Chemistry 121(01) Winter 2009

Introduction 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

Chemistry 121, Winter 2008, LA Tech 1-1

Chem 120: Background for
Organic and Biochemistry

Chapters 1-11
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Chapter 3: Atomic Structure and Periodic Table

Chapter 3: Atomic Structure and Periodic Table

3.6 Electron Arrangements Within Atoms
Chemistry at a Glance: Shell-Sub-shell-Orbital
Interrelationships

3.7 Electron Configurations and Orbital Diagrams
3.8 The Electronic Basis for the Periodic Law and the
Periodic Table

3.9 Classification of the Elements
Chemistry at a Glance: Element Classification Schemes
and the Periodic Table
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Shapes of s Atomic Orbitals

All s orbitals have the shape of a sphere, with
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

z/y T/y

-

1s

2s
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Atomic Orbitals

s orbital - a spherical-shaped atomic orbital; can
hold a maximum of 2 electrons

p orbital - a dumbbell-shaped atomic orbital; the
three p orbitals (p,, p,, p,) can hold a maximum of
2 electrons each

Electrons always fill starting with the lowest-energy
orbital:

lower energy  higher energy

1s2 2s2 2p5 3s2 3pb

We will be concerned with only the valence
electrons which are the outermost electrons
involved in forming bonds.
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Shapes of p Atomic Orbitals

* 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 atoms .
Ground state electronic configuration of atoms in core format

Carbon (C): ): [He] 2s2, 2p?

or [He] 2s?, 2p,"'3p, '3p,°
Potassium (K): Ar] 4s'
Phosphorous (P): [Ne] 3s2, 3p?

Valence shell electronic configuration

Carbon (C): ): 3s?, 3p?
Potassium (K): 4s’
Phosphorous (P): 3s?, 3pd

How you get the electronic configuration of an atom from the
periodic table?
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Excited State Valence Electron Configuration

Carbon (C):

Ground state: 2s?,2p? or 2s?, 2p,'3p,'3p,°

R
ﬂ promotion L
il f
1s% 2s2 2p2 1% 25! 2p3

Excited State: 2s',2p® or2s', 2p,'3p,'3p,’
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Chapter 4: lonic Bond Model

4.2 Valence Electrons and Lewis Symbols

4.3 The Octet Rule

4.4 The Ionic Bond Model

4.7 Chemical Formulas for Ionic Compounds

4.9 Recognizing and Naming Binary Ionic Compounds
Chemistry at a Glance: Ionic Bonds and Ionic
Compounds

4.10 Polyatomic Ions

4.11 Chemical Formulas and Names for Ionic Compounds
Containing Polyatomic Ions
Chemistry at a Glance: Nomenclature of Ionic
Compounds
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Lewis structure of atoms (Review)

1A 2A 3A 4A 5A 6A 7A 8A

H- He:

. . . . . . .

Li- Be- -B- «C- -‘N:! 0! [F. (Ne:

. B . .o .

. . - . . .

Na- Mg- -Al. Si- “P. S

. * . g .e
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Cations and Anions
Cations
*What elements lose electrons? And how many?
*What is the positive charge on their cations?

*What elements gain electrons?

*What is the positive charge on their anions?
*Covalent bonds

*How many covalent bonds are formed?
*What elements share electrons?

R EEE
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lonic model of bonding model (Review)
lonic bond - results from the electrostatic attraction
between a cation and an anion of two atoms typically
involves a metal and a nonmetallic element.
Anion: An atom that gains electrons becomes a negative
ion

Cation: An atom that loses electrons becomes a positive

ion
N + .o
‘Na + *F¢ —> Na tF:
. . . -
2 °Li + *S e —— 2 1Lj HESEH]
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Chapter 5. Chemical Bonding: The Covalent Bond Model

5.1 The Covalent Bond Model
5.2 Lewis Structures for Molecular Compounds
5.3 Single, Double, and Triple Covalent Bonds

5.4 Valence Electrons and Number of Covalent Bonds
Formed

5.6 Systematic Procedures for Drawing Lewis Structures
5.8 Molecular Geometry

5.9 Electronegativity

5.10 Bond Polarity

5.11 Molecular Polarity
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Lewis Model of bonding (Review)

"octet rule“

atoms tend to gain, lose or share electrons so as to
have eight electrons in their outer electron shell

“Lewis structure of atoms”

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

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

ke 1 — (AR

. . . '
H-F: H-O: H-N-H H-C-H
. | '
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Types of electrons

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

Unshared (nonbonding ) pairs

A pair of electrons that are not shared between two
atoms. Lone pairs or nonbonding electrons.

