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Introduction to Organic Chemistry and BiochemistryIntroduction to Organic Chemistry and Biochemistry
Instructor Dr. Upali Siriwardane (Ph.D. Ohio State) 
E-mail:  upali@chem.latech.edu
Office:  311 Carson Taylor Hall ; Phone: 318-257-4941;
Office Hours:  MTW 9:00 am - 11:00 am; 
TR 9::00 - !0:00 am & 1:00-2:00 pm.
December 19,  Test 1 (Chapters 12-14)
January 2 Test 1 (Chapters 15-16)
February 6 (Chapters 17-19)
February 27, (Chapters 20-22)
March 2, 2009, Make Up Exam:
Bring Scantron Sheet 882-E
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ChemChem 120: Background for 120: Background for 
Organic and BiochemistryOrganic and Biochemistry

Chapters 1Chapters 1--1111
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Chapter 3: Atomic Structure and Periodic TableChapter 3: Atomic Structure and Periodic Table

Chapter 3: Atomic Structure and Periodic TableChapter 3: Atomic Structure and Periodic Table

3.6 Electron Arrangements Within Atoms3.6 Electron Arrangements Within Atoms
Chemistry at a Glance: ShellChemistry at a Glance: Shell--SubSub--shellshell--Orbital Orbital 
InterrelationshipsInterrelationships

3.7 Electron Configurations and Orbital Diagrams3.7 Electron Configurations and Orbital Diagrams
3.8 The Electronic Basis for the Periodic Law and the 3.8 The Electronic Basis for the Periodic Law and the 
Periodic TablePeriodic Table

3.9 Classification of the Elements3.9 Classification of the Elements
Chemistry at a Glance: Element Classification Schemes Chemistry at a Glance: Element Classification Schemes 
and the Periodic Tableand the Periodic Table
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Shapes of s Atomic Shapes of s Atomic OrbitalsOrbitals
All All ss orbitalsorbitals have the shape of a sphere, with have the shape of a sphere, with 

its center at the nucleus its center at the nucleus 
• of the s orbitals, a 1s orbital is the smallest, a 2s

orbital is larger, and a 3s orbital is larger still
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Atomic Atomic OrbitalsOrbitals
s orbitals orbital -- a sphericala spherical--shaped atomic orbital; can shaped atomic orbital; can 

hold a maximum of 2 electronshold a maximum of 2 electrons
p orbitalp orbital -- a dumbbella dumbbell--shaped atomic orbital; the shaped atomic orbital; the 

three p three p orbitalsorbitals ((ppxx, , ppyy, , ppzz) can hold a maximum of ) can hold a maximum of 
2 electrons each2 electrons each

Electrons always fill starting with the lowestElectrons always fill starting with the lowest--energy energy 
orbital:orbital:

lower energylower energy higher energyhigher energy
1s1s22 2s2s22 2p2p66 3s3s22 3p3p66

We will be concerned with only the valence We will be concerned with only the valence 
electrons which are the outermost electrons electrons which are the outermost electrons 
involved in forming bonds.  involved in forming bonds.  
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Shapes of p Atomic Shapes of p Atomic OrbitalsOrbitals
• A p orbital consists of two lobes arranged in a 

straight line with the center at the nucleus
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Electronic Structure of atomsElectronic Structure of atoms
Ground state electronic configuration of atoms in Ground state electronic configuration of atoms in core formatcore format
Carbon (C): ):Carbon (C): ): [He] [He] 22ss22, 2, 2pp2   2   

oror [He][He] 22ss22, 2p, 2pxx
113p3pyy

113p3pzz
00

Potassium (K): Potassium (K): ArAr] ] 44ss11

Phosphorous (P):Phosphorous (P): [Ne] [Ne] 33ss22, 3, 3pp33

Valence shell electronic configurationValence shell electronic configuration
Carbon (C): ):Carbon (C): ): 33ss22, 3, 3pp22

Potassium (K): Potassium (K): 44ss11

Phosphorous (P):Phosphorous (P): 33ss22, 3, 3pp33

How you get the electronic configuration of an atom from the How you get the electronic configuration of an atom from the 
periodic table?periodic table?
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Excited State Valence Electron ConfigurationExcited State Valence Electron Configuration
Carbon (C):Carbon (C):
Ground state:Ground state: 22ss22, 2, 2pp2  2  oror 22ss22, 2p, 2pxx

