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IONIC RADII

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

1. Tncrease 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 O. Johnson, Inorg. Chem., 1973, 12, 780, for the details.
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Coordination Number

Z 2 4 6 8 10 12 14
1 H -4
2 He
3 Lit 73 90 106
4 Belt 4] 50
5 Bt 25
6 C 29
7 N 132
8 or 121 124 126 128

OH~ 118 121 123
9 B 115 17 119
10 Ne
11 Na* 113 116 132 153
12 Mg™ 71 86 103
13 AIY 53 68
14 s+ 40 54
15 p3* 58
16 §* 170
17 CI” 167
18 Ar
19 K* 151 152 1635 173 178
20 Ca*t 114 126 137 148
21 St 80 101
22 Titt 100

i 81

Titt 56 75 88
23 v2* 93

Vi 78
24 Crt hs 94

crt 1s 87

ot 76
25 Mn?t hs 80 hs 97

Mn?" Is 81

Mn** hs 79

M2t 1572
26 Felt hs 77 hs 92

Fe?t 1875

Fe3! hs 63 hs 79

Fe' s 69
27 Co** hs 72 hs 89

Co®" 18 79

Co®" hs 735

Co** 1s 69
28 NiZt 69 83

Ni*t sq 63

Nt hs74

Ni#+ Is 70
29 Cot 60 74 9

Cu?* 71 87
30 Zn®* 74 8 104
31 Ga®* 61 76

Continned
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Coordination Number

z 2 4 6 8 10 12 14
32 Ge*t 53 67
33 AT 72

As®t 48 &0
34 Se¥ 184
a5 Br- 182
36 Kr
37 Rp" 166 175 180 186 197
38 §rot 132 140 150 158
39 Y¥ 104
40 7% 73 86 o8
41 Nb* 86

Nb** 82 93
42 Mo* 83

Mo*t 79
43 Te*t 79
44 Ru** 82

Ru*t 76
45 RE* 81

Rh** 74
46 Pa*t sq 78 100
47 Agt 81 114 129 142

Ag*t sql16
48 cd** 92 109 124 145
49 > 76 94 106
50 Sa** 69 83 93
51 Sh** 90
52 Te*” 207
5317 206
54 Xe
35 Cs* 181 188 195 202
56 Ba®t 149 156 166 175
57 La** 117 130 141 150
58 Ce* 115 128 139 148
59 prit 113 127
60 Na*t 112 125 141
61 Pm** 11 123
62 Sm®* 110 122 138
63 Eu* 19 121
64 Ga*t 108 119
65 Th¥* 106 118
66 Dy>" 105 117
67 Ho™" 104 116 126
68 Er®t 103 114
69 Tm** 102 113
70 Yb3* 101 113
71 Lot 100 12
72 HfY 72 85 97
73 Tat 86

Tatt 82
74 W 80
75 Re*’ 77
76 Os* 77

Continued
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Coordination Number
zZ 2 4 6 8 10 12 14
77 Ir*" 82
£+ 77
78 Pt 5q 74 94
Pr*" 77
79 Au* 151
Au*t 5q 82 99
80 Hg** 83 110 116 128
st Tt 89 103 112
82 Pt 112 133 143 154 163
Po*t 79 92 108
83 Ri*t 117 131
84 po™t 108 122
85 A7t 76
86 Rn
87 Frt 194
88 Ra™* 162 184
89 Act" 126
90 Th** 108 119 127 135
Source: R. D. Shannon, Acta Crystallogr., 1976, A32, 751,
NoTE: hs = high spin, Is = low spin, sq = sguare planar,
Values for CN = 4 are for tetrahedral geomeiry unless designated square planar. All values are in
picometers.
Atomic No.  Element eV kimol™ | Atomic No.  Element eV kSmal”!
1 H 13.598 1,312.0 30 Zn 9.394 906.4
2 He 24 587 2,372.8 31 Ga 5.999 578.8
3 Li 5.392 520.2 32 Ge 7.899 762.1
4 Be 9.322 3994 33 As 9.81 947
5 B 8.298 800.6 34 Se 9.752 940.9
6 C 11.260 1,086.5 35 Br 11.814 1,1399
7 N 14.534 1,402.3 36 Kr 13.999 1,350.7
8 (8} 13618 1,314.0 a7 Rb 4177 403.0
9 F 17.422 1,681.0 38 Sr 5.695 5495
10 Ne 21.564 2,080.6 39 Y 6.38 616
11 Na 5.139 495.8 40 Zr 6.84 660
12 Mg 7.646 737.8 41 Nb 6.88 664
13 Al 5.986 5776 42 Mo 7.099 684.9
14 Si 8.151 786.5 43 Te 7.28 702
15 P 10,486 1,011.7 44 Ru 1.37 711
16 s 10.360 999.6 45 Rh 7.46 720
i7 Cl 12.967 1,251.1 46 Pd 8.34 805
18 Ar 15.759 1,520.5 47 Ag 7.576 731.0
19 K 4.341 418.8 48 Cd 2.993 867.7
20 Ca 6.113 589.8 49 In 5,786 558.3
21 Sc 6.54 631 50 Sn 7.344 7086
22 Ti 6.82 638 51 Sb 8.641 833.7
23 \' 6.74 630 52 Te 9.009 869.2
24 Cr 6.766 652.8 53 i 10.451 1,008.4
25 Mn 7.435 7174 54 Xe 12.130 1,1704
26 Fe 7.870 759.3 55 Cs 3.894 375.7
27 Co 7.86 758 56 Ba 5212 502.9
28 Ni 7.635 736.7 57 La 5.577 538.1
29 Ca 7.726 745.5 58 Ce 547 528

