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Figure 2.2 Electronegativity values
-Electronegativity generally increases from left to right across
the periodic table and decreases from top to bottom. 2
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Problem 2.1
Which element in each of the following pairs is more

electronegative?
(@LiorH (b)BorBr (c)Clorl (d)CorH

Problem 2.2
Use the o'+ O - convention to indicate the direction of

expected polarity for each of the bonds indicated.



Problem 2.3

Use the electronegativity values shown in Figure 2.2 to rank the following bonds from
least polar to most polar: H3C-Li, H3C-K, H3;C-F, H3C-MgBr, H;C-OH

Problem 2.4

Look at the following electrostatic potential map of chloromethane, and tell the direction
of polarization of the C—Cl bond:

Cl
|

H")C‘H
H

Chloromethane




Polar Covalent Bonds: Dipole Moments
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- Dipole moment (u) of a molecule is the net molecular

polarity  sA ¢ bl oz s
* u Iin debyes (D).
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Absence of Dipole Moments In Symmetrical
Molecules &bt Oyl 2 Chill JuS ajall ol

» The effects of the local dipoles cancel each other

|
C
HY TH
O=C=0 H
Carbon dioxide Methane

(e = 0) = 0}

H._H{:I.'#H
H¢ ~H

Ethane
i = 0)

Benzene
(p = 0)



Table 2.1 Dipole Moments of Some Compounds

Compound Dipole moment (D) Compound Dipole moment (D)
MNacCl 9.00 MNH3 1.47

CH50 2.33 CH3NH4 1.31

CH3CI 1.87 CO-2 0

H=0 1.85 CHa 0

CH40H 1.70 CH4CH4 0

CH3CO2H 1.70 0

CH5SH 1.52 @

Benzene
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Formal negative Formal positive For sulfur:
charge on oxygen charge on sulfur
Sulfur valence electrons

Sulfur bonding electrons
Sulfur nonbonding electrons =

N O

Formal charge = 6 - 6/2 - 2 +1

For oxygen:

Oxygen valence electrons =6
Oxygen bonding electrons = 2
Dimethyl sulfoxide Oxygen nonbonding electrons = 6

Mjﬂm&;ﬁé:

Formal charge = 6 - 2/2 - 6 1

10



Formal charges iogud! ol

_ A Summary of Common Formal Charges

Atom C N ) P
. + o | + - .+ - + oo — ‘ +
Structure —cl:— —T— —(l:— ——T— === — Q00— —0: —S— —S —T—
Valence electrons 4 4 4 S 5 6 6 6 6 S
Number of bonds 3 3 3 4 2 3 1 4
Number of nonbonding electrons 1 0 2 0 -4 2 6 2 6 0
Formal charge 0 +1 = +1 == +1 = +1 =1 +1
]
0%
+ =
Ho  _NZT.. - Nitromethane
C 0:
\ [ N ]
\
H H

© 2007 Thomson Higher Education
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Formal charges izgudt ol

Abom c
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SEructure _T__T_ —-rl:—
Wabe e eleCtrons + 4 -
Mt of Boads 3 3 3
Number of nonbonding electrons 1 0 2
Formal chamge i +1 -1
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Problem 2.7

Calculate formal charges for the nonhydrogen atoms in the following molecules:

(a) Diazomethane, HEE—N—F.IT

(e} Methyl isocyanide, H3C—N=C:

Problem 2.8

(b) Acetonitrile oxide, HyC—C=N—O:

Organic phosphate groups occur commaonly in biological molecules. Calculate formal
charges on the four O atoms in the methyl phosphate dianion.

P
RN
H 10

==

-

Methyl phosphate ion
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Resonance in benzene
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Allyl carbocation i)l (LY 0585 S
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Problem 2.9
Which of the following pairs of structures represent
resonance forms, and which do not?