113p3pyy
113p3pzz

00

Excited State:Excited State: 22ss11, 2, 2pp3 3 or or 22ss11, 2p, 2pxx
113p3pyy

113p3pzz
11

1s2   2s2             2p2

E

1s2   2s1             2p3

 electron
promotion
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Chapter 4: Ionic Bond ModelChapter 4: Ionic Bond Model
4.2 Valence Electrons and Lewis Symbols4.2 Valence Electrons and Lewis Symbols
4.3 The Octet Rule4.3 The Octet Rule
4.4 The Ionic Bond Model4.4 The Ionic Bond Model
4.7 Chemical Formulas for Ionic Compounds4.7 Chemical Formulas for Ionic Compounds
4.9 Recognizing and Naming Binary Ionic Compounds4.9 Recognizing and Naming Binary Ionic Compounds

Chemistry at a Glance: Ionic Bonds and Ionic Chemistry at a Glance: Ionic Bonds and Ionic 
CompoundsCompounds

4.10 Polyatomic Ions4.10 Polyatomic Ions
4.11 Chemical Formulas and Names for Ionic Compounds 4.11 Chemical Formulas and Names for Ionic Compounds 

Containing Polyatomic IonsContaining Polyatomic Ions
Chemistry at a Glance: Nomenclature of Ionic Chemistry at a Glance: Nomenclature of Ionic 
CompoundsCompounds

1-10Chemistry 121, Winter 2008, LA TechChemistry 121, Winter 2008, LA Tech

Lewis structure of atoms (Review)Lewis structure of atoms (Review)
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CC

NN

NaNa++

OO

Cations
•What elements lose electrons? And how many?
•What is the positive charge on their cations?
•Anions
•What elements gain electrons?
•What is the positive charge on their anions?
•Covalent bonds
•How many covalent bonds are formed? 
•What elements share electrons?

CationsCations and Anionsand Anions
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Ionic model of bonding modelIonic model of bonding model (Review)(Review)

+ -
Na   + F Na F

Ionic bondIonic bond -- results from the results from the electrostatic attractionelectrostatic attraction
between a between a cationcation and an anion of two atoms typically and an anion of two atoms typically 
involves a involves a metalmetal and a and a nonmetallic element.nonmetallic element.
Anion:Anion: An atom that gains electrons becomes a negative 
ion 
CationCation: An atom that loses electrons becomes a positive 
ion

+ 2-Li   + S 2  Li S2
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Chapter 5. Chemical Bonding: The Covalent Bond Model Chapter 5. Chemical Bonding: The Covalent Bond Model 

5.1 The Covalent Bond Model5.1 The Covalent Bond Model
5.2 Lewis Structures for Molecular Compounds5.2 Lewis Structures for Molecular Compounds
5.3 Single, Double, and Triple Covalent Bonds5.3 Single, Double, and Triple Covalent Bonds
5.4 Valence Electrons and Number of Covalent Bonds 5.4 Valence Electrons and Number of Covalent Bonds 

FormedFormed
5.6 Systematic Procedures for Drawing Lewis Structures5.6 Systematic Procedures for Drawing Lewis Structures
5.8 Molecular Geometry5.8 Molecular Geometry
5.9 5.9 ElectronegativityElectronegativity
5.10 Bond Polarity5.10 Bond Polarity
5.11 Molecular Polarity5.11 Molecular Polarity
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Lewis Model of bonding (Review)Lewis Model of bonding (Review)
"octet rule"octet rule““
atoms tend to gain, lose or share electrons so as to atoms tend to gain, lose or share electrons so as to 

have eight electrons in their outer electron shell  have eight electrons in their outer electron shell  
““Lewis structure of atomsLewis structure of atoms””

Shows only valence electrons, is a convenient way Shows only valence electrons, is a convenient way 
of representing atoms to show their chemical of representing atoms to show their chemical 
bonding pattern. bonding pattern. 
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Covalent model of bondingCovalent model of bonding (Review)(Review)

Covalent bondsCovalent bonds -- results from the sharing of electrons results from the sharing of electrons 
between two atoms typically involves two between two atoms typically involves two 
nonmetallic elementsnonmetallic elements
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Types of electronsTypes of electrons

Bonding pairsBonding pairs
Two electrons that are Two electrons that are sharedshared between two atoms.  between two atoms.  
A covalent bond.A covalent bond.

