Chemistry Final Study Guide

Formula Writing

Ionic Compounds – cation name, anion name (-ide)



      - include roman numerals for transition metals

Covalent Compounds – nonmetal + nonmetal (binary)




  - use prefixes to indicate # of atoms




(mono, di, tri, tetra, penta, hexa, hepta, octa, nona, deca)

The Diatomic Elements

I2, H2, O2, Br2, F2, Cl2, N2

Six Classes of Reactions

1) Combustion


an element or compound that reacts with O2 to produce H2O and CO2

2) Synthesis


A + B ( AB

3) Single Replacement


AB + C ( AC + B

4) Double Replacement


AB + CD ( AD + CB

5) Decomposition 


AB ( A + B

6) Redox



* double displacement rxns are never redox


changes in oxidation #

States of Matter & Symbols

(s)
solid

(l)
liquid

(g)
gas

(aq)
aqueous
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heated
  e-
electrolysis


Nuclear Equations

Alpha = helium atom

beta = electron

gamma = neutron

Fission: breaking apart of a nucleus into 2 parts

Fusion: 2 nuclei combine to form one nucleus

Mole Calculations

Mole road ---------  >
g

    moles

     L of gas

Mole = 6.02 x 1023






 Particles

Molecular vs. Empirical Formulas

Molecular formula: gives actual # of each atom in a molecule

Empirical formula: gives lowest whole # ratio of each atom in a molecule

To find empirical formula from mass percent…

1) divide percent by gfm of each atom

2) divide through by smallest number, this is the amt of each atom

Percent Composition 

Gfm of atom
        x  100% = percent composition

Gfm of compound

Limiting Reagents & Theoretical Yield

Reactant that runs out, it limits the amount of product that can be formed

1) use each reactant to calculate g of product needed

2) the reactant that gives the smaller quantity of product is LR and gives theoretical yield (amt of product expected to be produced)

% yield = actual yield     x 100%


  theortical yield

Manometers


Open manometers



Closed Manometers:










Pgas < Patm

Pgas = Patm-h

h = Pgas







Pgas > Patm

Pgas = Patm + h






Half-Life

The amount of time for half of radioactive nuclides to decay

Ex. 
Half-life

years

amount of nuclides left


0


0

1


1


5730

½


2


11460

¼

Properties of Gases

· Very low density

· Low freezing & boiling points

· Can diffuse (rapidly & spontaneously)

· Expand to fill container (indefinite volume)

· Compressible

· Flow

Kinetic Molecular Theory of Gases

· Particles move non-stop, in straight lines

· Particles have negligible volume (treat as points)

· Particles have no attractions to each other (& no repulsions)

· Collisions between particles are ‘elastic’ (no gain or loss of energy)

· Particles exert pressure on the container by colliding with the container walls

Pressure, Volume, & Temperature Relationships


P1V1 = P2V2

P1 = P2


P1V1 = P2V2

P   T

P=kT



T2   T2

 T1      T2

V   T

V=kT

PV = nRT






    Combined gas law

Ideal gas law

Ideal vs. Real Gases

Ideal Gas: full obeys statements of kinetic theory (low pressure, high temp)

Real Gas: doesn’t obey one or more parts of KT (high pressure, low temp)

Temperature

K = oC + 273

*temp is a measure of kinetic energy (how quickly the 



particles are moving)

Pressure

- use when collecting over water

“wet gas” vs “dry gas”


Ptot = Pgas + PH2O

Diffusion & Effusion

Diffusion: the gradual mixing of 2 gases due to random spontaneous motion

Effusion: when molecules of a confined gas escape through a tiny opening in a container

Graham’s Law ( at the same temp, molecules with smaller gfm travel at a faster speed than molecules with a larger gfm


-As gfm  , V

Which would diffuse at a greater velocity, H2or Cl2?
H2 (lower mass)

Solutions

Unsaturated: contains less than max amount of dissolved solute

Saturated: contains the max amount of dissolved solute

Supersaturated: contains more than the max amount of dissolved solute

To speed up the solution process…

Molality = moles of solute

· increase surface area


       Kg of solvent

· stir solution

· increase the temperature

Phase Diagrams






- closed system





- triple point: where solid, liquid, gas coexist





- critical point: above this point, gas & liquid are 









indistinguishable





- “supercritical fluids”


Colligative Properties

- addition of a solute changes the properties of the system:


- the solution will have different properties than the pure solvent


- adding solute changes the freezing pt (lower), boiling pt (higher), and 
  vapor pressure


- these changes depend only on the # of particles added

-calculating colligative properties:


Tbp = (Kbp)(i)(m)  --  the new boiling point 


Tfp = (Kfp)(i)(m)  --  the new freezing point

Van’t Hoff Factor (i)

