
APPENDIX B-1 
IONIC RADII 

The values given are the crystal radii of Shannon, calculated using electron density maps and 
internuclear distances from X-ray data. Some of the trends that can be seen in these radii are the 
following: 

1. Increase in size with increasing coordination number 

2. Increase in size for a given coordination number with increasing Z within a periodic group 

3. Decreasing size with increasing nuclear charge for isoelectronic ions 

4. Decreasing size with increasing ionic charge for the same Z 

5. Irregular, slowly decreasing size with increasing Z for transition metal, lanthanide, or actinide 
ions of the same charge 

6. Larger size for high-spin ions than for low-spin ions of the same species and charge 

Not shown in the table, but another apparent factor, is the decrease in anion size with 
increasing cation field strength, determined by the charge and size of the cation in the crystal. 
See 0. Johnson, Inorg. Ckem., 1973, 12, 780, for the details. 
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Coordination Number 

1 H -4 

2 He 

3 ~ i '  73 90 106 

4 Be2+ 4 1 59 

5 B3+ 25 

6 c4' 29 

7 N3- 132 

8 02- 121 124 126 128 

OH- 118 121 123 
9 F- 115 117 119 

10 Ne 

11 Na+ 113 116 132 

12 Mg2+ 7 1 86 103 
13 ~ 1 ~ -  53 68 

14 si4+ 40 54 

15 p3+ 58 
16 s'- 170 

17 C1- 167 

18 Ar 
19 K' 152 165 173 178 

20 ca2' 114 126 137 148 
21 sc3+ 89 101 

22 TI'+ 100 
Ti3+ 81 

Ti4' 75 88 

23 V" 93 
v3+ 78 

24 cr2+ hs 94 
CrZi 1s 87 

cr3+ 76 

25 ~ n ~ +  hs 80 hs 97 
~ n ' +  Is 81 
Mn3+ hs 79 
Mn3+ 1s 72 

26 Fe2+ hs 77 hs 92 

~ e "  Is 75 

t;e3 ' hs 63 hs 79 
Fe3+ 1s 69 

27 co2+ hs 72 hs 89 

co2+ Is 79 

t co3+ hs 75 

co3+ Is 69 
28 Ni" 69 83 

Ni2+ sq 63 
Ni3+ hs 74 

Nil+ 1s 70 

29 CU' 60 74 9 1 

cu2+ 71 87 

30 zn2+ 74 88 104 
31 ~ a ~ +  61 76 

Continued 



670 Appendix B 

Coordination Number 

Continued 
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Coordination Number 

SOURCE: R. D. Shannon, Acta Crystallogi:, 1976, A32,75 1. 

NOTE: hs = high spin, 1s = low spin, sq = square planar. 

Values for CN = 4 are for tetrahedral geometry unless designated square planar. All values are in 
picometers. 

APPENDIX B-2 Atomic No. Element eV ~ m o l - '  

IONIZATION 1 H 13.598 1,312.0 

ENERGY 2 He 24.587 2,372.8 
3 Li 5.392 520.2 
4 Be 9.322 899.4 
5 B 8.298 800.6 
6 C 1 1.260 1,086.5 
7 N 14.534 1,402.3 
8 0 13.618 1,314.0 
9 F 17.422 1,681.0 

10 Ne 21.564 2,080.6 
1 I Na 5.139 495.8 
12 Mg 7.646 737.8 
13 A1 5.986 577.6 
14 Si 8.151 786.5 
15 P 10.486 1,011.7 
16 S 10.360 999.6 
17 C1 12.967 1,251.1 
18 Ar 15.759 1,520.5 

19 K 4.341 418.8 
20 Ca 6.113 589.8 
2 1 Sc 6.54 631 
22 Ti 6.82 658 
23 V 6.74 650 
24 Cr 6.766 652.8 
25 Mn 7.435 717.4 
26 Ft: 7.870 759.3 
27 Co 7.86 758 
28 Ni 7.635 736.7 
29 Cu 7.726 745.5 

Atomic No. Element eV kJ mnl-' 

Continued 
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Atomic No. Element eV kJ mol-I 4tomic No. Element eV kJ mol-I 

L 

SOURCE: C. E. Moore, ionization Potentials and Limits Derivedfrom the Anulyaea uJOpticul Spectra, 
NSRDS-NBS 34, National Bureau of Standards, Washington, DC, 1970; W. C. Martin, L. Hagan, 
5.  Reador and J. Sugar, J. Phys. Chem. Ref: Data, 1974,3,771; and J. Sugar, J. Opt. Soc. Am., 1975, 
65, 1366. 

NOTE: 1 eV = 96.4853 kJ mol-'. 

APPENDIX B-3 Atomic NO. Element eV k~ mol-' 

ELECTRON 1 H 

AFFINITY 2 

3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

2 1 
22 

ltomic No. Element eV w mol-' 

Continued 



8-4 Electronegativity 673 

Atomic No. Element eV k~ mol-' Atomic No. Element 

SOURCE: All data from W. Hotop and W. C. Lineherger, J. Phys. Chem. Re$ Data, 1985,14,731, except 
those marked *, which are from S. G. Bratsch and J. J. Lagowski, Polyhedron, 1986,5, 1763. 

NOTE: Many of these data are known to greater accuracy than shown in the table, some to 10 significant 
figures. 

a Estimated values. 

APPENDIX 8-4 
ELECTRON ECATIVITYa 

SOURCE: J. B. Mann, T. L. Meek, and L. C. Allen, J. Am. Chem. Soc., 2000,122,2780, and J. B. Mann, T. L. Meek, E. T. Knight, J. F. Capitani, 
and L. C. Allen, J. Am. Chem. Soc., 2000,122,5132. 

a The shaded elements are metalloids, based on their electronegativities. 
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APPENDIX B-5 
ABSOLUTE 
HARDNESS 

PARAMETERS 
Cations 

Hardness Parameters for Cations (all in eV) 

Ion or Molecule I A X rl 

Molecules 
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Hardness Parameters for Atoms and Radicals (all in eV)' 

APPENDIX B-6 
CAI EA, CB, AND EB 

VALUES 

Atom or Radical I A X rl 
F 17.42 3.40 10.41 7.01 
H 13.60 0.75 7.18 6.43 
OH 13.17 1.83 7.50 5.67 
NH2 11.40 0.74 6.07 5.33 
CN 14.02 3.82 8.92 5.10 
CH3 9.82 0.08 4.96 4.87 
C1 13.01 3.62 8.31 4.70 
CZHS 8.38 -0.39 4.00 4.39 
Br 11.84 3.36 7.60 4.24 
C6H5 9.20 1.1 5.2 4.1 
NO2 >lo. ]  2.30 >6.2 >3.9 
I 10.45 3.06 6.76 3.70 
SiH3 8.14 1.41 4.78 3.37 
C6H5O 8.85 2.35 5.60 3.25 
Mn(CO)5 8.44 2.0 5.2 3.2 
CH3S 8.06 1.9 5.0 3.1 

C6H5S 8.63 2.47 5.50 3.08 

SOURCE: R. G. Pearson, Inorg. Chem., 1988,27,734. 

" The hardness values approximate those of the corresponding anions. 

Acid c A E A 

Trimethylboron, B(CH& 1.70 6.14 
Boron trifluoride (gas), BF3 1.62 9.88 
Trimethylaluminum, Al(CH& 1.43 16.9 
Iodine (standard), I2 1 .Ooa 1.00" 
Trimethylgallium, Ga(CH3)3 0.881 13.3 
Iodine monochloride, E l  0.830 5.10 
Sulfur dioxide, SO2 0.808 0.920 
Phenol, C6H50H 0.442 4.33 
tert-Butyl alcohol, C4H90H 0.300 2.04 
Pyrrole, C4H4NH 0.295 2.54 
Chloroform, CHC13 0.159 3.02 

Base CB EL3 

1-Azabicyclo[2.2.2] octane, HC(C2H4)3N 13.2 0.704 
(quinuclidine) 

Trimethylamine, (CH3)3N 11.54 0.808 
Triethylamine, (C2H&N 11.09 0.991 
Dimethylamine, (CH3)*NH 8.73 1 .09 
Diethyl sulfide, (C2H&S 7.40a 0.339 
Pyridine, C5H5N 6.40 1.17 
Methylamine, CH3NH2 5.88 1.30 
Pyridine-N-oxide, C5H5N0 4.52 1.34 
Tetrahydrofuran, C4H80 4.27 0.978 
7-Oxabicyclo[2.2.1] heptane, C6H 3.76 1 .08 
Ammonia, NH3 3.46 1.36 
Diethyl ether, (C2H5)@ 3.25 0.963 
Dimethyl sulfoxide, (CH3)2S0 2.85 1.34 
N,N-dimethylacetamidc, (CH3)2NCOCH3 2.58 1.32" 
p-Dioxane, O(C2H4)20 2.38 1 .O9 
Acetone, CH3COCH3 2.33 0.987 
Acetonitrile, CH3CN 1.34 0.886 
Benzene, C6H6 0.681 0.525 

SOURCE: R. S. Drago, J. Chem. Educ., 1974,51, 300. 

" Reference values. 
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APPENDIX B-7 ACIDIC SOLUTION 
LATIMER o -2.25 

DIAGRAMS H+ - H2 - H- 

FOR SELECTED 
ELEMENTS1 GROUP 1 

-3.04 -2.71 -2.92 -2.92 Lit - Li Nat - Na K+ -2.92' K ~ b +  - Rb CS+ - CS 

CROUP 2 
-2.36 -2.84 -2.89 -2.92 

Be2+ 3 Be M~~~ - Mg ca2+ - Ca sr2+ - Sr Ba2+ - Ba 

CROUP 3 
-2.03 -2.37 -2.38 -2.13 sc3+ - SC y3+ - Y ~ a ~ +  - La A C ~ +  Ac 

CROUP 4 

CROUP 5 

CROUP 6 

CROUP 7 

CROUP 8 
2.20 0.771 -0.44 

~ e 0 ~ ~ -  ---+ Fe3+ -----+ Fe2+ - Fe 

CROUP 9 

CROUP 10 

CROUP I I 

' ~ a t a  from A. J. Bard, R. Parsons, and J. Jordan, eds., Standard Potentials in Aqueous Sohation, 
Marcel Dekker, New York, 1985; A. Kaczmarcyzk, W. C. Nichols, W. H. Stockmayer, and T. B. Ames, Inorg. 1 
Chern., 1968, 7, 1057; M. Pourbaix, Atlas of Electrochemical Equilibria in Aqueous Solution, 2d ed., translat- I 
ed by J. A. Franklin, National Association of Corrosion Engineers, Houston, TX, 1974. 
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GROUP 12 
-0.763 -0.403 0.911 0.796 

Zn2+ - ~n cd2+ - ~d H ~ ~ +  4 Hg 

GROUP 13 
n.47 

GROUP 14 
-0.106 0.517 0.132 

C02 - CO 4 C 4 C H 4  

GROUP 15 
0.803 1.07 0.996 1.5 1.77 -1.87 1.275 

No3- + N204 + HN02 - NO - N 2 0  - N2 - NH~OH+ 3 N2H5+ - 
1 0.94 T &H2N202  o.&/ 0.275 T 

CROUP 16' 
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GROUP 17 
2.87 

F2 - F 

1.201 1.18 1.70 1.63 1.358 
C104- ---+ C103- HC102 - HClO - C12 ---+ C1- 

1.85 1.45 1.60 1.065 
Br04- ----t B r 0 3  - HBrO - Bq(1) --+ Br- 

BASIC SOLUTION 
GROUP I 

-0.828 - 2.25 
H20 - Hz - H' 

GROUP 2 
2.62 -2.69 -3.03 -2.88 -2.81 - Be M g ( O H ) 2  - Mg Ca(OH)2  - Ca Sr(OH)2 - Sr Ba(OH)2  ---+ Ba 

GROUP 4 
-1.90 -2.36 -2.50 

Ti02 ---+ Ti H3Zr04 ---+ Zr HfO(OH)z ---+ H f  

GROUP 5 
0.120 

~ 0 4 ~ -  ---+ V 

GROUP 6 
-1.1 -1.4 2 Cr (OH)3  ---+ Cr(OH)2 ---+ Cr 

/A+ cr(oHk- 
-1.33 T 

GROUP 7 
0.564 0.96 0.15 -0.25 -1.56 

Mn04- - ~ n 0 ~ ' -  5 ~ n 0 ~ ~ -  - Mn02 - Mn203 --+ M n ( O H ) 2  - Mn 

GROUP 8 
-0.56 -0.887 

~ e 0 ~ ~ -  2 Fe(OH)3 --+ Fe (OH)2  - Fe 

GROUP 9 
0.17 0.73 

Coo2 Co(OH)3  - Co(OH)2  - Co 
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CROUP 10 
>0.4 0.49 -0.72 

