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Lewis Structures It only deals with VE Lec 2

3cH»m
Procedure for obtaining good Lewis structures: eg. CO,

1) determine total number of valence shell e (mcluding ionic charge if present).
CO,=4+2(6) =16.

2) Chose a cental atom and draw a skeleton of the molecule connected
with single bonds. (the central atom 1s usually the least electronegative element in
the molecule or ion; [hydrogen and the halogens are usually téft mal

cuille « EN 51 <

O C O

3) determine number of remaining e". complete the octet of the terminal atoms.

Jotal 29
velenee 16-4 = 12 o Lo

e- .
Co \l’th 1;‘2 C::\:\)hjl

: O C O -




4) Complete the octet Use lone pair e from terminal atoms to create
multlple bonds.

Check octet rule
'/_\

415» 9\ | > O C O
W ) : oo o0

5) determine the formal charges of all atoms.

Formal charge =
number of valence electrons — (humber of lone pair electrons +1/2 number of bonding
electrons)

Formal charge = VE - ( dashes + dots)
For O 6-6 =0 CO, — )3 FC Vazs bua g Uit Biet o,

ForC  4-4=0 C=4-(4+0)=0 v

Ol= 6 - (2“'\0:0 d
0,:6- (24W) =0 v v



ToN
: - * Fortmal Charge = Ol
Ex: NO J obYain an elecfrew .

1. VE= 5+6*3+1 =24
NS TN s
e
3.241-¢=13 O ~Cl"e°k>w ¥ 11}'
13-3=6 fd—@—é: ’ T ’O

incomplete oclet}

S FOWV\O\\ C\ha ey —> —\ Zi&ir))i
DON=5-(0+4) T +I

‘@Ol:é-C\Té):—\ g :‘H ~ | —]+O:—'l

9 0; = -\
9 05 ¢ - (241)=0 44




Lewis Structures (other examples)

Example 2: AsO,*

1) #e:5+3(6)+3=26 -

2) form 3 single bonds O_'?‘SO
3) 20 e remain : O

4) O needs 6, As needs 2 C

5) All octets

6) Formal charges



Lewis Structures (cont’d)

Example 3: CH,0

1) #e:4+2(1)+6=12

2) try 3 single bonds - O .
3) 6e remain ||
4) O 6 but C? H_C_H

5) Form a double bond
6) Both O & C octets
7) Formal charges -z



Lewis Structures (cont’d)

Example 4: CO

1) #e:4+6=10 - +1
2) try 1 single bond ' C=0:
3) 8 e remain

4) Cneeds 6 as does O short 4 e
5) Share 4 more e - triple bond
6) Octets

7) Formal charges -z



1.8 Isomers

Structural or constitutional isomers have same molecular formula but different structural

formula.
They have different physical and chemical properties:

OH

\_I___J
CH;CH;CH70—H CH;CH-CH,
1-propanol 2-propanol

(bp 97.4 C) (bp 82.4 C)



1.9 Writing Structural Formulas

write out all possible structural formulas that correspond to the molecular formula CsH:..

C-C-C-C-C C-(P-C—C
C
Continuous chain RGeS
H HH H
H H H H H j. BV L1
| 1 H—C—C—C—C—H
SR no|onon
H H H H H H—(lj_H

(isopentane)

C forms 4 covalent bonds



Dash formula

Kekul structure Condensed structures Bond line formula

Atoms bonded to a carbon are shown to the r_i&tlt of the carbon. Atoms other than H can be shown hanging from the carbon.

HoHOH M oH W S -

H—Cll—(ll—(ll—Cll—Cl—(lj—H CH;CHBrCH,CH,CHCICH; or CH3(|3HCH2CH2C|HCH3 Br
H Br H HC H Br Cl )\/Y
. : Cl
Repeating CH, groups can be shown in parentheses.
L
H HH H H H —3

H_C_C—ﬁ:_C_C_C—H CH3CH2CH2CH2CH2CH3 or CH3(CH’_))4CH;

|
H—cl:—(lz—cl—$—cl—(|:—H CH5CH,CH(CH;)CH,CH(OH)CH;  or CH3CH2(|IHCH2(|ZHCH3 /W
H H CH;H OHH CH; OH OH

H H CH;H H ?H3

[
H_ﬁ:_clj_cl_ﬁ:_ﬁ‘_H CH}CH2C(CH3)2CH2CH2C_)£[ or CH3CH2(|:CH2CH20H OH
H H CHy;H OH CHs




CH3

CH;:CH=CHCH.CH:

cH /ﬂ.———&hree line segmentsiemanate from this point;: therefore, this
(4

M carbon has one hydrogen (4 — 3 = 1) attached to it.

