Bonding

2s orbital Nucleus

A matter of geometry

2p orbitals atoms only contact outer regions

1s orbital

3s orbital

Octet Rule

Eight valence electrons, ns2npb, is especially stable
Noble gases do not tend to form compounds

To reach stability of the octet:
Atoms lose or gain (transfer) electrons (for ionic compounds)
Atoms share electrons (for molecular or covalent bonded compounds)

Na, *Fs Na*  $Fs
[Ne]3s!  [He] 252255 [Ne] [Ne]

Product: both atoms with “inert configuration”

Chemical Bonds

Attractive force that holds 2 or more atoms together in a unit
Energy of bonded pair less than energy of separated atoms

Basic Types

lonic:

Transfer of electrons from one atom =» ions SOCSIS IS,
+/- ions attracted to one another OSSRl
Strong electrostatic forces hold ions within crystal matrix SR o ]

o
Covalent: < <

Sharing a pair of electrons between two nuclei
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SHARING OF
ELECTRONS

molecule

covalent bond

Covalent and lonic

TRANSFER OF
ELECTRON
@

positive negative
ion ion

ionic bond

Bond Properties

lonic Covalent
Basic Component lons (Charged Atoms/Molecules
Matrix)

Constituents

Metal + Non-Metal

2 Non-Metals

Aqueous: Good

State (RT) Solid Solid, Liquid, Gas
Melting Point Very High (> 200°C) Lower (<200°C)
Odor None May Be Present
Flammability No Can Be
Conductivity Solids: Poor Solids: Poor
Melted: Good Melted: Poor

Aqueous: Poor

In general covalent molecules are not electrical conductors, but some exceptions (acids) do occur
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lonic Bonding

lonic = separation of charge
Not a single entity between individual atoms ...
Strong electrostatic forces hold ions within crystal matrix

G6:

Lithium Chlorine
lonic Intddctions: Ctivrignly, Metal Cation & Non-Metal Anion

Transfer of electrons from one atom to another to form ions

Both atoms have inert (filled outer shells) configuration
Cation smaller than neutral atom
Anion larger than neutral atom

lonization Energy = Amount of energy required to REMOVE electron
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Most likely to form cation
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Atom Size

Lowest ionization energye =» largest distance from nucleus
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Covalent Bonding

Q0 F0 Fo|m

Covalent = Sharing

Electron density shared between atoms

Nonpolar Covalent: equal sharing of e~

Internuclear distance Covalent Internuclear distance Covalent
(bond length) radius (bond length) radius
143pm 72 pm 228 pm _ 114 pm

100 pm

Atomic Radius Influences Bond Length (Strength)
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Covalent Bonding in Methane (CH4)

nonpolar
covalent bonds

P

Carbon & Hydrogen ~ Same Electronegativity
Equal Electron Sharing =» Non-Polar Covalent Bond

Polar Covalent: unequal sharing of e~

8_

o+

H.O

Oxygen More Electronegative than Hydrogen
Unequal Electron Sharing =» Polar Covalent Bond

Dipole

Result of non-uniform distribution of electrons (charges):

Arrow =» drawn with arrowhead at most negative
Direction reflects relative direction of charge separation
| (Result of orbital geometry)
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Electronegativity

Measure of
ability to acquire electrons
strength by which atoms attract bonded electron pair

High Electronegativity =» easiest to add electrons to outer shell

Measure of ability to acquire electrons - D> @ m e 0 ® e ah 9 e
y g " ##!/f//:ﬂ
: - : “\\\\\H“& N i
Most electronegative =» negative end of dipole == T i =
'i‘?;;k?my“f \ | 5
|
|
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Electronegativity
—)
H
1A 2A 2.1 3A 4A S5A 6A T7A
Li | Be B C N 0 F
1.0 | 1.5 2.0 | 25| 3.0 | 3.5 | 4.0
Na | Mg 88 A|si|P|s [a

09|12 (38 4B 5B 6B 7B ——~—— 1B 2B | 1.5 |18 |21 |25 |3.0

IOl Ca | Sc | T V| C | Mn| Fe | Co [N [Cuf2n|Ga|Ge | As | Se | Br
BN 100" 103 15 | 1.6 | 1.6 | 1.5 |18 | 1.8 1.8 | 1.9 | 1.6 | 1.6 | 1.8 208248 2.8