~ i 0 2 ~ -  - Ni02 -----+ Ni(OH)2 - Ni 

CROUP 11 
-0.29 -0.365 cuo - Cu20 - Cu 

CROUP I2 
- 1.285 zno2'- - Zn 

CROUP 13 
-0.76 -1.04 1.15 0.98 0.78 

~ 4 0 7 ~ -  - B - ~ 1 2 ~ ~ ~ ' -  B ~ $ I ~ ~ ~  - B10H14(s) - B2H6 - BH4- 

-2.31 
H2A103- - A1 

-1.22 
H2Ga03- - Ga 

1.0 
In(OH)3 - In 

-0.05 -0.34 
T l (OH)3  - Tl(0H) - T1 

CROUP 14 

- 1.01 -0.52 -0.70 
~ 0 3 ~ -  - HC02- - C - CH4 

- 1.69 -0.93 sio3'- - Si - SiH4 

-0.89 <-1.1 
HGe03- - Ge - GeH4 

-0.90 -0.91 
s~(oH)~'- - HSn02- - Sn 

0.25 -0.58 
Pb02 ----+ PbO - Pb 

CROUP 15 

0.867 -0.46 0.76 0.94 -3.04 0.73 0.1 
N2O4 ----* NO2- - NO + N20 ---. Nz - NH20H + N2H4 ---+ N H 3  

-1.12 -2.05 -0.89 
~ 0 4 ~ -  - H P O ~ '  H2P02- - P4 - pH3 

-0.67 -0.68 -1.37 
~ ~ 0 4 ~ -  - H2As03- - As - AsH3 

-0.465 -0.639 - 1.34 
Sb(OF&- - Sb02- Sb - SbH3 

0.78 0.56 -0.46 <-1.6 
Bi205 -j Bi204 -+ Bi203 - Bi - BiH3 
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GROUP 16 
2.075 -0.069 0.867 

0 3  - 0 2  - H02- - OH- 

GROUP 17 
2.87 

F2 4 F- 

GROUP 18 
0.94 1.24 

~ ~ e 0 6 ~ -  --+ HXe04- - Xe 



A 
Abel. E. W.. 551 
~ b s o l u t e  electronegativity ( x ) ,  

187-189 
Absolute hardness (q), 187-189; 

674,675 
Absorbance, 381 
Absorption of light, 380 
Absorption spectra 

Bohr atom, 18 
coordination compounds, 388 
[ c ~ ( H z o ) ~ ] ~ + ,  401 
[ c ~ ( H ~ o ) ~ ] ~ + ,  402 
[ C U ( H ~ O ) ~ ] ~ + ,  398-401 
[ F ~ ( H ~ o ) ~ ] ~ + ,  401 
IM(H~O)~J"+ ,  397, 398 
[ M ~ ( H ~ o ) ~ ] ~ + ,  397,405 
L N ~ ( H ~ o ) ~ ] ~ + ,  402 
Tetrahedral complexes, 390,406 
[ T ~ ( H ~ O ) ~ ] ~ + ,  398,401 
~ v ( H ~ o ) ~ ] ~ + ,  394,404 

Abstraction reactions, 534 
Abundances of the elements, 

cosmic, 8 
Acetaldehyde, synthesis from 

ethylene, 541 
Acetic acid dissociation, 

thermodynamics, 193 
Acetic acid process, Monsanto, 

538,539 
Acetylene (C2H2), symmetry, 91 
Acetylide, structure, 268 
Acid and base strength, 203 
Acid-base activity, changed by 

coordination, 595 
Acid-base concepts 

Arrhenius, 166-168 
as organizing concepts, 165 
Brgnsted-Lowry, 166-168 
frontier orbitals, 171-174 
Ingold-Robinson, 166 
Lavoisier, 165, 166 
Lewis, 166, 170, 171 
Liebig, 165, 166 
Lux-Flood, 166 
solvent system, 166, 168-170 
Usanovich, 166 
summary, 166 

Acid-base definitions, 166 
Acid-base parameters, quantitative, 

187-194 
Acid-base properties, binary 

hydrogen compounds, 194 
and frontier orbitals, 17 1-174 
quantitative measures of, 

187-194 
Acid-base strength. 192-202 

binary hydrGgen compounds, 
194, 195 

of cations, 197-199 

inductive effects, 196 
inherent, 184, 186, 188, 191. 

199 
and nonaqueous solvents, 

201,202 
oxyacids, 196, 197 
proton affinity, 194 
quantitative measures, 187-194 
and solvation, 200,201 
and solvents, 200 
steric effects, 199, 200 
thermodynamic measurement, 

193, 194 
Acidity and electronegativity, 

trends, 195 
Acid rain, 630 
Acids and bases with parallel 

changes in E and C, 191 
Aconitase, 595 
Actinides, 17 
Activation energies and reaction 

entbalpies, 421 
Addition reactions, 521, 524,525 
Addition to unsaturated species, 

halogens and carbonyl 
compounds, 557 

Adduct formation, 192 
acid-base, 17C176, 178, 179, 

181, 182, 186 
Adenosine triphosphate (ATP), 600 
Ahrland, S., 182 
A12(CH3)6 structure, 296 
A14(0H)8Si40,0 (kaolinite), 234 
A13N3 ring, 261 
Alchemy, 11 
Alcohol dehydrogenase, 595 
Alizarin red dye, 299 
Alkali metals (Group l ) ,  17, 

249-253 
anions, 240,25 1 
cryptands, 252 
chemical properties, 249, 250 
combustion products, 250 
isolation, 249 
properties, 249 
solutions in liquid ammonia, 250 

Alkalides, 25 1 
Alkaline earth metals (Group 2), 

17,253 
chemical properties, 254 
sources, 253 
uses, 254 

Alkenyl (vinyl) ligands, 498 
Alkyl complexes, 497 

bonding, 496 
synthesis, 496, 497 

Alkyl groups 
bridging, 1, 3 
effect on base strength, 196 
terminal, 1, 3 

Alkyl ligands, 496,497 

Alkyl migration mechanism, 
528-532 

Alkyne metathesis, 547 
Alkynyl ligands, 498 
Allen, L. C., electronegativity, 64 
Allene (C3H4), symmetry, 90 
Allred. A. L.. electronegativity, 64 
Ally1 complexes, 483,484 
Aluminosilicates, 10 

kaolinite, 234 
montmorillonite, 236 
pyrophyllite, 234 
structurc, 234, 236, 237 
zeolites, 236 

Aluminum, properties, 260 
Aluminum compounds, bridged, 259 
Ambidentate isomerism, 309 
Amethyst, color, 379 
Amide ion (NH2-) structure and 

shape, 62 
Amine oxidases, 595 
Amines, basicity of, 196 
Ammonia 

basicity and frontier orbitals, 172 
boiling point, 69 
bond angle, 59,60 
dimer, 70 
electron repulsion in, 60 
group orbitals, 15 1 
Haber-Bosch process, 13 
hybrid orbitals, 158 
hydrogen bonding, 70 
molecular orbitals, 152-154 
symmetry operations, 92 
synthesis, 13,274 
synthesis by nitrogenase, 61 1 
uses, 274 

Ammonium ion ( N H ~ + )  structure 
and shape, 62 

Ammonium nitrate, uses, 276 
Amphibole asbestos, 236 
Amphoteric, 201 
Anation, 422 
Anesthesia, theory of, 71 
Angels, 32 
Angular functions 

8 , 2 6 , 2 9  
a, 2 6 , B  
Y,  33 

Angular momentum quantum 
numbers 

1,26, 27, 29 
J ,  384-387 

Angular nodal surfaces, 30, 32, 33 
Angular overlap model, 342 

4- and 6-coordinate preferences, 
373,374 

ligand field theory, 362368,371 
magnitudes of e,, e, ,  and A ,  

368-371 
other shapes, 375 

parameters, 37 1 
.ir acceptor interactions, 364, 

365,367 
.ir donor Interactions, 366, 367 
a donor interactions, 362-365 
special cases, 369 
trigonal bipyramidal complexes. 

375,376 
Antibonding molecular orbitals. 

octahedral complexes, 346 
Antifluoritc structurc, 217 
Antimony, 272,274 
Antineutrino, 5, 6 
Antisymmetric Stretch of CO, 504 
Antitumor agent, cisplatin, 618 

mechanism, 620 
Apoferritin, 6C4 
Aprotic Solvents, 168, 169 
Aquation, 422 
Aruchno borane definition, 574 
Aragonite structure, 218 
Argon, 291 
Aromatic rings as ligands, 3 
Arrhenius, S., acid-base 

definition, 166 
Arsenic 

Bangladesh water supply, 628 
environmental, 628 
properties, 272,274 

Arsine (AsH3) bond angle, 66 
Arsines (AsR3), 276 
Arthritis treatment, auranofin, 622 
Aryl ligands, 498 
Asbestos, 236 
AsBr3, bond angle, 66 
AsC13, bond angle, 66 
Ascorbate oxidase, 595 
AsF3, bond angle, 66 
AsH3, bond angle, 66 

VSEPR and structure, 66 
Associative interchange mechanism 

(A,), 415 
Associative mechanism ( A ) ,  419 

evidence for, 435437  
Ru(1II) compounds, 425 
substitution in octahedral 

complexes, 425 
Associative property, in a 

group, 93 
Astatine, 285 
Atmophiles, 10 
Atomic orbitals, 27, 33 

mathematics of, 26, 28,29 
order of filling, 38 
positive and n&ative signs, 

117-122 
shapes, 25,27-29,31-33 

Atomic theory, historical 
development, 15-19,21,22 

*Greek characters have been alphabetized according to their English phonetic spelling, isotopes are alphabetized according to the element symbol, and 
compounds are alphabetized disregarding numbers and symbols. 
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Atomic wave functions, 21-30, 
32,33 

Atoms and molecules, concept, 11 
ATPase, 595 
Atwood, J. D., 450 
Aufbau principle, 34 
Au(PPh3) fragment, 566 
Auranofin, antiarthritis 

treatment, 622 
Aureolin (K3[C~(N02)6].6H20), 

299 
Avogadro, A,, 16 

B 
B2, molecular orbitals, 127 
Background radiation, 6 
Bacon, Roger, 11 
Bailar twist, 434 
Bailey, R. A., 635 
Baldwin, J., 598 
Ball and chain dimers, fullerene, 266 
Balmer series, hydrogen spectrum, 

17-20 
Band gap in solids, 223,225-227 
Band structure in solids, 223,225-227 
Bardeen, J., 229 
Base strength, inherent, 184 
Basolo, F., 435,450 
Bauxite (hydrated A1203), 10 
Be2, molecular orbitals, 127 
BeC12, bonding, 56,57 
Becquerel, H., radioactivity, 11, 17 
Bednorz, J. G., 230 
Beer-Lambert absorption law, 

380,381 
BeF2, bonding, 56,57 
Bennett, W. E., 314 
Benzene, symmetry, 90 
Benzene and borazine 

comparison, 261 
Berg, J. M., 635 
Bertini, I., 635 
Beryllium, 254 
f3 decay, 8 
Beta elimination, 533 
Bethe, H. A,, crystal field theory, 12, 

304,344 
BF3 

bonding, 58,59 
molecular orbitals, 154-1 56 
symmetry, 89 

BF3.NH3 adduct, 170, 171 
BF3-O(C2H5)2 adduct, boiling 

point, 171 
B2H6, bonding, 256-258 
B~H,'-, bonding, 573,574 
B ,ZH 12Z-, symmetry, 85, 86 
Bidentate ligands, 307 
Big bang theory, 5 

background radiation, 6 
Bimolecular mechanism, 522 
Binary carbonyl complexes, 472,473 
Binary hydrogen compounds, acidity 

and basicity, 194, 195 
Bismuth, 272,274 
Bleach, chlorine and bromine, 286 
Block diagonalized matrix, 96, 97 
Blomstrand, C.W., chain theory, 300 
Bockris, J. O'M., 635 
Body-centered cubic, 209-213, 

216,217 
B(OH)3, symmetry, 89 
Bohr atom, 17-19 
Bohr magneton ( p B ) ,  340 
Bohr radius ( a " ) ,  29 
Bohr, N .  

atomic theory, 11, 18, 19 
Boiling point 

and adduct formation, 17 1, 192 

and hydrogen bonding, 70 
Bond angles 

cH4:59 
and electronegativity, 66 
H 2 0 ,  59-61 
NH3, 60,61 
and size of central atom, 66 
VSEPR, 58-63,65-67 

Bond dipoles, 67-69 
Bond lengths, and VSEPR, 66, 67 
Bond order, 123 

and electron count, dimetal 
clusters, 570 

Bond polarity, 67,68 
Bonding 

Hz, 118 
of C6" to metal, 493 
in ionic crystals, 231 

Bonding interactions between metal 
d orbitals, 569 

Bonding molecular orbitals, 118, 120 
Bonding orbitals 

HFH-, 143 
octahedral complcxcs, 346 

Bonding pair-bonding pair (bp-bp) 
repulsion, VSEPR, 57, 
59-63 

Bonding pair-lone pair (bp-lp) 
repulsion, VSEPR, 60-63 

Boranes, 259, 572,574,577 
classification, 574,577 

Boraphosphabenzenes, 261 
Borazine and benzene, 

comparison, 261 
Born-Haber cycle, 220 
Boron 

compounds, 256 
hydrides, see boranes, 572 
isotopes, 259 
properties, 256 
uses, 259 