The theoretical max # of particles formed when a substance dissociates

For ionic substances, i = # of ions present in formula

For all covalently bonded substances, i = 1

Suspensions & Colloids

Suspensions: heterogeneous mixtures




 Particles settle to bottom when undisturbed



 Particles can be recovered by filtration



 Particles diameters typically 100 – 1000 nm



 Ex. Muddy water, clay in water

Colloids: heterogeneous mixtures


   May be milky or cloudy in appearance


   Don’t separate on standing


   Can’t recover particles by filtration


   Typical particle diameter 1 – 100 nm


   Ex. Gels, jello, smoke, milk, mayo, fog, whipped cream

Assigning Oxidation Numbers

1) Free (uncombined) elements have ox # = 0

2) For monotomic ion, the charge of ion is the ox #

3) Hydrogen in a compound has an ox # of +1, unless w/a metal, then -1

4) Fluorine in a compound is always -1

5) Oxygen in a compound has an ox # -2, +2 if w/ fluorine, -1 if in peroxide

6) Sum of all ox #’s in a compound is 0

7) Sum of all ox #’s in a polyatomic ion is the charge on the ion

Reduction & Oxidation

Reduction: gain of electrons, ox # becomes more negative

Oxidation: loss of electrons, ox # becomes more positive

Oxidizing agent = the species that gets reduced

Reducing agent = the species that gets oxidized

Thermodynamics






Q = mC∆T






m – mass
C – specific heat


Q = mHfus/vap
Q – energy
∆T – change in temp



Hfus (0o)
Hvap (100o)

 freezing/melting
boiling/condensing

Enthalpy & Hess’ Law

-standard heat of formation of a compound is the change in enthalpy that accompanies the formation of one mole of a substance from its elements in their standard states

Thermodynamic Stability: a measure of the energy required to decompose the compound (cmpds w/large neg. enthalpies are stable)

Hess’ Law  *way of calculating ∆Hrxn for a rxn that is too slow & dangerous to do in lab

1) scale up/down by inserting coefficients (multiply ∆H by coefficient too)

2) flip them around (change sign of ∆H)

or…∑n∆Hf (products) - ∑m∆Hf (reactants)

(n is the coefficients for the products, m is coefficients for the reactants)

Entropy (S)

· quantitative measure of the degree of disorder in a system

· solids have a high degree of order (low entropy)

· gases have a low degree of order (high entropy)

· more particles (moles) results in higher entropy

· systems tend to proceed to higher disorder

Gibb’s Free Energy

∆G = ∆H - T∆S

· if ∆G is negative, the rxn will occur spontaneously

· if ∆G is positive, the rxn will not occur spontaneously

· if ∆G if zero, the rxn is at equilibrium

Potential Energy Diagrams



   Ea








   Ea




     ∆H


     ∆H


 Activated complex




activated complex 

Exothermic




 Endothermic

Collision Theory

· more collisions = faster reaction rate



   
   = greater likelihood for effective collisions


“effective collisions”

to speed up the rate of the reaction…

· increase temperature

· increase concentration

· increase surface area

Catalysts & Inhibitors

-Catalysts: speed up reaction rates by lowering Ea, without being consumed

-Inhibitors: cause reaction rate to slow down by interfering with active site

Rate Laws

Rate = k[A]n
[B]m
n indicates the extent the rate depends on the 




concentration, called “order of rxn”

Rate Limiting Step: the slow step in a multi-step mechanism (RLS)

Equilibrium

· forward and reverse reactions reach a balance point

· equilibrium constant (  Keq = [products]






       [reactants]

· if Keq > 1, more products than reactants “products favored”

· if Keq < 1, more reactants than products “reactants favored”

· Q < K  reactants must form products, system shifts right

· Q > K  products must form reactants, system shifts left

Measuring Rates

Average rate = ∆molesx
reaction rates slow down over time

                          ∆time
b.c there are fewer reactants left

Titrations

- careful addition of one solution to another, to find out the concentration of one of them, visualize the ‘endpoint’

Calculation process:
1) balanced equation

2) M = mol/L

3) mol: mol ratio

4) M = mol/L

Acids & Bases

Acids: sour, turn blue litmus paper red, react w/metals to produce H+, form electrolytes in aqueous solutions, pH<7, releace H+, proton donors, e- acceptor

Bases: bitter, slippery, turn red litmus paper, electrolytes in solution, turns phenolphthalein pink, pH>7, produce OH-, proton acceptors, electron donor

pH = -log[H3O+]
[H3O+] = 10-pH


pOH = -log[OH-]
[OH-] = 10-pOH
Electromagnetic Radiation


- can act as particles or waves 


- waves have magnetic and electrical properties 


- all electromagnetic waves travel at the same speed in a vacuum


- EMR waves transfer energy


- when atoms are energized, they give off only narrow bands of light 

  (characteristic color)


emission spectra & absorption spectra 



Rydberg series
describing common



Balmer series 

patterns


Wavelength: the distance between 2 successive peaks

Frequency: the # of wave crest that pass a certain point in a set amount of time

units s-1                 nu                                                           

**Wavelength & Frequency are inversely related


Long      , small


Short      , large 

SPEED OF LIGHT (C) = 3.00 x 1010

**Energy & Wavelength are indirectly related


“is proportioned to”