CHy
- w line segments \emanate from this point; therefore, this

carbon has two hyvdrogens (4 — 2 = 2) attached to it.

(One line segment \emanates from this point; therefore, this

carbon has three hydrogens (4 — 1 = 3) attaxdw\ai_l(i/\/\

EXAMPLE 1.12 CH,

e (-
CH, ’
Write a more detailed structural formula for .~ CHs
CH ~
Solution 3 CH3~O—CH2 - CH; @
H H S
CH;—C—CH,—CH; or H—C—C—C—C—H
I | ] CHe
H H H (
CHsy
!
PROBLEM 1.23 Write a more detailed structural formula for ~> CH; - CH
!

CH,

)
Cwz



1.14 The Orbital View of Bonding; the Sigma Bond

Sigma (o) bonds: are O T~
characterized by a .

1satomic s-s molecular
reglon Of h |gh e' orbitals orbital
density alongthe &) & — G -
i nte r n u C I e a r a Xi S * 1s a:).mic 1s ;:)mic g :olecular orbital -

orbital orbital

SN

OQ OO — OGS

p-p o bond

Orbitals approach each other in a head to
head fashion




1.14 The Orbital View of Bonding; the pi (7t) bond

There is one other type of bond, a pi () bond. In
contrast to a sigma bond the e  density in a pi bond is
not located on the internuclear axis, but rather on
either “side” of it.

n bonds are formed by the side to side overlap of 2 “p”

orbitals : < :

p 7 bond

(side to side) ;ys<s Ja il

There is no real overlabing :j + :T —






Carbon sp?® Hybrid Orbitals

6C: 152 252 2P?

) Q: Should the carbon form only two bonds !!!

L | 2P e —
ES
5 25 —o%— A: We know from experience that carbon
= usually forms four single bonds, and often
ls —o-— these bonds are all equivalent, as in
CH.

Distribution of the six electrons in

a carbon atom. Each dot stands for ﬁ

an electron.

; I
2p —- -o—- —
—— —0— —— —o— 5P’ iy >

H’Q,\ H \_ YV

ey 109.5 <

Atomic orbitals qu_e_quila.lfnt@ 3D Structure of Methane Molecule

of carbon hybrid orbitals

Energy
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Mix or combine the four atomic orbitals of the valence shell to form four identical
hybrid orbitals




PSP AP Il B Al i s §PP u:a,é«i 8a0gll Cgy G

° ° ° 3 SeoMme.
SP2-Hybridized orbitals Pae Hprdde b Bisied S3 Sequed i T Y
_1_ 519‘ g? 1:'9 — Eelt 3s_r ?w_ h kf'\

One part s and two parts p in character and are directed toward the three vertices of an

¥ plarer

equilateral triangle.

N A e e -7 2p\' rn-bond Ethene
5 ——— == == 5P’
&
2§ =0el==
Atomic orbitals The 25 and two 2p orbitals
of carbon are combmed to form three
hybrid sp2 orbitals, leaving
one electron stillina p
orbital.
a. o bond formed

by sp2-s overlap

o bond formed by
sp2-sp2 overlap




SP-Hybridized orbitals

Bonding in Ethyne: A Triple Bond

* A triple bond consists of one ¢ bond and two  bonds

)
N 2D =t = — = D) H H
g —-— == Sp
=
=
28 =l
Atomic orbitals The 2s and one 2p
of carbon orbital are combined to
form two hybrid sp
orbitals, leaving one
electron in each of two
p orbitals.
sp orbitals forms a sigma a. ¢ bond formed by
180° sp—-s overlap
bond between the two P
carbons, and lateral \H’)» - - @
overlap of the properly i |
aligned p orbitals forms two o bond formed by

pl bondS sp-sp overlap



Valence Bond Theory (cont’d)

Orbitals are combined in various portions to make
equivalent hybrid orbitals, i.e.