Boron nitride (BN) properties, 261 
Boron trifluoride-diethyl ether 

adduct, BF3-O(C2H5)2, 171 
Boron trihatides (BX3) as Lewis 

acids, 260 
B3P3 rings, 261 
Bravais lattices, 208 
BrF3, 290 

aolvent, 168 
VSEPR and structure, 60 

BrF4-, 290 
BrFs, symmetry, 89 
Bridging ligands 

alkyl groups, 1, 2 
carbouyls (CO), 240.473 
hydrogen atoms, 1-3,240 

Bridging modes of CO, 470,471 
Bromine, 285 
Breinsted, J .  N., 166, 167 
Brensted-Lowry acid-base 

definition, 166-168 
Biobset, C., 567 
Brown, H. C, 199 
Buckminsterfullerene, C60, 4. 265 

as ligand, 493495 
structure, 265 

Buckyball, C6", 265 
Burdett, J. K., 162 
Bums, G., 237 
1,3-butadiene, as ligand, 480 
Butanal. synthesis from propene, 538 

C 
I4C and radiocarbon dating. 262 
"C NMR of complexes, 507, 508 
"C NMR spectrometry, 262 
C2 ,  molecular orbitals, 127 
C2 axes, perpendicular, 86,87, 101 

C2H2.90 
electron-dot diagram and 

geometry, 52 
C2H2C12Br2, symmetry, 85 
C5H5, cyclopentadienyl, 485 
C5H5 and CO complexes, 491 
(C5H5)2Fe. ferrocene, 457 

[ ( I I~-CSHS)M~(CO)~IZ and 
bridging carbonyls, 47 1 

C6D6 synthesis, 535 
C6", buckminsterfullerene, 4,265 

as ligand, 493495 
C70.265 
c80,265 
CA, E A ,  C B ,  and E B  values, 190 
"Cage" organometallic complexes, 

495 
Calcite structure, 218 
Calorimetric methods, 192 
Cannizzaro, S., 16 
Capped octahedral geometry, 331 
Capped square antiprismatic 

structure, 333 
Capped trigonal prismatic 

geometry, 331 
Carbaboranes, 577-582 
Carbene (alkylidene) complexes, 

496,498-501 
Fischer-type, 498 
'H NMR, 499 
and heteroatoms, 498 
methoxycarbene, 498 
nomenclature, 498 
.sr bonding, 499 
Schrock-type, 498 

Carbide clusters, 455,456, 584, 
587,588 

bonding, 588 
Carbide, structure, 268 
Carbon, 261 

14c, 9 
5-coordinate, 267 
isotopes, 7, 262 

Carbon 13 NMR 
of organometallic complexes 

507,508 
Carbon-centered clusters, 456, 

577,588 
Carbon dioxide 

electron-dot diagram, 57 
geometry, 57 
hybrid orbitals, 158 
molecular orbitals, 143-147 
properties, 268 
vibrational levels and 

greenhouse effect, 268 
Carbon monoxide (CO), 267 

infrared spectrum, 470 
molecular orbitals and 

photoelectron spectrum, 
136, 138 

stretching modes, 108, 109 
symmctry, 89 

Carbon-nitrogen cycle, 7 
Carbonate (co~'-) 

electron-dot structure and 
resonance, 52 

structure and dipole 
moment, 68 

Carbonic anhydrase, 595,607 
mechanism, 608 

Carbonyl (CO) complexes, 467474 
binary, 472474 
bonding, 467474 
bridging, 47e472 
clusters, 582, 583 
C - 0 distance, 469 
hydride complexes, 477 
1R spectra, 468471,503-507 

main group parallels, 556 
synthesis of biniuy, 473,474 

Carbonyl insertion reactions, 
mechanism, 528-532 

Carbonyl stretching vibrations 
cis- and trans-dicarbonyl square 

planar complexes, 108 
IR spectra, 506 

Carboranes, 259,577-582 
analogues of ferrocene, 582 
classification, 578 

Carborundum, properties, 271 
Carboxypeptidase, mechanism, 595, 

606,607 
Carbyne (alkylidyne) complexes, 

496498,501,502 
bonding in, 501,502 
nomenclature, 498 
synthesis, 534 

Cartesian coordinates, 28 
Cat litter, 236 
Catatases, 595,600 
Catalysts, organometallic, 534-551 
Catalytic converters, 627 
Catalytic deuteration, 535 
Cations, acidity, 197-1 99 
Cativa process, acetic acid 

synthesis, 540 
CC14, dipole moment, 68 
Ceruloplasmin, 595,608,609 
Cesium chloride structure, 214 
CFSE (crystal field stabilization 

energy), 345 
[(CHdAlN 

(2,6-dii~opropylphenyl)]~, 
26 1 

CH4 
dipole moment, 68 
symmetry, 85,86 
VSEPR and structure, 59 

Chalcogens (Group 16), 17,279 
Chalcophiles, 10 
Character 

of irreducible representations, 
properties, 98 

of a matrix, 96 
of molecular motions, 104 

Character tables, 97, 99-101, 
68 1-690 

features, 99-101 
notation, 99-101 
for octahedral complexes, 346 

Characterization of organometallic 
complexes, 509,510 

Characters, for C ~ S - M L ~ ( C O ) ~ ,  108 
Charge transfer spectra, 407 

and acid-habe behavior, 178 
Charge transfer to ligand 

(CTTL), 408 
Charge transfer to metal (CTTM), 

407,408 
Chatt, J., 182 
Chauvin mechanism, olefin 

metathesis, 544 
Chelate rings, 307 

conformations, 318 
isomers, 315 

Chelates, 304 
Chelating ligands, 304 
Chemical properties and the periodic 

table, 244 
diagonal similarities, 245 
first row anomaly, 245 
hydrogen, 248 

CHFClBr, symmetry, 84,85 
Chiral complexes, assigning 

handedness, 316 
Chiral isomers, 3 16 
Chiral rings, labeling, 3 17 
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Chirality, 102, 103, 311, 313 
octahedral molecules, 3 11 
tetrahedral molecules, 3 1 1 

Chlorin, 600 
Chlorine bleach, 286,287 
Chlorine, isolation, 285 
Chlorofluorocarbons, and ozone 

layer, 632 
Chlorophyll a, 13 
Chlorophylls, 255, 597,600 
Chothia, C., 598 
Chromate (cro4'-), acidity, 

198,199 
Chiysotile, 236 
Circular dichroism (CD), and chiral 

molecules, 319, 323 
Cisplatin, antilumur agent, 31 1, 618 
Cisplatin-DNA complex, 

strncture, 621 
Class (a) metal ions, 182 
Class (b) metal ions, 182 
Class, group theory, 98, 100 
Classes, of crystals, 208 
Classification, of molecule's point 

group, 82 
Clathrates, 7 1 
Clathrates of noble gases, 292 
ClF,, 53,290 

VSEPR and structure, 60 
ClF5, 290 
C10F3, structure, 62 
Close-packed structures, 210-213 
Closo borane definition, 574 
Clusler compounds, 454,455, 

572-589 
carbide, 587,588 
main group, 572-579,585-587 
metallaboranes and 

metallacarboranes, 579-582 
transition metal, 582-585 

Cluster structures, classification, 577 
C ,  axis, 82 
CN- (cyanide), as ligand, 475 
C N O  (fulminate), VSEPR and 

structure, 54,55 
CO (carbon monoxide), 267 

infrared spectrum, 470 
molecular orbitals and 

photoelectron spectrum, 
136. 138 

stretching modes, 108, 109 
symmctry, 89 

CO (carbonyl) complexes, 
467474 

binary, 471,472 
bonding, 467474 
bridging, 470-472 
clusters, 582, 583 
C - 0 distance, 469 
hydride complexes, 477 
IR spectra, 468-471,504,506 
main group parallels, 556 
synthesis of binary, 473 

CO dissociation, 474,521 
C 0 2  (carbon dioxide), 267 

electron-dot diagram, 52 
geometry, 52 
and greenhouse effect, 634 
molecular orbitals, 143-147 
s inmetry, 85,86 

~ 0 ~ ' -  (carbonate ion) 
electron-dot diagram, 52 
molecular orbitals, 156 
structure and dipole moment, 68 

Cobalamin, 602 
catalysis, 603 

Cobaltocene, 489,490 
[CO(CO)~]-, 527 
[ C O ( C ~ ( N H ~ ) ~ ( O H ) Z ) ~ I B ~ ~ ,  totally 

inorganic optically active 
compound, 301 

[CO(~~)~ (H~O)X]" ' ,  rates of 
substitution reactions, 432 

[ ~ o ( e n h l , ~ +  
chiral~ty of ring conformation, 

318 
symmetry, 87,88 

Coenzyme B lz, 13 
vitamin, 602-604 

[ C O ( H ~ N C ~ H ~ N H ~ ) ~ C ~ ~ ~  cis and 
trans isomers. 301 

Coinage metals, 17 
Collman, J. P., 527, 551 
Collman's reagent (Na2Fe(C0)4), 

527 
Colors 

complementary, 380 
coordination compounds, 379 
gemstones, 379 

Complex ions, 299, 302 
Conditions for high and low 

oxidation numbers, 445 
Conduction band in solids, 223 
Conductivity 

diamond, 213 
insulators, 223, 224 
and metallic character, 241 
metals, 213,223, 224 
semiconductors. 223.224 , , 

temperature dependence, 
224,228 

Conductor, band structure, 223,224 
Cone angle, ligand, 523 
Configurational isomers, 3 10 
Conformations, ligand ring, 

318,319 
[ C O ( N H ~ ) ~ C ~ ~ ] + ,  cis and trans 

isomers, 301 
[ C O ( N H ~ ) ~ ( H ~ O ) ] ~ + ,  rates of 

substitution, 424 
Conjugate acids and bases, 167 
Conjugate base mechanism, 426,427 
Constant electron density 

surfaces, 33 
Constitutional isomers, 310 
Cooke, M. P., 527 
Cooper pairs in superconductors, 229 
Coordinate covalent bond, 299 
Coordinate system 

for octahedral orbitals, 353 
spherical, 28 
for square planar orbitals, 356 
for tetrahedral orbitals, 36 1 

Coordination compounds, 299 
acid-base definition, 171 
crystal field theory, 304 
defined, 299 
historv. 299-302. 304 , , , 

isomerism, "19-313, 315,316, 
318-320,322,323 

ligand field theory, 304 
nomenclature, 299-302,304, 

305,307,308 
valence bond theory, 304 

Coordination geometry, 2 
Coordination isomers, 309, 310, 320 
Coordination number (CN), 2, 

323-333 
CN 1,2,  and 3,323,326,327 
CN 4,327 
CN 5,328 
CN 6,329-33 1 
CN 7,331 
CN 8,332 
and electronic structure, 342 
CN larger Lhan 8,333 
in solids, 209,210,212, 213, 

215,217-219 

Coordination sphere, 302 
Copper enzymes, 608 
Correlation diagram, 132, 133, 

390-392 
for homonuclear diatomic 

molecules, 132, 133 
for octahedral transition metal 

complexes, 391, 392 
Cosmic rays, 9 
Cossee-Arlman mechanism, 533,549 
[~o(tren)(sal)]+ isomers, 3 13 
Cotton effect, in ORD and CD, 

323,324 
Cotton, F. A,, 14, 110, 162, 636 
Coulomb energy (n,) 

electron repulsion, 35, 36 
transition metal complexes, 

347-349,351 
Counting electrons, 18-electron rule, 

460-463 
donor pair method, 460 
neutral ligand method, 460 

Covalent character, and acid-base 
reactions, 181, 182 

Covalent radii, 44,45 
Cowan, J. A,, 635 
Cox, P. A,, 14,237 
~ C o ~ ~ ( t r i e n ) l + ,  IY. and p 

forms, 319 
Cr(lI), Jahn-Teller effect, 372 
Cr(co)5[c(ocH3)c6H51,499, 

500 
'H NMR, 499 
cis and trans isomers, 499,500 
synthesis, 499 

W C 0 ) 6  
and 18-electron rule, 463465 
molecular orbitals, 464 

Creation of the universe, 5 
Creswick, R. J., 237 
Critical temperature (T,) for 

superconductivity, 228 
Crown ether, alkali metal 

complexes, 25 1 
Cryptand, alkali metal 

complexes, 25 1 
Crystal field splitting, 344 
Crystal field stabilization energy 

(CFSE), 345 
Crystal field theory, 12, 304, 

342,344 
Crystal radn, 46, 47 
Crystal structures 

binary compounds, 214-217 
body centered cubic, 210 
close-packed, 210-213 
CsCl, 215 
cubic close packed, 210,212 
diamond. 213 
face centered cubic, 209, 210, 

212,213 
fluorite (CaFg), 216 
hexagonal cl&e packed, 

210,212 
NaC1,2 15 
NiAs, 217 
primitive cubic, 209 
rutile (Ti02), 217 
wurtzite, 215,216 
zinc blende, 215 

Crystallization, fractional, 
for separation of 
isomers, 322 

CS (tbiocarbonyl), 475 
CsCl structure, 215 
CSe (selenocarbonyl), 475 
Cu(II), Jahn-'Yeller effect, 372 
Cubic close packing (ccp), 210-213 
Cubic geometry and VSEPR, 59 