**Energy and Frequency are directly proportional 


PLANKS CONSTANT: 6.63 x 10-34

Electrons can change energy levels

 -to go up a level, absorb a photon with the right amount of energy

  or get the energy from heat/electricity to ‘excite’ the electron

 -to go down a level, give off energy in the form of light

photon = quantum

-color of light given or absorbed tells you the change in energy of  orbits involved in the electronic transition

Models of the Atom

Problems with Bohr Model:

1) only works for 1e- atoms/ions

2) e-s traveling in fixed circular paths give off xrays (synchrotons)


*Atoms don’t normally do this!


Electrons can’t be traveling in fixed orbits around the nucleus

Modern Model of the Atoms –


Quantum mechanical Model

-mathematical, statistical, description of electron behavior 







“electron density”

Heisenberg’s uncertainty principal- we can’t know the location and momentum of e-
(wave-particle duality of electrons

Bohr


Modern                           95% of time e- is 






inside

Rutherford’s Experiment

Beam of “alpha particles” was directed at thin gold foil and the paths followed by a detection screen

· Most of the mass and positive charge of an atom is concentrated in the center

· The “nucleus”

· Positively charged subatomic particles called “protons” identified early 1920’s

· Atomic number = number of protons

· Neutrons were identified in 1932 by James Chadwick

· Electrons surround the nucleus

· Most of the volume of an atom is due to the electrons

· Most of the atom consists of empty space



# protons = # electrons in neutral atoms
Quantum Numbers

orbital- region of space where e- is likely to be found


- corresponds to the energy levels allowed from Bohr Model

the orbitals are defined by a series of QUANTUM NUMBERS

 - energy levels is defined by “principle quantum number”

	Quantum #
	Info
	Selection rules

	n
	Principle QN 

Size & energy
	n = 1, 2, 3, ……

	l
	Angular momentum QN

Shape of orbital
	l = 0, ……, n-1

	m
	Orientation QN
	m = -l, … 0, … l

	l value
	Shape
	Letter

	0
	
	S

	1
	
	P

	2
	
	d

	3
	
	f


Geometry

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Electron Configurations

Descriptions of electrons in atoms

3 basic rules:

1) Aufbau principle: fill the lowest energy orbitals before higher orbitals

2) Pauli Exclusion principle: any single orbital can hold a maximum of 2e-s but they must have opposite spins

3) Hund’s rule: for p, d, and f orbitals, put 1e- in each orbital, all spin aligned, before pairing any electrons

3 ways to write:

1) orbital notation


Cl:

2) electron configuration notation


Cl: 1s22s22p63s25p5
3) Noble gas notation


Cl: [Ne]3s25p5

Sequence of sublevels:

1s

2s
2p

3s
3p
3d

4s
4p
4d
4f


5s
5p
5d
5f

6s
6p
6d
6f

7s




… … … … … … … … …and so on

Periodicity

· elements are in order of increasing atomic #

· # valence electrons = group #

· group: vertical, 1-18 groups



elements in the same group have similar properties

· period: horizontal, 1-7 periods



metals(metalloids(nonmetals(gases

KEY GROUPS:

· group 1 – alkali metals

· most reactive metals – stored under oil

· soft – can be cut with a knife

· group 2 – alkali earth metals 

· less reactive than group 1 

· D-block (groups 3-12)

· Transition metals or transition elements

· Many have compounds that are intensely colored

· F-block (lanthanides & actinides)

· Inner transition elements

· Most radioactive

· Group 17 - halogens

· All diatomic molecules

· “salt-formers”

· group 18 – noble gases

· unreactive

Periodic Law

· when the elements are arranged in order of increasing atomic #, there is a periodic pattern in their physical and chemical properties


Trends:


1. atomic size – GROUP TREND atomic radius increases



PERIOD TREND atomic radius decreases


    Why? Zeff (effective nuclear charge, more protons)



  Shielding (core e- block nuclear charge from reacting)


2. ionic size – GROUP TREND cations get smaller, anions get smaller




PERIOD TREND ionic radii increase


3. ionization energy – needed to achieve noble-gas like e- config





   GROUP TREND ie decreases (b.c atoms are 








larger, shielding is high)





    PERIOD TREND ie increases (high Zeff)


4. electronegativity – tendency to attract electrons





   GROUP TREND decreases





    PERIOD TREND increases


5. electron affinity – attraction of isolated atom for electron





GROUP TREND ea decreases





PERIOD TREND ea increases

C=





E=





E=