AOs(#(s, p)) hybrid Angle orientation

1,1 2 sp 180° linear
1, 2 3 sp? 120° trigonal planar
1, 3 4 sp3 109° tetrahedral

https://youtu.be/gfrxRGAeimw R3g h‘i‘f’ﬁ&ilq’\'\o(\g oy




New terms from the second lecture

* Obtain : get
* Terminal : s,k

* central : 6’ Sy
*correspond : g 3l
Rt
* parentheses : s3]
* emanate : &

* density : GBS
*axis @ jylas
* hybrid : (roa



1.12 Resonance — Studumes oac 9 0S8 i

There are molecules (or ions) for which more than one
correct Lewis structure can be drawn, these equivalent
Lewis structures are resonance structures.

Go) so\
The assun‘%tion in these diagrams is that the atom
positions do not change, we are only allowed to change
the distribution of e’ i.e. the bonds and lone pairs.

Lewis structures do not always explain properties of
molecules. Resonance theory is a second layered
approach. (U121 Gy ESONANCE 3 An s il Ciaah))

B o Orll At lipadl pmSliad LSl unsd JSLea €585 Y
A i [ A N

K= Change abonepasiffon. - caindtion



Resonance (cont’d)

Example 1: NO;

1) #e:5+3(6)+1=24 O_
2) try 3 single bonds

3) 18 e remain

4) Each O needs 6, leave 2 short
5) Share 1 pair but which one?
6) Pick one O, octets

7) Formal chargall es



Resonance (cont’d)
Example 1: NO;™ (cont’d)

Depending on your choice of the double bond to oxygen,
there are three possible structures differing in the location
of the double bond ana%arges on the oxygen.

2P Gs

segmey | Correct Lewrs sthctor Le 90 3 i,
w223 8P .
- o _ T . T +
OZN—O: :0O—N—0- -O—NZO
.e . L - || i . . L
-O: N, dhyshir 10: -O:
o ol °'~'b\£ boﬁls Electrons aren’t- l:Jcalized,they are delocalized
B C
@ \-)TQSoV\mNZQ,
y_
In real the structure is hybrid of all (A, B and C) O 3
Sir&j\e,u b« 2305\, S L] Jot 30 Auadby —> o

.
R
o \

o\ovb_k;, S.lylz. N Za; Chavndlerishic J1 wo-gu double Xy % ok Oz/s-
('l?esw\ox\ce ) NN &‘g Cr g €7 J el A resonance hybrid
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Hubrid belween (48.005& sl uA4s,
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O=N =0
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The Lewis structure can be converted to other by changing the position of electrons

L
Pesonancet—,1 ;55 ),
Rules for drawing resonance structures : N A —

ch

1) Electrons only can be eved ( Ione pair/ m electrons ) boT nol Sed v ou.

2) Electrons move toward SP/ SP? hybridized atom only, boT no'\ SPs sachgy
~ Joica dt
Examples: Write a second resonance structure for the followmg compounds? c_:‘&,&u
O P .
o | o \ |
o C_ee -> C C,

° 7~ N ° y/ \ . / \
Q 9 Q: .0’ Qo
<03 H2

\) ) @
*C-
H,c” 0o: — F

/\@/ H@/\/



gther example - CH; = £
(A AARAAAAI A A\ A

'éw&‘wdk.‘}\'o-”ﬁ‘“ SP; Loy (—% ‘1; 'Sb)ﬂl®

H.
H\C — g ;{:@‘— CH}
17 ~H 4y 1oL
B Hybridieatiow pid
T Resonance ‘-..J..uS tg'o k def“jel
d

Jus P gmiy T g O Coriylle s !
SP2 D ("3| a,yﬁ\ o@.\. dwuc. hoV\JJ

Pos ; hvely ck.vy-l,

e @’g-;C-CHs formed 01‘“'36 Uol}-o...
IO
H Vspe VE- (def+dash)
LT eleetan iSm y Coky 3803 GGy e o Eil Ui € Y- (o+ 3)=
?gsonqv\ce,% g\g_-,\ J‘,j, 7;" H -~
n TG TC H 7 \
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% b {resonance 504 IV RSP
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AEY&Ob _}A'fy-g)) (SPZJ
O Ge (Cp s G2