[ cu (H~o)~ ]~+  absorption 
spectrum, 399 
color, 380 

Cyanate, OCN-, structure, 54 
Cyanide (CN-) 

as ligand, 353, 354,456,475 
molecular orbitals, 353, 354 

Cyanogen, NCCN, as 
pseudohalogen, 290 

Cyclic n systems, 480-482, 485, 
486,489491 

Cyclobutadiene, as ligand, 481 
cyc10-C3H3, as ligand, 480482 
Cyclometallation reactions, 525 
Cyclooctadiene complexes, 484 
Cyclopentadienyl (Cp), 485 

complexes, 485,486 
as ligand, 458460,485,486, 

489491 
Cytochromes, 595,597,599,600 
C - 0, stretching modes, 108-1 10, 

468-473,504,506 

D 
d Orbital interactions, 569 
d Orbitals in octahedral complexes, 

energies, 364, 366 
Dalton, John, 15, 16 
Davies, N. R., 182 
de Broglie, L., equation, 19 
Degenerate orbitals, 36, 127, 133 
Degrees of freedom, molccular 

motion, 103, 104 
Delta (6) bond, 1 
Delta (6) orbitals, from d 

orbitals, 120 
A H o  from temperature dependence 

of equilibrium constant, 
192,193 

A, in octahedral complcxcs, 346 
determining from spectra, 

393-395,401,402 
ASo from temperature dependence 

of equilibrium constant, 193 
Democritus, 15 
Denitrification, 612 
Density of states, N ( E ) ,  in solids, 

223,224 
Deuterium ('H), 6, 247 
Dextrorotatory, 102 
Diamagnetic conlpounds, 

magnetic susceptibility, 
125,339 

Diamminedichloroplatinum(ll), 
[PtCI,(NH&], cis and 
trans isomers, 308 

Diamond, 214,263,364 
Diastereomers, 3 10 
Diatomaceous earth, 269 
Diazcnc (NLH2), 274,275 
Diborane (B2H6), bonding, 

256-258 
1,5-Dibromonaphthalene, 

symmetry, 87 
Dicarbide ion, structure, 268 
Dickerson, R. E., 598 
Difluorodiazene, symmetry, 89 
Dihydrogen (HZ) 

complexes, bonding, 
477,478 

as ligand, 456 
Dimension of a representation, 98 
Dimers (NH,), 70 
Diodes 

behavior, 226 
light-emitting, 226,227 
photovoltaic cells, 226 
structure, 226 

Dioldehydrase, 595 
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Dioxovanadium (vo"), 
acidity, 198 

Dioxygen (02),  128,281 
Dioxygenyl ion (Ozf), 128,281 
Dipeptidase, 595 
(Dipicolinato)oxovanadate(V), 

insulin-like activity, 622 
Dipole moment, 67,68 
Dislocations in crystals, 213,232 
Dispersion forces, 69 
Displacement, nucleophilic, 526, 527 
Dissociation energy, Born-Haber 

cycle, 138 
Dissociative mechanism (D) ,  417, 

418,420422 
evidence for, 422 
phospbine, mechanism, 521-523 
rate equation, 417419 
Ru(I1) compounds, 425 
stereochemical changes for 

C~S-[M(LL)~BX, 433 
Dissociative interchange, Id ,  415 
Dissymmetric, 102 
Distorted T geometry, VSEPR, 61 
DMSO reductase, 595 
DNA 

cleavage studies, 622, 624, 625 
double helix, 620 
structure, 619 

DNA polymerase, 595 
mechanism, 623 

Dodecahedra1 geometry, 332, 333 
Donor-acceptor bonding in 

BF3.NH3, 170 
Donor-acceptor transition, 178 
Doped semiconductors, 224 
Drago, R. S., 189-191 

E 
E, C parameters, 189-191, 675 
Earnshaw, A,, 14,237 
Earth 

formation, 5, 8 
structure, 9 

EDTA comolex. handedness of 
rin& 316 

Effective nuclear charge (Z*), 38, 
40.41 

Effects of entering group and 
cis-ligands on rates, 425 

Eighteen-electron rule, 304,460, 
462,463,465 

exceptions, 465 
Electrical resistivity and metallic 

character, 241 
Electrides, 252 
Electrode potentials, 245,246, 

278,288 
Electron, 5 , 6  
Electron affinity, 44, 139, 672, 673 

Born-Haber cycle, 220 
Electron configurations 

of the elements, 39 
trausition elements, 4 0 4 2  

Electron counting 
in cluster compounds, 583 
common ligands, 462 
in organometallic compounds, 

459,460,462,463,465 
in square planar complexes, 

465,466 
Electron density, 21 
Electron-dot diagrams and formal 

charge, 691-695 
Electron-electron interactions in 

transition metal atoma, 38,41 
Electron spin, 340 : 
Electron-pair acceptor, 170 
Electron-pair donor, 170 

Electronegativity, 63,65, 66, 
243,673 

absolute ( x ) ,  187, 189 
and acidity or basicity, 195 
Allen, L. C., 64 
Allred, A. L., 64 
and bond energies, 64, 65 
and bond polarity, 65, 66, 68 
Jaff6, H. H., 64 
Mulliken, R. S., 64, 187 
noble gases, 243 
orbital, 65 
Pauling, L., 64 
Pearson, R. G., 64 
Rochow, E. G., 64 
Sanderson, R. T., 64 
and VSEPR, 65,66 

Electronic absorption spectra, 
76,379 

and acid-base behavior, 178 
and electronic structure, 341 
coordination compounds, 388, 

390,392,394,398-402, 
406-408 

free-ion terms, 391 
Laporte selection rule, 390,406 
vibronic coupling, 390 

Electronic structure of coordination 
complexes 

angular overlap method, 342, 
346,361-368,371 

crystal field theory, 342, 343, 
345,346 

ligand field theory, 342, 
345-347,349,351-357, 
360, 361 

valence bond theory, 342, 
343,346 

Electronic transitions in I2 
adducts, 179 

Electronically equivalent species, 
556-558 

Electrophile-nucleophile acid-base 
definition, 166 

Electrophilic substitution, acetylace- 
tone complexes, 449 

Elements, geochemical 
classification, 10 

Ellis, A. B., 237 
Emerald, color, 379 
Emission spectra and the Bohr 

atom, 17 
Enantiomers, 3 10 
Encapsulated metals in fullerenes, 

492:495 , 

Energy bands in solids, 138, 
223-227 

Energy level splitting and 
overlap, 40 

Energy levels 
and spectra, 19 
homonuclear diatomic 

molecules, 126 
trausition elements, 42 

Energy match and molecular orbital 
formation, 122, 138, 145 

Entering groups 
effect on rate, 435437 
rate constants and LFER 

parameters, 436 
Enterobactin, 605, 606 
Enthalpy change 

by Hess's Law, 193 
from temperature dependence 

of equilibrium constant, 193 
Enthalpy of acid-base reaction, 192 
Enthalpy of adduct formation, 192 
Enthalpy of formation, ionic 

compounds, 220 

Enthalpy of hydration of bivalent 
ions, 351, 352 

LFSE, 351,352 
simulated, 375 

Enthalpy of reaction, complex 
formation, 338 

Entropy change 

from ~ e s s ' s  Law, 193 
Entropy of acid-base reaction, 192 
Environmental chemistry, 624-635 
Enzymes, metal-containing, 595 
Epicurus, 15 
Equilibrium constant, temperature 

dependence, 193 
Ethane (C2H6), symmetry, 79, 82, 

86-88 
Ethylene (C2H4), as ligand, 479 
~ u ~ + ( a a )  reactions. 443 
~xchange energy (he), 35-37,347, 

349,351 
Expanded shells, 53 

molecular orbitals, 161 
Expanding univcrsc, 6 

F 
F (front) strain, 199 
Fz 

molecular orbitals, 127, 128 
symmetry, 90 

~ u c - M o ( C O ) ~ ( N C C H ~ ) ~ ,  CO 
stretching modes, 110 

Face centered cukc (fcc), 209, 
210,212 

Fajans, K., rules of covalency, 181 
Farach, H. A,, 237 
Fast kinetics, 415 
Fast reactions (labile complexes) 

electronic structures, 415 
measurement, 422 

~ e ~ '  
as acid. 178. 197. 198 , , 
halide charge-transfer 

complexes, 179 
Fe(q5-csH~)(q5-~7o(c~3)3) ,  495 
Fe(C5H5)z (staggered), symmetry, 

90 
[ F ~ ( C N ) ~ ( N O ) ] ~ - ,  vasodilator, 477 
[ F ~ ( c o ) ~ ( c N ) ~ ] ~ - ,  475 
IFelC0)3(CN)31-, 475 
[ F ~ ( C O ) ~ ] ~ - ,  in synthesis, 527 
Fe-protoporphyrin IX, 597 
Fergusson, J. E., 11, 14, 635 
Fermi level ( E F )  in 

semiconductors, 225-227 
Ferredoxin, 595,601,602 
Ferrichromes, 605 
Ferrioxamines, 605 
Ferritin, 604 
Ferrocene, ( $ - C ~ H ~ ) ~ F ~  

bonding, 486,489 
conformation, 457,458 
molecular orbitals, 487,489 
reactions, 490 
synthesis, 457 

[~e(trien)]~', peroxide 
decomposition 
catalyst, 600 

FHF- 
molecular orbitals, 140-1 43, 

175 
hydrogen bonding, 174 

Figgis, B. N., 343 
Finke, R. G, 527, 551 
Finlayson-Pitts, B. J., 636 
First row anomaly, 245 
Fischer, E. O., 498 

Fischer-Tropsch process, 550 
Fischer-type carbene complexes, 498 
Fission bomb, 12 
Five-coordinate molecules, 58 
Fluorine 

bonding, 287 
isolation, 285 

Fluorite (CaF2) structure, 216 
Fluoroantimonic acid, 203 
Fluuroaulluuic acid, 203 
Fluxional behavior of 

complexes, 328 
Formal charge, 53-55,691495 

and expanded shells, 55 
Formaldehyde, photochemical 

smog, 63 1 
Formate dehydrogenase, 595 
Formation constants of complexes, 

337,338 
Four-coordinate and six-coordinate 

preferences, 373 
Four-coordinate compounds, 3 
Framework molecular orbitals, 572 
Free ion terms, 384-387,391-394 

dn configurations, 389.391 
Friedel-Crafts alkylation, BF3 

catalyst, 260 
Friedel-Crafts catalysts, 204 
Frontier orbitals, 137, 558 

and acid-base reactions, 
171-174 

and Lewis acid-base 
definition, 174 

Frost diagrams 
chlorine, 288 
hydrogen, 246 
nitrogen, 278 
oxygen, 246 

Fullerene-ferrocene hybrids, 495 
Fullerenes, 4 

complexes, 492494 
with encapsulated metals, 492, 

493,495 
intercalation compounds, 492 
as hgands, 492,493 
structures, 264,265 
synthesis, 265 

Fulminate (CNO-), 55 
Fuming sulfuric acid (oleum), 203 
Fusion bomb, 12 

C 
GaAs, as LED, 227 
Gallium, 260 
Gamma rays, 5 ,7  
Gay-Lussac, J. L., 16 
Geis, I., 598 
Genesis of the elements, 5 
Geometric isomers, 3 10 
Geometries of inorganic 

compounds, 3 
Gerade, orbital symmetry, 124 
Gerloch, M., 47 
Germanes, structure, 27 1 
Germanium, 262 
Gillard, R. D., 450, 636 
Gillesoie. R. J. 

L ' 

and ligand close packing, 
66,67 

and VSEPR, 57 
Gimarc, B. M., 162 
Glutamate mutase, 595 
Gold complexes, in arthritis 

treatment, 622 
Gouy method for magnetic 

susccptibility, 339 
Grain boundaries, 23 1 
Graphite, 263,264 
Gray, H. B., 635 



Greenhouse effect, 634 
C 0 2 ,  268,635 
methane, 635 
SF5CF3, 634 

Greenwood, N. N., 14,237 
Griffith, J. S., 304, 343 

ligand field theory, 12 
Grignard reagent, 255,457 
Grignard, V., 457 
Group 1 (IA) elements (alkali 

metals), 249-252 
Group 2 (IIA) elements (alkaline 

earths), 253-255 
Group 13 (IIIA) elements, 256-261 
Group 14 (IVA) elements, 261-271 
Group 15 (VA) elements, 272-279 
Group 16 (VIA) elements, 279-285 
Group 17 (VIIA) elements 

(halogens), 285-290 
Group 18 (VIIIA) elements (noble 

gases), 2Y 1-295 
Group, mathematical, 82-92 

characters, 96-102 
matrices, 92-97 
properties, 93 

Group orbitals, 140 
BF3, 154-156 
C5H5, 485,486 
C02,  143-147 
definition, 140 
FHF-, 141-143 
NH3, 152, 153 
use of, 140, 141, 143, 144, 146, 

