to postulate a A ¥ %
y. X Y
H‘ =~ o
modlflcatuoﬁ‘of the cublcal atom . ©

where the eight electrons are pulled

thgether in panrs_along an- edge to Fiéure é. Tetrahedral

e o : atom from a modified
give a tetrahedral arrangement as cube. (Lewis,1916)

-~ . 1 .
L = .
. .
Y | N i . -
. -
5 R



shown in Figure 4. Now it is possible for two tetrahedra to
sharo one, two ort three corners to give single, double or
triple bonds as depicted in Figure 7.

A H, . _.H |
He 'H H: "
. AR B " C s

Figure 7. The tetrahedral d&arbon atom showing single, double

and triple‘!ﬁnds §or the compounds methane (A), ethytene (8)

and acetylene(C). . - s -

The rule of oighfwalso'hadwhat§£ppeared to be some

~$ailures, and Lewis noted exceptfons likKe N02 and C10, . It

is not possible to complete the octet on either the N or the -

Ci¢ the dot structure ;or NO o is :9.::!:!.:0:). However,

Lewis regarded these exceptions, which he called odd
molecules (expressing the fact they had an odd number of
electrons ), as the exceptions that proved the rule. First

of all, odd molecules are‘fairly rare when compared to the

_number‘of moiocules that have an even number of electrons and

ob@; the octet rule. Secondly, these molecules are quite
reactive and when they do react their producfs are even
electron holecules that obey the octet rule. The instability
and rarekess of -these substances demonstrated the
universality of the octet rule for Lewis. P

After the article’s appearance in 1916, very little
attention wagigivon to Lewis’s ideas. Lewis himself turned_.

to other pursuits, scme brought on by his,invglvement in work

related to World War I Other ascientists were not impressed

14



-

L 11

‘or did-qot understand :he tremendpus explanatory power of the
octet rule and ;he.shareé pair bond. If this lack of
recagnition had continued, you probably would not be studying
the dot notation now.. It would have died unrecognized as so
many chemical facts do. This was not to be the fate of
Lewis’s workK, howeuer, because Irving Langmunr,xanother
‘famous erican chemlst, was puzzling over the theorr of the'
struc}ur . Of molecules. He found.Lewis’s ideas very powerful
in explalnlng a 1arge range of . phenomena. Lihééuir
commun|cated his understandnng of the octet rule and the.

shared palr bond in a long paper that appeared in The

Journal of the American ghemlcal Society in 1919

(Langmuir,1919). He cited ‘the paper of Lewis as being very
important and proceeded to elaborate on Lewis’s ideas /and

L

apply -them to a wide range of substances.
v It is interestinb to see wpet,Langmuir did with
.Lewis;s work. Like Lewis,, Langmuir took the cubical atpm as
thoroughly real. It was‘hét a fiction. Atoms were cubical.
Figure 8 sho@s some of Langmuir’s constructions of the oxides
of nifrogen. Secondly, Langmuir attempted a much more
rigorous deauctiue presentation of the "octet rule” (a
catchphrase which replaced what Le@fs'ce]led the "rule of
N eight"). In contrast to the tersely written but more, intuitive

4
arguments of Lewis, Langmunr, in his 1919 paper, had eleuen

postulates which described the arrangement of the electrons
in the atom and the stability of certain outer electron

arrangements., His work followed the model of Euclidean

» geometry in presenting postulates, proofs and.derivations.

o

15




He deribed a formula
~e = 8n - 2p (1)
where 2 is total number of valence electrons in a
molecule, n is the number of octe’ts formed and p s
thé number of electron pair bonds in the ﬁolecule. He then

prbceoded.to use the postulates and his equation (1) to

determine the structure and properties of various molecules.
' -

o\~
Q N ///
0
" N
\ 5 . K
P
TE
N o [}
0 0o
. J
—~

Figure 8. Languir’s cubical atom depicting the molecular
arrangements for various nitrogen oxides. (Langmuir 1919

N . -
As just one examplej takKe the nitrogen molgcule N'-2~ w_hich
hgs two octets to complete in the two ni trogen atéms(n=2) ahh
has 10 valence electrons(e=10). Langmuir‘s equation then y
yields p=3 or.three electron pair bonds. Langmuir’s
conceptual attachment to the cubical atom and stability of a
structure which had 8 electrons in the corners resulted in a

rather curious picture for the nitrogen molecule. Nitrogen is

exceptionally unreactive 30 Langmuir assumed that tnére must '

-

s 16



13
. be an unusual cubical arrangement of 8 electrons to explain
this fact. However, there were 10 valence electrons and a
necessity for 3 shared pairs. Given these constraints,
Langmuir postulated the strycture shown in
Figure ?. The black dots are the

. // -
nitrogen Kernels,the é shared

electrons in pairs are inside the

13
[

the outer completed octet which

-

: . . Figure 9. Langmuir’s
euidently was to give the molecqle nitrogen molecule.