Unshared (nonbonding ) pairsUnshared (nonbonding ) pairs
A pair of electrons that are not shared between two A pair of electrons that are not shared between two 

atoms.  atoms.  Lone pairsLone pairs or nonbonding electrons.or nonbonding electrons.

H   Cl

o
o

oo

oo

o
o

Bonding pair

Unshared
pair
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Drawing Lewis structure molecules and ions Drawing Lewis structure molecules and ions (Review)(Review)

3)3) Draw the skeletal structure by connecting the atoms with Draw the skeletal structure by connecting the atoms with 
single bonds.single bonds.

4) 4) Give each of the atoms an octet (8 eGive each of the atoms an octet (8 e--).  Adding unshared ).  Adding unshared 
pairs of electronspairs of electrons

5) 5) Count the total number of eCount the total number of e-- used through step 4 and used through step 4 and 
compare to the number calculated incompare to the number calculated in step 2.step 2.

a)a) If it results in zero, the structure is correct.  If it results in zero, the structure is correct.  
b)b) For every two electrons too many, another bond is added        For every two electrons too many, another bond is added        
(minimize formal charges).  (minimize formal charges).  
Multiple bonds form only with C, N, O and S.Multiple bonds form only with C, N, O and S.

Total number of bonds  to neutral atoms:Total number of bonds  to neutral atoms:
4 bonds to C
3 bonds to N, P
2 bonds to O, S
1 bond to H, F, Cl, Br, I
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Drawing Lewis structure molecules and ionsDrawing Lewis structure molecules and ions
(Review)(Review)
1)1) Predict arrangement of atoms.Predict arrangement of atoms.

a) H is always a terminal atom.
b) Halogens and oxygen are often terminal.
c) The central atom of binary compounds is usually written 
d) first and has the lowest subscript.
e) Most organic compounds have more than two central atoms. 
f) These are mainly C, but N, O and S can also be central atoms.

2) 2) TotalTotal number of valence electrons (enumber of valence electrons (e--))
a) Add all valence electron of atoms in the molecule from the 

formula.  
b) Add the ion charge for negative ions or subtract for positive ions.
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Calculation of formal charges of atoms in the Lewis structureCalculation of formal charges of atoms in the Lewis structure

1.1. For a neutral molecule, the sum of the formal charges equals zerFor a neutral molecule, the sum of the formal charges equals zero.  For o.  For 
a polyatomic ion, the sum of the formal charges equals the charga polyatomic ion, the sum of the formal charges equals the charge on e on 
the ion.the ion.

2.2. Formal charge of each atom is calculated by:Formal charge of each atom is calculated by:

(group #) (group #) -- (# unshared e(# unshared e--) ) -- ½½ (# shared e(# shared e--))

3.3. Formal charges are shown as  + or Formal charges are shown as  + or -- on the atom with that charge.on the atom with that charge.
4.4. An atom with the same number of bonds as its group number has noAn atom with the same number of bonds as its group number has no

formal charge.formal charge.
5.5. In a molecule if two different elements can be assigned a negatiIn a molecule if two different elements can be assigned a negative ve 

charge, then the more electronegative element gets the charge; tcharge, then the more electronegative element gets the charge; the he 
same sign should not be given to bonded atoms.same sign should not be given to bonded atoms.
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Lewis StructuresLewis Structures (Review)(Review)

Hydrogen chloride

Methane Ammonia

Water

H O

H

H

H NH C

H

H

H Cl

H
H

H2O  (8)

NH3  (8)CH4  (8)

HCl   (8)

•How many bonding electron pairs are in the molecule?
•How many bonding electron pairs are in each atom?
•How many nonbonding electron pairs are in the molecule?
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Draw Lewis structure of moleculesDraw Lewis structure of molecules

CHClCHCl33

CC22HH44

CC33HH88OO
CHCH33CHCH22CHCH22OHOH
CHCH33CHCH22OCHOCH33

CHCH33COCO22HH
CHCH33CHOCHO
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Draw Lewis structure and assign formal chargesDraw Lewis structure and assign formal charges

