Final Review Sheet

Chapter 7

Formulas
Planck’s constant (h) = 6.626*10^-34 Js
Speed of light (c) = 299792458 m/s
Wavelength (λ), measured in m
Frequency (f), measured in 1/s
For all electromagnetic waves, λ* f = c

E = mc^2
E = -2.178*10^-18 * (Z/n) ^ 2, Z is the atomic number and n is an integer
E = h * f
E = h * c / λ,   λ= h* c / E
λ = h / (m * v)

1. Principal Quantum Number (n):  n = 1, 2, 3, 4
Specifies the energy of an electron and the size of the orbital (the distance from the nucleus of the peak in a radial probability distribution plot). All orbitals that have the same value of n are said to be in the same shell (level). For a hydrogen atom with n=1, the electron is in its ground state; if the electron is in the n=2 orbital, it is in an excited state. The total number of orbitals for a given n value is n2. 

2. Angular Momentum (Secondary) Quantum Number (l):  l = 0, ..., n-1.
Specifies the shape of an orbital with a particular principal quantum number. The secondary quantum number divides the shells into smaller groups of orbitals called subshells (sublevels). Usually, a letter code is used to identify l to avoid confusion with n:

	l
	0
	1
	2
	3

	Letter
	s
	p
	d
	f


The subshell with n=2 and l=1 is the 2p subshell; if n=3 and l=0, it is the 3s subshell, and so on. The value of l also has a slight effect on the energy of the subshell; the energy of the subshell increases with l (s < p < d < f).

3. Magnetic Quantum Number (ml):  ml = -l, ..., 0, ..., +l.
Specifies the orientation in space of an orbital of a given energy (n) and shape (l). This number divides the subshell into individual orbitals which hold the electrons; there are 2l+1 orbitals in each subshell. Thus the s subshell has only one orbital, the p subshell has three orbitals, and so on.

4. Spin Quantum Number (ms):  ms = +½ or -½.
Specifies the orientation of the spin axis of an electron. An electron can spin in only one of two directions (sometimes called up and down).

	n
	l
	ml
	Orbital
Name
	Number of
orbitals
	Number of
electrons

	1
	0
	0
	1s
	1
	2

	2
	0
	0
	2s
	1
	2

	
	1
	-1, 0, +1
	2p
	3
	6

	3
	0
	0
	3s
	1
	2

	
	1
	-1, 0, +1
	3p
	3
	6

	
	2
	-2, -1, 0, +1, +2
	3d
	5
	10

	4
	0
	0
	4s
	1
	2

	
	1
	-1, 0, +1
	4p
	3
	6

	
	2
	-2, -1, 0, +1, +2
	4d
	5
	10

	
	3
	-3, -2, -1, 0, +1, +2, +3
	4f
	7
	14


5. The distribution of electrons among the orbitals of an atom is called the electron configuration. The electrons are filled in according to a scheme known as the Aufbau principle ("building-up"), which corresponds (for the most part) to increasing energy of the subshells:

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f

Pauli principle- no two electrons can have the same four quantum numbers
Heisenberg Uncertainty Principle- it is impossible to know both the position and momentum of an electron at the same time
Schrodinger treated the electron mathematically as a wave.
Aufbau Principle- as protons are added one by one to the nucleus, electrons are added one by one to the orbitals
Hund’s Rule- the lowest energy configuration is the one having the maximum number of unpaired electrons allowed by Pauli principle. 
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Lattice energy = 2.31*10^-19 (Q1Q2 / r), Q1Q2 are the charge on the ions, r is the distance between ion center in nm.
M(s) + 1/2X2(g) ( MX(s) 

in order to calculate the enthalpy of formation: 
1. M(s) ( M(g)



enthalpy of sublimation
2. M(g) ( M+(g) + e-


ionization energy
3. 1/2X2(g)(X(g)


dissociation energy
4. X(g) + e- ( X-(g)


electron affinity
5. M+(g) + X- (g) ( MX(s)
lattice energy
Take the sum of all the values; you get the enthalpy of formation of MX(s).

