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Chapter 6: Thermochemistry

Energy: Capacity to do work

Work: the result of a force acting through a distance

Heat: the flow of energy caused by a temperature difference
Kinetic Energy: the energy associated with the motion of an object

Thermal energy: the energy associated with the temperature of an object (actually a type of
kinetic energy)

Potential energy: the energy associated with the position or composition of an object

Chemical energy: the energy associated with the relative positions of electrons and nuclei in
atoms and molecules (actually a type of potential energy)

Law of conservation of energy: Energy can be neither created nor destroyed
1calorie (cal) = 4.184J (exact)

The first law of thermodynamics: The total energy of the universe is constant
Internal energy:

- The sum of the kinetic and potential energies of all of the particles that compose the
system.
- State function

Internal energy difference: AE = Efinai— Einitial (AU 2} 7|57 | = )

- In a chemical system: AE = Eproducts — Ereactants

System = surrounding: AEsys < 0, AEsurr > O (When reactants have a higher internal energy than
the products)

AEsys = - AEsurr
AE=q+w
g: heat (positive when the system gains thermal energy)

w: work (positive when work is done on the system)



AE: change in internal energy (positive when energy flows into the system)
Heat capacity [J/°C]: the quantity of heat required to change the temperature of the system by
1°C

Specific heat capacity [J/(g * °C)]: the amount of heat required to raise the temperature of 1
gram of the substance by 1°C

Qsys= - Qsurr
constant volume: w=0 = AE = g, (2 constant volume: & = Li £ Of| 5 X| B3}

bomb calorimeter: constant volume, a piece of equipment designed to measure AE for
combustion reactions

Enthalpy definition: H=E + PV
Constant pressure: AH = AE + PAV = g, (= constant pressure: g = eI Ha}

AH > 0: endothermic reaction (absorbs heat from the surroundings)
AH < 0: exothermic reaction (gives off heat to the surroundings)
AHixn per mole = g/# of moles
Coffee-cup calorimeter: constant pressure
Standard condition (according to PPT slides)

1) pressure = 1latm

2) Amount/Concentration = 1 mol/L (M)

3) Temperature = 25.0°C (room temperature)

Standard enthalpy change (AH®)
standard states Of| A{ 2| hange in enthalpy

Standard enthalpy of formation(AHs°)
1) For a pure element (ex: Br, C (s, graphite) ...): AH°=0
2) For a pure compound: the change of enthalpy when 1 mole of the compound forms

from its constituent elements in their standard states. > 2|2 22 Q& 1Y H E0 5= 4.

AH rxn =), npAH; (products) — Y. nrAH; (reactants)
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Driving Forces of Chemical Reactions: Chemical Reactivity (PPT)

1. For a chemical reaction to occur, it MUST have the

THERMODYNAMICS (Of L X|)
KINETICS (activation energy and collisions)
2. “Driving forces” for reactions that are PRODUCT- FAVORED:
Formation of a precipitate (solid)
Gas formation
Formation of liquid (e.g. H,0 formation in acid/base reaction)

Electron transfer (redox reactions)



Chapter 7: The Quantum-Mechanical Model of the Atom

Quantum leaps

Excitation and Radiation

A h=3
A Light is emitted as
NN electron falls back to
25 lower energy level.
o 9=9 Y
=
&3
Electron absorbs energy and is
excited to unstable energy level.
n=1

Rutherford's model
of the atom

Evolution of the atom model

1. Rutherford model of the atom
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Problems with Rutherford model
@ Classical physics doesn’t work: +- BtLITH M2 B0 24 AH d2{H ™MXt7F fIXte S
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@ No experimental evidence of this happening
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2. The Bohr Atom

Bohr's model
of the atom

- MXPHA QCH (MAHSE 27 0] discrete orbit Of| 2 =
(stationary states/energy levels)

- Electrons are restricted to QUANTIZED energy states or levels around /n/ _\\\
the nucleus.
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- Explained line spectra of elements and compounds
- Acknowledged energy absorption/emission is discrete packets of energy