CHCH33NHNH33
++

CHCH33OO--

C N

H

H

H

H

H

H

+
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VValencealence--SShell hell EElectronlectron--PPair air RRepulsion epulsion (VSEPR) model(VSEPR) model
(Review)(Review)
For predicting shapes of molecules and polyatomic Ions For predicting shapes of molecules and polyatomic Ions 

based on the repulsion of valence pairs of electrons based on the repulsion of valence pairs of electrons 
making them as far apart as possible  around an making them as far apart as possible  around an 
atom of a Lewis structure.atom of a Lewis structure.

1) Draw the Lewis structure for the molecule or ion.1) Draw the Lewis structure for the molecule or ion.

2) Determine the number of bonding and unshared pairs attached t2) Determine the number of bonding and unshared pairs attached to o 

the central atom.the central atom.

One single, double or triple bond counted as a bonding pairOne single, double or triple bond counted as a bonding pair

3) Choose the appropriate case from the given chart.3) Choose the appropriate case from the given chart.
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Orbital Overlap ModelOrbital Overlap Model
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Hybrid Atomic Hybrid Atomic OrbitalsOrbitals

Hybridization is the mixing up of two or more 
atomic orbitals

There are three types of hybrid atomic There are three types of hybrid atomic orbitalsorbitals for for 
carboncarbon
spsp33 (one s orbital + three p orbitals give four sp3

orbitals)
spsp22 (one s orbital + two p orbitals give three sp2

orbitals)
spsp (one s orbital + one p orbital give two sp orbitals)
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Four spFour sp33 hybridshybrids

Three spThree sp22 hybridshybrids

Two spTwo sp hybridshybrids

s and p hybridss and p hybrids
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HH
2.12.1
LiLi BeBe BB CC NN OO FF
1.01.0 1.51.5 2.02.0 2.52.5 3.03.0 3.53.5 4.04.0
NaNa MgMg AlAl SiSi PP SS ClCl
0.90.9 1.21.2 1.51.5 1.81.8 2.12.1 2.52.5 3.03.0

i
n
c
r
e
a
s
e
s

increases

Is the attraction of an atom for its valence electronsIs the attraction of an atom for its valence electrons

ElectronegativityElectronegativity (Review)(Review)
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NonpolarNonpolar/polar/polar--covalent and ionic bonds. (Review)covalent and ionic bonds. (Review)

We classify chemical bonds as We classify chemical bonds as polar polar covalent, covalent, nonpolarnonpolar
covalentcovalent and and ionicionic based on the difference in based on the difference in 
electronegativityelectronegativity between the atomsbetween the atoms

          D ifference in 
     Electronegativity
Between Bonded Atoms Type o f Bond

less than 0.5
0.5 to  1.9

greater than 1.9

nonpolar covalent
polar covalent

ionic
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Covalent or IonicCovalent or Ionic
Identify Identify covalent covalent and and ionicionic compounds:compounds:
NaClNaCl, C, C22HH55OH, CHOH, CH33COOH, NaCOOH, Na22COCO33, CH, CH33OK, KOHOK, KOH
Covalent :Covalent :

Ionic:Ionic:
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Classify following bonds Classify following bonds nonpolarnonpolar--covalent, covalent, 
polarpolar--covalent or ionic bonds covalent or ionic bonds 
NN--H H nonpolarnonpolar--covalent, polarcovalent, polar--covalent or ionic bondscovalent or ionic bonds
OO--H H nonpolarnonpolar--covalent, polarcovalent, polar--covalent or ionic bondscovalent or ionic bonds
CC--H H nonpolarnonpolar--covalent, polarcovalent, polar--covalent or ionic bondscovalent or ionic bonds
CC--F F nonpolarnonpolar--covalent, polarcovalent, polar--covalent or ionic bondscovalent or ionic bonds
NaNa--ClCl nonpolarnonpolar--covalent, polarcovalent, polar--covalent or ionic bondscovalent or ionic bonds
AlAl--ClCl nonpolarnonpolar--covalent, polarcovalent, polar--covalent or ionic bondscovalent or ionic bonds

