Bonding and
2

Chapter 1

Isomerism

© R. Spinney 2013



Organic Chemistry

e Organic compounds are compounds containing carbon
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« Atoms to the left of carbon give up electrons.
« Atoms to the right of carbon accept electrons.
« Carbon shares electrons.

Dr. Eyad Younes



Bonding and Isomerism

1.1 How Electrons Are Arranged in Atoms
(ho3s)

* An atom is: the smallest particle of an element that retains all of the chemical

properties of that element.
& (2
*An‘atom consists of negatively charged electrons, positively charged protons, and
neutral neutrons

) Neutrons

‘ Electrons

Nucleus

P The structure of an atom

—
-

e Atomic number: numbers of protons in its nucleus and it’s the number of electrons in

the neutral atom.

atom  O\ags
e Mass number: the sum of the protons and neutrons of an atom.

(Protons and neutrons are ~1837 times the mass of an e’)

e¢|sotopes have the same atomic number but different mass numbers ( *>C and *3C)
2\ Same nambel o (e“(—ow) ASFetene n  mnber of neupfoy
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* Electrons are located in atomic orbitals (S, P, d, f).
=) the Cacthere (he shell if Geom weltss ~p the Ngheo bhe wefy  (PE)
* Orbitals tell us the energy of the electron and the volume of space around the
nucleus where an electron is most likely to be found.

SN
o
* Orbitals are grouped in. AN K/é?

Each orbital can hold a@me\and the two electrons have{opposite spin\

Table 1.1 Distribution of Electrons in the First Four Shells

That Surround the Nucleus
First shell Second shell Third shell Fourth shell

Atomic orbitals Ky S, P s, p,d s, p.d, f
Number of atomic orbitals 1 =3 e Sl 3.5 7
Maximum number of electrons 2 8 18 32
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Valence electrons (VE) are located in the outermost shell. They are involved in

chemical reactions. ex: cabon hay 4 Yo ; hydtggen has 1 Ve

™
VE = Group numbeér (fe~ ssps s -
D refiddic ea&\c_) VE

Examples: 1H: Is! 1
80: 182 29Y2p% 6
°C:

7 Qg g (lg

Lewis symbol of atom

Table 1.3 Valence Electrons of the First 18 Elements

Group | 1 ]| IV Vv Vi Vil Vil
H- He:
Li- Iée- B C N 0 :'F.: :l\.l;e:
Na - Mg- Al S| P S :.C.l: :A.r:

<<3o(-s

vesemble W e)



Periodic Table of the Elements

Atomic Number —>

33 g% gr 34 9%

Name —> IVA VA VIA VIIA

«— Atomic Weight

Electrons per shell —>

State of matter (color of name) Subcategory in the metal-metalloid-nonmetal trend (color of background)

GAS LIQUID SOLID UNKNOWN M Alkali metals M Lanthanides " Metalloids " Unknown chemical properties i | L ~re ke vich
I Alkaline earthmetals ™ Actinides I Reactive nonmetals
I Transition metals 1 Post-transitionmetals  * Noble gases
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« Chemical Bonds prcugs  betveen Wetals g ol me.tals
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1. lonic Bonding (25" zm\)>

(Comf’ lece  ernsfer

e FeEmMm one

An ionic bond is ancelectrostatic attraction between .~ ° ]
positive &mnegative ions resulting from e transfer. .~ vocl
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The resulting e” configuration of both ions are those of
the nearest noble gas, Ne andAr respectively, both

satisfy the octet rule.
Lo fese ghell hiny €& ()

Dr. Eyad Younes



2. Covalent Bonding

 Jonic bonds occur when an e 1s transferred between a metal and

nonmetal. s ((thew are ewo g0 ob covelone
ac o olaC
» (Covalent bonds are resulting from'sharing € Birds )~ <Q /o )
W C “ D 2 H - lase chell Call 0f o=

The result is both atoms have a [He] e configuration, i.e.

The bond isccommonly display as a line rather than a pair of
e (:),i.e. H-HratherthanH:H

Example 2 H



Electronegativit
of electrons)(or electron density).

>4

EN) : measures thetendency of an atom todattract a shared pair

O‘))}QW @&J\ =D U@

TABLE 1.3 The Electronegativities of Selected Elements?

