21. Periodic Trends and the s-block elements
21.1 Overview of Periodic Trends
All periodic trends based on effective nuclear charge Zeff.
Unique chem of light elements: Second-period el. are different from congeners b/c: small radii, energetically unavailable d orbitals, tendency to form  bonds.
Small radii -> less negative EA b/c increased e-e repulsions; can’t have more than 4 neighbors; high charge/radius ratio, so more covalent-nature ionic bonds.
Energetically unavailable d orbitals (would have to go to n=3 energy) -> can’t have more than 4 e- pairs.
 Smaller atoms -> more p-orbital overlap -> stronger  bonds -> more multiple bonds.
Inert Pair Effect: Heavier elements of Groups 13-17 often have oxy states are lower by 2 than max predicted. (b/c increased ionization energies, decreasing bond strengths)
IE increase b/c full (n-1)d or (n-2)f subshells poor at shielding ns el -> ns have high Zeff.
Larger atoms -> less valence overlap -> weaker bonds. 
Combined -> net E from forming bonds < additional E to remove ns el.
21.2 The Chemistry of Hydrogen
Protium, Deuterium stable. Tritium unstable: created by cosmic rays in atmo, rainfall to ocean. 
D2O has b.p. of 101. -> evap or frac distillation to separate. More mass -> diffuses slow -> electrolysis makes more H2 gas than HD gas. 
H can make compounds by (1) losing e to form H+. Lewis acid -> accept e to form e-pair bond. (2) Accept e to form hydride ion H-. Reacts with electro+ metals (g. 1&2) to form ionic hydrides. (3) Share e to form e-pair bond, cov. or polar cov. 
Can act as bridge. H-bond bridges electro- atom and lone e-pair.  Three-center bond: H- bridges 2 electro+ atoms. (H- interacting w/ empty sp3 orbitals -> 2 e holding 3 atoms -> e-deficient.)
To make H2 gas: M + dilute acid; M + strong base; MH + H2O.
Most el. form binary hydrides. Covalent: molecular sub, volatile, low m.p. Ionic: More electo+ M, nonvolatile, 3D lattice, upon heating decompose to H2 and M. Metallic: Less electro+ M, similar to M, H are interstitial impurities. 
21.3 The Alkali Metals
Atomic and ionic radii incease smoothly from Li to Cs, first IE decreases. High EA b/c adding e- forms ns2 config. Densities increase down b/c mass increases faster than volume. Unusual: decrease in melting and boiling down. Li+ strongest reduc, Na weakest; b/c Li is small -> high hydration E. 
All electro+, have ns1 config, form M+. 
All react vigorously with G17 -> MX. All react w/ G16 -> M2Y. Excess G16 -> chain of G16 atoms (e.g. Na2S3)
O rxn depends on M:O ratio and M size. In air: Li2O, Na2O2, KO2, RbO2, CsO2. Size of M cat ~ size of O an. Spec cond make all M/O except LiO2. 
M perox, superox are strong oxy, react vigorously w/ redgs. MOx + CO2 -> MCO3 + O2. MOx + CO2 + H2O -> MHCO3 + O2. 
Only Li makes M3N, b/c small size -> stronger lattice. All react with P, As.  Variety of G14 rxn: K4Si4, Li2C2. Heaveir G1 -> graphite intercalation compounds. All react w/ H2 -> MH.  All reduce H2O-> H2 + MOH.  Heavier G1 -> low m.p -> large SA -> explosive H2O reaction. MOH + HA -> MA +H2O. 
Low charge, large I-radii -> weak lewis acids. Most sig for Li+.  Electrostatic interaction -> crown ethers, cryptands (spherical crown ethers) surround G1, very selective. 
G1 dissolve reversibly in liquid NH3. M + NH3 -> H2 + M+ + NH2- is slow, but can be very concentrated. Solutions of G1 in NH3, intense color & high conduct b/c solvated e-.e- loosely bonded in NH3 cavity stabilized by H-bonds. 3M = blue, higher = bronze gold. NH3 solutions contain M+, M, M2, M-. 