1-31Chemistry 121, Winter 2008, LA TechChemistry 121, Winter 2008, LA Tech

Polar and Polar and nonpolarnonpolar moleculesmolecules

δ-

δ+

Insert elpot of
ammonia
(page 19)

Insert elpot of
formaldehyde
(page 20)

H H
N

δ-

δ+H H
C
O

Formaldehyde
(polar)

H
Ammonia

(polar)

H C C H

Insert elpot of
acetylene
(page 20)

Acetylene
(nonpolar)
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Predict the bond angles of molecules from their Lewis Predict the bond angles of molecules from their Lewis 
structures. (Review)structures. (Review)

MoleculeMolecule Bonding pairsBonding pairs unshared unshared 
pairspairs

ShapeShape

HH22OO twotwo twotwo bentbent

NHNH33 threethree oneone TrigonalTrigonal pyramidpyramid

CHCH22OO threethree nonenone TrigonalTrigonal planarplanar

CHClCHCl33 fourfour nonenone tetrahedraltetrahedral

CHCH44 fourfour nonenone tetrahedraltetrahedral

CClCCl44 fourfour nonenone tetrahedraltetrahedral
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Molecular Shape and Polarity Molecular Shape and Polarity (Review)(Review)

MoleculeMolecule Bonding pairs and Bonding pairs and 
unshared pairsunshared pairs

Electron pair Electron pair 
distributiondistribution

PolarityPolarity

HH22OO fourfour asymmetricasymmetric polarpolar

NHNH33 fourfour asymmetricasymmetric polarpolar

CHCH22OO threethree asymmetricasymmetric polarpolar

CHClCHCl33 fourfour asymmetricasymmetric polarpolar

CHCH44 fourfour symmetricsymmetric NonNon--polarpolar

CClCCl44 fourfour symmetricsymmetric NonNon--polarpolar
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σσ and and ππ bonds in single and multiple bondsbonds in single and multiple bonds

single bondsingle bond -- one shared pair of electrons between one shared pair of electrons between 
two atoms; a two atoms; a σσ bondbond

double bonddouble bond -- two shared pairs of electrons two shared pairs of electrons 
between two atoms; one s bond and one between two atoms; one s bond and one ππ bondbond

triple bondtriple bond -- three shared pairs of electrons three shared pairs of electrons 
between two atoms; one s bond and two p bondsbetween two atoms; one s bond and two p bonds
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Predicting hybridization of atoms in a Lewis Predicting hybridization of atoms in a Lewis 
structurestructure

Count sigma bonds and unshared electrons around Count sigma bonds and unshared electrons around 
the atomthe atom
If the total number of pairs:
2  sp hybridization
3  sp2 hybridization
4  sp3 hybridization
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Chapter 10. Acids, Bases, and SaltsChapter 10. Acids, Bases, and Salts
10.1 Arrhenius Acid10.1 Arrhenius Acid--Base TheoryBase Theory
10.2 10.2 BronstedBronsted--Lowry AcidLowry Acid--Base TheoryBase Theory
10.3 Mono10.3 Mono--, Di, Di--, and , and TriproticTriprotic AcidsAcids
10.4 Strengths of Acids and Base10.4 Strengths of Acids and Base
10.5 Ionization Constants for Acids K10.5 Ionization Constants for Acids Kaa and Bases Kand Bases Kbb

10.6 Salts10.6 Salts
10.8 Self10.8 Self--Ionization of WaterIonization of Water
10.9 The pH Concept10.9 The pH Concept
10.10 The 10.10 The pKpKaa Method for Expressing Acid StrengthMethod for Expressing Acid Strength
10.12 Buffers10.12 Buffers
10.13 The Henderson10.13 The Henderson--HasselbalchHasselbalch EquationEquation
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Acids and BasesAcids and Bases

There are many compounds when dissolved in water There are many compounds when dissolved in water 
changes the Hydrogen ion changes the Hydrogen ion (H(H++)) (related to pH) (related to pH) 
concentration of to water to acid or basic sidesconcentration of to water to acid or basic sides

a) Binary acids: E.g. HF, HCl, HBr, HI, H2S 
b) Oxyacid: E.g. HNO3, H2SO4 , HClO4
c) Organic acids: E.g. 

d)   Hydroxy bases: NaOH, Ca(OH)2
e)   Amine bases: CH3NH2 (methylamine)

(CH3)2NH (dimethylamine)
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Arrhenius acids and basesArrhenius acids and bases

This is the first acid/base concept to be developed to This is the first acid/base concept to be developed to 
describe typical acid/base reactions.describe typical acid/base reactions.