1A 1A 1B IIB 1A IVA VA VIA | VIIA
o oy oS S
2 1 @-gt— elecelo
2 e e Pt R
= \ =
Li Be B C N (0) F =
1.0 | 1.5 20 (@ 3.0 | 3.5 | 4.0 S
. (] - ‘0 ¢ fo ( ffecony abt(s Clion
Na | Mg Al |si| P |s |a| & O s e ety wene)
covaleng
09 | 1.2 1.5 | 1.8 | 21 | 25 | 3.0 £
. A
K | Ca wniglesy nambers Br o
0.8 | 1.0 (efer§ o __ 28 | £ S g
I n N_size of agom  wnerfes
increasing electronegativit o
g - 9 y 2.5 E [ ] — fac G nncleny
- (CEN et Crion )
#Electronegativity values are relative, not absolute. As a result, there are several scales of electronegativities. The
electronegativities listed here are from the scale devised by Linus Pauling.

Examples

Covalent bonds can be classified as

A. Nonpolar covalent bond (A EN = 0-0.5)

C-C

BEN -0
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B. Polar covalent bond (A EN = 0.5 1.9)
| l
OH N-H A polar bond has a negative end and a positive end (P> )

L, O\
dipole moment (D) =pu=exd

(e) : magnitude of the charge on the atom G\/\c\g&\‘\ %5)

(d) : distance between the two charges

Table 1.4 The Dipole Moments of Some Commonly Encountered Bonds

Bond Dipole moment (D) Bond Dipole moment (D)

H—C 0.4 (& 0

H—N 1.3 C—N 0.2

H—O 155 CcC—oO 0.7

H—F 7 C—F 1.6

H—CI I @ — (&l L

H—Br 0.8 C—Br 1.4

H— 0.4 C— 1 1.2

if The A EN increases the polarity increases e nU@e 5
p——

Note : If A EN ismore than 1.9then the bond i%)jgjié Ex: Li-F

e covalen e any Me .,.I.J



A second general version of a covalent bond is
possible. This occurs when BOTH e” come from
one atom: a coordinate covalent bond

I.e.
NH, + H* - NH,*



Bond Polarity & Electronegativity (cont’d)

The result of polar covalent bonding is that the e pair spend

more time near the more . This means it will acquire a
permanent excess negative charge. The other atom acquires a

permanent excess positive charge. This is indicated by @
(where 0 means a “partial charge”) or @hich

points from the positive end of the bond to the negative end.

@MG\V\@/\Q ad/\g CFC\C J(\O\\\

8+ 8' >
H—CI H—Cl




Bond Polarity & Electronegativity (cont’d)
() 4he mo® AEN

The more polar the molecule the stronger the dipole moment. The molecular
dipole moment is the vector sum of the bond moments, i.e.

';;I}’ /1/\- E%er‘
/7

F 7 7 F
F

Net dipole moment




S
Lewis Structures~ It only deals with VE

Procedure for obtaining good Lewis structures: eg. CO, (cf%
1) @etermine total number of valence shell e (including 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 thefléast €lectronegative element in
the molecule or ion; hydrogen and the halogens are usually terminal. (e @

H c\/1/8c/f (=) o)
O C- O

,\
3) determine number of remaining-e~complete th @o the terminal atoms.
CD("‘F cel JENYY Bonds 16 -4=12

<

— Fo' atmmd evey
e C O : ner Boc seabilly

o0 (Szv»\.( &
W \ov € ghcll)




4) Complete the octet Use lone pair e from terminal atoms to create
mUIt|p|e bOﬂdS 90 {\r\q_ cu\e&‘o\\ a o™ achles the oc ek cwWe

: 0 C O: ! % O C O

5) determine the formal charges of all atoms/ £ ¢ nengia)
Formal charge = d\é‘“‘”‘”“"\ C\f“"gz"c - )

number of valence electrons — (humber of lone pair electrons +1/2 number of bonding

electrons) N
K/OC‘("V\ — EUE — 30@5 ,‘— Aa\d\)
C,\’\"Sa(/ < 2
G-\—Z)
For O 6-6 =O//
>
ForC 4-4 =} s ol