Continued
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APPENDIX B-3

ELECTRON
AFFINITY

Atomic No. Element eV klmol™' | Atomic No.  Element eV kJ mol™
59 Pr 542 523 81 Ti 6.108 589.3
60 Nd 5.49 530 82 Fb 7.416 715.5
61 Pm 5.35 335 83 Bi 7.289 703.3
62 Sm 5.63 543 84 Po 8.42 812
63 Eu 5.67 547 85 At 7.289 703.3
64 Gd 6.14 592 86 Rn 10.748  1,037.1
65 Tb 5.85 564 87 Fr 4 400
66 Dy 5.93 572 88 Ra 5.279 509.3
67 Ho 6.02 581 89 Ac 6.9 666
68 Er 6.10 589 o0 Th 6.1 590
69 Tm 6.18 596 91 Pa 5.9 570
70 Yb 6.254 603.4 92 u 6.1 590
71 La 5.426 5235 93 Np 6.2 600
72 Hf 7.0 675 94 Pu 6.06 585
73 Ta 7.89 761 95 Am 5.99 578
T4 W 7.98 770 96 Cm 6.02 581
75 Re 7.88 760 97 Bk 6.23 601
76 Os 8.7 839 98 Cf 6.30 608
77 Ir 9.1 878 99 Es 6.42 619
78 Pt 9.0 868 100 Fm 6.50 627
79 Au 9.225 890.1 i0l Md 6.38 635
80 Hg 10.437 1,007.0 102 No 6.65 642

SOURCE: C. E. Moore, lonization Potentials and Limits Derived from the Anulyses of Optical Spectra,
NSRDS-NBS 34, National Burean of Standards, Washington, DC, 1970; W. C. Martin, L. Hagan,
J. 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 L

Atomic No. Element eV kImol™" | Aromic No.  Element eV kI moi™!
1 H 0.754 72.8 23 v 0.525 50.7
2 He —0.5% -350 24 Cr 0.666 64.3
3 Li 0618 59.6 25 Mn <0 <0.0
4 Be —0.3* -~30 26 Fe 0.163 157
3 B 0.277 26,7 27 Co 0.661 63.8
6 C 1.263 121.9 28 Ni 1.156 111.5
7 N -0.07 =7 29 Cu 1.228 118.5
8 0 1.461 141.0 30 n —{0.6% —58
Q9 E 3.399 328.0 31 Ga 0.3 29

10 Ne —1.2% —116 32 Ge 12 1158
11 Na 0.548 529 33 As 0.81 78

12 Mg —0.4* -39 34 Se 2.021 195.0
13 Al 0.441 42.6 35 Br 3.363 32477
14 Si 1.385 1336 36 Kr —1.0% -97

15 P 0.747 72.0 37 Rb 0.486 46.9
16 S 2.077 200.4 38 Sr —0.3% —29

17 Cl 3.617 349.0 39 Y 0.307 29.6
18 Ar —1.0* -7 40 Zr 0.426 411
19 K 0.501 48.4 41 Nb 0.893 6.2
20 Ca ~{.3% -29 42 Mo 0.746 72.0
21 Sc 0.188 18.1 43 Tc 0.55 53.1
22 Ti 0.079 7.6 44 Ru 1.05 101.3

Coentinned
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Atomic No.  Element eV kImol™' | Atomic No. Element eV kimol!
45 Rh 1.137 109.7 67 Ho <(.5% <48
46 Pd 0.557 53.7 68 Er <{,5% <48
47 Ag 1.302 125.6 69 Tm <f.5 <48
48 Cd -, 7* —68 70 Yh <0.5% <48
49 In 0.3 29 71 Lu <<{().5% <A8
50 Sn iz I16 72 Hf ~() ~{()
51 Sb 1.07 103 73 Ta 0.322 31.1
52 Te 1.97% 1902 74 W 0815 78.6
53 I 3.059 2952 75 Re 0.15 i4.5
54 Xe —-0.8% ~=77 76 Os 1.1 106.1
55 Cs 0.472 45.5 77 Ir 1.565 151.0
56 Ba —0.3* 29 78 Pt 2.128 2053
57 La 0.5 48 79 Aur 2.309 222.8
58 Ce <0.5 <48 80 Hg —0.5* —a3
59 Pr <{(.5° <48 81 Tl 0.2 19
60 Nd <(,5% <48 82 Pb 0.364 35.1
0l Pm <(.5* <48 83 Bi 0.946 913
62 Sm <0,5% <48 84 Po 1.9 183
63 En <052 <48 85 At 2.8 270
64 Gd <0.5* <48 86 Rn —0.7* —68
65 Th (.57 <48 87 Fr 0.6* 58
66 Dy <0.5% <48 88 Ra —{0.3% —29

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

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

figures.
2 Estimated values.
APPENDIX B-4
ELECTRONEGATIVITY?
t 2| 3|45 6i7 |8 |9 w1213} 14]|15]|16]17]18
H He
2.300 4.160
Li | Be Bl c I N | o | F | N
0912 | 1.576 2051'| 2.544 | 3.066 | 3.610 | 4193 | 4.787
Na | Mg Al [.8i ] P s | | Ar
0.869 | 1.293 1.613 | 1916 | 2.253 | 2.580 | 2.869 | 3.242
K {Ca| S | T |V | C |Ma|F |C | N |C |2Zn| G [Ge |oAsn| Se | Br | Kr
0.734 11034 | 119 | 138 | 153 | 1.65 | 1.75 | 180 | 1.84 | 1.88 | 1.85 | 1.588 | 1.756 [ 1994 | 2.211.{ 2.424 | 2.685 | 2.966
Rb § St | Y | Zr | Nb [ Mo | Tc | Ru | Rh [ Pd | Ag | Cd | In | Sn [=s6 ] Te| I | Xe
0706 {0963 | 112 | 132 | 141 | 147 | 1.51 | 1.54 | 156 | 1.58 | 187 | 1.521 | 1.656 | 1.824 | 1.984. | 3,138:) 2.350 | 2.582
Cs | Ba | Lu | Hf | Ta | W | Re | Os | T | Pt | Au | Hg | T | Pb |“Bi- | At | Rn
0.659 | 0.881 | 1.00 | 116 | 134 | 147 | 1.60 | 1.65 | 168 | 172 | 1.92 | 1765 | 1.789 | 1.854 [ (201 [ (218} 2.39) | (2.60)