21.4 Alkaline Earth Metals
Prepped by electrolytic reduction of molten chlorides. 
Atomic, ionic radii increase, IE decreases smoothly from Be to Ba. G2 IE >> G1 IE. BUT: Density Ca < Be, Mg; MG has lowest m.p, b.p; Ba strongest redg, Be weakest; electrode potential Ca~Sr~Ba b/c IE, hydration energy cancel. G2 have almost no EA b/c would require np orbital. 
G2 mostly ionic, but Be small & high IE -> very covalent, some Mg2+ covalent character. 
All react w/ G17 -> MX2. Ionic, except BeX2 -> covalent, polymeric halide-bridged structure, volatile -> linear XBeX, potent Lewis acids -> form tetrahedral adducts. 
All react w/ O -> MO, exc. BaO2 b/c larger O2(2-), Ba(2+). Be direct, others made MCO3 -> MO + CO2. Heavier G16 similar to G1 rxns: binary + chains. 
BeO amphoteric, others form M(OH)2. MCO3 + H+ -> M(2+) + CO2 + H2O. Lighter M(OH)2 insoluble, heavier soluble. 
G2 w/ N opposite G1 rxn. Only Be3N doesn’t form. High lattice E from high charged -> overcome N2 triple bond.  All G2 rxn w/ heavier G15 -> M3Z2. 
G2(-Be) rxn w/ C -> MC2. Be -> Be2C (covalent). 
G2(-Be) rxn direct w/ H2 -> MH2. Heavier G2 ionic, lighter polymeric & high cov char. All MH2 good redg, rxn w/ H2O or H+ -> H2. 
Heavier G2 dissolve in NH3, 2 solvated e- , no M2 or M-. Variety of salts w/ oxoanions: NO3 soluble, CO3+SO4 of heavier G2 insoluble b/c high lattice E, decreasing hydration E. 
G2 form more complexes w/ Lewis B than G1 b/c 2+ charge, small I-radii. Most important for Be, decreases rapidly down.  Be(2+) chem dominatd by Lewis acid behavior -> octet of e- around Be. Be(2+) salts dissolve -> acidic, polarized H2O, tetrahedral [Be(H2O)4](2+). Strong base -> tetrahedral hydroxo [Be(OH)4](2-).  -> BeO amphoteric. Also forms stable [BeF4](2-). Heavier alkalines form complex w/ cood # 6+. 
22. The p-Block Elements
22.1 The Elements of Group 13
Except B, relatively electro+.  B behaves like nonmetal, AL metal. All have ns2np1 config, lose all 3 e to form +3 oxy state. Heavier el. form +1 oxy, lose np e. All compounds moderately strong Lewis A. No consistent trend in IE, EA, red potential, electro- increases from Al to Tl. Increase in Zeff from Ga, In, Tl b/c poor shielding of d, f subshells -> IE(Tl)>IE(In). 
B has high IE, low EA, small size -> does not form metallic lattice, instead multicenter bonds. Elemental B has B12 icosahedron -> poor packing -> low density. Reacts with many nonmetals -> binary compounds (B4C, BN, B2O3, BX3).  BN3 similar to el. C. B-N isoelectronic w/ B-C; similar to graphite (B3N3 ring layers). High pressure -> cubic similar to diamond. B2O3 has layers of trigonal planar BO3 groups w/ O bridging 2 B atoms. Dissolves many metal+nonmetal oxides( SiO2) -> borosilicate glasses . Co -> blue. At high T, B reacts with all M to give metal borides w/ 3D clusters of B atoms. B Hydrides (B2H6) has multicenter bonds. Carboranes contain both CH and BH units. B&H have identical electro- -> rxn dictated by minor dif in distro of e- density. E-rich (BH4-) act as redg, e-deficient (B2H6) act as oxyg. 