Explain
(a) H H
" |
,-/;'f-:'ﬁx“ II:”"“H #H”‘“ ’_,fl:“ﬂ-.H
/\I/ and {
"-."‘_:_-.______- _l_'-.______.___.-""
{b)
{|:H3 {l'.:HEEHg {|:H3 '[l'.:HE':Hg
.-'T-E __--'__'-E E- E
H;C® ~Cc® TCHz and HC™ ~C¢7 ~CHj
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Problem 2.10

Draw the indicated number of resonance forms for each of the following species:
(a) The methyl phosphate anion, CH:OPO52— (3)

(b) The nitrate anion, NO;~ (3)

(c) The allyl cation, H;C=CH—CH,* (2)

(d) The benzoate anion (4)

22



Answer : Problem 2.10

(a) :0: {ij_
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57 "0 :::-“'"N 0: e

+
€} 4,C=CH—CH,* «— HyC—CH=CH,
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Acids and Bases: The Brgnsted—Lowry Definition
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* A Brgnsted acid is a substance that donates a (H*): such
as HCI, H,SO, and HNO,
* A Bronsted base is a substance that accepts H*: such as

NH; H,O
H—CI + A0 — cr + H""[]"‘H
H H /
H
Acid Base Conjugate base Conjugate acid
Blye ol e jaes
|
T T A L =
H H
Acid Base Conjugate Conjugate

base acid



The Reaction of Organic Acid with Base
i) gea (5 e Haea Jelds
* Also, organic acids behave similarly such as acetic acid,
CH;CO,H.

O 0
I —.. I .
c.«_ .H + 0O—H — C...— + O
Hg':f‘ “n-.g.-rr" i — HEE.-’ ‘H..EI: H.r*..HH
Acid Base Conjugate Conjugate

base acid



Acidity Constant
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*The acidity strength of HA in water solution is described using
the acidity constant (K,).

 Stronger acids have larger acidity constants, whereas weaker
acids have smaller acidity constants.

HA+H20{ }A_+H30+

_ [HzO0"][A7]
[HA]

K

a




pK, — the Acid Strength Scale
A ganl) 3 g8 alui - dulaaal) ilsLy)

* pKa = -Iog Ka
A stronger acid (larger Ka) has a smaller pKa, and a weaker
acid (smaller Ka) has a larger pKa .



pK, — the Acid Strength Scale
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Table 2.3 Relative Strengths of Some Common Acids

Acid Name pKa
Weaker CHaCH,0H Ethanol 16.00
acld H,0 Water 15.74
HCN Hydrocvanic acid 9.31
H,PO4~ Dihydrogen phosphateion 7.21
CHaCO2H Acetic acid 4.76
HaPO4 Phosphoric acid 2.16
HNO, Nitric acid -1.3
HCI Hydrochloric acid -7.0
Stronger

acid



Inverse Relationship between Acids and their Conjugate Bases
438 yial) Lgsad § (2 gaad) O ApuSal) 48Nal)

« A stronger acid gives a weaker conjugate base.
* A weaker acid gives a stronger conjugate base.

Relative Strengths of Some Common Acids and Their Conjugate Bases

Conjugate
Acid pK, base Name Stronaer
Weaker base
acid CH;CH,0H 16.00 CH3CH, 0™ Ethoxide ion
” H,0 15.74 HO~ Hydroxide ion
| HCN 9.31 CN- Cyanide ion
CH,COH . 4.76 CH3CO2~

Stronger
acid

Acetate ion '

weaker
base



Problem 2.13

Amide ion, HZN_, IS a much stronger base than hydroxide
ion, HO . Which is the stronger acid, NH; or H,O? Explain.
slod of Liga) dgor ST 58 o . AeeSopeg) Canl oo dygld ST ¥ gl



Organic Acids 4 saxl) [ gaall
* Organic Acids are characterized by the presence of positively polarized

hydrogen atom .lbm) Chiis porgidd o lgrl dgall o semdl Caad
- Those that lose a proton from O—H, such as methanol and acetic acid
- Those that lose a proton from C—H, usually from a carbon atom next to a

C=0 double bond (O=C-C—H)
0 0O

H 0 H C H H C H
Sqme organic \C\/ NH \C./ ~0~ \c‘/ \C~/
acids 7B 4\ d\ 4\

H H H H H HH H

Methanol Acetic acid Acetone

(pK, = 15.54) (PK, = 4.76) (pK, = 19.3)