Partial ionic character of covalent bonds 
= (measured dipole moment of X—Y / calculated dipole moment of X—Y) *100%
△H= ∑bonds broken (E required) - ∑bonds released (E released)
Steps for writing Lewis structures
1. Sum the valence electrons from all the atoms.
2. Use a pair of electrons to form a bond between each pair of bound atoms
3. Arrange the remaining electrons to satisfy the duet rule for hydrogen and octet rule for second-row elements


CO2 follows the octet rule. H:H follows the duet rule.
Octet rule
· The second-row elements C, N, O and F should always obey the octet rule
· The second-row elements B and Be often have fewer than 8 electrons around them in their compounds.
· The second-row elements never exceed the octet rule, since their valence orbitals can accommodate only 8 electrons.
· Third-row and heavier elements usually satisfy the octet rule but can exceed the octet rule by using their empty valence d orbitals.
· When writing the Lewis structure for a molecule, satisfy the octet rule first. If electrons remain after the octet rule has been satisfied, then place them on the elements having available d orbitals (elements in Period 3 or beyond)
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Boron is an exception (with only 6 valence electrons).
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 Beryllium is an exception (with only 4 valence electrons)
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ICl4 has 12 valence electrons, PCl5 has 10 valence electrons. These exceptions happen because they are in Period 3 and beyond.
Resonance is invoked when more than one valid Lewis structure can be written for a molecule.
Examples:
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Formal charge on an atom =

number of valence electrons on free atom – (1/2 shared electrons + number of lone pair electrons)
· The sum of the formal charges of all atoms in a given molecule or ion must equal to the overall charge on that species.
· If nonequivalent Lewis structures exist for a species, those with formal charges closest to zero and with any negative formal charges on the most electronegative atoms are considered.
VSEPR Model
· Determine the Lewis structure for the molecule

· For molecules with resonance structures, use any of the structures to predict the molecular formula
· Sum the electron pairs around the central atom
· In counting pairs, count each multiple bond as a single effective pair
· Then determine the geometry according to the number of electron pairs
Hybridization
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 sp2 hybridization
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 sp3 hybridization
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 dsp3 hybridization
[image: image14.png]OHM GHTT)




 d2sp3 hybridization

The sigma-bond is defined as the linear overlap of atomic orbitals in which two electrons are directly between the two bonded nuclei.

Pi-bonds are defined as the parallel overlap of p-orbitals. A double bond has one sigma-bond and one pi-bond. A triple bond thus consists of a sigma-bond and two pi-bonds with the pi-bonds.
	total pair
	bonded pair
	lone pair
	electron-pair geometry
	molecular geometry
	bond angle
	example
	image
	hybridization

	2
	2
	0
	linear
	linear
	180
	CO2
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	sp

	3
	3
	0
	trigonal planar
	trigonal planar
	120
	BF3
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	sp2

	
	2
	1
	
	bent
	<120
	SO2
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	4
	4
	0
	tetrahedral
	tetrahedral
	109.5
	CH4
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	sp3

	
	3
	1
	
	trigonal pyramidal
	<109.5
	NH3
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	2
	2
	
	bent
	
	H2O
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	5
	5
	0
	trigonal bipyramidal
	trigonal bipyramidal
	90, 120, 180
	PF5
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	dsp3

	
	4
	1
	
	seesaw
	
	SF4
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	3
	2
	
	T-shaped
	90,180
	ClF3
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	2
	3
	
	linear
	180
	XeF2
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	6
	6
	0
	octahedral
	octahedral
	90, 180
	SF6
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	d2sp3

	
	5
	1
	
	square pyramidal
	
	BrF5
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	4
	2
	
	square planar
	
	XeF4
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Bond order = (number of bonding electrons – number of bonding antibonding electrons) / 2
Larger bond order means stronger bonds. If the bond order is zero, the molecule is not stable.
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	B2
	C2
	N2
	
	O2
	F2

	
	σ2p*
	
	
	
	σ2p*
	
	

	
	π2p*
	
	
	
	π2p*
	↑  ↑ 
	↑↓  ↑↓

	
	σ2p
	
	
	↑↓
	π2p
	↑↓  ↑↓
	↑↓  ↑↓

	
	π2p
	↑  ↑ 
	↑↓  ↑↓
	↑↓  ↑↓
	σ2p
	↑↓  ↑↓
	↑↓  ↑↓

	
	σ2s
	↑↓
	↑↓
	↑↓
	σ2s
	↑↓
	↑↓

	
	σ2s
	↑↓
	↑↓
	↑↓
	σ2s
	↑↓
	↑↓


Paramagnetism- substance attracted into the inducing magnetic field. (unpaired electrons)
Diamagnetism- substance repelled from the inducing magnetic field (no unpaired electrons)
Organic Nomenclature

	
	