All 4 heavy G13 react w/ G17 -> MX3 or M2X6. Tl w/ I exception -> Thallium (I) Triiodide. I not powerful enough oxyg to get Tl to +3 state. Of halides, only F- typical ionic: high melting (>950), low solubility in nonpolar. Trichlorides, tribromides, triiodides are more covalent -> G17-bridged dimers. Unlike B2H6, e-pair bonds, not delocalized e-deficient bonds. Bridging G17 poor e-pair donors -> potent Lewis A. MX3 + H2O -> M(OH)3 + 3HX. Halides of heavier G17 less reactive b/c low charge/radius ratio -> form [M(H2O)6](3+). M + O2 -> M2O3 w/ high T, excess O (Tl2O3 unstable). All O dissolve in dilute acid, but Al2O3 & Ga2O3 amphoteric. Al, Ga, In rxn w/ G16 -> M2Y3. Tl(III) strong oxyg -> Tl2Y. AlN direct, GaN & InN indirect. All G13 (-Tl) rxn w/ heavy G15 form III-V (GaAs) semiconductors.  Unlike B, heavy G13 no rxn direct w/ H. AlH3 indirect: insoluble, polymeric, rapidly decomposed by H2O. GaH3 indirect, unstable.
B limited tendency to form complexes, but Al, Ga, In form many. Simplest hydrated G16 -> strong B-L acids. G13 also form complex w/ species containing 2 or more – charged groups. 
22.2 The Elements of Group 14
All G14 form compounds w/ +4 or +2 oxy state. Down -> increasing atomic size  & heavy have high Zeff, IE ->relative stability of +2 oxy increases from C to Pb. C makes multi bonds from  overlap of 2p orbitals, others less so. Catenation decreases rapidly down G14 b/c decreasing bond energies b/c less overlap. C different, Si & Ge similar, reversal in trends b/w Sn & Pb b/c d,f subshells.
Allotropes of C are simple e-pair bonds. CX4 all known, but indirect: CH4 + X2 -> CX4 + HX. C-F more stable than C-H. C + O -> CO2 or CO. CO + X2 -> X2C--O. CO2 +H2O -> H2CO3. C+S -> S2, C+Se-> CSe2. Both linear, vile smelling, volatile liquids. CS, CSe unstable b/c very weak triple bond from poor overlap. C + less electro- -> carbides. C + electro+ (G1, G2, Al) -> ionic carbides: discrete cations, anions. Small make C(4-) methides, large make C2(2-) acetylides. C+ TransM + High T -> interstitial carbides. Less electro+ -> covalent C-M -> conduct e--, high m.p., very hard. C + similar electro-  -> covalent carbides (SiC, B4C): hard, high m.p., chem inert. 
Si dissolves in base -> H2 + SiO4, in HF -> SiF6(2-). Ge more metallic, dissovles in hot oxy acids (NO3, SO4), but w/o oxyg -> not in aq base. Sn more metallic, but Pb only el. purely like M. Not attacked by acids b/c thin layer of Pb(2+) salt like PbSO4.
All G14 dichlorides known, but increase stable dramatically down. All (-Pb) form MX4, only F gives PbF4. Si,GeX4 -> MO2 + HX. Sn,PbX4 -> M(aq). Pb(2+) stable -> PbO, PbS. Others MO2, MS2.  Down-> more basic. Si-O bond VERY strong -> b/c low-E, empty d orbitals on Si, nonbonding e-pairs in p or spn of O -> partial   double bond. 
22.3 The Elements of Group 15
N,P like nonmetal; As,Sb semimetal; Bi metal. All form +3, lighter form +5, lightest form -3. Tend to behave like Lewis B. 