Source: 1. B. Mamn, T. L. Meek, and L. C. Allen, /. 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,

#The shaded elements are metalioids, based on their electronegativitics.
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APPENDIX B-5 Hardness Parameters for Cations (all in eV)

ABSOLUTE Ton or Molecule I A X n
HARDNESS g3+ 25937 37.93 148.65 110.72
PARAMETERS  Be* 153.89 18.21 86.05 67.84
Cations AP 119.99 28.45 7422 45,77
Lit 75.64 5.39 40.52 35.12
Mgt 80.14 15.04 47.39 32.55
Na™ 4729 5.14 2621 21.08
Calt 50.81 11.87 31.39 19.52
82t 43.6 11.03 27.3 16.3
K* 31.63 434 17.9 13.64
Fei* 54.8 30.65 42.73 12.08
Rb* 2728 4.18 15.77 11.55
R 534 31.1 42.4 112
Zn*" 39.72 17.96 28.34 10.88
Cst 25.1 3.89 14.5 106
cd?* 3748 16.51 2720 10.29
et 49,1 30.96 40.0 9.1
Mn?* 33.67 15.64 24 66 9.02
Mn*" 51.2 33.67 424 8.8
Co** 51.3 33.50 42.4 8.9
Vi 46.71 2931 38.01 8.70
NiZt 35.17 18.17 26.67 850
Ph?* 31.94 15.03 23.49 8.46
At 541 374 45.8 8.4
cu?t 36.83 20.29 28.56 827
Co®* 33.50 17.06 2528 8.22
P2 352 19.2 272 8.0
Sn?* 30.50 14.63 22.57 7.94
I3t 453 29.5 374 7.9
Hg?* 342 18.76 26.5 73
vt 29.31 14.65 21.98 7.33
Fe?* 30.65 16.18 2342 7.24
et 30,96 16.50 23.73 7.23
Agt 21.49 7.58 14.33 6.96
T2t 27.49 13.58 20.54 6.96
P4t 32.93 19.43 26.18 675
RR%* 31.06 18.08 24.57 6.49
Cu’ 2029 7.73 14.01 628
St 24.76 12.80 18.78 5.08
Ru®’ 28.47 16.76 2262 5.86
Au’ 205 923 14.90 5.6
Molecules BF; 15.81 ~3.5 62 97
H,0 12.6 —6.4 3.1 9.3
N, 15.58 —22 6.70 8.9
NH; 10.7 -56 26 8.2
CH4CN 12.2 —-2.8 4.7 75
C.H, 114 -26 44 7.0
PF, 12.3 -1.0 5.7 6.7
(CH3)sN 7.8 —4.8 1.5 6.3
C,H;, 10.5 -1.8 44 6.2
PH; 10.0 -19 4.1 6.0
0; 12.2 0.4 6.3 59
(CH3 1P 8.6 3.1 2.8 59
(CH:)As 8.7 —2.7 3.0 5.7
S0, 12.3 1.1 6.7 5.6
505 12.7 1.7 72 5.5
CeHg 9.3 -12 4.1 5.3
CsH;N 93 -0.6 44 5.0
Butadiene 9.1 -0.6 4.3 4.9
PCl, 10.2 0.8 5.5 47
PBry 9.9 1.6 5.6 4.2
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Hardness Parameters for Atoms and Radicals (all in eV)*

CAI EA: CB: AND EB
VALUES

Atom or Radical I A X n
F 17.42 3.40 10.41 7.01
H 13.60 075 7.18 6,43
OH 13.17 1.83 7.50 5.67
NH, 11.40 0.74 6.07 533
CN 14.02 3.82 8.92 5.10
CH, 9.82 0.08 4.96 4.87
Cl 13.01 3.62 8.31 4,70
CoHj; 8.38 —0.39 4.00 4.39
Br 11.84 3.36 7.60 4.24
CgHy 9.20 1.1 5.2 4.1
NO; >10.1 2.30 >6.2 >39
1 10.45 3.06 6.76 3.70
SiHy 8.14 141 4.78 337
CHsO 8.85 2.35 5.60 3.25
Mn(CO)s 8.44 2.0 3.2 32
CHs5 8.06 19 50 3.1
CeH5S 8.63 2.47 5.50 3.08
Source: R. G. Pearson, fnorg. Chem., 1988, 27, 734,
#The hardness valnes approximate those of the corresponding anjons.
Acid C A E A
Trimethylboron, B{CHs) 1.70 6.14
Boron trifluoride (gas), BF; 1.62 9.88
Trimethylaluminum, AI(CH3), 143 16.9
Todine (standard), I, 1.007 1.00*
Trimethylgallivm, Ga(CH1)5 0.881 13.3
Todine monochloride, ¥C} 0.830 5.10
Sulfur dioxide, 8O, 0.808 0.920
Phenol, C¢gHsOH 0.442 4.33
tert-Butyl alcohol, C,HgOH 0.300 204
Pyrrole, C,H,NH 0.295 254
Chioroform, CHCl, 3.159 3.02
Base Cp Ep
1-Azabicyclo[2.2.2] octane, HC(C3H4)sN 13.2 0.704
{guinuclidine}
Trimethylamine, (CH3);N 11.54 0.808
Triethylamine, (C;Hs)sN 11.09 0.991
Drmethylamine, (CHz),NIH 8.73 1.09
Diethy! sulfide, (CqHsz),S 7.40% .339
Pyridine, CsHsN 6.40 117
Methylamine, CH3NH; 5.88 1.30
Pyridine-N-oxide, CsHsNO 4.52 1.34
Tetrahydrofuran, C,HgO 4.27 0978
7-Oxabicyclo[2.2.17 heptane, CgH 150 3.76 1.08
Ammonia, NH, 3.46 136
Diethyl ether, (C;H 1O 3.25 0.963
Dimethyl sulfoxide, (CH3),80 235 134
N,N-dimethylacetamide, (CH3);NCOCH; 2.58 1.32%
p-Diaxane, O(C;H4),0 2.38 1.09
Acetone, CH3COCTH, 2.33 0.987
Acetonitrile, CH3CN i.34 0.886
Benzene, CgHg 0.681 0.525