	Alkane (-ane)
	Alkyl substituent(-yl)
	Alkene (-ene)
	Alkyne (-yne)

	
	
	CnH2n+2
	CnH2n+1
	CnH2n
	CnH2n+2

	1
	Meth
	CH4
	-CH3
	
	

	2
	Eth
	C2H6
	-C2H5
	C2H4
	C2H2

	3
	Prop
	C3H8
	-C3H7
	C3H6
	C3H4

	4
	But
	C4H10
	-C4H9
	C4H8
	C4H6

	5
	Pent
	C5H12
	-C5H11
	C5H10
	C5H8

	6
	Hex
	C6H14
	-C6H13
	C6H12
	C6H10

	7
	Hept
	C7H16
	-C7H15
	C7H14
	C7H12

	8
	Oct
	C8H18
	-C8H17
	C8H16
	C8H14

	9
	Non
	C9H20
	-C9H19
	C9H18
	C9H16

	10
	Dec
	C10H22
	-C10H21
	C10H20
	C10H18


Rules for naming alkanes
1. Find and name the longest continuous carbon chain.
2.   Identify and name groups attached to this chain.
3.   Number the chain consecutively, starting at the end nearest a substituent group. 
4.   Designate the location of each substituent group by an appropriate number and name.
5.   Assemble the name, listing groups in alphabetical order. 
 The prefixes di, tri, tetra etc., used to designate several groups of the same kind, are not considered when alphabetizing.
variations of butyl 
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Isomers are compounds with same molecular formula but different structure.
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 isomers of butane
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 isomers of pentane
Rules for naming alkenes
1.   The ene suffix (ending) indicates an alkene or cycloalkene.
2.   The longest chain chosen for the root name must include both carbon atoms of the double bond. 
3.   The root chain must be numbered from the end nearest a double bond carbon atom. If the double bond is in the center of the chain, the nearest substituent rule is used to determine the end where numbering starts.
4.   The smaller of the two numbers designating the carbon atoms of the double bond is used as the double bond locator. If more than one double bond is present the compound is named as a diene, triene or equivalent prefix indicating the number of double bonds, and each double bond is assigned a locator number.
5.   In cycloalkenes the double bond carbons are assigned ring locations #1 and #2. Which of the two is #1 may be determined by the nearest substituent rule.

Rules for naming alkynes
1.  The yne suffix (ending) indicates an alkyne or cycloalkyne.
2.   The longest chain chosen for the root name must include both carbon atoms of the triple bond. 
3.   The root chain must be numbered from the end nearest a triple bond carbon atom. If the triple bond is in the center of the chain, the nearest substituent rule is used to determine the end where numbering starts.
4.   The smaller of the two numbers designating the carbon atoms of the triple bond is used as the triple bond locator.
5.   If several multiple bonds are present, each must be assigned a locator number. Double bonds precede triple bonds in the IUPAC name, but the chain is numbered from the end nearest a multiple bond, regardless of its nature.
6.   Because the triple bond is linear, it can only be accommodated in rings larger than ten carbons. In simple cycloalkynes the triple bond carbons are assigned ring locations #1 and #2. Which of the two is #1 may be determined by the nearest substituent rule.

hydrogenation: RCH=CH2 (unsaturated) + H2 → RCH2CH3(saturated)
Halogenation:
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 phenanthrene

	Chemical class
	Formula
	Suffix
	Example

	Alcohol
	R—OH
	-ol
	CH3OH
Methanol

	Ketone
	R—CO—R'
	-one
	C2H5COCH3
Methyl ethyl ketone (Butanone)

	Aldehyde
	R—CHO
	-al
	CH3CHO
Acetaldehyde (Ethanal)

	Carboxylic acid
	R—COOH
	-oic acid
	CH3COOH
Acetic acid (Ethanoic acid)

	Ether
	R—O—R'
	-ether
	C2H5OC2H5
Diethyl ether

	Ester
	R—COO—R'
	alkyl alkanoate
	C3H7COOC2H5
Ethyl butanoate

	Halohydrocarbon
	R—X
	alkyl halogenide
haloalkane
	CH3I
Iodomethane (methyl iodide)

	Amine
	R—NH2
	alkylamine

aminoalkane
	CH3NH2

Methylamine (aminomethane)
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Fermentation- reaction between sugar and yeast to yield alcohol and carbon dioxide
Ketones and aldehydes are produced by oxidation of alcohols.
Esterification- reaction between a carboxylic acid and an alcohol to yield ester and water.
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