/J,\{,Sp‘" Sp sl als

;a%{:u R AR R ORI T
\ ] > Ea2Vd SPLsi Sp
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Resonance (cont’d)

Example 2: N,O

1) #e:2(5)+6=16
2) try 2 single bonds
3) 12 e remain

4) 16 e-for octets—4
short

5) Options — 2 double
bonds, 1 triple & 1
single

6) Octets
7) Formal charges

8) Which is better and
why?

+ -\ # -
"i:, 0 — :N=N=0: +— IN—N=0:
Most stable table unstable
(1) 2) (3)

£,



C) mbsls Yoy 0 D (1 O lip) &b
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1.17: Classification According to Molecular Framework

3
» The three main classes of molecular frameworks for organic structures are acyclic,
(Z)carbocyclic, afi@heterocyclic compounds.

1.17.a Acyclic Compounds (nof cyclic): contain chains that may be unbranched
. - " ° -
or branched A>gap Q‘,

\/\/\K\/OH L|_|)
e e O b o CH3(CH3):CH3 CH3C(CH2)+CHs

geranio .'II.L ane 2-heptanone
unbranched chain of prancned chain ol (oil of roses) (petroleum) (oil of cloves)
.-i._'";' C ! on atoms ¢ _':“lA caroon atoms bp 229-230°C bp 08.4°C bp 151.5°C

1.17b: Carbocyclic Compounds: contain rings of carbon atoms
Courbow
’.\//\\';"/

o ) bAici Gl 9l

Mg_J\LU’l 1,9 ¢ > J/ - ’\ /]
chef L PY

muscone maonene penzene
(musk deer) (citrus fruit oils) (petroleum)
bp 327-330°C bp 178°C mp 5.5°C, bp 80.1°C



1.17.c Heterocyclic Compounds (In heterocyclic compounds, at least one atom in the
ring must be a heteroatom, an atom that is nof carbon: eg. N, O,S...)

NH /g\— CH; —C \IH\—

‘ - 7 -N\2<
N j J e

=5

—

nicotine adenine penicillin-G
bp 246°C mp 360-365°C (amorphous solid)
(decomposes)

( SON ) .qyf8tm 3805 U5 i) &
e (! “/

Sew



Classification According to Functional Group :
A functional group is an arrangement of atoms with distinctive physical and chemical

properties.

Table 1.6  The Main Functional Groups

(o)1)

Class of Specific Common name of the
Structure compound example specific example
A. Functional groups Sinj Je bon J
that are a part of the —C alkane CH;—CH3 ethane, a component of