C?' ?Q\,;rc _ ’\ = -\ /
Ex: NOj N
- 7/N\ ../ - (ort)@
1. VE= 5+6*3-I;;€§Z) O O P .- S < >/
Ce,c_'\Uh.A e
oI T s Gy
-0
N O p “GHA’B
&) &) 3 O é"(é&\\: \
2 S s
Sz s )’; _—f— \\
— _ Ve - & J\J
Ve= &



Lewis Structures (other examples)

Example 2: AsO,*>

) beise3e)e3o26 -
2) form 3 single bonds

3) 20 e remain . O-
4) O needs 6, As needs 2 (A - .
5) All octets few(E)  \R ASH?
6) Formal charges © 14 : ﬁ
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Lewis Structures (cont’d)

Example 3: CH,O

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



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



1.8 Isomers
/

Structural or constitutional isomers have'same molecular formula but'different structural

formula.
They have different physical and chemical properties:

(I)H
CH;7CH;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—(ID-C—C
C
Continuous chain Branched chain
H HH H
H HH H H I R A |
| | | | | H—C—C—C—C—H
H—C—C—C—C—C—H L I
L )

_(l
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 right of the carbon. Atoms other than H can be shown hanging from the carbon.

T
H—C—C—C—C—C—C—H (Y Y CH,CHBrCH,CH,CHCICH; or CH3CHCH2CH2CHCH3 Br

I I O | I
H Br H H Cl H Br Cl

Repeating CH, groups can be shown in parentheses. Cl
H HH H H H
H—é—é—é—é—é—é—H CH;CH,CH,CH,CH,CH; or CHj3(CH,)4CHj3
HOHOH OB b H
Groups bonded to a carbon can be shown (in parentheses) to the right of the carbon, or hanging from the carbon.
H H H H H
H—CI—C|—C—C|—(|3—C|—H CH3;CH,CH(CH3)CH,CH(OH)CH; or CH3CH,CHCH,CHCHj;
DL ke e
Groups bonded to the far-right carbon are not put in parentheses.
H H CH;H H CH;
H—%—(:J—C:—C:—C:?—H CH;CH,C(CH3),CH,CH,OH  or CH3CH2C:CH2CH20H \)</\OH

H H CH;H OH CH;




CH:CH=CHCH.CH: 8 N

/
/\/‘\\
~———~Two line segments emanate from this point; therefore, this
carbon has two hydrogens (4 — 2 = 2) attached to it.

_———Three line segments emanate from this point; therefore, this
carbon has one hydrogen (4 — 3 = 1) attached to it.

————One line segment emanates from this point; therefore, this
carbon has three hydrogens (4 — 1 = 3) attached to it.

EXAMPLE 1.12 T

Write a more detailed structural formula for )‘\/ . C\'\3 C Chy C 5

Solution
H\ /H
H H

CH, C

Il
CH,—C—CH,—CH, or H—

0

'.I‘—flﬁ—'.I:
o

L— 00—
T—0—

cly —Cg)')

PROBLEM 1.23 Write a more detailed structural formula for { C H; — it
cly — 3




1.14 The Orbital View of Bonding; the‘Sigma Bond

(covalent)
Sigma (o) bonds: are @ @
characterized by a | @
region of high e orbials o
densityalongithe \-\ \.\ . \l‘ ] \.)
internuclear axis. .. . wow e
orbital orbital

ohen  Covalont  bonds afe O @— <D

:&Eot{(: Lo Lot &LWC-U'\ ‘Lkov"l)’ p-s\o bond

SRS §Q OV - WD

Speciic weys

p-p o bond

Orbitals approach each other in a head to
head fashion sismon fLond  s-s (5 -5 G5 vt




1.14 The Orbital View of Bonding; the pi (7) lgb)ond

heggens then [p - 9\ ocbicay
"\Q'\’("‘\‘-\" each othe(  Sid2

There is one other type of bond, a pi () bond.dn "¢ A
contrast to a sigma bond theerdensityinapibond:is
not located ontheinternuclearaxis, but rather on
either “side” of it.