Arrhenius AcidArrhenius Acid::
A substance that produces A substance that produces HH++, or (protons) , or (protons) HH++

33OO, , 
((hydroniumhydronium ion) in an aqueous solution.ion) in an aqueous solution.

Arrhenius BaseArrhenius Base: : 
A substance that produces A substance that produces OHOH--, or hydroxide ion  in , or hydroxide ion  in 
an aqueous solution.  an aqueous solution.  

E.g.  E.g.  HHClCl (acid),  (acid),  NaNaOHOH (base).(base).
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BronstedBronsted Lowery acid and basesLowery acid and bases
This is the second acid/base concept to be developed to This is the second acid/base concept to be developed to 

include proton, include proton, HH++ transfer reactions to base other than transfer reactions to base other than 
those containing those containing OHOH--.  This definition also uses .  This definition also uses 

conjugate acid/baseconjugate acid/base concept .concept .

BronstedBronsted AcidAcid::
A substance that donates protons (HA substance that donates protons (H++): E.g. ): E.g. HClHCl (acid), (acid), 

BronstedBronsted BaseBase::
A substance that accepts protons.  E.g. NHA substance that accepts protons.  E.g. NH33 (base) non(base) non--

hydroxyhydroxy bases such as amines.bases such as amines.

1-40Chemistry 121, Winter 2008, LA TechChemistry 121, Winter 2008, LA Tech

Lewis acid and basesLewis acid and bases
Lewis was successful in including acid and bases that Lewis was successful in including acid and bases that 

catalyze organic reactions without proton or hydroxyl catalyze organic reactions without proton or hydroxyl 
ions. ions. 

Lewis Acid:Lewis Acid: A substance that accepts an electron pair. A substance that accepts an electron pair. 

Lewis base:Lewis base: A substance that donates an electron pair. A substance that donates an electron pair. 

E.g. BFE.g. BF33(g)     +    :NH(g)     +    :NH33(g) (g) →→ FF33B:NHB:NH33(s)(s)

Lewis Acid    Lewis base     Lewis acid/base adductLewis Acid    Lewis base     Lewis acid/base adduct

the Lewis base donates a pair of electrons to the acid the Lewis base donates a pair of electrons to the acid 
forming a forming a coordinate covalentcoordinate covalent bond common to bond common to 
coordination compounds. Lewis acids/bases will be coordination compounds. Lewis acids/bases will be 
discussed later in describing reaction mechanismdiscussed later in describing reaction mechanism
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BronstedBronsted Lowery Lowery EquilibriaEquilibria Acids/basesAcids/bases
and Conjugate Acid/basesand Conjugate Acid/bases

HH22O(l)  + O(l)  + HCl(aqHCl(aq)               H)               H33
++O(aq)          + O(aq)          + ClCl¯̄(aq(aq) ) 

base                   acid                             conjugatbase                   acid                             conjugate acid      conjugate basee acid      conjugate base

NHNH33(aq) + H(aq) + H22O(l)                   NHO(l)                   NH44
++ +   +   OHOH¯̄(aq(aq) ) 

base                acid                                     conbase                acid                                     conjugate acid      conjugate basejugate acid      conjugate base

H O

:

+ H Cl

:
: : H O H

:

+
H

+
Cl -

:
:: ::

H

H O H

:
:+ H N H

H

H
+ + O

:
::-H N

H

H
: H
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Strength of conjugate acid/basesStrength of conjugate acid/bases

NH4
+CH3 COOH CH3 COO-NH3

(base) (conjugate base
acetic acid)