148-151, 153, 155, 157 
Group theory, 82-102 

approach to bonding, 139, 140 
molecular orbitals, 140-157 

Groups, low and high symmetry, 84 
Gyromagnetic ratio, 341 

H 
'H NMR of complexes, 508,509 
H 2 

bonding, 11 8 
complexes, 478 
molecular orbitals, 125 
source, 275 

H2C = CClBr, symmetry, 84 
H20 

bond angle, 60,66 
symmetry, 82, 89 
VSEPR and structure, 59,66 

H 2 0 2 ,  symmetry, 87,88 
H2S, VSEPR and structure, 66 
H2Se, VSEPR and structure, 66 
H2S04,  acid strength, 197 
H2Te. VSEPR and structure, 66 
H?' ion, molecular orbitals, 143 
H3CCH3, symmetry, 87,88 
H3PO4, acid strength, 197 
Haber, E, 1918 Nobel Prize, 274 
Haber-Bosch process, ammonia 

synthesis, 13, 274 
Half-life, 6 
Half-sandwich compounds, 491 
Halogens (Group 17), 17 

energy levels, 188 
properties, 286 

Hamiltonian operator, 21 
Hammctt acidity function, 203 
Handedness 

of chelate rings, 315-317 
determining for chiral 

complexes, 3 17 
of EDTA complex, 3 16 
of ligand ring conformation, 

318,319 
of propellers and helices, 315 

Hapticity, 458, 459 

Haplo, organometallic 
nomenclature, 458, 459 

Hard and soft acids and bases, 
theory (HSAB), 179-192 

Hardness, absolute (q), 187-189, 191 
Hardness of acid or base, 188 
Hardness parameters, 189 
Hargittai, I., 110 
Hargittai, M., 110 
Hawking, S. W., 14 
HBr, 287 
H,. critical magnetic field for . . - 

superconductivity, 228 
HCl, 287 

symmetry, 85,86 
HClBrC - CHClBr, symmetry, 84 
HCN 

bonding, 62 
symmetry, 89 

HCo(C0)4, 527 
HCP, 62 
He2, molecular orbitals, 126 
Heavy metal salts, carbonyl complex 

parallels, 557 
Heck, R. F., 527 
Hegedus, L. S., 551 
Heisenberg, W. 

quantum mechanics, 11,21 
uncertainty principle, 19, 21 

Helium 
burning, 7 
isotopes, 6 
isolation, 291 
properties, 291 

Heme group, 597 
binding in hemoglobin, 

597,598 
color, 379 

Hemerythrin, 595 
Hemoglobin, 5,595,597-599 

Bohr effect, 598 
CO binding, 598, 599 
C 0 2  concentration, 598 
color, 379 
model compounds, 599 
oxygen binding curve, 598 
pH effect, 598 
substitutes, 599 

Hess's Law, 193 
Heteroboranes, 577,579 
Heterogeneous catalysis, 534, 

548-571 
Heteronuclear diatomic molecules, 

134, 135, 138 
Hexaamminecobalt(1l) chloride, 300 
Hexagonal close packing (hcp), 210, 

211,213 
HF, 287 

symmetry, 89 
HI, 287 
High spin complexes, 347, 348, 35 1, 

367,368 
High symmetry groups, 82-85 
Highest occupied molecular orbital 

(HOMO), 127, 137 
Highest order rotation axis, 78 
Hinze, J., electronegativity, 64 
History of inorganic chemistry, 5, 11 
Hoffmann, R., 558,559,561,565 
Holc formalism, 406 
Holes (electron vacancies), 223, 

225-227 
Holes, octahedral and tetrahedral in 

crystals, 210, 212 
HOMO (highest occupied molecular 

orbital), 127, 137 
CO, 138 
NH3, 153,154, 156, 170 
and ionization energy, 187 

HOMO-LUMO 
combination and acid-base 

reaction, 171-174, 176 
diagrams, 173, 174, 177, 187 
energies and hydrogen bonding, 

177 
interactions. 173. 174. 177. 187 

Homogeneous catalysis, 534,535, 
537-539,541,543,544, 
547,549,550 

water gas shift reaction, 550 
Homoleotic comoounds. 476 
Homonuclear diatomic molecules, 

116, 122,125-128, 130, 
132, 133 

HRh(C0)2(PPh3)3, 
hydroformylation catalyst, 
537,538 

HSAB 
halogens as examples, 188 
and qualitative analysis, 185 
and solubility, 222 

HS03F.Nb(S03F)5, 204 
HS03F-Ta(S07F)~, 204 
~ u h ' e ~ ,  J.E., eiecironegativity, 

64,65 
Hund's rules, 386, 388 

maximum multiplicity, 35, 386 
Hybrid orbitals, 158, 159 

BFq. 159, 160 
andgrou ' theory, 157-161 
S o 3 ,  sp? 158 
water, 158 

Hydrate isomerism, 309,310,319 
Hydrated metal ion acidities, 198 
Hydration enthalpies of M~~ 

transition metal ions 
LFSE, 351,352 
simulated, 375 

Hydrazine, 274 
oxidation, 275 

Hydrazoic acid (HN3), 274 
Hydride complexes, 477 
Hydride elimination, 533 
Hydride ion, 248 
Hydrides, 248 
Hydrofluoric acid, 203 
Hydroformylation, 535,537, 538 
Hydrogen, 247 

bridging, 256,257, 259 
chemical properties, 248 
preparation, 248 
as a fuel, 248 

Hydrogen atom 
energy levels, 20 
spectrum, 21 

Hydrogen atom wave functions 
angular functions, 26 
radial functions, 27 

Hydrogen atoms 
bridging, 1,3,256,257, 259 
terminal, 1, 3 

Hydrogen-bonded protein structures 
a helix, 71,72 
pleated sheet, 71,72 

Hydrogen bonding, 174, 176 
in ice, 71 
and molecular orbitals, 174, 

176, 177 
in proteins, 71,72 
unsymmetrical, molecular 

orbitals, 176 
Hydrogen burning, 6 
Hydrogen fluoride, boiling 

point, 69 
Hydrogen ion, 248 
Hydrogen isotopes, 6, 9,247 
Hydrogen peroxide decomposition 

rates, 600 

Hydrogen sulfide (H2S) bond 
angle, 66 

Hydrogenase enzymes, 475 
Hydrogenation, by Wilkinson's 

catalyst, 542-544 
Hydrohalic acids, 287 

carbonyl complex parallels, 557 
Hydrolysis of esters, amides, and 

peptides, 446 
Hydronium ion, 167 
Hydroxyl radical, photochemical 

smog, 631 
Hydroxymethylation, by 

cobalarnin, 603 

I 
I (internal) strain, 199 
i, inversion operation, 79 
12, spectra in different 

solvents, 178 
Ice, structure, 71 
ICL-, 290 
Identity operation (E) ,  77, 81, 93 
IF7,53 
Im~erfections in Solids, 231, 232 
Improper rotation, 79, 81 
Indium, properties, 260 
Inductive effects, 196 
Industrial chemicals, top twenty, 240 
Inert pair effect, 260,271 
Infrared spectra, 76, 103, 104, 

106-110 
and acid-base reactions, 192 
carbonyl stretching bands, 506 
infrared-active molecular 

vibrations, 76, 103, 104, 
106-110 

number of infrared bands, 503 
organometallic compounds, 503, 

504,506 
Ingold-Robinson acid-base 

definition, 166 
Inner and outer orbital complexes, 

343 
Inorganic compounds, examples of 

geometries, 3 
Insertion reactions 

1,1,527 
1,2, 527,528, 532 

Insulator, band structure, 223 
Interchange mechanism (I), 41 5 

rate equation, 417419 
in square-planar reactions, 

435,436 
Iuterhalogen compounds, 289 

carbonyl parallels, 557 
Iutraligaud bauds, 408 
Intrinsic semiconductor, 225 
Inverse of a group operation, 93 
Inversion ( i ) ,  79, 81 
Iodine adduct colors, 178, 180 
Iodine. isolation. 285 

Ion exchange properties of 
zeolites, 236 

Ionic compounds and molecular 
orbitals, 138, 139 

Ionic crystals, 138 
Ionic radius, 44, 46, 47, 668-671 

and ionic charge, 47 
and nuclear charge, 47 
and number of electrons, 47 
reaction rates, 422 

Ionization energy, 43,44, 138, 139, 
244,671,672 

Born-Haber cycle, 220 
Ionization isomerism, 309, 3 10, 320 
Ionization potential, 43 
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IR spectra 
active vibrational modes, 76, 

103, 104, 106-1 10 
CO complexes, 109, 110, 

46847 1,504,506 
Iron pyrites (FeS2) 

in mine tailings, 629 
Irreducible representation, 96-102, 

105-107 
characters of, 96 
notation, 101, 102 

Isocarbonyls (oxygen-bonded 
carbonyls), 474 

Isoelectronic molecules, 52, 156 
Isolobal 

analogy, 558-561,563-566 
analogy, extensions, 561,565 
CO(CO)~ and CR, 561 
defin~tions, 558-561 
Mn(CO)5 and CR3, 561 
symbol, 559 

Isomerism, coordination 
compounds, 309-313, 3 15, 
316,318-320,322,323 

Isomerization 
by cobalamin, 603 
of chelate rings, 433 
twist mechanisms, 434 

Isomers 
ambidentate. 309. 320. 321 
chelate ring combinations, 

315-317 
chiral, 3 10 
cis and trans, 302, 304, 308, 

310,311 
cis and trans, 

diamminedich1oroplatinum 
(10, [PtClz(NH3)21, 308 

classification, 310 
confornational, 3 10 
constitutional, 3 10 
coordination, 309, 320 
[~o(tren)(sal)]+, 313 
A ,  316 
facial, 312 
four-coordinate complexes, 

310,311 
geometric, 3 10 
hydrate, 309, 310, 319 
identification, 322 
ionization, 309, 3 10, 320 
A ,  316 
linkage, 309, 310, 320, 321 
[Mabcdefl, 313 
Ma2b2cd, 314 
meridional. 3 12 
number for specific 

complexes, 3 15 
optical, 302,310 
separation, 322 
six-coordinate complexes, 

311-313,315 
solvent, 309 
stereo, 309, 310 
structural, 310 
of triaminotriethylamine 

complexes, 3 12 
X-ray crystallography for 

identification, 322 
Isotopes 

definition, 8 
hydrogen, 247 

J 
Jaff6, H. H., electronegativity, 64 
Jahn-Teller 

distortion, 370,398,400 
distortions and spectra, 398 
effect, 327,370-372, 398 

excited states, 400 
theorem, 398 

Jean, Y., 162 
Jgrgensen, S. M., coordination 

chemistry, 12, 300,301 

K 
Kaim, W., 635 
Kammerling Onnes, H, 228 
Kaolinite, 234 
Kealy, T. J., 457 
Keku16, E A., 16 
Kettle, S. F. A,, 110 
KF as base, 168 
Kinetic chelate effect, 428 
Kinetic consequences of reaction 

pathways, 417 
Kinetics and stereochemistry of 

square-planar substitutions, 
434 

Klado borane definition, 574 
Klechkowsky's rule, 37 
KrF2, 295 
Krypton 

fluoride compounds, 295 
isolation, 291 

Kyoto, Japan, conference on 
greenhouse gases, 268 

K[Pt(C2H4)C13]-H20, Zeise's salt, 
457,482,483 

L 
1, angular momentum quantum 

number, 26-28 
L, quantum number, 340 
Laccase, 595 
Lactotransferrin, 604 
Lanthanide contraction, 49 
Lanthanides, 17 
Laporte selection rule, 390, 406 
Latimer diagrams, 676-680 

hydrogen, 245 
nitrogen, 278 
oxygen, 246 

Lattice energy, 220,221 
Lattice enthalpy, 139,221 

and Madelung constant, 
220,221 

Born-Haber cycle, 220 
Lattice points. 209 
Lavoisier, acid-base definition, 166 
Lead, 262 

environmental, 627 
in paint, 627 
in tetraethyllead, Pb(C2H5)4, 

627 
toxicity, 262 

Leaving groups, effect on rate, 
435437 

Leveling effect and solvent 
properties, 20 1,202 

Levorotatory, 102 
Lewis acid-base definition, 166, 170 
Lewis acids, and carbyne 

complexes, 56, 501 
Lewis bases, disproportionation by, 

57,557 
Lewis model of FHF-, 143 
Lewis, G. N, 170 

electron-dot diagrams, 51-53, 
55-61,691-695 

LFSE (ligand field stabilization 
energy), 345,348, 349, 351 

calculation, 351 
and 1~ bonding, 355,356 
of hydration, 351,352 
and water exchange rate, 421 

Liz,  molecular orbitals, 127 
LiA1H4, 248 

Liebig, J. 
acid-base definition, 165, 166 
and ethylene complexes, 457 

Ligand bulk and reactivity, 523 
Ligand close-packing (LCP), 66 
Ligand cone angle, 523 
Ligand dissociation reactions, 

520-522 
Ligand field activation energy 

(LFAE), 420 
Ligand field stabilization energy 

(LFSE), 345,349,35 1 
calculation, 351 
enthalpy of hydration, 35 1, 352 
for aqueous ions, 349 
1~ bonding, 355 

Ligand field strength and spin states, 
348 

Ligand field theory, 12, 304, 
342,345 

Ligand reducibility and electron 
transfer, 444 

Ligand ring conformation, 3 18, 3 19 
Ligand substitution. 521. 522 
~ i g a n d  to metal charge transfer 

(LMCT), 407 
Ligand to metal (L - M) 1~ 

bonding, 355 
Ligands, 302 

ambidentate, 320 
bidentate, 307 
bridging, 308,460 
chelating, 302 
common monodentate, 305 
common multidentate, 306 
defined, 299 
organometallic, 462,467 
organometallic compounds, 459 
1~ acceptor, 364, 365,368 
1~ donor, 366-368 
reactions of coordinated, 

446,448 
u donor and spectra, 367 
strong field, 346,347, 351, 367 
weak field, 346, 347, 351,367 