(Langmuur 1919y
lts stablllty.-

‘.

\

Nowhero in Langmu1r s paper does the Lewis dot
structure appear, consequently, the result is a much moée
mathematical and loglcal presentatlon of the octet rule and
the electron pair bond. Langmbir was also able to éorrelate
electronic structuée of mo]eomle!/@ith their properties and
noticed that molecules wi th sumllar bonding had similar*
chemical properties. For tnstance, both Co.and N2 have
triple'bonds. Langmunr noted that “the physncal propertles'
of these two.gases are identical almost within the probable
l}mits of experimental errorﬁ(Langmuir,l?l?) and proved so by
a table of properfies. All in all, the paper was an
impressive displa)mgf the validity of the‘concepts that Lewis
had published in 1916. - .

One paper such as Langmuir’s would not be enocugh to
insure that Ehe‘octet rule prld live oa. Rather what made
the difference was Langmuir’s'personal enthusiasm for what he
had reduscovered in Lewis’s earlier work. In three short

years Langmunr publnshed 12 papers detailing his applications,

17
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of the octet ru\g and he gave numerous popular lectures both
in the United States and in England. The Oolpme of material
"and. the wide audience Langmuir generated, along with the fact

that‘Langmuic was held inthich'esteem by ‘the chemical
N

communi ty and was ‘a dynamic and popular \ecturer, resdlted in

B immedi ate acceptance of the octet rule. It is quite clear

that it was the force of Langmunr s personality and

v

reputation rather than a real crnsns in chemical bondlng

theorr that resul ted in the octet rule and the shared /

*

electron pair begbmlng thgfpredomlnent valence theory,

?

In fact, Langmu1r -4 ppesentatlon was so. 4orce ul that
the theory beganﬂto be Known as the the Lewls—Langmunr theory
or sometlmes Just ’Langmunr s theory desplte the 4a?t that
Langmuir added nothlng new- to the concepts that Lewn% had
phesented ;n_1916. Langmuir’s success and acclaim +as _
ultimately a source of lrrntatlon to Lewis, Lewis wrote
later to W.A. Noyes(Kohler;1974> o

Perhaps I am lncllned to be too caustic in this
. matter, but I really do feel that while people were
VR justified in being carried away a bit by Langmuir’s
personal charm and enthusiasm some years ago, to
persist, as they do in Englapnd, in speaking of the
Langmunr theorr of valence is inexcusable.
- ) Langmuir’s success was probably the prod for Lewis to once

L4

again return to valence tﬁgorr by‘publishing'a monograph
entitled Ualence'and‘the Structure of Atoms and Molecules
in 1923 (Lewis,1923) . Thjs worL was widcly read. and
frequently used as a téxtbook;' -

) By 1923, the work of the Danish physicist Neils Bohr

and others had made the concept of a static cubical atom
. 3

o AR 18
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untenable. Their work ‘showed that the electrons in an atom
must be in motion and could not occupy flxed posutnons in

space. Fuxed static atoms |n the shape of bunldlng’blocks.

,could not be "real™. Thus, in hns monograph ‘Lewis mentions
.the cubucal atcm only as an hlstorlcal fact. He no longer

'claumed that atqms were really cubes. Instead, he atteripted

to[rational]ze‘the-apbarent fixed positions of electrons .in

chemcial‘bonds as'the auerage-position of the dynamical

electron. Aithough, Lewls tendeﬂ toward an atomic structure

that placed the electron paurs at the corners of a

"tetrahedron, thls concept was mentuoned only brlefly and dud

not play an |mportant role in hus exp05|t|on of the octet
rule. |
‘With so many changes in his original idea, you may

wonder why Lewis’s book was widely praised and used. Clearly

. the cubical atom was out, but something more fmpoctant was

pecmanently,in.the minds of chemists; namely the dot notation

and the octet rule. In his book, Lewus leaned heaunly on his

dot structure notatuon to explaun the bondlng in molecules. .

He stated the octet rule in a form familiar to you

(Lewis,1923).
Two atoms may conform to the rule of elght, or octet
rule, not only by the transfer of electrons from one
‘atom to another, but also by sharing one or more
pairs of electrons. These electrons which are held
in common by two atoms may be considered to belong
to the outer shells of both atoms.