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

orbitals
,'Dc\mw
0. 90 N =
O ¥ O—’ j C AT

p 7 bond




Energy

Distribution of the six electrons in
a carbon atom. Each dot stands for

Energy

)

Carbon sp’ Hybrid Orbitals @Fg 669 1 etion)

6C: 152 252 2P?

2p —o—- —o— —
25 —o-o— Ve =l

|s —o-0—

an electron.

2p —e—- - —

rd -
{(ov\oﬁ"
28 —o-0—
s
Atomic orbitals
of carbon

— ~— N —__—
W

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

A: We know from experience that carbon
usually forms four single bonds, and often

(e mcleny) these bonds are all@quivalent; as in

CH.
(S Mixes wich 3 9 GoC
ecvu}\;o\\e,‘(\&)

H
|

- -0 —o— —o- 5P’ "'IH
/(|’ Ses Itz §e3 HQ k’

109.5°

Four equivalent sp’ 3D Structure of Methane Molecule

hybrid orbitals




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

hybrid orbitals
Gybridizatiog Y ? ?
Sp3 Sp3 Sp3

b4 bonds ng
'T §




\ s
C =C
/ '3 s \
b
T x ¥
(r'\c\c co ;\Ae)
e § s TOM
ead  Ccaroo®
O e T Lond
N M =

\ ol o*(&“\
N T = ?J ¢ 2 _0“}?__0(6\&\ Ceom each



SP2-Hybridized orbitals

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

- ¥

equilateral triangle.

b ooper - — Ethene

&

-]

& H H
25 =0=0=—
Atomic orbitals The 2s and two 2p orbitals > 3bouds <
of carbon F

H ™ H

a. o bond formed

CEn C
”o bond formed by
overlap




SP-Hybridized orbitals

Bonding in Ethyne: A Triple Bond

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

525 %
A S - S< ./[L [ \(L
N 2D == == — —-— == P U( — C C—//
? = == Sp % D/
: ¥
T 25 —eem Lon {6 « 2N
s L bonds ==
Atomic orbitals The 2s and one 2p Lwo 6 I~ ‘
of carbon orbital are combined to [L 20 o bre\s ( FeM
form two hybrid sp ¢ arkon
orbitals, leaving one ’; ) coe
electron in each of two ex 0
p orbitals. e —
sp orbitals forms a sigma 2. © bond formed by
180° sp—s overlap
bond between the two 7
carbons, and lateral \Hf - o
overlap of the properly v ﬁ)
aligned p orbitals forms two o bond formed by

pl bOﬂdS sp-sp overlap

S‘.'l> -



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




1.12 Resonance

There are molecules (or ions) for which moresthansone
correct Lewis structure can be drawn, these equivalent
Lewis structures are«esonance structures.

The assumption in these diagrams is that the atom
positions do not change, we are onlyallowedtochange

the distribution of e, i.e. the bonds and lone pairs.
/\M_N_\/

Lewis structures do not always explain properties of
molecules. Resonance theory is a second layered
approach.



Resonance (cont’d)

Example 1: NO;

1) #e:5+3(6)+1=24 9_
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



(5:%> S §hark64‘

than (——)
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 and charges on the oxygen.
A3 am) C  ave (GonanlCe  seuc (e (wa b JidfFer ﬂ\(f,@a Srhb;m)

6:|+—6: :O—N=0O- 10— [Tl O
an . am || s .- _
:Q: :0- :Q:

B C

In real the structure is hybrid of all (A, B and C) C|?/3_/\7

5 NEgx

A resonance hybrid

A

Same c\\qu es

Seme Lond (e,nﬁd\



The Lewis structure can be converted to other by changing the position of electrons

f\(\g o 6—(’1.0\.(; ale c\mnda,u)
Rules for drawing resonance structures : W PN afe @ichel”

%

1) Electrons only can beloved ( lone pair / & electrons )

2) Electrons move toward SP/ SP? hybftidized atom only. ((\o £ S \99
A alib s

9
a
%

Examples: Write a second resonance structure for the following compounds? 3 &

L/O’g e

N avol ol
P T e e C s Stg hybridize (Lo AN

Exercise W -



Resonance (cont’d)

Example 2: N,O

1) #e:2(5)+6=16 :N—N—0: RS
2) try 2 single bonds N . -~
3) 12 e remain j
4) 16 e- for octets — 4
short
5 . _ = N[ = +_"*
) (b)clt))r?c?sr,]sl trzipcllgu&?lle +N=N c?)
single
6) Octets bocenge O s ota LN
7) Formal charges
8) Which is better and So 5 mete seetle

why?
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6@ C\“Sf\ Hcapmon UF o(a,amc
1.17: Classification According to Molecular Framework cmp il
CE)
» The three main classes of molecular frameworks for organic structures are acyclic,
carbocyclic, and heterocyclic compounds.

