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Bonding Involves Outer Orbitals

2s orbital MNucleus

2p orbitals

1s orbital

3s orbital

@001 Mo Sl Weorks

A matter of geometry — atoms only contact outer regions
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Chemical Bonds

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

Ionic:

Transfer of electrons from one atom =» ions

+/- ions attracted to one another

Strong electrostatic forces hold ions within crystal matrix

Covalent:
Sharing a pair of electrons between two nuclei
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General Bond Properties

Ionic Covalent
Ions (Charged Matrix) Atoms/Molecules
Metal + Non-Metal 2 Non-Metals

Solid Solid, Liquid, Gas
Very High (> 200°C) Lower (< 200°C)

None May Be Present
No May Be

Solids: Poor Solids: Poor
Melted: Good Melted: Poor
In general: Aqueous: Good Aqueous: Poor
Molecular compounds
Are Not Electrolytic, but some
Exceptions (acids) are known L .- -i
.
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Ionic Interactions

Not a single entity between individual atoms ...

Chlorine
Non-Metal

)\
:'/\z Commonly, Metal Cation & Non-Metal Anion
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Tonic Interactions

Transfer of electrons from one atom to another to form ions

Cation smaller than neutral atom
Anion larger than neutral atom
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Ionization Energy
Amount of energy required to REMOVE electron
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Atom Size

Lowest ionization energy=»

Same Group: (Moving Down)
2 3 4 5 ] 7

@PP@99o
@ PP
DIIP@a9
DPPPP909

DDIIIP99

Same Period (Moving Across)

atomic size increases
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Covalent Bonding

Covalent = Sharing
Electron density shared between atoms
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Covalent Bonding

Atoms share electrons to complete “Octet”

Two valence electrons are
shared. This gives each Fluorine
atom an octet in the valence shell

Happy fluorine atom

)
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Nonpolar Covalent: equal sharing of e~

Internuclear distance Covalent Internuclear distance Covalent
{bond length) radius {bond length) radius

28 pm : 114 pm

143 pm 72 pm —
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Non-Polar Covalent Bonding: Methane (CH,)

Carbon & Hydrogen ~ Same Electronegativity
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Polar Covalent Bond: Water (H,0)

WATER IS A
MOLECULE

T

Oxygen More Electronegative than Hydrogen
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Result of non-uniform distribution of electrons (charges)

Direction reflects relative direction of charge separation
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Electronegativity
Qualitative Measure of
ability to acquire electrons from another

2a 8B 4B 5B 6B 78 —— 88 18 2B 8A  4A SA BA TA
@ @ M 5 E @ e @ e a1 02) 03 (4) (5 (18 07
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Electronegativity Values

Electronegativity

1A 2A
Li Be
G0N 1.5

Na | Mg
oM 1.2 7B
K Ca i Mn
0.8 | 1.0 s nlE .6 L 1.5

Rb | Sr Tc
DIss 1.0 E 1.4 B v 1.9

Cs | Ba Hf Re
0.7 | 0.9 & 1.3 2 : 1.9

B <1.0 [J15-19 [Ja25-2.9
[J1.0-1.4 [Je2.0-2.4 [3.0-4.0

® 2003 Thomson - Brooks/Cole
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Electronegativity Differences
A <04 = non-polar covalent
A >04 - 1.9 = polar covalent
A >19 =» ionic
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Use Table of Electronegativities to determine bonds type

Polar-Covalent Polar-Covalent

Ionic Tonic

A <0.4 = non-polar covalent
A 0.4 - 1.9 =>» polar covalent
A >1.9 =» ionic
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Indicate which is the more polar bond
Indicate the polarity of the dipole

C-0 or Si-O H-O or H-S H-S or H-I1 H-P or H-S

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

ACO =1.0 AHO =14 AHS=04 AHP=0.0
ASiO =1.7 AHS =04 AHI= 04 AHS =04

SiO more polar OH more polar Same polarity HS more polar
O is negative O & S negative S & I negative S is negative
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Electron Affinity
Quantitative Measure of
Energy released when an electron is acquired

-

Increases

R -
oo o] -

Nd|Pm |Sm | Eu Tb | Dy

U [Np||Pu |Am| Bk | Cf
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Inter-molecular Forces

i d

k ) HO § !

- .. y Methanal i e

R [CH,OH) CH,OH

<A <

lon-dipola Dipole -dipole

%,.,.