(conjugate acid
of ammonia)

conjugate acid-base pair

+ +
Acetic acid Ammonia

(acid)

conjugate acid-base pair

Acetate 
ion

Ammonium
ion

Weak acid + Weak base Strong conjugate base +Strong conjugate acid

Weak acid + Strong  base weak conjugate acid + Strong conjugate base

strong acid + Weak base weak conjugate acid + Strong conjugate acid

Other combinationsOther combinations
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pH of Aqueous SolutionspH of Aqueous Solutions
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KKa a andand pKpKaa from acid/base from acid/base equilibriaequilibria
E.g. acetic acid is incompletely ionized in aqueous 

solution

The equation for the ionization of a weak acid, HA, 
is

CH3COH
O

+ H2O CH3CO-
O

+ H3 O+

Base
(weaker base)

Acid
(weaker acid)

Conjugate base
of CH3CO2H

Conjugate acid
      of  H2O
(stronger acid)(stronger base)

HA + H2 O

Ka Keq[ H2 O]

A- +

[H3 O+] [A-]
[HA]

H3 O+

==

pKa = - log Ka



1-45Chemistry 121, Winter 2008, LA TechChemistry 121, Winter 2008, LA Tech

Relative acidity/Relative acidity/basitybasity
Higher  the KHigher  the Kaa : higher the acidity.: higher the acidity.

Higher  the KHigher  the Kbb : higher the : higher the basitybasity..

Higher  the Higher  the pKpKaa : lower the acidity.: lower the acidity.

Higher  the Higher  the pKpKbb : lower the : lower the basitybasity..
Which one is weaker acid?Which one is weaker acid?
HNOHNO22 ;; KKaa= 4.0 x 10= 4.0 x 10--44.    .    pKpKaa= 3.39= 3.39
HOClHOCl22 ;; KKaa= 1.2 x 10= 1.2 x 10--22.    .    pKpKaa= 1.92 = 1.92 
HOClHOCl ;; KKaa= 3.5 x 10= 3.5 x 10--88.    .    pKpKaa= 7.46= 7.46
HCNHCN ;; KKaa= 4.9 x 10= 4.9 x 10--1010.. pKpKaa= 9.31= 9.31
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pKpKaa in Acidin Acid--Base EquilibriumBase Equilibrium
Equilibrium favors reaction of the stronger acid and Equilibrium favors reaction of the stronger acid and 

stronger base to give the weaker acid and the stronger base to give the weaker acid and the 
weaker baseweaker base

CH3 COH
O

NH3

O
CH3 CO- NH4

++ +
Acetic acid

pKa 4.76
(s tronger acid)

Ammonia
(stronger base)

Acetate ion
(weaker base)

Ammonium ion
pKa 9.24

(weaker acid)
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Binary acidsBinary acids
E.g. HF, E.g. HF, HClHCl, , HBrHBr, HI, H, HI, H22S    S    
The acidity of the The acidity of the haloacidhaloacid: (HX; X = F, : (HX; X = F, ClCl, Br, I) , Br, I) 
Series increase in the following order: Series increase in the following order: 
HF < HF < HClHCl < < HBrHBr < HI  < HI  
(Going down a group it increase for binary acids)(Going down a group it increase for binary acids)
OxoOxo acidsacids
Acidity depends Acidity depends oxooxo groups HClOgroups HClO4 4 ,,
Acidity:    HClOAcidity:    HClO44>HClO>HClO33>HClO>HClO22>>HClOHClO

HNOHNO33> HNO> HNO22

HH22SOSO4 4 > H> H22SOSO33

Molecular Structure and acidityMolecular Structure and acidity
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Organic acidsOrganic acids
Higher the Higher the pKpKaa higher the acidityhigher the acidity

The most important factor in determining the relative acidity The most important factor in determining the relative acidity 
of an organic acid is the relative stability of the anion, Aof an organic acid is the relative stability of the anion, A--, , 
formed when the acid, HA, transfers a proton to a baseformed when the acid, HA, transfers a proton to a base

There are three factorsThere are three factors::
• the electronegativity of the atom bonded to H in HA

• resonance stabilization of A-

• the inductive effect

Molecular Structure and acidityMolecular Structure and acidity
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ElectronegativityElectronegativity of the atom bonded to H in HAof the atom bonded to H in HA

pKa 51 38 16

Electronegativity
         of A in A-H

2.5 3.0 3.5

CH3 CH2 -H CH3 NH-H CH3 O-H

Anion CH3 CH2
- CH3 NH- CH3 O-

increasing anion stability

Acid

increasing acidity
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