00 Unshared
HSCIg—  par
00
Bonding pair
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Drawing Lewis structure molecules and ions (Review)

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

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

5) Count the total number of e- used through step 4 and
compare to the number calculated in step 2.
a) If it results in zero, the structure is correct.
b) For every two electrons too many, another bond is added
(minimize formal charges).
Multiple bonds form only with C, N, O and S.
Total number of bonds to neutral atoms:
4 bonds to C
3 bonds to N, P
2 bondsto O, S

1 bondtoH, F, Cl,Br, |
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Drawing Lewis structure molecules and ions
(Review)
1) Predict arrangement of atoms.
a) His 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) Total number 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 structure

1. For a neutral molecule, the sum of the formal charges equals zero. For
a polyatomic ion, the sum of the formal charges equals the charge on
the ion.

2. Formal charge of each atom is calculated by:
(group #) - (# unshared e-) - %2 (# shared e-)

3. Formal charges are shown as + or - on the atom with that charge.

4. An atom with the same number of bonds as its group number has no
formal charge.

5. In a molecule if two different elements can be assigned a negative
charge, then the more electronegative element gets the charge; the
same sign should not be given to bonded atoms.
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Lewis Structures (Review)

e .
H—O0—H H—Cl:
H,0 (8) HCI (8)
Water Hydrogen chloride
H
I L3d
H—('ll—H H—l‘ll—H
H H
CH,4 (8) NH; (8)
Methane Ammonia

. . . .
How many bonding electron pairs are in the molecule?
L] . . .
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 molecules

CHClI,
C,H,

C,H,0
CH,CH,CH,OH
CH,CH,OCH,
CH,CO,H
CH,CHO
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Draw Lewis structure and assign formal charges

CH,NH,*
C = (group Hof C - (#unsharede-n C) - % (#sharde-in C)=4-0-1/2(8)=0
+
HoH C=4-0-12(8)=0
H—C—N—H N=5-0-178) =H
[ H=1-0-172(2)=0
H H P
CH,0"
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Valence-Shell Electron-Pair Repulsion (VSEPR) model

(Review)

For predicting shapes of molecules and polyatomic lons
based on the repulsion of valence pairs of electrons
making them as far apart as possible around an
atom of a Lewis structure.

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

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

the central atom.
One single, double or triple bond counted as a bonding pair

3) Choose the appropriate case from the given chart.

Chemistry 121, Winter 2008, LA Tech 1-23

Orbital Overlap Model

Covalent bond
formed by overlap
of atomic orbitals

® 060

1s 1s
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Hybrid Atomic Orbitals

Hybridization is the mixing up of two or more
atomic orbitals
There are three types of hybrid atomic orbitals for
carbon

sp? (one s orbital + three p orbitals give four sp?
orbitals)

sp? (one s orbital + two p orbitals give three sp?
orbitals)

sp (one s orbital + one p orbital give two sp orbitals)
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s and p hybrids
Four sp® hybrids P
A

(@ AnspPorbital (b) Four tetrahedral sf? orbitals

109.5°

Three sp? hybrids

Two sp hybrids
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Electronegativity (Review)

Is the attraction of an atom for its valence electrons

increases
-

2.1

Li Be B C N O F
1.0 15 20 25 3.0 35 4.0
Na Mg Al Si P S CI
09 12 15 18 21 25 3.0

©»w o v o= o0 S =
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Nonpolar/polar-covalent and ionic bonds. (Review)

We classify chemical bonds as polar covalent, nonpolar
covalent and ionic based on the difference in
electronegativity between the atoms

Difference in
Electronegativity
Between Bonded Atoms TypeofBond

less than 0.5
0.5to0 1.9 polar covalent

nonpolar covalent

greater than 1.9 ionic
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Covalent or lonic
Identify covalent and ionic compounds:

NaCl, C,H;OH, CH,COOH, Na,CO,, CH,OK, KOH

Covalent :

lonic:

Classify following bonds nonpolar-covalent,

polar-covalent or ionic bonds
N-H nonpolar-covalent, polar-covalent or ionic bonds
O-H nonpolar-covalent, polar-covalent or ionic bonds
C-H nonpolar-covalent, polar-covalent or ionic bonds
C-F nonpolar-covalent, polar-covalent or ionic bonds
Na-Cl nonpolar-covalent, polar-covalent or ionic bonds
AI-Cl nonpolar-covalent, polar-covalent or ionic bonds
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Polar and nonpolar molecules Predict the bond angles of molecules from their Lewis
structures. (Review)
Molecule Bonding pairs | unshared | Shape
pairs
H,0 two two bent
NH; three one Trigonal pyramid
‘ CH,0 three none Trigonal planar
€
CHCly four none tetrahedral
& CH, four none tetrahedral
o
ﬁ I(I2 Ccl, four none tetrahedral
Na N IEN -C=
H |15+H H K H-C=C-H
Ammonia Formald ehyde Acetylene
(polar) (polar) (nonpolar)
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Molecular Shape and Polarity (Review)

Molecule Bonding pairs and Electron pair Polarity
unshared pairs distribution

H,0 four asymmetric polar

NH, four asymmetric polar

CH,0 three asymmetric polar

CHCl,4 four asymmetric polar

CH, four symmetric Non-polar
Ccl, four symmetric Non-polar
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o and & bonds in single and multiple bonds

single bond - one shared pair of electrons between
two atoms; a ¢ bond

double bond - two shared pairs of electrons
between two atoms; one s bond and one © bond

triple bond - three shared pairs of electrons
between two atoms; one s bond and two p bonds
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Predicting hybridization of atoms in a Lewis
structure
Count sigma bonds and unshared electrons around
the atom
If the total number of pairs:
2 sp hybridization
3 sp? hybridization
4 sp?® hybridization
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Chapter 10. Acids, Bases, and Salts

10.1 Arrhenius Acid-Base Theory

10.2 Bronsted-Lowry Acid-Base Theory

10.3 Mono-, Di-, and Triprotic Acids

10.4 Strengths of Acids and Base

10.5 Ionization Constants for Acids K, and Bases K,
10.6 Salts

10.8 Self-Ionization of Water

10.9 The pH Concept

10.10 The pK, Method for Expressing Acid Strength
10.12 Buffers

10.13 The Henderson-Hasselbalch Equation
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Acids and Bases

There are many compounds when dissolved in water

changes the Hydrogen ion (H*) (related to pH)
concentration of to water to acid or basic sides

a) Binary acids: E.g. HF, HCI, HBr, HI, H,S
b) Oxyacid: E.g. HNO;, H,SO,, HCIO,
c¢) Organic acids: E.g.

H,C,
-0 -0
de formic acid
acetic acid
{vinegar) (ants)

d) Hydroxy bases: NaOH, Ca(OH),
e) Amine bases: CH;NH, (methylamine)
(CH,),NH (dimethylamine)
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Arrhenius acids and bases

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

Arrhenius Acid:

A substance that produces H*, or (protons) H*,0,
(hydronium ion) in an aqueous solution.

Arrhenius Base:

A substance that produces OH-, or hydroxide ion in
an aqueous solution.

E.g. HCI (acid), NaOH (base).
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Bronsted Lowery acid and bases

This is the second acid/base concept to be developed to
include proton, H* transfer reactions to base other than
those containing OH-. This definition also uses

conjugate acid/base concept .
Bronsted Acid:
A substance that donates protons (H*): E.g. HCI (acid),
Bronsted Base:

A substance that accepts protons. E.g. NH; (base) non-
hydroxy bases such as amines.
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Lewis acid and bases

Lewis was successful in including acid and bases that
catalyze organic reactions without proton or hydroxyl
ions.

Lewis Acid: A substance that accepts an electron pair.

Lewis base: A substance that donates an electron pair.