1.17 @ Acyclic Compounds (not cyclic): contain chains that may be unbranched
or branched.

0
[
PN e /\[/k W CH3(CH2)sCHs CH3C(CHa1)+CH3

( 011 of roses) | purnlg um) (oil of cloves)
bp 229-230°C bp 98.4°C bp 151.5°C

1.17b: Carbocyclic Compounds: contain rings of carbon atoms

PO 0

Go ™? - j b [

JC\\L(L S 2—) Z
AN

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



1.17@Heter0cyclic Compounds (In heterocyclic compounds, at least one atom in the
ring must be a heteroatom, an atom that is not carbon: eg. N, O,S...)

Ca lerge  one o™ (eg\ces  one cacbon ‘C\(\L r\g>

O
|
NH- QCHz_C_NH N
I \\ '/ -___--N
[ N \ /N~
% |
\ N K\ . O 3
’ l .\I "‘N C— OH
= ~ | |
nicotine adenine peniciliin-G
bp 246°C mp 360-365°C (amorphous solid)

(decomposes)



£33/

Classification According to Functional Group

Q«,(a_ AGG"*("(TQ

A functional group is an arrangement of atoms with distinctive physical and chemical
properties. (mo\oa/u\@g ot she® (e same fncbene\ pang

are o\\l\'(o_ n SovC .g(ofa(((,—i&(_>

Table 1.6  The Main Functional Groups C-c-oH 0(“
-Cc-c—¢C
Class of Specific Common name of the &
Structure compound example specific example
A. Functional groups
that are a part of the —C—C— alkane CH;—CH; ethane, a component of
molecular framework natural gas
alkene CH,=CH, ethylene, used to make
polyethylene
—C=C— alkyne HC=CH acetylene, used in

arene

B. Functional groups
containing oxygen

1. With carbon—-oxygen
single bonds —C—OH alcoho

—{L=ll=f= etner

O

CH3CH,O0H

CH3CH,0CH,CH;

welding

benzene, raw material
for polystyrene and
phenol

ethyl alcohol, found in
beer, wines, and liquors

diethyl ether, once a
common anesthetic



Table 1.6 continued

Class of Specific Common name of the
Structure compound example specific example
0
\
2. With carbon—oxygen —C—H aldehyde CH>=—0 formaldehyde, used
double bonds* to preserve biological
specimens
BN 7
—{(c—c—t— ketone CHsCCHs acetone, a solvent for
\ I varnish and rubber
cement
i i
3. With single and —C—OH carboxylic CHsC—OH acetic acid, a component
double carbon—oxygen acid of vinegar
bonds
T f
\
—C—0—C— ester CHsC—OCH2CHs ethyl acetate, a solvent
| for nail polish and model
airplane glue
C. Functional groups —C—NH:> primary CHz:CH;NH> ethylamine, smells like
containing nitrogen** amine ammonia
—C=N nitrile CH,=—CH—C=N acrylonitrile, raw material
for making Orlon
0 0]
|
D. Functional group with —C—NH, primacy H— IC—Nl-lz formamide, a softener
oxygen and nitrogen m for paper
E. Functional group with —X alkyl or@ CH3ClI methyl chloride,
halogen Cc\ gc 1 _D (Ealidé) refrigerant and local
—_— - anesthetic
F. Functional groups —C—SH thiol)(also CH3SH methanethiol, has the
containing sulfur’ called odor of rotten cabbage
mercaptan)
‘ Q
—t—=r=lt=— thioethep (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?

o
H
N S
O /7N
A O :
YN - QL /—OH
\HJ testgsterone O\’ J\N\\
penicillin-G \\C
&\Qa‘k)b
e S