Light-activated switch, 227 
Light-emitting diode (LED), 

emission frequencies, 227 
Linear 1~ systems, 479,480, 

482484 
Linear combinations of the atomic 

orbitals (LCAO), 116 
Linear free energy relationship 

(LFER), 423,424 
Linear geometry, VSEPR, 58, 

61-63 
Linkage (ambidentate) isomerism, 

309,310,320 
Lippard, S. J., 635 
Lithium aluminum hydride, 248 
Lithium halide solubilities, 181 
Lithophiles, 10 
London forces, 69 
Lone pair repulsion, VSEPR, 59-62 
Lone pair-bonding pair (Ip-bp) 

repulsion, VSEPR, 6&63 
Lone pair-lone pair (lp-lp) repulsion, 

VSEPR, 6 0 4 3  
Lone pairs, 51 

structures containinm 
Low spin complexes, 347, 348, 

351,367 
Low symmetry groups, 82-84 
Low symmetry molecules, 84 
Lowest unoccupied molecular 

orbital (LUMO), 127, 137 
Lowry, T. M., 167 
LS coupling, 382,391 
Luminescence, and LED, 227 

LUMO (lowest unoccupied 
molecular orbital), 127, 137 

BF3, 155, 170 
CO, 138 
and electron affinity, 187 

Lux-Flood acid-base definition, 166 
Lyman series, hydrogen 

spectrum, 20 

M 
[Mabcdefl isomers, 313 
Ma2bzcd isomers, 314 
Madelung constant, 220, 221 
Magic Acid, 203 
Magnesium properties and 

compounds, 255 
Magnetic levitation, 229 
Magnetic moment (p),  125,340 

apin only, 340,341 
Magnetic quantum number (mi), 26 
Magnetic susceptibilityof 

complexes, 339, 341 
paramagnetic compounds, 339 
diamagnetic comvounds, 339 - 

Magnitudes of e,, e,,  and A ,  
368-370 

Main group compounds, carbonyl 
complex parallels, 556 

Malachite, copper ore, I1 
Manhattan Project, 12 
Mantle of Earth, 10 
Mathematical group, 96 
Matrices, 92-97 

block diagonalimd, 96, 99 
multiplication, 93 
representation of a group, 96 

Maximum multiplicity, Hund's rule, 
386,387 

McCleverty, J. A., 450, 636 
McWeeny, R., 161 
Mechanisms of substitution 

reactions, 415 
associative, 419, 425 
conjugate base, 426,427 
dissociative, 417 
interchange, 417,418 

Medicinal compounds, inorganic, 
6 t 8,620 

Megatubes, carbon, strncture, 266 
Meissner effect, 228, 229 1 
Melting points, and adduct 

formation, 192 
Mendeleev, D. I., periodic table, 11, 

12, 16 
Mercury I 

Arctic studies, 626 
environmental, 624, 626 
lake studies, 626 / 

Metal alkyls, 497 
Metal-carbon bonds, 1, 3 

i 
Metal clusters, carbon-centered, 4 
Metal-containing enzymes, 5 
Metal hydroxides, solubility and 

acid-base strength, 198 
Metal-metal bonds, 1, 566-570, 572 

multiple, 567-570, 572 
Metal to ligand charge transfer 

(MLCT), 408 
Metal to ligand (M - L) 

bonding, 354,355 
Metallaboranes, 579-581 
Metallacarboranes, 579-581 
Metallacrowns, 251 
Metallacycles, 497 
Metallacyclobutadiene, 547 
Metallacyclobutane, 547,549 

synthesis, 546 
Metallaporphyrin, 597 
Metallocenes, 485,489,490 
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Metalloids, 242 
Metals, properties, 213 
Metathesis, 547 

catalysts, 546 
Grubbs catalysts, 545 
olefin, 544, 545 
ring-closing, 545 
Schrock catalysts, 545 

Methane, and greenhouse effect, 634 
Methionine synthetase, 595 
Methoxycarbene complex, 499,500 
Methyl amine reactions, 200 
Methylation, by methylcobalamin, 

603 
Methylcobalamin, 603 

and methylmercury 
synthesis, 626 

Meyer, L, periodic table, 11, 16 
Mg(OH)2-Si205 Minerals, structure, 

215 
M ~ ~ ( O H ) ~ S ~ ~ O ~ ,  234 
[M(N~o)~]"+ ,  absorption spectra, 

397 
Mica, 236 
Microscopic reversibility, principle 

of, 530 
Microstate table, 383 
Microstates and quantum numbers, 

382-385,387 
Millikan, R. A,, electronic charge, 17 
Minamata Bay tragedy, 625 
Mine tailings, 628 
Minerals, types, 10 
Mirror planes, 78, 81, 82, 87, 88 

dihedral, 87, 88 
horizontal. 87 
reflection operation, 101 
vertical, 87, 88 

Mixing of orbitals, 124, 125, 137 
mi,  magnetic quantum number, 26 
Mn(III), Jahn-Teller effect, 372 
[ M ~ ( H ~ O ) ~ ] ~ + ,  absorption 

spectrum, 397,405 
mno rule, 586 
[ M O ~ C ~ ~ ] ~ - ,  spectrum and 

bonding, 570 
Molar absorptivity, 381 
Molecular dipoles, 67,68 
Molecular motions, character of, 104 
Molecular orbital theory, 116 
Molecular orbitals, 76, 117, 122, 160 

and acid-base adducts, 170--174 
azide ion, N3-, 147 
and band structure in solids, 

223-228 
BF,, 156 
calculations for mechanistic 

studies, 595 
CO, 135-137,468 
C 0 2 ,  143, 145-147 
C O ~ ~ - ,  156 
Cr(C0)6, 464 
cyanide ion. 353 
energy match for formation, 

122, 145 
FHF-, 139, 143 
framework, boranes, 572 
from d orbitals, 120, 121 
from p orbitals, 1 19 
H 2 0 ,  148,151 
homonuclear diatomic 

molecules, 127-130 
hydrogen bonding in FHF-, 175 
isolobal fragments, 559, 563 
Liz, 127 
LiF. 139 
linear triatomic species, 146 
NH3, 153, 154 
Ni(C0)4, 360,361 

NO3-, 156 
octahedral complexes, 345-347 
and photoelectroin spectrum of 

CO, 136, 138 
and photoelectron spectrum of 

0 7 .  131 
and p~otoelectron spectrum of 

NZ, 131 
skeletal, boranes, 572 
SO,, 156 
solid state. 207 
square complex, 356, 

357,466 
tetrahedral complexes, 360, 361 

Molecular rearrangement 
processes, 509 

Molecular shapes and electronic 
structure, 342 

Molecular sieves, 236 
Molecular vibration, infrared active 

and inactive, 104, 106, 
108,109 

Molecular wave function, 116 
Molina, M. J., 633 
Mond process, 473 
Mond, L., 457 
Monsanto Acetic Acid Process, 

538,539 
Montrnorillonite, 236 
Moore, E., 237 
Moore, J. W., 450 
Moseley, H. G. J., 000 
m,, spin quantum number, 26,27 
Miiller, K. A,, 230 
Mulliken, R. S., electronegativity, 

64, 187 
and acid-base theory, 187 

Multiple bonds 
in Be and B compounds, 56,57 
and VSEPR, 62,63 

Multiple reflections, 100 
Multiplicity, 35 
~utagenic-agents, requirements for, 

620 
Myoglobin, 597-599 

oxygen binding curve, 598 

N 
n, principal quantum number, 18, 

26,27, 29 
n-type semiconductor, 225 
N2 complexes, 475 
N7, molecular orbitals, 128 

photoelectron spectrum and 
molecular orbitals, 13 1 

symmetry, 90 
N~~ structure, 273 
N2H4, symmetry, 89 
N20,  product of catalytic 

converters, 628 
N3-, molecular orbital 

diagram, 147 
N~', synthesis and structure, 272 
Na2Fe(C0)4 (Collman's 

reagent), 527 
NaCl 

radius ratio, 219 
structure, 215 

Nano "onions", fullerene, 266 
Nanotubes, structure, 266 
Natta, G., polymerization catalyst, 12 
Natural bond orbital method, 161 
Natural resonance theory, 161 
NCl?, bond angle, 66 
Ne2, molecular orbitals, 127, 129 
Neutrino, 6 
Neutron, 6 
Newton, D. E., 636 
NF3, bond angle, 66 

NH3, 87,88 
character table, 99 
molecular orbitals, 151-153 
symmetry, 87, 88,99 
synthesis, 274 
VSEPR and structure, 60,61, 

66,68 
N H ~ +  molecular energy levels, 172 
Ni(I1) complexes, 327 
NiAs crystal structure, 217 
Nickelocene, 489,490 
Ni(CO)d, 457 

molecular orbitals, 360, 361 
synthesis, 473 

Ni(cycl~butadiene)~, symmetry, 90 
Nido borane definition, 574 
[ N ~ ( H ~ O ) ~ ] ~ + ,  rates of 

subst~tution, 424 
Nitrate (NO3-) structure and dipole 

moment, 68 
Nitrate reductase, 595,612 
Nitric acid, properties, 276 
Nitric oxide, NO, 276 

biosynthesis, 616 
in biochemistry, 616,618 
vasodilator. 616 

Nitric oxide synthase oxygenase, 
616,617 

Nitride clusters, 584 
Nitrification, 612 
Nitrite reductase, 595,612 

mechanism, 613-615 
structure, 615 

Nitrogen fixation, 61 1 
Nitrogen hydrides, 274,275 
Nilroger1 isotopes, 7 
Nitrogen oxides, 276 

and acid rain, 630 
and photochemical smog, 630 
and ozone depletion, 281 
reactions, 276 

Nitrogen, 272-274 
Nitrogen-oxygen compounds, 277 
Nitrogenase enzymes, 14,274, 

595,611 
reactions, 612 
structure, 61 1 

Nitroglycerine, source of NO, 617 
Nitrous oxide, NzO, 276 
NMR Spectra, of complexes, 507,508 
NO (nitrosyl), as ligand, 476 

complexes, 476 
linear and bent bonding 

modes, 476 
NO2, nitrogen dioxide, 276 
NO3- (nitrate ion), molecular 

orbitals, 156 
NO, and acid rain, 276 
Noble gases (Group Is), 17 

chemistry, 240,292 
compounds and ions, 293 
electronegativity, 65 
properties, 292 

Nodes, 29,30,32-34 
angular, 32-34 
particle in a box, 32 
in TT systems, 480 
planes, C5H5, 486 
spherical (radial), 32, 33 

Nomenclature 
coordination compounds, 304, 

305,307,308 
organometallic, 458,459 

~ o n a ~ u e o u s  solvents and acid-base 
strength, 201, 202 

Nonbonding orbitals, 118, 120 
FHF-, 143 
octahedral complexes, 346 
square planar complexes, 356 

Nonbonding pairs, 5 1 
Noncrossing mle, 133 
Nonhydrogenated oxygen atoms and 

acid strength, 196, 197 
Nonsuperimposability, 102 
Normalization, wave function, 

22,23 
Normalizing factor, N,  117 
Norton, J. R., 551 
Nova, 7 
NS fthionitrosyl), 477 

complexes, 476 
Nuclear charge and atomic 

number, 17 
Nuclear magnetic resonance, and 

acid-base reactions, 192 
Nuclear reactions, 6-8 
Nuclear stability, 7, 8 
Nuclear waste disposal, 629 
Nucleophilic discrimination factor, 

437 
Nucleophilic displacement, 

526,527 
Nucleonhilic reactivitv constant. 437 
~yhol;, R. S., 343 ' 

and VSEPR, 57 

0 
0 2  (dioxygen), 128 

molecular orbitals, 127, 128 
paramagnetic, 128, 280 
photoelectron spectrum and 

molecular orbitals, 13 1 
02+ (dioxygenyl ion), 128 
022- (peroxide ion), 128 
0 2  (superoxide ion), 128 
OA (oxidative addition), 521, 524, 

525,534, 537,539 
square planar d8 complexes, 

524,525 
Ochiai, E. I., 600 
OC12, bond angle, 66 
OCN- (cyanate ion), VSEPR and 

structure, 54 
Octahedral complexes, 329 

molecular orbitals, 345-347 
octahedral geometry, 2 
VSEPR, 58,61-63 

Octahedral holes in crystal 
lattice, 210 

Octahedron, tetragonal 
distortion, 330 

Octet rule, 52, 53, 55, 56 
Be and B compounds, 56 

OF2, bond angle, 66 
Oil absorbent, 236 
ONOO- (peroxynitrite), 

stmcture, 278 
Operator, Harniltonian, 21 
Optical activity, 76, 102 
Optical isomers, 302,310 
Optical rotatory dispersion (ORD) 

and chiral molecules, 319, 
322,323 

Orbital angular momentum, 
total, 382 

Orbital angular momentum quantum 
number (L), 384-387 

Orbital interactions in octahedral 
complexes, 345 

Orbital mixing, 124, 125 
Orbital potential energies, 134, 135 
Orbital splitting (A,) 

for aqueous ions, 349 
and electron spin, 346 

Orbitals, 21,22, 24-30,32,33 
representations, 101 
shapes, 26-30,32-34 
used in bonding, 76 
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Orbits, electron, 21 
Order, of a group, 98, 100 
Ore deposits, 10 
Organometallic nomenclature, 

458,459 
Organometallic catalysts, 534 
Organometallic chemistry, 1,454 
Organometallic compounds, 3, 454 

13c NMR, 506,508 
catalvsts. 5. 12 
char&teiz&ion, 509,511 
defined, 299 
'H NMR, 508,509 
IR spectra, 503,504,506 
main group parallels, 556 
reactions, 520 