Lewis’s booKk showed others how to apply the rule to solving

problems, just as you have done. Thus by applying the rule

to the nitrate ion N0-3- he was able ‘to show that it had a

19
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udc;uble bond betweern one-of the ni trogen’s and an oxrgen

:g:§:=g=

It is interestihg fo comparékLewis’s treatment of the
Hitrogen molecule wifh that of Langmuir. Lewis no longer
tried @oldeﬁict theaatéms as cﬁbical and instead relied on
hi§ dot notation. Thus.nitrogen now became :N:::N:. Many of
the efamplés in his DOOK are the same ones used in his 1918
paper, although there ar; new ones introduced. Some of the..
structures from Lewis’s bo;k appeaf in Figure 10. It shoghd
be noted ‘too that Lewis did got Jse Langmuir’s +ofhu1a
(Eqﬁatfon (1)5 in his book, breferringA}nstead to'rely on the
visually effective dot notation to complete the electron

£
" .counts about the atoms in a molecule.

;.:9:" 1— [ :0 1--
:0:Q:0: :0:5:0:
8] 2:2:Q H + -
v - - " <0 H:N:H H:C:H
D: 1=— [ :8: ]== § g
G:8:0: 5158 3 '
:Q: 1, Ly :9:" J.
0 |
, H:0:§:0:H, !
:Q:

Figure 10. Uaridué compounds whose electronic structure
satisfies the octet rule. (Lewis 1923 ) :

R

By the time Lewis’s book had appeared, the chemcial

communi ty, through the popu]ari?ﬁng figure of Langmuir, was

q ' ' l 230
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. . . 4 A
ready to accept the valence theory that Le is had created.
It became a widely read text not oniy for chemists but for
students of chemistry as well. Indeed it was the definitive

text on valence until the work"of Linus Pauling appeared in
. <

~the 19307s.

To summarize, Lewis tobk the dot notation and the
octet rule, which were 4ormerfy a ;art of an abstract and
controversial theory about the nature of atoms andl |
transformed them into tools for solving prpblems. He creafed
a st;ﬁdardf%ed fact by detaching the octet rule and the dot
‘notation from their theoretical context and placing them in a
more useful and practical role. To understand the importanée
of this, you merely need to reflect upon how [ﬁ is poésible
for you or any beginning student to learn sciégce. You
obviously can’t begin bY studying the most complicated new .
thedqjes. One must work their way up to that.l Every studé;t
64 ;cience begins by mastering concepts which\Can be aﬁpliéd
in problems wigh khoﬁn solutions. You are learning what is
sometimes called “normal gcience® which consists of the
standardized facts organized‘ih textboék form. These facts
carry along only hints or shadows of their orig}nal
beginnings. Perhaps you may have asked yourself why we use
the dot not;tion: Uorkjng backwards from standadized facts
you will find the disc;rded theofies. And if you were to
work forward from standardized facts, what would you find?
Théories agaiq and problems and experiments to which no
answers are certain. Science on its creative edge is
potentially revolutionary science. It involves free use of

At
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the imagination in much the same way, that Lewis imagined the

cubical atom and, of course; it requires a mastery of

-

standardized facts. Science as it appears in'textbookgfahd' .
science as it is practiced by researchers into the unknown

are two dlfferent things. Professor Gerald Holtqn of Hahuafd'“
Unnuersnty once suggested that we call the former Sciéné} 1

and the latter Science II. Since most of us will never do
Science I, we put our energies into learning'Science 1, but

as we ﬁ%be seen Science Il is historically behind and

Y

underneath the ‘standardized facts we learn about in Science
L I.

.In this case study yga have encountered some
characteristics which ;re generally true of the creative
aannde of science. Fifst there is a'high premium placed
upon being first to come up with a solution to a tough
problem. Research is competitive and this leads to personal
disputes l1ike the Lewis-Lanngir controversy. Many people
4iﬁd this hard t; accept because they believe the hyth that

scienceiis purely objective and hence all scientists must be

v

in complete'agreement. This myth results from confusing
Science 1 with Science II. There is universal agreement '
about the standardized facts in Science I but in Science Il y//A\

the new ideas are being forged, and there is much
disagréemeni about which new ideas are the right ones.

| " secondly, we saw that Lewis was flexlble in his
#hinking. He proposed the cubical atom, changed his mind in
proposing the tetrahedral model and ultimately accepted a

dynamic planetary model. Perhaps he saw that the important

< 22
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thing Wwas the dot structure notatioﬁ;since it was compatibje

wlth many theorles of the atom.

Thlrdly, Science 11 ddpends heavily upon the power to
visualize, picture or model unknown relationships.
" Creativity in Scuence !l l; much like creaf}uity in other
fields llke art and literature because ity ﬁal]s for the 4ree

play of the |mag|nat|on dlscupluned by famu\uaruty with
accepted 4;ct;.

F;naily weihaéé'seen that in both Science I and
Science II it is absymely'esséntial that scientific inquiry
b;—cérried on in a community of investigators which has free
access fo informatjon and which shares commonIJudgments abdut
the adequacy, the quality and significance of new ideas.