Source: R. 8. Drago, J. Chem. Educ., 1974, 51, 300.

# Reference values.
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APPENDIX B-7

LATIMER
DIAGRAMS
FOR SELECTED
ELEMENTS!

ACIDIC SOLUTION

g0 H, 225 -

GROUP 1

-3.04

. . —2.71 ~2.92 92
Lit —— Li

Nat 2 Na kY2 x ret 2 R 29

Cst ——= Cs

GROUP 2

—1.97 —2.59

Be? =0 Be Mg —25 Mg a?* b o st 2 5 2

Bz?t 5 Ba

GROUP 3
SCS+ —2.03 Sc Y3+ —2.37 v L33+ ~2.38 Ia A(23+ ~2,13 Ac
GROUP 4
TI_02+ .10 Ti3+ *0.37,_ Ti2+ —1.63 Ti
GROUP 5
V(OH)4+ 100 V02+ 0.34 V3+ *0.26‘V2+ -1.13 y
GROUP 6
Cr2072_ 1.38 Cr3,+ -042 Cr2+ —0.90 Cr
GROUP 7
1.507
| 1.
Ml’l04— 0.564 Mn0427 0.274 Mn0437 4.27 Mn02 0585 Mn” 151 MIJ,2+ 1.18 Mn
1.70
GROUP 8
Fe0,r =22 et 270, petr 2, pe
GROUP 9
C002 1416 C03+ 1.92 C02+ -0.217 Co
GROUP 10
Ni042_ >1.8 Nio2 1.59 Ni2+ -0.257 Ni
>16 j
GROUP 11

1.8 2p 0189y 052

Cuo0?t — Cu Cu

0.340

Ipata from A. J. Bard, R. Parsons, and J. Jordan, eds., Standard Potentials in Agueous Solution,
Marcel Dekker, New York, 1685; A. Kaczmarcyzk, W. C. Nichols, W. H. Stockmayer, and T. B. Ames, Inorg
Chem., 1968, 7, 1057; M. Pourbaix, Atlas of Electrochemical Equilibria in Aqueous Solution, 2d ed., translat-
ed by J. A, Franklin, Nationat Association of Corrosion Engineers, Houston, TX, 1974.
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GROUP 12
s S0, g g D0, g g 08U, g o 076
GROUP 13
047
[ | .69 ‘L l
—{). .
B(OH); — > B "> BiHyp? ™ —20 BygH g2 — > BygH g~ ByHg —» BH,~
[ 0.67 T ’ 0.24
AP THEBL AL Gt T, a2t SO o 3 T4 oy 040 L L 026
ot 930, e 22 S034 L
1.25 T
GROUP 14
C02 —0.106 CcoO 0.517 C 0.132 CH4
—{.848% —.14;
Si0, si 2, siH,
GeOy —2% Gett 22, Ge =22, GeH,
l —03s
gt 915, g2 0T
A ~{
Pb0, = pp?t 2, py
GROUP 15
_ 080 K
NO; 22, N0, ~s HNO, 228, No L2 N20 L7, N, =M N0 2 NoHST 25 NH,
| 0.94 T 07 0265 T| 0275 T
H,N:0,
H,PO, 0276 H3PO3—)H3P o, ~0.365 p, =20 PH, —0.006 PH,
| —0.063
HiAs0; —20 HyAs0; —2s As —222, AsH,
Sb0s 222, shot 222, gp 21, qup,
Bi205 1.60 B10+ 0317 Bi —0.97 B1H3
GROUP 16
0.695
03 2075 (1)2 —0.£25 H02 1.51 Hzé’)z 1.763 Hzo
[ 1229 T
_ =02 . 0. .07 _
SOF 2 5,048 o S0, 22 5,05 22 8,0, 2, ¢ M s

0.16 T | 045 T
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_ 1.1 0.74 —0.11
Se0; s H,8e0; s Se — s H,Se

H,TeOy —s TeOs(s) —2s Te —2%s H,Te
GROUP 17
FZ 2.87 F
c1o,” ~2 c0,- 5 Hewo, 7% meio A2 o, 22 o
BE'O4M 1.85 Bng_ 1.45 HBrO 1.60 Bl'z(l) 1.065 Br-
HsIOﬁ 1.60 103, 1.13 HIO 144 12(5) 0.535 .
BASIC SOLUTION
GROUP 1
Hzo —(LR2§ H2 —2.25 u

GROUP 2

Be,0> %5 Be  Mg(OH), —> Mg Ca(OH); —=> Ca  SrOH) ——> St Ba(OH), — Ba

GROUP 3
Se(OH); =22 S¢  Y(OH) —2» Y La(OH) 22> La
GROUP 4
Tioy 2% Ti  HyZeO, 2254 7Zr  HIO(OH), —2%» HF
GROUP 5
.V043_ 0.120 v
GROUP 6
Cro =25 CrOH) — CHOH), —2 Cr
—0.72 _ ~133 T
Cr{OH),
GROUP 7