Rb | Sr N Zr | Nb | Mo [ Tc [ Ru [ Rh [ Pd | Ag | Cd | In | Sn | Sb | Te I
R 1002 R 4] 1.6 | 1.8 | 1.9 |[F2ian|E2i2niE2ie] 1.9 | 1.7 | 1.7 | 1.8 | 1.9 [F2S¥] 2.5

Cs | Ba| La | Hf [ Ta [ W | Re | Os | Ir [ Pt | Au | Hg | TL [ Pb | Bi | Po | At
RETROI 110 R3] 1.5 | 1.7 | 1.9 [F2i2n|F2t2nle2:aniieian] 1.9 | 1.8 | 1.8 | 1.9 [S2i08|F2:2

B <1.0 [J1s5-1.9 [J2.5-2.9
[J1.0-1.4 [J2.0-2.4 []3.0-4.0

®© 2003 Thomson - Brooks/Cole
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Electronegativity Differences
A <0.4 = non-polar covalent
A 0.4 - 19 => polar covalent
A >1.9 = ionic
A = difference in electronegativity of the bonded atoms

Use Table of Electronegativities to determine bonds type

H-F Cl-F

F=4.0 F =40

H=21 Cl= 3.0

1.9 Polar-Covalent 1.0 Polar-Covalent

Na—F Ca—F

F =40 F=4.0

Na=0.9 Ca=0.7

3.1 lonic 3.3 lonic

Indicate which is the more polar bond
Indicate the polarity of the dipole

C-O or S-O H-O or H-S H-S or H-I H-P or H-S

> Electronegativity difference, > polarity
Most electronegative atom =» negative end of dipole

C-O or Si-O H-O or H-S H-S or H-I H-P or H-S

C=25 H=21 H=21 H=21
0=35 0=35 S =25 P=21
Si=18 S =25 1 =25 S =25

ACO =10 AHO=14 AHS=04 AHP=0.0
ASIO=17 AHS=04 AHI= 04 AHS=04

SiO more polar OH more polar Same polarity HS more polar
O is negative O & S negative S & | negative S is negative

LPT
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Inter-molecular Forces

Interactions Between Molecules

§ 9 H
0@ L€ P

<

S (CH,OH) CHLOH
Chioroform
29
lon-dipale H bond Dipole -dipole
Hexana Acstone CH C.H
(CgHy 4 (Cahe0) e Qctane 6
(CgHyg)
lon-induced dipole Dipole-induced dipole Dispersion
Basis of Energy
Force Model Attraction (kJ/mol)  Example
Bonding
lonic Cation—anion 400-4000 NaCl
Covalent Nuclei—shared 150-1100 H—H
e pair
Metallic Cations—delocalized 75-1000 Fe

electrons
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Nonbonding (Intermolecular)

H
: /
Ion-dipole £ ....... ITon charge— 40-600 Nat:++=0O
. . dipole charge “H
H bond & & 5~ Polar bond to H— 10-40 :0—H:+--20—H
—A—Heeseee B— dipole charge |L Ii-l
(high EN of N, O, F)
Dipole-dipole . ------ . Dipole charges 5-25 I—Cl:--+{—ClI
Ton—induced . ....... 6 Ton charge— 3-15 Fe2*++++0,
dipole > polarizable e~
o cloud
Dipole—induced . """ . Dipole charge— H—Cl-«--Cl—Cl
. - : - 2-10
dipole polarizable e
cloud
Dispersion é ,,,,,, é Polarizable ¢~ 005-40 F—F----F—F
(London) S - clouds

Dipole-Dipole Interactions

©
/ :\( Molecules with permanent Dipole
X0 Dipoles align ... cohesive attraction
° \ / \
b
o v

@

BB

Solid

Liquid

Alters physical properties - Typically increases melting/boiling point
energy needed to overcome multiple interactions

example: bp of CH3F >> CH4
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Hydrogen Bonds

Low Energy (weak)
Individually weak,
But, significant in quantity

Pairs
H & Electronegative Atom
(especially N & O; F)

Very important
In biological systems

Hydrogen Bonds-Water VI
Boiling Point (OC) :E)'.
®
H20 = 100 020
Soe
H2S = -60.7 %
— LA J
H2Se = - 42 :Se-
HoTe= -2 .'.
HoPo = 37 :ng .
.. 3
o PO®

Energy needed to overcome H-bonded network is coi isucrable

Water & Dry Ice

Water Ice “Dry Ice” (COyp)
H-Bonded Network No-Bonding Network
Melts 0 °C Sublimes (-78 °C)