Organic Bases 4 gaad) ()

» Organic bases have an atom with a lone pair of electrons
that can bond to H*

Ogigpm LUy e 138 LigpSl rg3e oo 853 dyguanll V) Elhas
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Some organic H\C"N\H H /Q\H H\ /c\ /H

. C
g |-( \H r( \H H 1-( H

Methylamine Methanol Acetone



Lewis Acids and Lewis Bases: The Lewis Definition
) g o gaadl (gl o o
« Lewis acids are electron pair acceptors:

e.g. Li*, H*, FeCl;, ZnCl, and Group 3A elements, such as
BF; and AICl,
* Lewis bases are electron pair donors:

e.g. NH;, H,0O, CH;0OH
* The Lewis definition leads to a general description of many
reaction patterns.

S350 g935e) Boule (B s) el Loy Lig oSJN Lrgn e Joi g 2 50

Filled Vacant
orbital orbital

. ~
E!-q +0A — B—A

Lewis base Lewis acid



Some Lewis Acids

r

Some neutral proton donors:

HyO HCI  HBr  HNOj

o OH
C
HaC” ~OH
Some
Lewis . A carboxylic acid A phenol
acids

Some cations:

Li-l' ME.E-l'

Some metal compounds:

H2804

CH4CH,0H

An alcohol

AlCly TiCly FeClh  ZnCly



Lewis Acids, and the Curved Arrows formalism
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 The combination of a Lewis acid and a Lewis base can
shown with a curved arrow from base to acid

Boron
trifluoride
[Lewis acid)

Dimethyl
ether
(Lewis base)

H"'-.
H
cZ
HE_ _Uf H
FT0 N\ H
F G
!/ "H
H
Acid-base
complex



Lewis Bases (gl (ol

* Most oxygen- and nitrogen-containing organic compounds are Lewis
bases (have lone pairs of electrons)..

« Some compounds can act as both acids and bases, depending on the
reaction.

(3 &g ) Dlmga e

:fﬁ:: :ﬁ:
CH3CH20H CH3OCH3 CH5CH CH3CCH3
An alcohol An ether An aldehyde A ketone

Some

Lewis 5 .y e .y e ey

CHsNCH :0: 101 103

bases e .. .. ..
CHj EHEEQH CHgCQCHg CH3CNH»
A . A carboxylic An ester An amide

n amine

acid



Noncovalent Interactions Between Molecules
Gl sall o dsadladll e el il

e Several types:
-Dipole-dipole forces ki Ju —Chad S5 548
-Dispersion forces jadl g8
- Hydrogen bonds  axergyder Laylgy



Dipole-Dipole Forces
alad AU - qubad (AL (g g8
» Occur between polar molecules as a result of electrostatic interaction
among dipoles

» Forces can be attractive (a) or repulsive (b) depending on the orientation

of the molecules.
The attractive geometry is lower in energy and therefore predominates

(b) ’
(o1 By Dbl \
() Blby adlw

© 2007 Thomson Higher Education

Figure 2.6 Dipole—dipole forces cause polar molecules (a) to attract one

another when they orient with unlike
charges together, but (b) to repel one another when they orient with like

charges together.




Dispersion Forces
i) g 6
* Dispersion forces occur between all neighboring molecules and arise
because the electron distribution is likely to be nonuniform at any given

Instant.
-One side of a molecule may, by chance, have a slight excess of

electrons relative to the opposite side, giving the molecule a temporary
dipole. w35 L sl

5+| o— 6+| o— 5+| o— 8+| o—
O+ o— O+ o— o+ o— o0+ o—

Figure 2.7 Attractive dispersion
forces in nonpolar molecules are caused by temporary

dipoles, as shown in these models of pentane, C.H,,.




Hydrogen Bond Forces
Al 9 ) Adagl

 Forces are result of attractive interaction between a
hydrogen bonded to an electronegative O or N atom and an
unshared electron pair on another O or N atom.

Hydrogen bond Hydrogen bond
H
-------H— . 1||I'_,I"uL H ”H
HY ! Ly

H -
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