- 4 . 0. _ 096 1 -~0. - 1.5
MDO4 '(‘)‘S-_') Mn O 2 "0_‘%'1‘) MHO43 e M.UOQ 0_‘5_) MH203 £§—> MH(OH)Z —-1—3—6» Mn

GROUP B

FeO,” 2> Fe(OH): —2» Fe(OH); ——"» Fe

GROUP 9
Co0, L5 Co(OH); s Co(OH), ——» Co
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GROUP 10
. 049 ~0.72
Nio, =22 Nio, 2, NioH), —22 Ni
GROUP 11
Cu0 =2, cu,0 035, oy
GROUP 12
7n0,2 =2, 7
GROUP 13

_ —07¢ _ _ 1
]34()72 —— B —% BEZHQZ "9““"“" B1@H102 —l—" B10H14(S) —) B2H6 '——* BH4

H,AI0;™ —25 Al

H,Ga0y~ —25 Ga

In(OH); —% In

TIOH); —2» TOH) —=%s TI

GROUP 14

€0t —2 neo,” =2, ¢ 22, cH,

§i0, 2, 5i 298, g,

-{), —1.1
HGeO;™ —=25 Ge ——2Ls GeH,

Sn(0H)e> —2L, HSno,~ —2% Sn

PhO; 225 pho 2%, pp

GROUP 15

- . — 0.4 A .94 -3,
NO;” = N0y 205 No,” 25 No 215 0 225 N, 2, om0 N, s NH,

1.57 — 2.0 —0.89

__)-m].lZ HPO32_ — H,PO,™ ‘——S* Py——— PH3

PO

— =0 - =8 —1.37
A0 2 moas0,” 2% A 2, agH,

Sh(OH)s™ 2% §p0, " =282, g 21, gy,

A . 0. . -~ 0.46 . -1, .
Bi;O5 —=> Biz0; ~» Biy04 Bi —%, Bill,
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GROUP 16
03 2.075 02 —.069 HOZ_ 0.867 OH"
50, 0%, 50,27 27, 5,008 2B, g o 0T, o S0ss o
I _0s6 |
00,2 225 560,27 Z2, o 0T, o2~
TeOx(OH)> 2o Te0, <22, ¢ —LH, o2~
GROUP 17
Fz 2.87 F
C}04~ 0.374 C!O C102 1.67 CIOZ_ 0.681 C]OW 0.421] CLZ 1.358 cr
| 0.295 i
BrO,” 255 Bro,” 22, Bro- 2455, prg) 195, -
Hy102 255, 10,7 013, - 042, 02 ey O
GROUP 18

HXe0s™ 2% HXe0,” +2 Xe




A

Abel, E. W, 551
Absolute electronegativity (x),
187-189
Absolute hardness (), 187-£89,
674, 675
Absorbance, 381
Absorption of light, 380
Absorption spectra
Bohr atom, 18
coordination compounds, 388
[Cr(H,0)5]*", 401
[Cr{H,0)6]*", 402
[Cu(H,0)6]%7, 398401
[Fe(H,0)]", 401
[M(H,O)]™, 397, 398
[Mn(H,0¥]%", 397, 405
[Ni(H,0)]*T, 402
Tetrahedral comiplexes, 390, 406
[Ti(H0),1%, 398, 401
[V(H,0)6F", 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 (CyH,), 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 concepis, 165
Brensted-Lowry, 166168
frontier orbitals, 171-174
Ingold-Rebinson, 166
Lavoisier, 165, 166
Lewis, 166, 170, 171
Liebig, 165, 166
Lux-Flood, 166
solvent system, 166, 168-170
Elsanovich, 106
sumimary, 166
Acid-base definitions, 166
Acid-base parameters, quantitative,
187194
Acid-base properties, binary
hydrogen compounds, 194
and frontier orbitals, 17[-174
quantitative measures of,
187194
Acid-base strength, 192-202
binary hydrogen compounds,
194, 193
of cations, 197-199

Index”

inductive effects, 196
inherent, 184, 186, 188, 191,
199
and nonaqueons solvents,
201, 202
oxyacids, 196, 197
proton affinity, 194
quantitative measures, 187194
and selvation, 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 £ and C, 191
Aconitase, 595
Actinides, 17
Activation energies and reaction
enthalpies, 421
Addition reactions, 521, 524, 525
Addition to unsaturated species,
halogens and carbonyl
compounds, 557
Adduct formation, 192
acid-base, 170-176, 178, 179,
181, 182, 186
Adenosing triphosphate (ATP), 600
Ahrland, 8., 182
Al2(CH 3)g structure, 296
Ai4(OH)g814G p (kaolinite), 234
AlsN5 fAng, 26t
Alchemy, 11
Alcohol dehydrogenase, 593
Alizaria red dye, 299
Alkali metals (Group 1}, 17,
249-253
anions, 240, 251
cryptands, 252
chemical properties, 249, 250
combustion preducts, 250
isolation, 249
properties, 249
solutions in Hquid ammonia, 250
Alkalides, 251
Alkaline earth metals (Group 2),
17,253
chemical propertes, 254
sources, 253
uses, 254 .
Alkeny! (vinyl} ligands, 498
Alkyl complexes, 497
bonding, 496
synthests, 496, 497
Alkyl groups
bridging, 1, 3
effect on base strengih, 196
terminal, 1, 3
Alkyl ligands, 496, 497