E.g.BFy(g) + NHy(@)—> FyB:NHy(s)

Lewis Acid Lewis base Lewis acid/base adduct

the Lewis base donates a pair of electrons to the acid
forming a coordinate covalent bond common to
coordination compounds. Lewis acids/bases will be

discussed later in describing reaction mechanism
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Bronsted Lowery Equilibria Acids/bases
and Conjugate Acid/bases

H,O(l) +HCl(aq) —= H;*O(aq) +Cl (aq)

base acid conjugate acid  conjugate base

H—Q:G‘HCQ: — > H-O-H + €I
H H
NHy(aq) + H,O) —= NH,< + OH(aq)

base acid

conjugate acid  conjugate base

H H
] . e
H-N:’ +‘|-t£>—H — H—r:q+—|-| +0-H
H H
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Strength of conjugate acid/bases

conjugate acid-base pair

|—conjugate acid-base pair—|

CH;COOH + NH, > CH,COO" + NH,*

Acetic acid Ammonia Acetate Ammonium
ion ion
(acid) (base) (conjugate base (conjugate acid

acetic acid) of ammonia)

Weak acid + Weak base=—=Strong conjugate base $trong conjugate acid
Other combinations

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

strong acid + Weak base == weak conjugate acid +  Strong conjugate acid
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pH of Aqueous Solutions 0 IOH] @ i Example

110 0 Battery acid
0 10 1 *Stomach fluids
(gastric juice)
102 102 4| 2 Lemonjuice
“Vinegar
10 10" - 3
Wine
10 10704 -4 «Tomatoes
105 10 4 5 *Blackcoffee
-6 -8 -
10 10 6 ik
107 107 4 |7 +Pure water at 25°C
I +Blood; Seawater
107% 10 4 8 wSodium bicarbonate
g solution
107 107 9 =9 Borax solution
100 10 - |10 *Milk of magnesia
«Detergents
1071 102 11 *Aqueous ammonia
1072 1072 4512

*Bleach

1073 107 13
0 g 14 *1 M NaOH
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K, and pK,from acid/base equilibria
E.g. acetic acid is incompletely ionized in aqueous

solution
?
- +
CH3;COH + H,0 ——= CH3zCO + H; 0
Acid Base Conjugate base  Conjugate acid

(weaker acid) (weaker base) of CH;CO,H of H,0
(stronger base) (stronger acid)

The equation for the ionization of a weak acid, HA,
Is HA + H,0 >~ A" + H,0"

[H;0"1[A7]

K, = H,0] =
a ’(eq[Z] [HA]

pK, = -log K,
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Relative acidity/basity

Higher the K, : higher the acidity.
Higher the K : higher the basity.

Higher the pK, : lower the acidity.

Higher the pK, : lower the basity.
Which one is weaker acid?

HNO, ; K,=4.0x10% pK,2=3.39
HOCI, ; K,=1.2x102 pK,=1.92
HOCI ; K,=3.5x10% pK,=7.46
HCN ; K,=4.9x10". pK,=9.31
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pK, in Acid-Base Equilibrium

Equilibrium favors reaction of the stronger acid and
stronger base to give the weaker acid and the
weaker base

+

CH,COH + NH, ==~ CH,CO" + NH,

Acetate ion Ammonium ion
(weakerbase) pk,9.24
(weaker acid)

Acetic acid Ammonia
pK, 4.76 (stronger base)
(strongeracid)
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Molecular Structure and acidity

Binary acids
E.g. HF, HCI, HBr, HI, H,S
The acidity of the haloacid: (HX; X =F, CI, Br, I)
Series increase in the following order:
HF <HCI < HBr <HI
(Going down a group it increase for binary acids)
Oxo acids
Acidity depends oxo groups HCIO,,
Acidity: HCIO,>HCIO,>HCIO,>HCIO
HNO,> HNO,
H,S0,> H,S0,
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Molecular Structure and acidity

Organic acids
Higher the pK, higher the acidity
The most important factor in determining the relative acidity
of an organic acid is the relative stability of the anion, A-,
formed when the acid, HA, transfers a proton to a base
There are three factors:
« the electronegativity of the atom bonded to H in HA
» resonance stabilization of A-

¢ the inductive effect
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Electronegativity of the atom bonded to H in HA

Acid CHyCHp-H  CHy;NH-H  CH;0-H
pK, 51 38 16

increasing acidity

Electronegativity 2.5 3.0 35
of Ain A-H
Anion CH3;CH;" CH;NH" CH;0"

increasing anion stability

Chemistry 121, Winter 2008, LA Tech

1-49





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