N forms multibonds. N-N triple bond so thermodynamically favored that virtually all single N-N compounds potentially explosive. Few binary compounds of N formed by direct reaction: LiN only. At high temps -> NO, NO2, NH3, NCCN. NH3 + X2 -> NX3. Electro+ -> Li3N, Ca3N2. Less electro+ -> interstitial. Covalent Nitrides w/ semimetals. 
Heavier G15 form catenation w/ only single bonds, stability decreases down the group. Reactivity of G15 decreases down the group. P has greatest ability to form p bonds w/ el such as O, N,C. Thermal stability of organic or organometallic compounds of G15 decreases down the group b/c decreasing strength of pnico-C bond. 
22.4 The Elements of Group 16
G16 is the first group in p block containing no stable metallic elements. O has greatest tendency to form multi bonds. Oxides of metals tend to be basic, oxides of nonmetals tend to be acidic, oxides of el in or near semimetal band tend to be amphoteric. 
Going down G16, catenation, strength of single bonds, reactivity decrease. Stability of highest oxidation state decreases down the columb. Dioxides of G16 become increasingly basic and co-od # steadily goes down. 
22.5 The Elements of Group 17
Because the halogens are highly reactive, none is found in nature as the free element. Electrostatic repulsions b/w lone pairs of e- on adjacent atoms cause single bonds b/w N,O, F to be weaker than expected. B/c IE decrease down the column, the heavier G17 form compounds in positive oxy states (+1,+3,+5,+7).
 As oxy state of metal increases, the cov char of the corresponding metal halides also increases due to polarization of M-X bond. Down columb, both acid strength and oxy power of G17 oxoacids decrease. All G17 el exc F form compounds in odd oxidation states, but the importance of the higher oxy states generally decreases down. 
22.6 The Elements of G18
The ionization energies of helium, neon, and argon are so high that no stable compounds of these elements are known. Clathrates. Xe has a high affinity for both F and O. Formation of stable ionic lattice, high co-od # of Xe protect central atom from attack by other species. 

23. Transition Metals
All trans-metal cations have d^n electron config, the ns e- are always lost first. The highest possible oxy state, corresponding to the formal loss of all valence e-, decreases in stability from G3 to G8, not observed in later groups. In trans M, the stability of higher oxy states increases down a column. 
Left-Right / Top-Down: Increasing electro-, decreasing magnitude of cation, decreasing enthalpy of hydration.
Chem of G3 metals almost exclusively M(3+) ions. Chem of G4 metals dominated by +4 oxy state. Only Ti has an extensive chemistry in lower oxy states.  Chem of two heavy G5 metals (Nb, Ta) dominated by +5 oxy state. The chem of light element (V) dom by lower oxy states, esp. +4. Chem of 2 heavy G6 (Mo+W) dom by +6 oxy state. Chem of light (Cr) dom by lower states, esp +3. Chem of G7( Mn, Tc,Re) dom by lower oxy states. Compounds in max possible oxy state, +7, are readily reduced. The most important oxy states are +2 and +3 for G8, +3 for G9, +2 and +4 for G10. Most important for G11 is +1, G12 is +2.  
Metallurgy depends on separation of a metal compound from its ore and reduction to the metal at high temperature (pyrometallurgy) or in aqueous solution (hydrometallurgy). 
Hard acids prefer hard bases, soft acids prefer soft bases . Ligands that are strong bases form the most stable complexes with hard metals. Chelate complexes are more stable than the analogous complexes w/ monodentate ligands. 
Crystal field splitting does not change the total energy of the d orbitals. The largest crystal field splittin energies are found in complexes of metal ions from the 3rd row of the transition metals, that have charges of at least +3 and ligands that have localized lone pairs of e-.  Octahedral d3 and d8 complexes and low-spin d6,d5,d7,d4 complexes exhibit large crystal field stabilization energies. Jahn-Teller distortions (degenerate -> asymmetrical) most important for d9 and high-spin d4 complexes. 