Acelone
(C4H0)

Chioroform
(CHCL)

Hexans
(CgHya)
(CgH,g)
lon-induced dipole Dipole-induced dipole Dispersion

Interactions Between Molecules
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Strength of Inter-molecular Forces

Individually weak
Abundant presence; changes physical properties
Defines shapes / interactions of molecules

Type of Interaction Energy Range (kl/mol)
Intermolecular

Van der Waals 0.01-10

Hydrogen bond 10 - 40

Chemical Bond

lonic 100 - 1000
Covalent 100 - 1000
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Dipole-Dipole Interactions

Molecules with permanent Dipole

Alters physical properties

energy needed to overcome multiple interactions
Water NH;
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Hydrogen Bonds
A Biologically important dipole-dipole interaction

Low Energy (weak)

o=

;}—Hydrogen

54 bond
H
3+ o+ .
o+ .ﬁ_o
A strong dipole-dipole interaction
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Hydrogen Bonds

Hydrogen Bonds define molecular shapes

Low energy of each bond allows DNA replication
Also makes the molecule susceptible to change

HOMERSAPIEN
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Hydrogen Bonds - Water

Boiling Point (°C)

If Mass Controlled,
H,O should boil
At ~-100 °C

Energy needed to overcome H-bonded network is considerable
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Earth would have no liquid water
And
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Water & Dry Ice

Water: Ice “Dry Ice” (CO,)
H-Bonded Network No Bonding Network
Melting Point 0 °C Sublimes (-78.5 °C)
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London Dispersion Forces (Van der Waals’s)

Weakest interaction

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

*Zp

- 5
i

Biologically (especially in lipids) significant
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London Dispersion Forces in Fats

""Saturated'' Fats are mostly linear molecules

"Unsaturated'' Fats are bent molecules
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Van der Waal Radii Approximates Molecular Influence

Used to understand
molecular architecture
& how molecules interact

Physical Properties & Intermolecular Forces

Control Physical properties (State of Matter)

Result of progressive elimination of intermolecular forces
> intermolecular forces, > energy required to melt/boil

Boiling Point

g

_./’."SnHﬂ

e
—  GeH,

Temperature o
g

8

If only dispersion forces present (no H-bonding),
the more mass present (higher Z), > boiling point
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Physical Properties & Intermolecular Forces

Control Physical properties (State of Matter)

Result of progressive elimination of intermolecular forces
> intermolecular forces > energy required to melt/boil

bailing point, °C

estimaked bp of HaO in absence
of hdrogen bonding

If H-bonding present, H bonded b.p. higher & off-line
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Solubility and Intermolecular Forces

Polar solutes dissolve in water (polar solvents)
Non-polar solutes dissolve in non-polar solvents

Solvent ‘ Chemical Formula ‘ Boiling point ‘ Dielectric constant ‘ Density

Non-Polar Solvents

Hexane CHyCH,CH,-CH,-CH,-CH, | 63 °C 0,655 g/ml

Benzane s 80 °C 0.879 g/ml

Toluene CgheCHy 111 °C 0.867 g/ml

Diethyl ther CH,CH, O.CH, CH, o 0.713 g/l

Chiaraform CHel, 61°C 1.498 g/ml

Ethyl acetate CH, C(=03-0-CH,-CH, 7 0894 giml

Polar Aprotic Solvents

1,4-Dioxane L.CH,-CH,,O.CH,.CH, 0\ | 101°C 1,033 g/ml

Tetrahydrofuran (THF) 6 °C 03886 gfml

Dichloromethane (DCM) 40 °C 1.226 g/ml

Acetone CH, C(=0)CH, 56 °C 0.786 gfml

Acetanitrile (MeCN) CHyC=N 82°C 0.786 g/ml

Dimethyfiormarmide (DMF) H-C(=0N(CHS), 153 °C 0944 gfml

Dimethy! sulfoxide (DMSO) CH,8(=03CH, 183 °C 1.092 g/ml

Polar Protic Solvents

Acetic acid CH, C(=0)0H 18°C 1.049 g/ml

-Butanol CHyCH, CH,-CH, OH 18°c 0.810 g/mi

Isopropanal (IPA) CH_-CH(-OH)-CH, 82°C 0.785 gfml

n-Propanol G- CHy-CH,-OH & E 0.803 g/ml

Ethanol CH-CH,-OH 79 °C 0.789 g/ml

Methanol GHZ-OH 65°C 0.791 g/ml

Formic acid H-C(=0)0H 100 °C 121 g/ml

Water H-OH 100 °C 1.000 g/ml
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Hydrophobic Materials ‘“‘Repel” Water
b A4
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Pursuit of Excellence Brings Rewards
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