molecular framework

B. Functional groups
containing oxygen

1. With carbon—oxygen |

single bonds —C—OH

———d

double bond
|3Iktf‘f"‘ CH2=CH2

'|‘I"|p|¢ bouJ e

alkyne H
double - S'mJ

arene

alcohol CH;CH,0H

ether CH;CH,0CH,CH3

natural gas

ethylene, used to make
polyethylene

acetylene, used in
welding

benzene, raw material
for polystyrene and
phenol

ethyl alcohol, found in
beer, wines, and liquors

diethyl ether, once a
common anesthetic



Ciass of Specific Common name of the
Structure compound example specific example
I
2. With carbon—oxygen —C—H aldehyde CH>-=0 formaldehyde, used
double bonds* to preserve biological
— specimens
N 7
—C—C—C— ketone CH5CCHs acetone, a solvent for
I | — varnish and rubber
cement
i i
3. Wi —C—OH carboxylic CH-C—OH acetic acid, a component
double carbon—oxygen acid of vinegar
n S ————
i i
—C—0—C— ester CHsC—OCH>CH5 ethyl acetate, a solvent
— for nail polish and model
airplane glue
|
C. ctional groups —C—NH2 primary CHzCHzNH5 ethylamine, smells like
containing nitrogen™* | amine ammonia
= —N nitrile CH,=—=CH—C=N acrylonitrile, raw material
I for making Orlon
(]? (6}
D. Functional group with —C—NH; primary H— g—NH2 formamide, a softener
oxygen and mér%n amide for paper
E. Functional group with = alkyl or aryl CH3CI methyl chloride,
halogen halide refrigerant and local
anesthetic
|
F. Functional grou —>—5H thiol (also CH3SH methanethiol, has the
containing sulfur | called odor of rotten cabbage
mercaptan)
!
—C—s—tl.— thioether (CH>=—=CHCH,)5S diallyl sulfide, has

(also called

sulfide)

the odor of garlic



Ex. What functional groups can you find in the following natural products?

_— l i
Allcan l/ OI_-!]» alcoh| ,. Hiocther

0% .
- ")’ Alcen
ketene
testosterone

penicillin-G ,!
quboag)ic au'e‘
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molewlar framework o ,,
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acyclic Qarbo ey clic. helerooyclic

4 e 9

A £ byl e datn Sty dla
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- Chapter Summary*

An atom consists of a nucleus surrounded by electrons arranged in orbitals. The electrons
in the outer shell, or the valence electrons, are involved in bonding. lonic bonds are
formed by electron transfer from an electropositive atom to an electronegative atom.
Atoms with similar electronegativities form covalent bonds by sharing electrons. A single
bond is the sharing of one electron pair between two atoms. A covalent bond has specific
bond length and bond energy.

Carbon, with four valence electrons, mainly forms covalent bonds. It usually forms
four such bonds, and these may be with itself or with other atoms such as hydrogen,
oxygen, nitrogen, chlorine, and sulfur. In pure covalent bonds, electrons are shared equally,
but in polar covalent bonds, the electrons are displaced toward the more electronegative
element. Multiple bonds consist of two or three electron pairs shared between atoms.

Structural (or constitutional) isomers are compounds with the same molecular
formulas but different structural formulas (that is, different arrangements of the atoms in
the molecule). Isomerism is especially important in organic chemistry because of the
capacity of carbon atoms to be arranged in so many different ways: continuous chains,
branched chains, and rings. Structural formulas can be written so that every bond is shown,
or in various abbreviated forms. For example, the formula for n-pentane (n stands for
normal) can be written as:

H H H rl-l |—|1

| |
H—ﬁ:—?—?—ﬁ:— —H or CH3CH,CH,CH,CH; or _~"\_”\u
HHHHH

Some atoms, even in covalent compounds, carry a formal charge, defined as the .. \N( ] - ‘ & ee ’ <
number of valence electrons in the neutral atom minus the sum of the number of unshared \) LJ [ U\)ﬂ LL \j LQM)
electrons and half the number of shared electrons. Resonance occurs when we can write ' '

two or more structures for a molecule or ion with the same arrangement of atoms but

different arrangements of the electrons. The correct structure of the molecule orion is a Chl =
resonance hybrid of the contributing structures, which are drawn with a double-headed

arrow («<») between them. Organic chemists use a curved arrow (/" Y) to show the movement
of an electron pair.

9. gl 114\

[ [
How many o (sigma) bonds are there in CH,=CH-CH=CH,? -(=C —C=C<
3 3. 10 4. 1" 5. 12

ERR 1.

A sigma (o) bond is formed between atoms by the overlap of two atomic orbitals
along the line that connects the atoms. Carbon uses sp3-hybridized orbitals to form four
such bonds. These bonds are directed from the carbon nucleus toward the corners of a
tetrahedron. In methane, for example, the carbon is at the center and the four hydrogens
are at the corners of a regular tetrahedron with H—-C—H bond angles of 109.5°.

Carbon compounds can be classified according to their molecular framework as
acyclic (not cyclic), carbocyclic (containing rings of carbon atoms), or heterocyclic
(containing at least one ring atom that is not carbon). They may also be classified according
to functional group (Table 1.6).