Copyright Larry P. Taylor Ph.D. All Rights Reserved

10



London Dispersion Forces (Van der Waals’s)

Weakest interaction

(inversely proportional to r6 between atoms)

Temporary; when adjacent atom electrons create dipole
All atoms; more prevalent in heavier/larger

Stronger when atoms easily polarized

At 3 Angstrom, ~ 1 kcal/mole

Van der Waal Radii
Volume of space where significant

Biologically (especially in lipids) significant

London Dispersion Forces in Fats
"Saturated" Fats are mostly linear molecules

Site of Unsaturation

e S P (a double bond)
b;t ! Eﬁw Puts a "kink" in the
' % otherwise, linear chain

4

"Unsaturated" Fats are bent molecules

Saturated fats - linear molecules bundle together
This takes a lot of energy to undo (melt) =» solids

Unsaturated fats — "kinks" prevent bundling = liquids

Van der Waal Radii Approximates Molecular Influence
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Physical Properties & Intermolecular Forces

Control Physical properties (State of Matter)
Melting & Boiling points
Result of progressive elimination of intermolecular forces
> intermolecular forces, > energy required to melt/boil

ol Boiling Point — Group 4 Hydrides

o
[~
g ° P
g s If only dispersion forces present (no H-bonding),
@ —_____,_--‘V . —_— .
e S, GeHs the more mass present (higher Z), > boiling point
N
200 CH,
Boiling Point — Some H containing Compounds
100 foeeeeed Hz 04
¢ . :
. HF 4 5 g : If H-bonding present, H bonded higher
=S R S W o y &
> NH3 4 : ' ;
2 i 27 e : Well off the curve
= H e " H
el H
B /v ------------- e
Z 3 4 5
estirmaked b of H20 inabsence perod
of hydregen bonding

Intermolecular Forces Control Physical properties (State of Matter)
Melting & Boiling points
Result of progressive elimination of intermolecular forces
> intermolecular forces, > energy required to melt/boil
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Solubility and Intermolecular Forces

“like Dissolves Like”
Polar solutes dissolve in water (polar solvents)
Non-polar solutes dissolve in non-polar solvents

Solvent Chemical Formula Ewoiling point | Dielectric constant | Density

MNon-Polar Solvents

Hexane CHg-CH, -CHS-CH, -CH, -CH 85 °C 20 0.6355 g/ml
Benzene CHy 30 °C 28 0.879 g/ml
Tolusne CeHe-CHy i 24 0.8367 g/ml
Diethyl ether CHCH,-0-CH,-CHy S 4.3 0.713 g/ml
Chlarafarm CHCS Bl °C 4.5 1.498 g/ml
Ethyl acetate CH5-C(=03-0-CH-CH, Fr 8.0 0.894 g/ml

Polar Aprotic Solvents

1.4-Dioxane @Zﬂzﬁzﬁzﬂ 101 °C 23 1.033 g/ml
Tetrahydrofuran {THF} @2ﬁ2%2ﬁ2i 66 °C 7.9 0.886 g/ml
Dichlaromathane (DCMY CHLCL 40 °C 9.1 1.326 g/ml

Acetana CHo-C(=03-CHy 96 *C 21 0.738 g/ml
Acetanitrile {(MeCMN) CH5-C=N 82 °C 37 0.7388 g/ml
Dimethylformamide (DMF) H-C(=00N({CH, ) 153 °C 33 0.944 g/ml
Dimethyl sulfoxide (DMS0) CH5-5(=0)-CH, 189 °C 47 1.092 g/ml

Polar Protic Solvents

Leceatic acid CH-C{=030H 118 *C 6.2 1.049 g/ml
n-Butanol CH--CH,-CH,-CH,-OH 118 “C 15 0.810 gfml
lsopropanol (IPA) CHZ-CH(-OH)-CHy B2 G 15 0.735 gfml
n-Propanol CH5-CH,-CH,-OH By PG 20 0.803 g/ml
Ethanol CH--CH,-OH 79 G 24 0.739 giml
Methanol CH--OH EF G s 0.791 gfml
Formic acid H-C{=030H LG #E 58 1.21 g/ml
W ater H-0-H 100 *C B0 1.000 g/ml
Assignment

Blackboard Unit 11 Practice Quiz

Optional Quiz on Electronegativity (Unit 11)

=

(Covers material that will be on the Unit 11 exam, but is not covered in Practice Quiz 11)
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