Alkyl migration mechanism,
528-532
Alkyne metathesis, 547
Alkynyl ligands, 498
Allen, L. C., efectronegativity, 64
Allene (C3Hy), symmetry, 90
Allred, A. L., electronegativity, 64
Allyl complexes, 483, 484
Aluminosilicates, 10
kaolinite, 234
montmorillonite, 236
pyrophyllite, 234
strocture, 234, 236, 237
zeolites, 236
Aluminum, properties, 260
Aluminum compounds, bridged, 259
Ambidentate isomerism, 309
Amethyst, color, 379
Amide ion (NH; ™) 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, 151
Haber-Bosch process, 13
hybrtid orbitals, 158
hydrogen bonding, 70
molecular orbitals, 152-154
symmetry operations, 92
synthesis, 13, 274
synthesis by nitrogenase, 611
uses, 274
Ammoniuno ion (NH, ') structure
and shape, 62
Ammroniitm nitrate, nses, 276
Amphibole asbestos, 236
Amphoteric, 20t
Anation, 422
Anesthesia, theory of, 71
Angels, 32
Angular functions
0,26,29
D, 26,29
¥, 33
Angular momentum quantum
numbers
1,26,27,29
J, 384387
Angular nodal surfaces, 30, 32, 33
Angalar overlap model, 342
4- and 6-coordinate preferences,
373,374
tigand field theory, 362-368, 371
magnitudes of ey, e, and A,
368-371
other shapes, 375

parameters, 371
Tr acceptor interactions, 364,
365, 367
- donor Interactions, 366, 367
o donor interactions, 362-365
special cases, 369
teigonal bipyramidal complexes,
375,376
Antibonding molecular orbitals,
117,118, 120
FHE™, 143
octahedral complexes, 346
Antifluorite structure, 217
Antimony, 272,274
Antineutrino, 5, 6
Antisymmetric Stretch of CO, 504
Antitumor agent, cisplatin, 618
mechanism, 620
Apoferritin, 604
Aprotic Solvents, 168, 169
Aquation, 422
Arachro 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 (AsH ) bond angle, 66
Arsines {AsR3), 276
Arthritis treatment, auranofin, 622
Aryl ligands, 498
Ashestos, 236
AsBrs, bond angle, 66
AsCls, bond angle, 66
Ascorbate oxidase, 595
AsF,, bond angle, 66
AsHs, bond angle, 66
VSEPR and structure, 66
Associative interchange mechanism
(1,).415
Associative mechanism (A), 419
evidence for, 435-437
Ru(HI) 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
arder of filling, 38
positive and negative 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 fupctions, 21-30,
32,33

Atoms and molecules, concept, 11

ATPase, 595

Atwood, 1. D., 450

Aofbau principle, 34

Au(PPh;) fragment, 566

Auranofin, antiarthritis
weatment, 622

Aureolin (Kz[Co{NO;)g]+6H0),
299

Avogadro, A, 16

B,, molecular orbitals, 127
Background radiation, 6
Bacon, Roger, 11
Bailar twist, 434
Bailey, R. A.. 635
Baldwin, I., 598
Ball and chain dimers, fullerere, 266
Batmer series, hydrogen spectrum,
17-20
Band gap in solids, 223, 225-227
Band structure in solids, 223, 225-227
Bardeen, 1., 229
Base strength, inhierent, 184
Basolo, F., 435, 450
Bauxite {hydrated Al;03), 10
Be,, molecuiar orbitals, 127
BeC(l;, bonding, 56, 37
Becquerei, H., radioactivity, 11, 17
Bednorz, 1. G., 230
Beer-Lambert absorption law,
380, 381
BeF,, bonding, 56, 57
Benneti, W.E_, 314
Benzene, symmeiry, 90
Benzene and borazine
comparison, 261
Berg, 3. M., 635
Bertini, I, 635
Beryiliom, 254
B decay, 8
Beia elimination, 533
Bethe, H. A., crystal field theory, 12,
304, 344
BF;
bonding, 58, 59
molecular orbitals, 154156
symmerry, 89
BF;*NH; adduct, 170, 171
BE;+O(C,Hs), adduct, boiling
point, 171
B,Hg, bonding, 256-258
BgHs*", bonding, 573, 574
B 12H ]22»-‘ symmetry, 85, 86
Bidentate ligands, 307
Big bang theory, 5
background radiation, 6
Bimolecufar mechanism, 522
Binary carbonyl compiexes, 472, 473
Binary hydrogen componnds, acidity
and basicity, 194, 195
Bisinuth, 272, 274
Bleach, chiorine and bromine, 286
Block diagonalized matrix, 96, 97
Blomstrand, C.W., chain theory, 300
Bockris, J. O'M, 635
Body-ceniered cubic, 209-213,
216,217
B(QH),, symmeiry, 89
Bohr atom, 17—-19
Bohr magneton (ug), 340
Bohr radius {ag), 29
Bohr, N.
atomic theory, 11, 18, 19
Beiling point
and adduct formation, 171, 192

and hydrogen bonding, 70
Bond angles
CHy, 59
and electronegativity, 66
H,0.59-61
NH;3, 60, 61
and size of central atom, 66
VSEPR, 58-63, 65-67
Bond dipoles, 67-69
Bond iengths, and VSEPR, 66, 67
Bond order, 123
and electron count, dimetal
clusters, 570
Bond polarity, 67, 68
Bonding
H,, 118
of Cgp t0 metal, 493
in ionic crystals, 231
Bonding interactions between metal
d arbitals, 569
Bonding molecular orbitals, 118, 120
Bonding orbitals
HFH ™, 143
octahedral complexcs, 346
Bonding pair-bonding pair (bp-bp)
repulsion, VSEFPR, 57,
59-63
Bonding pair-lone pair (bp-/p)
repulsion, VSEPR, 60-63
Boranes, 259, 572, 574, 577
classification, 574, 577
Boraphosphabenzenes, 261
Borazine and benzepe,
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(C,Hs)y, 171
Boron trihalides (BX3) as Lewis
acids, 260
B;P3 nngs, 261
Bravais laitices, 208
BrF4, 290
solvent, 168
VSEPR and structure, 60
BrF,;~, 290
BiFs, symmeiry, 89
Bridging ligands
alkyl groups, 1, 2
carbonyls (CO), 240, 473
hydrogen atoms, 1-3, 240
Bridging modes of CO, 470, 471
Bromine, 285
Brousted, J. N., 166, 167
Brensted-Lowry acid-base
definition, 166168
Brosset, C., 567
Brown, H. C, i99
Buckminsterfullerene, Cgg, 4, 2635
as ligand, 493495
structure, 263
Buckyball, Cgp, 265
Burdeti, 1. K, 162
Burns, G., 237
1,3-butadiene, as ligand, 480
Butanai, synthesis from propene, 338