Orgel, L. E., ligand field theory, 12, 
304,343 

Origin of the universe, 5 
Orthogonality of representations, 

98, 100 
[ o s ~ c ~ ~ ] ~ - ,  bonding, 570 
O S ( C ~ H ~ ) ~  (eclipsed), symmetry, 89 
Osmium tetroxide adducts, 492 
Ostwald, W., ions in aqueous 

solution, 166 
Outer orbital complexes, 343 
Overlap of atomic orbitals, 1 17 
Oxidation states 

conditions for high and low. 445 
in organometallic compounds, 

521,524 
and reaction rates, 422 

Oxidation-reduction reactions, 245 
of coordination compounds, 

440442,444,445 
Frost diagram, 246 
half reactions, 245 
inner sphere mechanism, 

440442,444,445 
Latimer diagram, 245,246 
outer sphere mechanism, 

440-142,444,445 
Oxidative addition (OA), 521, 524, 

525.534.537.539 , , 

square planar d8  complexes, 
524,525 

Oxide minerals, 10 
0x0 process, 535, 537 
Oxonium ion, 167 
Oxyacids, strength of, 196 
Oxygen, 280 

isolation, 280 
isotopes, 7 
properties, 280 
storage agents, hemoglobin and 

myoglobin, 597-599 
Oxygen-bonded carbonyls 

(isocarbonyls), 474 
Oxyhemoglohin, electronic 

structure, 599 
Oyama, S. T., 551 
Ozone (03)  

as oxidizing agent, 281 
properties, 280,281 

Ozone layer, 632-634 
chlorofluorocarbons, 632 
depletion by chlorine 

compounds and nitrogen 
oxides, 28 1,632-634 

formation, 632 
hole, Antarctic, 632-634 
hole, Arctic, 634 
protective action, 281, 632 

Ozonide ion, 281 

PiC6Hd3, symmetry, 89 
p-dichlorobenzene, symmetry, 82 

p-n junction, 226 
p-type semiconductor, 225 
p4 

electronic equivalents, 557 
structure, 273 

P401  0, and phosphoric acid 
synthesis, 279 

Pairing energy 
for aqueous ions, 349 
electron, 36 

Paramagnetic compounds, 125 
magnetic susceptibility, 339 

Paramagnetism of 02, 128,280 
Particle in a box, 23-25 

probability densities, 25 
wave equation, 23-25 

Partington, J. R., 47 
Paschen series, hydrogen 

spectrum, 20 
Pauli exclusion principle, 35 
Pauling, L., 304, 343 

electronegativity, 64 
strength of oxyacids, 196, 197 

Pauson, P. L., 457 
PBr3, bond angle, 66 
PC13, bond angle, 66 

symmetry, 89 
PC16-, structure, 62 
Pd(I1) complexes, 327 
Pearson, R. G., 187,435,450 

electronegativity, 64 
hard and soft acids and bases, 

183, 187 
Pentagonal bipyramidal 

geometry, 331 
VSEPR, 58,60 

Perchloric acid, 203 
Periodic properties of atoms, 43,44, 

46,47 
Periodic table, 16, 17 

families, groups, periods, 17 
Permanganate (Mn04-), 

acidity, 198 
Peroxidases, 595, 600 
Peroxide ion (oZ2-), 128,281 
Peroxyacetyl nitrate and 

photochemical smog, 632 
peroxynitrite (ONOO-), 278 
PF3, bond angle, 66 
PF5, symmetry, 87 
pH3, VSEPR and structure, 66 
@, angular function, 28 
Phosphine (pH3) 

bond angle, 66 
properties, 275 

Phosphine dissociation, 522 
Phosphine ligands 

=-acceptor ability, 506 
u-donor ability, 506 

Phosphohydrases, 595 
Phosphoric acid (H3PO4) 

synthesis, 279 
Phosphorus, 272,273 
Phosphotransferases, 595 
Photochemical smog, 627 

formaldehyde, 631 
hydroxyl radical, 630 
nitrogen oxides, 630 
ozone, 63 1 

Photoelectron spectra 
and molecular orbitals of N2. 131 
and molecular orbitals of CO, 136 
and molecular orbitals of 02, 131 

Photons, 6 
Photosynthesis, 600 
Photovoltaic effect, 226, 227 
Phthalocyanine synthesis, 448 
n acceptor ligands, 364,365,368 

angular overlap, 364, 365 

back-bonding, 354,355,367,368 
of C0,463,467-470 

=-ally1 complexes, 483,484 
=-ally1 radical, as ligand, 479 
=-bonded aromatic rings, 3 , 4  
.ir bonding 

and A,, 355 
and LFSE, 355 
octahedral complexes, 352-355 
in carbene complexes, 499 
orbitals, square planar 

complexes, 357 
orbital overlap in octahedral 

complexes, 354 
.ir donor ligands, 366-368 

angular overlap, 366 
=-ethylene complexes, 482-484 
.ir interactions, between CO and a 

metal, 468 
.ir orbitals from d orbitals, 120 
.ir orbitals from p orbitals, 119, 120 

and group theory, 134 
Pitts, J. N., Jr., 636 
Planar trigonal geometry, VSEPR, 

58,60,62,63 
Planck's constant, 18 
Plane-polarized light, 103 
Planets, formation, 8 
Plastocyanin, 595 
POF3, 55 
Point groups, 82-92 

assignment, 82-92 
diagram, 83 
examples, 82-92 

Polar bonds, 67, 134, 138 
Polarizability, and acid-base 

properties, 183 
Polonium, 280 
Polyatomic halide ions, 288 
Polyiodide ions, 288 
Polymerization 

of ethylene, 12 
metallacyclobutane 

intermediate, 547, 549 
of norbomene using carbene 

catalyst, 547 
Polymers, C6& 266 
Poole, C. P., Jr., 237 
Porphine, 596,597 
Porphyrins, 596 

iron, 597-600 
similar ring compounds, 600, 

603,604 
Portland cement, 255 
Positron, 6, 7 
Potential energy, in quantum 

mechanics, 21,22 
Powell, H. M., VSEPR, 57 
Primitive cubic crystal 

structure, 209 
Principal axis, 78, 86 
l'rincipal quantum number (n), 18, 

26, 27, 29 
Probability, 21 

densities, particle in a box, 25 
Proper rotation axis (C,), 77 
Properties and representations or 

groups, 92 
Properties of metals, 213 
Properties of solvents, 169 
Proteins 

a-helix, 71,72 
metal-containing, 595 
pleated sheet, 71, 72 

Protic solvents, 169 
Proton, 5 , 6  
Proton affinity, 194,200 
Protonated species, formation 

of, 192 

Prussian blue (KFe[Fe(CN),]), 
299,379 

Pseudohalogens, 290 
Pseudorotation, 434 
p, wave function, 21,22, 116 

properties, 22,23 
Pt(11) com~lexes. 327 

spectrum and ligand field 
splitting, 360 

symmetry, 90 
[ P ~ ( c N ) ~ ] ~  ion 

bonding, 358 
spectra and ligand field splitting, 

360 
Pyridine, as solvent, 203 
Pyridines, basicity of substituted, 

199 
Pyrocatechase, 595 
Pyrophyllite, 235 
Pymvate phosphokinase, 595 

Q 
Quadruple bonds between metal 

atoms, 1, 568-572 
Qualitative analysis, 12, 185 
Quantum numbers 

angular momentum 11). 26-28 - , ,, 
and atomic wave functions, 

25-29,32-34 
magnetic (mi), 2 6 2 8  
mi&ostates, 382-385, 387 
multielectron atoms, 382-385, 

387 
particle in a box, 24,25 
principal (n), 18,24,26-28 
properties, 26 
s ~ i n  (me). 26-28 
total &&la momentum (a, 

384-387 
total orbital angular momentum 

(L), 340,384-387 
total spin angular momentum 

(S), 340,384-387 
Quantum theory of the atom, 18 
Quartz structure, 233 

R 
Radial function, R, 27-29 
Radial nodes, 32 
Radial probability functions, 

29,32 
Radial wave function, 28-30, 32 
Radioactive waste, 629 
Radioactivity, 8, 11 
Radius 

covalent, 44,45 
crystal, 44-47 
ionic, 4447,668-671 

Radius ratio, 215,218,219 
and coordination number, 219 

Radon, 291,292 
Rate constants 

for leaving groups, 437 
for reactions of 

[ C ~ ( ~ ~ ) ~ ( H ~ O ) X ] " + ,  432 
for [RU(II)(EDTA)(H~O)]~- 

substitution, 426 
for [Ru(III)(EDTA)(H,O)]- 

substitution, 426 
Ratio of HeIH in universe, 6 
RE (Reductive elimination), 521, 

524,525,534,539 
1 ~ e S 1 8 1 ~ -  

bonding, 569 
6 bond, 569 
spectrum and bonding, 570 
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Redox potentials, 245 
changed by coordination, 595 
chlorine, 288 
hydrogen, 245 
nitrogen, 278 
oxygen, 246 

Reduced mass, k, 18,469 
Reducible representations, 96,97, 

104-107 
characters of, 96, 97 
hybrid orbitals, 159, 160 
reducing to irreducible 

representations, 105-107 
Reductive carbonylation, 474 
Reductive elimination (RE), 521, 

524,525,534,539 
Reflection operation (u), 78, 79, 

81-84, 87,88,90-95 
dihedral, 79, 87, 88, 101 
horizontal, 79, 87, 88, 101 
vertical, 79, 87, 88, 101 

Replacement, ligand, 521 
Representations, 96 

irreducible, 96-97 
notation, 101, 102 
of octahedral ligand orbitals, 

345,346,353 
of point groups, 94-97 
reducible, 96, 97 
reducing, 105, 106 
rotational, 105, 106 
of square planar complexes, 357 
of tetrahedral complexes, 360 
totally symmetric, 98 
translational, 105, 106 
vibrational, 105, 106, 108-110 

Resonance 52 
C O ~ ~ - ;  52 
thiocyanate, 54 

Reversibility, principle of 
microscopic, 530 

RhCl(PPh&, Wilkinson's 
catalvst. 542 

Rich, R. L., i 1 , 4 2  
RnF2, 295 
Rochow, E. G., electronegativity, 64 
Rotation axes, 77, 78, 81. 83. 86, 87 
Rotation operation (C,), 77 
Rotation, effect on coordinates 

of a point, 100 
Rotation-reflection axis (improper 

axis, S,), 79, 81 
Rotational reoresentations. 108 
Rotational symmetry ( R ~ ) ;  101, 

104. 106 -. , - -  
Rowland. F. S., 633 
Ruby, color, 379 
R U ~ C O ) ~ I J . ~ - ~ ~ ~ ,  q2, v2-c60), 495 
[RU(II)(EDTA)(H~O)]~-, rates of 

substitution reactions, 426 
[Ru(III)(EDTA)(H20)]-, rates of 

substitution reactions 426 
[ R U ( N H ~ C H ~ C H ~ N H ~ ) ~ ] ~ + ~  

symmetry, 90 
Russell-Saunders coupling, 382 
Rutherford, E., nuclear atom, 17 
Rutile (Ti02) crystal structure, 217 
Rydberg constant, 18 

S, quantum number, 340 
S2, axes, 83, 88 
SALC, symmetry-adapted linear 

combinations, 140 
Sanderson, R. T., electronegativity, 64 
Sandwich compounds, 4,454, 

455,485 
examples, 455 
multiple-decker, 4 

Sasol plants in South Africa, 550 
SbBr3, bond angle, 66 
SbC13, bond angle, 66 
SbF3, bond angle, 66 
SbF4-, 62 
SbFS as acid, 168 
SbH3, VSEPR and structure, 66 
S C ~ N @ C ~ ~ ,  496 
Schrieffer, J. R., 229 
Schrock metathesis catalysts, 545 
Schrock-type carbene complexes, 498 
Schrijdinger equation, three- 

dimensional, 25 
Schrodinger, E., wavc cquation, 

21-24,26-29,32-36, 
38,40,41,43 

Schrodinger, E., quantum 
mechanics, 11 

Schwederski, B., 635 
SCl2, bond angle, 66 
S C N  (thiocyanate) VSEPK and 

structure, 54 
Seesaw geometry, VSEPR, 61 
SeF3-, 62 
Selection rules, spectra, 390 
Selenium, 279,280,285 
Selenocarbonyl (CSe), 475 
Self-interstitials, 232 
Semiconductors 

conductance, 224 
defined, 224 
doped, 224 
energy bands, temperature 

dependence, 225 
Fenni level, 225-227 
intrinsic, 224 
n-type, 225 
p-type, 225 
temperature dependence of 

conductance, 224 
Semimetals, 242 
SeOC12, 62 
Seven-coordinate molecules, 58 
SF7. bond an& 66 
SF; 1 VSEPR&~ structure, 