Not so good
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3. Schrodinger’s Model:” The Quantum Atom

- Wave Equation: 21 Sl = M XI2| 2|X|, quantum number &. 20| 2ot 2| X[&= =2}

O ™= =
SLE=
2HE0F 2ot
- Quantum mechanics & electrons: Wave nature, not the particulate matter.
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Ny = I

Heisenberg’s uncertainty principle
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- wave-particle duality nature of the electron = position 1 velocity E SA|0| & =+ 91 S.
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Chapter 11: Liquids, Solids, and Intermolecular Forces

Intermolecular force (I will call it IMF from NOW OnN {net the tnternational Monetary-Fund))

TABLE 11.4 Types of Intermolecular Forces

Type

Dispersion

Dipole—dipole

Hydrogen bonding

lon—dipole

Presentin Molecular perspective Strength

All molecules and atoms

Polar molecules

Molecules containing
H bondedto F, 0, 0or N

3%
4

O
%

&5
Mixtures of ionic compounds

and polar compounds 6

i

0 mt

&

Surface tension of a liquid: the energy required to increase the surface area by a unit amount

- Liquids tend to minimize their surface. = Liquids form drops that are spherical

- The greater the IMF, the greater the energy required to increase the surface area

-> greater surface tension

- Increase in temperature = reduce surface tension (& Al IMF Z &)

Capillary Action: the ability of a liquid to flow against gravity up a narrow tube

- Cohesive forces: hold the liquid molecules together (24 X|-24 %)

- Adhesive forces: attract the outer liquid molecules to the tube’s surface (2§ A| —

- Adhesive forces > Cohesive forces O] 0 Of Capillary Action ‘&’



- Meniscus: the curved shape of a liquid surface within a tube

o Adhesive > cohesive: concave (2=)

o Adhesive < cohesive: convex (%%)

Water  Mercury Water: concave = adhesive > cohesive

i A | . .
% | | Mercury: convex = adhesive < cohesive

IMF 2.C} Metallic bond 7t 5 ZStEtH= SH (=272 E0{E )

- Movement of water up a piece of paper:
Depends on the H bonds between H,0 and the OH groups of the cellulose in paper

- Chromatography separates the components of a mixture by distinctive attraction to the
mobile phase and the stationary phase

Viscosity: the resistance of a liquid to flow. (=the energy required to move an object through a
fluid)

- Affected by temperature

o Temperature 57} 2 Liquid’s viscosity &2~
IMF Z8ll = Viscosity =
- More complex, larger molecule = viscosity &

Solubility: “like dissolves like”

Solvent - solvent 2| IMF bonding 2} Solute — Solute 2| IMF Bonding = 121

Solvent -Solute 2| IMF Bonding



solid Of CH5H0
Crystalline solid: 273, &/ & QI H| & 7} &

Simple Cubic Unit Cell

Coordination number = 6 Atoms per unit cell=
% x8 =1

L atom at each
B
‘ Of 8 corners

Body-Centered Cubic Unit Cell

Coordination number = 8 Atoms per unit cell=
(3x8)+ 1=2

% atom at each
of 8 corners

1 atom
at center

Face-Centered Cubic Unit Cell

Face-centered cubic: Face-centered cubic: unit cell

extended structure Atoms/unit = (l x8 ) + (l x6 ) =4
Coordination number = 12 8 2

1 i
3 atom 7 atom

at 8 corners at 6 faces
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Composite units Composite units
are molecules are formula units
(cations and anions)

Ice
Table salt

Solid xenon
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Gold

(silicon dioxide)

<O & A ACHF =2k

Molecular solids (Low m.p.): molecule 2 O|F0{ &

lonic solids (High m.p.): cations + anions 2 O| & 0{ &

Atomic solids: atom 2 & O|F0{ &

o Nonbonding: dispersion force = (low m.p.)
o Metallic : metallic bond = (variable m.p.)
o Network Covalent: covalent bond = (high m.p.)

Phase diagram & &= 42~

Ch= Al &2 EMR
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