C

¢ and radiocarbon dating, 262
B MR of complexes, 307, 508
3¢ NMR spectrometry, 262

C 5, molecular orbitals, 127

C; axes, perpendicular, 86, 87, 101

C;H,, 90
electron-dot diagram and
geometry, 52
C,H;Cl,Br,, symmetry, 85
CsH;s, cyclopentadienyl, 485
CsH;s and CO complexes, 491
(CsHs),Fe, ferrocene, 457
{(n’-CsH5Mo(CO);]; and
bridging carbonyls, 471
CeDg synthesis, 535
Cgn, buckminsterfullerene, 4, 265
as ligand, 493495
Caqg. 265
C 80 265
Ca, E4,Cg, and Eg values, 190
“Cage” organometallic complexes,
495
Calcite structure, 218
Catorimetric methods, 192
Cannizzaro, 8., 16
Capped octahedral geometry, 331
Capped squate antiprismatic
structure, 333
Capped trigonal prismatic
geometry, 331
Carbaboranes, 577-582
Carbene (alicylidene} complexes,
496, 498--501
Fischer-type, 498
"H NMR, 499
anrd heteroatorms, 498
methoxycarbene, 498
nomenclature, 498
= bonding, 499
Schrock-type, 498
Carbide clusters, 4535, 456, 584,
587,588
bonding, 588
Carbide, structure, 268
Carbon, 261
14C R 9
3-coordinate, 267
isotopes, 7, 262
Carbon 13 NMR
of orgarometallic compleses,
507, 508
Carbon-centered clusters, 456,
377,588
Carbon dioxide
electron-dot diagram, 57
geomelry, 57
hybrid orbitals, 158
molecuiar orbitals, 143-147
properties, 268
vibrational levels and
greenhouse effect, 268
Carbon monaxide (CO), 267
infrared spectrum, 470
molecular orbitals and
photoelectron spectrura,
136, 138
stretching modes, 108, 109
symimetry, 89
Carbon-nitrogen cycle, 7
Carbonate (CO;327)
electron-dot structyre and
resonance, 52
structure and dipole
moment, 68
Carbonic anhydrase, 593, 607
mechanism, 608
Carbony! (CO) complexes, 467474
binary, 472-474
bonding, 467-474
bridging, 470472
clusters, 582, 583
C — O disiance, 469
hydride complexes, 477
IR spectra, 468471, 503-507

main group parallels, 556
synthesis of hinary, 473, 474
Carbonyl inseftion reactions,
mechanism, 528532
Carbonyl streiching vibrations
cis- and frans-dicarbonyl square
planar compiexes, 108
IR spectra, 506
Carboranes, 259, 577-382
analogues of ferrocene, 582
ciassification, 578
Carborundum, properties, 271
Carboxypeptidase, mechanism, 595,
606, 607
Carbyue {allkylidyne} complexes,
496498, 501, 502
bonding i, 501, 502
nomenclature, 498
synthesis, 334
Cartesian coordinaies, 28
Cat litter, 236
Catalages, 593, 600
Catalysts, organometallic, 534-551
Casalytic converters, 627
Cataiytic denteration, 335
Cations, acidity, 197—-199
Cativa process, acetic acid
synthesis, 540
CCl,, dipole moment, 68
Ceruloplasmmin, 595, 608, 609
Cesium chloride structure, 214
CFSE (crystel field stabilization
energy), 345
[(CH;AIN
(2.6-diisopropyiphenyl)ls,
261

CH,4
dipole moment, 68
symmetry, 85, 86
VSEPR and structure, 59
Chalcogens (Group 16), 17,279
Chalcophiles, 10
Character
of irreducible representations,
properties, 93
of a matrix, 96
of molecular motions, 104
Character tables, 97, 99-101,
681--G90
features, 99-101
notation, 99-301
for octahedral complexes, 346
Characterization of organometailic
complexes, 509, 510
Characters, for cis-MLy(CO),, 108
Charge transfer spectra, 407
and acid-base 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 tow anomaly, 245
hydrogen, 248
CHECIBr, symmetry, 84, 85
Chital complexes, assigning
handedness, 316
Chiral isomers, 316
Chiral yings, labeling, 317
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Chirality, 102, 103, 311, 313
octahedral molecules, 3E1
tetrahedral molecules, 311

CHlorin, 600

Chlorine bleach, 286, 287

Chlorine, isolation, 285

Chloroflucrocarbons, and ozone

layer, 632

Chlovophyll a, 13

Chlorophylls, 253, 597, 600

Chothia, C., 598

Chiomate {Cr0,27), acidity,

198, 199
Chrysotile, 236
Circolar dichroism (CD), and chiral
molecules, 319, 323
Cisplatin, antitumor agent, 311, 618
Cisplatin-DNA complex.,
structure, 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, 71