Both Langmutr and Lewis addressed the professuonal chemtsts
of their. day. These men were, perhaps, not as gifted-or as
creative but they Knew that the Lewis-Langmuir work was a
significant contribution because they could apply it to

addi tional problems. Great ideas in sc}ence and elsewhere

are always fruitful.

k]

P
e ’
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DISCUSSION QUESTIONS o T

{.J.J. Thomson, the great English physicist, had an early
model for the atom where the electrons were embedded in a
positive sea of charge(this is sometimes called the
plum—-pudding’ model). What advantages do you ‘see for . the
1902 Lewis model for explaining the exsistence of say carbon
dioxide COo?

AN - >
2.Discuss the role that Lewis’s model had in his formulation
of the octet rule and electron pair bond. Is it likely that
Lewis arrived at these observations from the dataCi.e. the
properties and structures of compounds) or did he use the
cubical atom to fit the data? UWhat advantages accrue from
the ¥act that the model was geometric and-pictorable? guhat
role does the fact that Lewis was forced to modify the |
cubical atom to a tetrahedral one play in this’discussipn? )

3 List tﬂe special features of the no{afion systems fhat
Lewis developed. Remember he put rth two systems; one for
the total valence electron count an the other qsing the ‘dot
notation. : .

4.What role did Lpngmuir play'in'thq development of the octet
rule? - , B :

5.How did Langmuir change the octet rule and the shared pair
bond? List the differences in Langmuir’$§ presentation and
that done by Lewis in 1916. List the similarities? Can it
Sb“s@id that Langmuir‘’s views are the same as Lewis’s in
19142 Can it be said Langmuir’s presentation of the octet
rule and shared pair bond changed these concepts?

é.Langmuir’s model for the ni trogen molecule is interesting.
What things made him postulate the structure shown in Figure
$? Which of these things was the overriding feature that
Jead to the model? Did he primarily come from the data or
‘were theoretical constraints the most important?

2.Why should Lewis have become irritated by Langmuir’s work?
In¥other$words, what is there about scientific Knowledge that
one should be concerned with whose ideas are_whose? Isn’t
the important fact that knowledge and new insights were
gained? :

Yy ‘ ,
g8.Compare Lewis’s 1923 presentation with his 1914 one. Focus
particularlily on the dot notation as given in Figure 10 and ¢
in the text describing the 1914 work. What changes have
taken place? Do the 1923 figures mean the same as the 1916
representations? What happened to the the cubical atom?

24
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9.Compare the presentation of the octet rule and )the dot
notation given in your textbook or class notes with both the

1916 ideas of Lewis and the 1923 work. In what ways has the

standardized textbook fact remained the same and in what ways
does it differ from the 1916 and 1923 forths? Can it be said
that the octet rule afd the shared electron pair have: .
undergone change? %

10.How much of the histdry of the octet rule is given in your
text? 1Is it important to Know this history to use the pctet
rule and the dot notation? Why is this so?

" 11. 1 Lewis had not published his 1923 book, do yoy think
your textbook’ss treatment. of the octet rule would have -been’

different? Explain your answer ans in doing so ‘think
\ . - carefully about Langmuir’s role in>popularizing these
concepts. :

. , ‘ . ~ .
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To make the text readable, we have not footnoted the
facts and adkertions we Have made about the story of the
evolution of the octet rule. Much of what we have said has
come from a study of the excellent work of Robert E. Kohler
in the history of the octet rule. Addi tionally we have
studied the original work of Lewis and Langmuir. Lewis’s
book,Valence, still remains a model of clarity and ,

. readability and it entirely possible to teach the octet rule
by, excerpts from it. The works cited in the text are

Kohler,R.E.,'Ihuing Langmuir and the “Octet” Theory of
Valence” ,Historial Studies in the Physica
Sciences,vol .4,pp39-87,(1974). _ :

Langmuir,l.,"The Arrangement of Electrons in Atoms and.
Molecules*,Journal of the American Chemical
Society,vol .41 ,pp.B848-934C1919).

Lewis,G.N.,"The Atom and the Molecule” ,Journal of the
American_Chemical Socibtz,uol.38,pp.?62-785§1916).

Lewis,G.N.,Valence and the Structure of Atoms and
Molecules(New YorkK,1923). . - )

In addition; we found the following sources extremely
valuable in this work: '

Jensen,W.B.,"Abeag,Lewis,Langmuir and the Octet Rule”,
presented at 183rd National Meeting of the American Chemical
Society, March 1982,Las Vegas, Nevada.. .

Kohler, R:E.,"The Origin of G.N. Lewis’s Theory of the Shared
Pair Bond",Historical Studies in_the Physical
Sciences,vol .3,pp.343-376(1971).







