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element atom 

protons electrons neutrons

chemical compounds

ion Cations
anions

the charge of the ion 
can be predicted

Molecular compounds acids

https://www.khanacademy.org/science/chemistry/atomic-structure-and-properties/names-and-formulas-of-ionic-compounds/v/formula-for-ionic-compounds
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● Synthesis Reactions

○
● Decomposition

○
● Acid-Base Reaction

○
● Oxidation-Reduction Reaction

○
● Combustion

○
● Single Displacement

○
● Double Displacement

○
○ net ionic equation

spectator ions

solubility rules



 skeleton equation

Never change the subscripts only the coeal cients 

chemical reaction calculations

combustion analysis



Sample Problem:
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moles

Molarity

Percent composition

empirical formula
molecular formula

Sample Problem: Sample Problem:



 limiting reagent

theoretical yield Percent yield

Sample Problem: 
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quantized
Coulomb’s law

q1 q2 r

k ⋅ ⋅ F
F

Bohr model

E E = hν
h ⋅ ν

Rydberg equation
n1 < n2

λ
n2 n1

RH



Subshells

configuration rules 
● The Aufbau principle

● The Pauli Exclusion Principle

● Hund’s Rule

Name Symbol Allowed Values Property
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symbol atomic number
average atomic mass

periods groups

isotopes

electron configuration 



Shielding

● atomic radius

● Cations anions

● Ionization energy

● Electronegativity
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Bonding

valence electrons

Ionic bonds
electrostatic attraction Metallic

interstitial substitutional alloys
Covalent bonds

internuclear distance

Network (covalent) bonds

network solid

doping



Lewis dot structure

electronegativity

resonance forms incomplete octets expanded octets formal 
charge molecular geometry

valence shell-electron pair repulsion theory

Polarity

dipoles

δ

nonpolar covalent bond
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Maxwell-Boltzmann diagrams

kinetic molecular theory (KMT)



ideal gas equation

combined gas law

Dalton’s law

Non-ideal gas behavior
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dipole moment

Polarizability

Ion-Ion:
Ion-Dipole:

Dipole-Dipole:

London Dispersion:

Dipole-induced-dipole:

Hydrogen Bonding:



vapor pressure
volatile

Boiling

phase diagram
phase boundary

triple point
critical point

https://www.researchgate.net/figure/Phase-diagram-of-water-54_fig1_328068852


Henry’s law

Raoult’s law
P = xsolventPpure xsolvent

mole fraction

boiling-point elevation
freezing-point depression

van’t Hool factor
molality

Osmosis

osmotic pressure

Π

http://people.cst.cmich.edu/teckl1mm/pchemi/chm351ch7cf01.htm
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chemical equilibrium
reversible

a A + b B ⇌ c C + d D
equilibrium constant Keq

Kc:

Ksp:

aX activity

Phase Activity

Sample problem:
⇌

Solution: N2 O2 N2O
Initial
Change
Equilibrium

3-2x 3
6-x 6 ⇒

1.3 x 10-13 bar



Le Châtelier’s principle
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reaction quotient (Q)
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Δ Δ
Δ Δ Δ

Δ

Tip:

⇌
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Strong acids/bases
Weak acids/bases

Key Concept: acid base
base acid

Arrhenius Brønsted-Lowry Lewis
Acid

Base

Examples

Acid/Base Definitions:

HA  +  B  ⇌   BH+   +   A-

Important Reactions:

⇌

⇌

⇌

Identities and Relations:

acid base
Ka Kb

pKa pKb
⇒
⇒
⇒
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Key Concept:
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buoler

Sample Problem:

Henderson-Hasselbalch

Before Addition of Base:

After Addition of Base:



titration titrant analyte
equivalence point

H3O
+ OH-

OH- H3O
+ half-equivalence point

indicator
end 

point

Polyprotic acid titration

buoler region

https://slideplayer.com/slide/5267399/
https://www.chemguide.co.uk/physical/acidbaseeqia/phcurves.html


solubility product Ksp

common-ion eolect

●
●
●

Sample Problem:

Solution:
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○ Δ

○

○

○

●

○

○ Δ

○ Δ Δ Δ

○



Thermodynamics
system

surroundings open system
closed system

isolated system

internal energy
translational energy rotational energy vibrational energy absolute 

temperature
ΔU=q+w q w

first law of thermodynamics
Heat exothermic

endothermic heat capacity C
ΔT q = CΔT specific heat capacity molar heat capacity

