Ch.1
Physical change – the reaction that can return to its original form
Chemical change – the reaction that cannot return to its original form
	Attention! Chopping wood -> it is still wood! So, it is physical change
Extensive property – depends on the amount of material present (ex: mass, volume)
Intensive property – does not depend on the amount of material present (ex: density, melting point)

Ch.2
The mass of the atom is due to the nucleus (proton+neutron)
The volume is due to the orbits of electrons
Atomic number = Z (number of proton)
Atomic mass = A (proton+neutron)
The number of proton=the number of electron

Isotope of an element will have the same value of Z but different value of A (due to number of neutrons)
Important: in nature, the elements exist as a mixture of isotopes
AAM: M1f1 + M2F2 + M3F3…
AAM=(Mass(u)*abundance)1+(Mass(u)*abundance)2
Franctional abundance1+Fractional abundance2=1
Bond between nonmetal+nonmetal = covalent bond
Bond between nonmetal+metal = ionic bond (metals=lose electrons=positively charged ion = cation; non-metal=gain electrons=negatively charged ion = anion)
NH4+=ammonium
CO32-=carbonate
OH-=hydroxide
MnO4-=permanganate
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CaCl26H2O=calcium chloride hexahydrate
Oxoanions (XOnm-)
-ite
-ate
Hypo-
Per-
=>indicate the oxidation state of the non-mental ion
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Ch.3
Molar mass = g/mol
Molecular mass = amu

40K isotopes natural abundance is 0.012% => 0.012mol 40K/100g K
Empirical formula = HO
Molecular formula = H2O2
Structural formula = HOOH

Water is a solvent

For the limiting reagent question, compare the number of mole of product produced (don’t compare the number of mole of reactants reacted)

Percent Yield
% Yield = Actual yield/theoretical yield*100%
The actual yield is always smaller than this value!

Solution: solute dissolved in solvent to form a homogeneous mixture 
Solute: present in smallest amount
Solvent: present in largest amount – when the solvent is water = Aqueous solutions

Mass percent= xg/100g
Volume percent = x mL/100mL
Mass/Volume percent = x g/100mL
Molality = x mol/1kg solvent
Mole Fraction = x mol of A/1mol solution

C1V1=C2V2

Molecular equation
Ionic equation
Net ionic equation

Reducing agent (reduction gains e-) gives up e-
Oxidizing agent (oxidization loses e-) accepts e-

1  +1
2  +2
H  +1/-1
F  -1
O  -2
X  -1

Balancing Acidic equation
1) Add H2O
2) Add H+
3) Balance charge with e-
4) Multiply by common factor
Balancing Basic equation
1) Add H2O
2) Add H+
3) Add OH- to combine with H+ and form H2O
4) Balance charge with e-
5) Multiply by common factor

Ionic compounds are likely soluble in water

Ch. 4
Gas – gaseous under regular temperature and pressure conditions
Vapour – liquids under regular temperature and pressure conditions

Pressure = Force/Area
PV=nRT

Boyle’s Law
At a constant temperature, the volume is inversely proportional to the external pressure
P1V1=P2V2

Charles’ Law
At constant pressure, the volume is directly proportional to the absolute temperature.
V1/T1=V2/T2

Other law
At constant volume, the pressure is directly proportional to its absolute temperature.

At constant P and T, V is proportional to n (amount of gas)

P is proportional to n

The ideal gas is a gas whose P, V, and T obey the ideal Gas Law.

Standard Temperature and Pressure (STP)
P=1 bar and T=0=273.15K
1mol gas =22.7L at STP
P1V1/T1=P2V2/T2 when number of gas are same

* Molar Fraction
XA= na/nt

Kinetic Molecular Theory (KMT)
In an ideal gas, the energy of the gas must entirely come from the kinetic energy of the individual gas molecules.
The kinetic energy of a molecule depends only its mass and its velocity.