60.61 -. , - -  
SF4, symmetry, 90 
SF<-, 62 
SF; 

structure, 53, 58 
symmetry, 85, 86 
and natural orbital bonding, 161 

Shannon, R. D, 46 
Shape memory metals, 214 
Shielding, 38,40,41,43 
Shielding constant S, 38,40, 41 
Siderochromes, 605 
Siderophiles, 10 
Sidgwick, N. V., and VSEPR, 57 
u donor basicity, 367 
u-donor interactions, angular 

overlap, 362 
a-donor ligands, octahedral 

complexes, 362-364,366 
a-donor orbitals, 463 
u interactions, between CO and a 

metal, 468 
u orbitals, 117, 118,120, 122, 134 

from d orbitals, 120 
from p orbitals, 120 
square planar complexes, 356 

ud . mirror plane, 101 
uh , perpendicular mirror 

plane, 101 
a,, mirror plane, 101 
Silanes, comparison with carbon 

compounds, 27 1 
Silanes, structure, 271 
Silica gel, 269 

Silica, Si02.  structure, 232,233 
Silicates 

minerals, 10 
structures, 232-237,269,270 

Silicon carbide (Sic) structure, 271 
Silicon compounds, 269 
Silicon dioxide (Si02), 232, 233 
Silicon, isolation, 262 
Silver chloride solubility, 

thermodynamics, 222 
Silver halide solubility 

and acid-base properties, 179 
Sixteen-electron complexes, square 

planar, 4655467 
Skeletal bonding orbitals, 572 
Slater's rules, shielding, 38,40 
Slow reactions (inert complexes), 

electronic structures, 415 
Smart, L., 237 
S, , rotation-reflection operation, 80 
SN 1 lim mechanism, 416 
SN1 CB mechanism, 426,427 
SN2 lim mechanism, 416 
Snowflake, symmetry, 77,78 
SO3 

dipole moment, 68 
electron-dot structure, 52, 56 
hybrid orbitals, sp2, 158 
molecular orbitals, 156 

S03F-, 55 
SOC12, structure, 62 
Sodium chloride structure, 214, 215 
Sodium hydroxide, 203 
SOF4, 55 
Soft acids and bases, 180-186 
Softness of acid or base, 188 
Solid-state laser, 227, 228 
Solubility 

and HSAB, 183, 185,222 
and ion size, 222 
of metal hydroxides, 198, 199 

Solubility product constants, 198 
Solvation and acid-base strength, 

200,201 
Solvent isomers, 309 
Solvent system, acid-base definition, 

166, 168 
Somorjai, G. A,, 551 
sp2 hybrids in water, 158 
Spectra of I2 with different bases, 180 
Spectral analysis of organometallic 

complexes, 503 
Spectrochemical series, 367, 368 
Spherical coordinates, 28 
Spherical nodes, 32, 33 
Spin, electron, 27 
Spin-allowed transitions, 390 
Spin angular momentum quantum 

number, S, 384-387 
Spin angular momentum, total, 382 
Spin magnetic moment, 340 
Spin-orbit coupling, 387 
Spin quantum number, m,?, 26, 27 
Spin states and ligand field 

strength, 348 
Splitting of free ion tenns 

in octahedral symmetry, 392 
F, octahedral symmetry, 403 
Jahn-Teller distortion, 400 

Square antiprismatic geometry, 332, 
333 

VSEPR, 58-60 
Square-planar complexes, 3, 327,328 

d8 complexes, OA reactions, 
524,525 

electron counting, 465,466 
electronic structore, 342 
isomers, 3 10 
molecular orbitals, 356-360,466 

Pd(I1) and Pt(I1) complexes. 327 
T bonding, 357, 360 
a bonding, 360 
sixteen-electron, 465,466 

Square-pyramidal complexes, 328 
Stability constants of complexes, 

337,338 
Stability of nuclei, curve, 7, 8 
Stannane, structure, 271 
State, defined, 385 
Steam reforming, 550 
Stereochemistry of reactions, 

428435 
of acid aquation, 429543 1 
of base substitution, 429431 

Stereoisomerism, 310 
Steric effects, 199, 200 
Steric number (SN), 57 
Stibine (SbH,) bond angle, 66 
Stibines (SbRs), 276 
Stone, F. G. A., 551 
Strong and weak acids and 

solvent, 202 
Strong field limit, 391 
Strong ligand field, 347 
Strong-field ligands, 346 
Structural isomers, 310 
Subatomic particles, 17 
Sublimation, 138 

Born-Haber cycle, 220 
Substituted pyridines, 199 
Substitution, ligand, 521, 522 
Substitution mechanisms, 

classification, 415 
Substitution reactions, 424 

effect of cis-ligands on rates, 425 
effect of entering group on 

rates, 425 
in trans complexes, 430,43 1 
of cis comolexes. 432.433 * . .  
of square-planar complexes, 

434,435 
of [CO(NH~)~(H~O)]~+,  424 
on [CO(~II)~(H~O)X]"+,  

rates, 432 
Substitutions in crystals, 232 
Sulfide minerals, 10 
Sulfite oxidase, 595 
Sulfur 

allotropes, 282 
environmental, 629 
properties, 279 
sources, 279 

Sulfur dioxide, from coal 
burning, 630 

Sulfur oxides, 284, 285 
and acid rain, 630 
from smelting, 630 
reactions, 283 

Sulfur trioxide 
dipole moment, 68 
geometry, 58 

Sulfuric acid, 203 
dissociation, 168, 169, 

197,201 
properties, 285 
synthesis, 283 

Superacids, 203 
Superconductivity, 228-230 

BCS theory, 229 
high-temperature, 230 
low-temperature, 228 
Tvoe I. 228 
$;e 11,229,230 

Superoxide ion (02-), 128, 281, 609 
Superoxide dismutase, 595, 608-61 1 

reactions, 610 
structure, active site, 609 

Symmetric stretch of CO, 504 
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Symmetry 
auplications, 102, 104, 106-1 10 
inkhitecture, 77 
in art, 77 
elements, 76 
elements and operations, table 

of, 81 
of molecular motions of 

water, 106 
in nature, 77 
operations, 76 
operations and characters for 

ammonia, 92 
operations and characters for 

c i , ~ - M l ~ ~ ( C 0 ) ~ ,  108, 109 
operations and characters for 

water, 95-97 
operations, matrix 

representation, 94 
Symmetry labels for configurations, 

399 
Symmetry-adapted linear 

combinations (SALCs), 140 
Synlhesis gas (syn gas), 550 

[T~F,I'-, VSEPR and structure, 
53,58 

Talc, 235 
Tanabe-Sugano diagrams, 390, 

393-395,401 
high spin and low spin, 395 
strong field and weak field, 395 

Tellurium, 279,280 
Temperature, critical, magnetic, 228 
Temperalure dependence of 

equilibrium constants, 192 
Temperature dependence of 

resistivity in 
semiconductors, metals, 228 

Tempering of metals, 2 14 
Template reactions, 448 

Schiff base, 449 
Term, defined, 385 
Tetraethyllead (Pb(C2H5)4), 262,627 

antiknock compound, 627 
1,3,5,7-Tetrafluoro~looctatetracne, 

symmetry, 87, 88 
Tetragonal distortions of the 

octahedron, 330 
Tetrahedral complexes, 3,327 

absorption spectra, 390 
and electronic structure, 342 
molecular orbitals, 360, 361 
n bonding, 360,36 1 
u bonding, 360 

Tetrahedral geometry, VSEPR, 60, 
62-65 

Tetrahedral holes in crystal lattice, 
210,213 

Tetramminecopper(II), 299 
Thallium, 260 
Thermodynamic measurements of 

acid-base interaction, 193 
Thermodynamics 

of complex formation, 337, 338 
of crystal formation, 220 

8, angular function, 28 
Thiocarbonyl (CS), 475 
Thiocyanate, SCN-, structure, 54 

Thionitrosyl (NS), 477 
Thixotropic clays, 236 
Thomson, J .  J., e l m  ratio of 

electron, 17 
Three-center two-electron bond 

in B2H6, 256-258 
in FHF-, 143 

[ T ~ ( H ~ o ) ~ ] " ,  absorption spectrum, 
400 

Tin allotropes, 266 
Titration, 202 
Tobacco mosaic virus, symmetry, 

77 78 . . ,  . -  

Tolman, C. A., 523 
Total pairing energy n, 349 
Totally symmetric representation, 

100 
tmns effect, 437-440 

u bonding effects, 439 
71 bonding effects, 440 

trans influence, 439 
t rans-[Co~~(tr ien)]+,  chiral 

structures, 3 18 
Transfenin, 595, 604 
Transformation matrix, 95,96,99 
Transition metals, 17 
Transitions, electronic, H-atom, 

19,21 
Translational representations, 107 
Translational symmetry, 101 
Tricapped trigonal prismatic 

geometry, 333 
Tricarbide ion, structure, 268 
Trifluorometbanesulfonic acid 

(triitlic acid), 203 
Trigonal antiprismatic geometry, 330 
Trigonal bipyramidal complexes, 328 
Trigonal bipyramidal geometry, 

VSEPR, 5 8 , 6 0 4 3  
Trigonal prismatic geometry, 

330,331 
Triiodide ion, I?-, structure and 

shape, 62 
Tritium 

production, 247 
uses, 247 

Tryptophan dioxygenase, 595 
Twist mechanisms for isomerization, 

434 
Tyrosinase, 595 

Ultraviolet spectra and acid-base 
reactions, 192 

Ungerade, orbital symmetry, 124 
Unimolecular mechanism, 522 
Unit cell, 207, 209, 210, 212-214 
Uranyl (uo*'), acidity, 198 
Usanovich, acid-base definition, 166 

v 
V(CO)6, 17-electron, 472 
V(IV) compounds, anticancer 

agents, 623 
Valence band in solids, 223 
Valence bond theory, 342,344 

coordination cimpounds, 304 
Valence electrons. 52 
Valence orbital potential energies, 

134, 135 

Valcnce shell electron pair repulsion 
theory (VSEPR), see also 
VSEPR, 57,58,60-63 

Valentine, J. S.. 635 
Van Vleck, J. H., 304, 344 
Vanadyl ion (VO~'), acidity, 198 
Vaska's complex, 466 
Verkade, 1. G., 161 
[ v ( H ~ o ) ~ ] ~ + ,  absorption spectrum, 

394 
Vibrational modes, 108 

IR-active, 107, 109 
of water, 105, 106 
representations, 107, 109 

Vibrational spectra, 76, 103, 104, 
106, 108-1 10 

Vibronic coupling, 390 
Visible spectra and acid-base 

reactions, 192 
Vitamin B I Z  coenzyme, 13, 458, 

459,602-604 
Volatron, F., 162 
VS and band structure, 23 1 
VSEPR, 159 

5-coordinate molecules, 58 
7-coordinate molecules, 58 
and multiple bonds, 62, 63 
distorted T geometry, 61 
square antiprism, 59 

W 
Wacker (Smidt) process, 541 
Wade, K., 575 
Wade's rules 

boranes, 575 
inetallaboranes, 579-582 
metallacarboranes, 579-582 

Wang, J. H., 598 
Water 

boiling point, 69 
bond angle. 66 
dipole moment, 68 
electron repulsion in, 60 
electron-dot structure, 52 
hybrid orbitals, 158 
hydrogen bonding, 69,71 
symmetry, 103, 104, 106, 148 
symmetry of molecular motions, 

103, 104,106 
symmetry operations, 96,97 
vibrational modes, 105, 106 
vibrational motions, 103, 104, 

106 
VSEPR and bond angle, 60 

Water exchange rate 
and ion radius, 422 
and LFSE, 42 1 
and oxidation state, 421 

Water gas reaction, 549 
Water gas shift reaction, 

homogeneous catalysis, 551 
Wave equation 

H-atom, 21-23 
particle in a box, 23,24 

Wave function q, 21,22, 116 
properties, 22, 23 
real and complex, 27 

Wayland, B. B., 189 
Weak ligand field, 347 
Weak-field ligands, 346 

Wells, A. F., 14, 237 
Werner, A,, 12, 300,301, 567 

theorv of coordination 
cbmpounds, 300-302 

Wilkinson, F., 450 
Wilkinson, G., 14,450,551,636 
Wilkinson's catalyst 

(RhCl(PPh3)3), 466,542 
Work-hardening of metals, 213 
Wulfsberg, G., 14 
Wurtzite, ZnS, structure, 216 

X-ray crystallography, for isomer 
identification, 322 

Xanthine oxidase, 595 
Xe 

as ligand, 294 
oxygen compounds, 295 

Xe-F compounds, 292 
x~F', structure, 294 
XeF2 

structure, 293 
synthesis, 293 
VSEPR and structure, 61 

XeF4 
structure, 293 
synthesis, 293 
symmetry, 90 

XeF6, strncture, 294 
[X~F*]~-,  VSEPR and stmcture, 53 

structure, 294 
Xenon, 291-195 

compounds, 292-294 
reactions, 295 

Xenon fluorides 
as fluorinating agents, 295 
structures, 293,294 

Xenon hexafluoride, structure, 294 
XeOs reactions, 295 
X e 0 4  reactions, 295 
XeOF2, structure, 62 

Y 
YBa2Cn3O7 

structure, 230 
superconductor, 230 

z 
Z*, effective nuclear charge, 38, 

40,41 
and electronegativity, 64 

Zeise. W. C.. 457 
Zeise's salt, K[Pt(C2H4)Cl31.H20, 

457,482,483 
Zeolites, 236 

cat litter, 237 
oil absorbent, 237 

Ziegler, K., 548 
polymerization catalyst, 12 k 

Ziegler-Natta polymerization, 549 
Cossee-Arlman Mechanism, 549 .! 
metallacyclobutane f . 3, 

intermediate, 548 .> 

Zinc blende structure, .i 
214,216 3. 

Zinc enzymes, 606-608 
Zintl ions, 585 $‘ 

. . 
ZnS, radius ratio, 219 $' 