Calorimetry

Work expansion work
nonexpansion work

Pex PexΔV w = -PexΔV
Pex= 0 free expansion reversible process



Enthalpy

Δheating curve

● Δ
● Δ
● Δ Δ
● Δ Δ Δ

standard reaction enthalpy Δ

standard enthalpy of combustion Δ
standard enthalpy of formation Δ

ΔHo = ΣniΔHf
o(products) - ΣniΔHf

o(reactants),

Hess’s Law

Bond enthalpy
ΔHB(X-Y) = Hm

o(X,g) + Hm
o(Y,g) - Hm

o(X-Y,g),

Born- 
Haber cycle

https://ch301.cm.utexas.edu/section2.php?target=thermo/enthalpy/heat-curves.html
https://upload.wikimedia.org/wikipedia/commons/f/fe/Born-haber_cycle_LiF.svg


entropy
thermal disorder

T
ΔS = qrev/T qrev

T1 T2 ΔS = C ln(T2/T1) C

ΔSvap = ΔHvap/Tb
ΔSfus = ΔHfus/Tf Tb Tf

S = k ln W k
W microstates

 third law of 
thermodynamics

standard molar entropy Sm
o T

T
standard reaction entropy ΔSo

ΔSo = ΣniΔSm
o(products) - ΣniΔSm

o(reactants)



spontaneous process  second 
law of thermodynamics

ΔStot = ΔS + ΔSsurr ΔS ΔSsurr
ΔSsurr = -ΔH/T Δ
Δ

Δ Δ
Gibbs free energy  G = H - TS

ΔG = ΔH - TΔS = -TΔStot
Δ

Δ

Gibbs free energy of reaction standard Gibbs free energy of reaction

ΔGo = ΣniΔGm
o(products) - ΣniΔGm

o(reactants)

Δ
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redox reaction
oxidation

reduction
oxidizing agent

reducing agent

half-reactions

Sample Problem:

Reduction Half-Reaction: Oxidation Half-Reaction:

Combining the half-reactions:



galvanic/voltaic cell
battery

electrodes electrolyte
anode

cathode
salt bridge

cell diagram

electrolytic cell

overpotential

n n = It/F
I t

https://openstax.org/books/chemistry-2e/pages/17-2-galvanic-cells
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Electrochemistry/Voltaic_Cells


ΔGo = -nFEcell
o n

F
Ecell

o standard cell potential. Δ Δ
Δ

Nernst equation
concentration cells

Ecell
o Ecell

standard potential

Ecell
o = Eo(right electrode) - Eo(left electrode),

standard hydrogen electrode
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Chemical kinetics average rate of formation
Δ Δ average rate of consumption

Δ Δ
unique average rate

instantaneous rate Δ

rate law Rate = k[A]a[B]b… Rate
k rate constant A B a b
A B overall order

K M
log K/log M

integrated rate law

Zeroth-Order First-Order Second-Order
Rate Law
Integrated Rate Law

Linearized Integrated
Rate Law
Half-Life 
(only used for first-order)



reaction mechanism

elementary reaction

molecularity

reaction intermediate

catalyst

rate-determining step

Sample Problem:

Approach 1 (Steady-State Approximation): 

Approach 2 (Pre-Equilibrium Condition): 



collision theory

● σ
● vrel
●
● NA

2

● P

Emin
exp(-Emin/RT) X Y

Rate = PσvrelNA
2exp(-Emin/RT)[X][Y]

k = PσvrelNA
2exp(-Emin/RT)

Arrhenius equation k = Aexp(-Ea/RT) A
PσvrelNA

2 Ea Emin
● Note: A vrel

catalyst

homogeneous catalyst
heterogeneous catalyst

Enzymes

https://www.khanacademy.org/science/physics/thermodynamics/temp-kinetic-theory-ideal-gas-law/a/what-is-the-maxwell-boltzmann-distribution
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Radioactive decay nuclear decay
nuclear reaction

k  N t
N = N0 exp(-kt) N0 t=0
t1/2 k t1/2= (ln 2) / k.

nuclear binding energy Ebind

X Z A Δm

Δm = Σmass(products) - Σmass(reactants) = mass(X) - Z*mass(1H) - (A-Z)*mass(1n).
Ebind= |Δm| c2 c 

Nuclear fusion:

Nuclear fission:

Magic Numbers:

https://openstax.org/books/chemistry-2e/pages/21-3-radioactive-decay