Rate of effusion is inversely proportional to the molar mass

In Open-end Manometer,
· Pgas is less than Patm
 Pgas=Patm – h
· Pgas is greater than Patm
Pgas=Patm + h

Collision frequency depends on both the speed and the distance between the gas molecules.

4.45, 4.49, 4.104

Ch. 5

SI unit for energy = J
1 calories = 4.184J
1 Cal = 1000 cal = 1kcal

Universe=System+Surrounding
Internal Energy, U – Sum of PE and KE; delta U = Ufinal – Uinitial
Absorbing energy: Delta U = (+)
U is a state function

Heat, q – transfer of thermal energy from hot to cold object (temperature and phase can be changed)
Absorbing Heat: q = (+)
q is not a state function
Enthalpy is a state function

Work, w – force acting on a given distance
Doing work on the System: w= (+)
Doing work on the Surrounding: w = (-)
Work is not a state function

<Calorimetry>
Delta E=0
qsstem= – qsurrounding

Constant Pressure Calorimetry
Qreaction= –(qH2O+qcalorimetry)
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When the reaction is reversed, the sing of enthalpy is reversed.
When the reaction is multiplied by a factor of n, the enthalpy is multiplied by a factor of n.
Hess’s Law = delta H is the sum of the delta H’s of each individual steps

The enthalpy change measured under standard condition => Not STP (1bar at 273K)!!!
· This is 1 bar at 298K
H=H

Most compounds have exothermic formation reactions: heat is released when most compounds form from their elements under standard condition.

As bond order (number of bond; single, double, triple) increases, the bond lengths decreases and bond energy (energy to overcome the attraction) increases

Ch.14
Reaction Rate = M/s (rate of disappearance of reactants=rate of formation of products)
Factors affecting rates
· Concentrations of reactants
· Contact surface between reactants
· Temperature
· Addition of catalyst
Average reaction rate = – slope
Instantaneous reaction rate = – slope of tangent
Initial reaction rate = – slope of tangent

aA+bB -> cC + dD
rate = k [A]x[B]y
k depends on…
· Reaction
· Temperature
· Presence of catalyst

Zero order
Unit for k = molL-1s-1
t1/2=[A]i/2k

First order
Unit for k = s-1
t1/2=ln2/k (independent of concentration)

First order
Unit for k = M-1s-1
t1/2=1/[A]ik

Pseudo-1st order
- 2nd order seems like 1st order when concentration of one reactants exceeds the other.
Unit for k=s-1

Collision Theory: reactions requires…
· Activation energy
· Correct geometry
· Enough energy and good geometry!

Arrhenius – many rate constants vary with temperature!
lnk vs. 1/T graph
slope = -Ea/R

k is small, higher Ea

Ch. 15
Equilibrium: Rate of forward reaction = Rate of backward reaction
K=
Small K: little products, mostly reactants (No reactions)
Large K: mostly products, little reactants (Reaction goes to completion)
The value of K depends on temperature

Keq >>1: mostly product
Keq<<1: mostly reactants

K=equilibrium constant
When the reaction is multiplied by a factor of n, Kn
When the reaction is inversed, 1/K
When combining the reactions, K3=K1*K2

Q>K: excess of products – reaction proceeds to the left.
Q<K: excess of reactants – reaction proceeds to the right.
Q=K: the reaction is at equilibrium

Le Chatelier’s Principle
1. Concentration
2. Pressure and Volume (halved pressure=doubled volume)
	Increase pressure (decreased volume)
=> Proceeds toward the side with smaller # of gas molecules
Decrease pressure (increased volume)
=> Proceeds toward the side with larger # of gas molecules
* Change in concentration or pressure has no effect on the value of K*
3. Temperature
	Endothermic
	=> Heat is the reactant
	Exothermic
	=> Heat is the product
*K is dependent on temperature*

lnK vs. 1/T graph
Endo: delta H=+; hence, the slope is negative
Exo: delta H= –; hence, the slope is positive

4. Catalyst
- go to the equilibrium faster; decreased time
- It lowers Ea
- It does not affect on the composition of the equilibrium mixture

Ch.16

Acid= H+ donor
Base= H+ acceptor

The reaction favors the direction from the stronger to the weaker member of a conjugate pair.