7. Periodic Table and Periodic Trends
7.2 Sizes of Atoms & Ions
Atomic Radii: Decrease from L->R, increase from T->B. Zeff matters most. e- in same principle shell not as effective at shielding each other. Higher n-> bigger orbitals (but must account for Zeff). e-in filled inner shells are very effective at shielding e- in outer shells from Z+ charge.
Ionic Radii: Internuke d = Sum (r_cat + r_anion). Cation always smaller, Anion always larger for parent atom. When e- removed: 1. Rep b/w e- in same shell decreases. 2. Zeff increases b/c of fewer e- to shield. Going T->B increases. Isoelectronic -> greatest charge = smallest; least charge = greatest.
7.3 Energetics of Ion formation
Ionization Energy I: E(g) -> E(+)(g) + e-.  1 eV/ atom = 96.49 kJ/mol.  I_n > I_n-1 b/c: 1. Coulumb’s Law (removing from a stronger charge). 2. Reduces repulsive force -> >Zeff. 
I required to remove e- from a filled core is prohibitively large. B/Al lower b/c 3s2 better at screening 3p1 than eachother. O/S lower b/c starting to fill spin states -> more e- repulsion. 
Electron Affinity: (EA) E(g) +e- -> E-(g)
N has EA ~ 0+. Generally EA becomes more negative L-R, less neg T-B.
Exception: 1. B-F less than E below. Increased e-e repulsions experience by e- confined to small 2p orbitals overcome increased e-nucleus attraction at short buclear distances -> 3rd row has most negative EA. Going down, attraction b/w nucleus & new e- decreases, but also e-e repulsions -> tend to cancel out -> Groups have similar EA.
2. EA becomes more neg from Be-> Ba b/c energy separation b/w filled ns2 and empty np subshells decreases with n. 
G2, G18 have filled subshells -> new e- must enter new subshell -> very + EA. G15 less neg b/c of Hund’s rule. Second EA are always positive. 
Electronegativity:  = (I + |EA|) / 2. Mulliken = Atoms; Pauling = Molecular measurements.
High -> Tend to acquire e- (Top Right). Low -> tend to lose e- (Lower Left).  >= 2.2 nonmetal.  ~ 2 semimetal. <=1.8 Metal. 
8. Structure and Bonding I
8.1 Overview
1. Atoms interact to form stable arrangements.
2. Energy required to dissociate bonded atoms/ions into isolation. Ion: Lattice Energy. Covalent: Bond Energy.
3. Optimal internuclear distance r_0 = bond distance.
8.3 Lattice Energies
U = -K’ * (Q1 Q2)/(r0). K’ depends on arrangement of ions; valence e- config.
High U: High m.p., high hardness, low solubility. Born Haber Cycle. (Hess’ Law) Lattice energy most important factor in determinging the stability of an ionic compound.
8.5: Formal Charge = Valence e- (free atom) – [nonbonding e- + (bonding e- / 2)] (in Lewis structure)
8.7: Lewis Base: Donates a pair of e-. Lewis Acid: Accepts a pair of e-. e-deficient molecules (BCl3) = Lewis A. Acid Base Adduct: F3B : NH3 (NH3 = Lewis Base;  : is Co-od cov bond)
Molecules w/ multiple bonds can act like lewis A.
8.8 Properties of Covalent Bonds.
Bond Order: (# bonding e  - # antibonding e)/ 2. Higher bond order -> stronger, shorter bonds.
1. Bonds b/w H and atoms in a group decrease in strength down b/c region of space shared by e- b/w atoms gets proportionally smaller.
2. Bonds b/w like atoms usually weaker down. Same Reason as above. *N,O,F unusually weak single bonds b/c of lone-pair repulsions. Cl-Cl>Br-Br>F-F>I-I.
3. Elements in periods 3,4 have VERY weak multi-bonds w/ eachother
4. Multi bonds b/w C,O,N and Per 3 elements unusually strong.
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