Strong acids ionize completely in water
Weak acids only partially ionize

Acid Ionization constant (Ka)

Strong acid
Strong acids ionize completely in water (100% ionization)
Produces weak conjugate base
Ka>>>1
At equilibrium, [H3O+][HA]

Weak acid
Much less than 100% ionized in water
Ka<<<1
At equilibrium, [H3O+]<<[HA]

=> Larger Ka value (lower pKa) = stronger acid
=> Smaller Ka value (large pKa) = weaker acid = less ionization

Ch.17

The buffer: A weak acid/base + the corresponding salt of that acid/base

The buffer is most effective when [HA] [A-]

Solubility (s) = quality of salt dissolved per volume
The solution is saturated.

Solubility = g solute/ L saturated solution
Molar solubility = mol solute/L saturated solution
The solubility of a compound depends on temperature

Adding common ion decreases the solubility of slightly soluble ionic compound.
pH also can affect the solubility of some compounds
	if pH decreases (more [H3O+] added; [OH-]decreased), the solubility increases
· Only when the slightly soluble ionic compound contains the conjugate base of a weak acid

Ksp is the product of the maximum ion concentrations allowed in a saturated solution.
A saturated solution is a solution containing the maximum concentration of a solute.

Precipitation begins when the product surpasses Ksp or:
Q>Ksp
=precipitation!

Q<Ksp: the solution is unsaturated
Q=Ksp: the solution is saturated
Q>Ksp: the solution is supersaturated; precipitation

Ch 6

Frequency decreases when wavelength increases.
Light behaves like a wave; but the energy is quantized!
Photoelectric effect: light is both a wave and particle!
Smaller wavelength = larger energy

n=1: ground state = the most stable state
n>1: excited state = less stable state (higher energy)
n=1 -> n=2: energy is absorbed!
n=2 -> n=1: energy is emitted! (as it comes down, it emits the light)

Infrared series of lines – dropped to n=3
Visible – dropped to n=2
UV – dropped to n=1

Bohr’s theory worked only for H!
Reason: It is a one-electron model - It fails completely for atoms with more than one electron because the electron-electron repulsions and additional nucleus-electron attractions that are present create much more complex interaction. Even more, electrons do not move in fixed, defined orbits.

Louis de Broglie
Electrons can be treated as both a wave and particle; wave-particle duality of electrons
Heavy object such as a planet has very small wavelength

E.Shrodinger – derived an equation that is the basis for the quantum-mechanical model of the hydrogen atom
Wave function – (wave function)2 is proportional to the probability of finding an electron at a given point.

n=shell; energy and size => 1,2,3,4…
l=subshell; shape => 0 to n-1
	l=0 s orbital
	l=1 p orbital
	l=2 d orbital
ml= orbital within the subshell (number of orbital); orientation => -l to l

s orbital
n=1, l=0, ml=0

p orbital
n=2, l=0 and 1 => two types of subshell!
ml=0
ml=-1,0,1 => 3 orbitals!

d orbital
n=3, l=0, 1and 2 => three types of subshell!
ml=0
ml=-1,0,1 => 3 orbitals!

Ch.7
ms= +1/2 and – 1/2 (spins)

Number of electrons = n2*2e-

For H, energy depends only on n
For multi-electron atoms, energy depends on n and l

Exceptions for electron configuration: Cr = [Ar]3d5 and Cu=[Ar]ed104s1

Diamagnetic = all electrons are paired
Paramanetic=1 unpaired electron
image3.jpeg
Internal Energy, U

Constant P vs. Constant V

const P,

const P,

const P,

constV

no gases An=o0 Anzo
- Initial
wW W State, U,
9p Qv
9p 9p
Final
State, U,
AU~q, AU=qg, AU=q,+W AU=gq,




image1.emf

image2.emf