Clathrates of noble gases, 292

ClF3, 53, 290
VSEFR and structure, 60

CI1Fs, 290

Cl1OF;, structure, 62

Close-packed structures, 210213

Closo borane definition, 574

Cluster compounds, 454, 455,

572-589
carbide, 587, 588
main group, 572-579, 585-587
metallaboranes and
metailacarboranes, 579-582
transition metal, 582585

Cluster structures, classification, 577

C,, axis, 82

CN~ {cyanide), as ligand, 475

CNO™ (fulminate), VSEPR and

structure, 54, 55
CO (carbon monoxide), 267
infrared spectrum, 470
maolecular orbitals and
photoelectron spectrum,
136, 138

stretching modes, 108, 109

symmetry, 89

CO (carbonyl) complexes,

467-474

binary, 471, 472

bonding, 467-474

bridging, 470-472

clusters, 582, 583

C-—0 distance, 469

hydside complexes, 477

IR spectra, 468471, 504, 506

main group parallels, 556

syuthesis of binary, 473

CO dissociation, 474, 521

CO; (carbon dioxide), 267
electron-dot diagram, 52
geometry, 52
and greenhouse effect, 634
molecular orbitals, 143-147
symunetry, 35, 86

CO3*" (carbonate ion)
electron-dot diagvam, 52
muolecular orbitals, 156
structure and dipole moment, 68

Cobalamin, 602
catalysis, 603

Cobaltocene, 489, 400

[Co(CO)y)", 527

[CO(CO(NH3)4(OH)2)3}BI‘6, totaﬂy

inorganic optically active
compound, 301
[Co(en)y(H,0)0X]"*, rates of
substitution reactions, 432
[Colen)s**
chirality of ring conformation,
318
symmetry, 87, 88
Coenzyme B |5, 13
vitamin, 602-604
[Co(H,NCoH4NH),Cla 1Y, cis and
trans isomers, 301
Coinage metals, 17
Collman, 1. P, 527, 551
Collman’s reagent (Na,Fe(CO},),
527
Coloxs
complementary, 380
coordination compounds, 379
gemstones, 379
Complex ions, 299, 302
Conditions for high and low
oxidation numbers, 445
Conduction band in sclids, 223
Conductivity
diamond, 213
ingulaters, 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, 310
Conformations, ligand ring,
318, 319
[CO(NH3)4C12}+, cis and trans
isomers, 301
[CoiNH3)s(H,0)137, rates of
substitution, 424
Conjugate acids and bases, 167
Conjugate base mechanism, 426, 427
Constant electron density
surfaces, 33
Constitutional isomers, 310
Coocke, 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, 361
Coeordination compounds, 209
acid-base definition, 171
crystal field theory, 304
defined, 299
history, 299-302, 304
isomerism, 309-313, 315, 316,
318-320, 322,323
ligand field theory, 304
nomenclature, 299-302, 304,
303, 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
CN5,328
CN 6, 329-331
CN 7,331
CN 8,332
and electronic structure, 342
CN larger than 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- Arkman mechanism, 533, 549
[Co(tren)(sal)]* isomers, 313
Cotton effect, in ORD and CI,
323,324
Cotton, F. A., 14, 110, 162, 636
Coulomb energy (I1.)
electron repulsion, 35, 36
transition metal complexes,
347-349, 351
Counting electrons, 18-electron rule,
460463
doner pair methed, 460
newtral ligand method, 460
Covalent character, and acid-base
reactions, 181, 182
Covalent radii, 44, 45
Cowan, J. A., 035
Cox, P A, 14, 237
[CoX(trien)]T, o and B
forms, 319
Cr(I), Jahn-Teller effect, 372
Cr(COY[C(OCHA)CgH5], 499,
300

'H NMR, 499
cis and trans isomers, 499, 500
synthesis, 499
Cr{CO)
and 18-electron rule, 463-463
molecular orbitals, 464
Creation of the universe, 5
Creswick, R. 1,237
Critical temperature (7;) for
superconductivity, 228
Crown ether, alkali metal
complexes, 251
Cryptand, alkali metal
complexes, 251
Crystal field splitting, 344
Crystal field stabilization energy
(CFSE), 345
Crystal field theory, 12, 304,
342, 344
Crystal radii, 46, 47
Crystal structures
binary compounds, 214-217
body centered cubic, 21¢
close-packed, 210-213
CsCl, 215
cubie close packed, 210,212
diamond, 213
face centered cubic, 209, 210,
212,213
fluosite (CaFy), 216
hexagonal close packed,
210,212
NaCll, 215
Nias, 217
primitive cubic, 209
rutile (Ti0s), 217
wurtzite, 213, 216
zinc blende, 215
Crystallization, fractional,
for separation of
isomers, 322
CS (thiocarbonyl), 475
CsCl structure, 215
CSe (selenocarbonyl), 475
Cu(II), Jahn-Teller effect, 372
Cubic close packing (ccp), 210-213
Cubic geometry and YSEPR, 59
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[Cu(H; 012 absorption
spectrum, 399
color, 380
Cyanate, OCN™, structure, 54
Cyanide (CN™)
as ligand, 353, 354, 456, 475
molecular orbitals, 3533, 354
Cyanogen, NCCN, as
pseudohalogen, 290
Cyelic w systems, 480-482, 485,
486, 439-491
Cyclobuiadiene, as ligand, 481
cyelo-C3H 5, as ligand, 480-482
Cyclometallation reactions, 523
Cyclooctadiene complexes, 484
Cyclopentadienyl (Cp), 485
compiexes, 485, 486
ag ligand, 458-460, 485, 486,
489-491
Cytochromes, 595, 597, 599, 600
C— O, stretching modes, 108-110,
468471, 504, 506

D

o Oxbital interactions, 569
d Orbitals in octahedral coraplexes,
energies, 364, 366
Dalton, John, 15, 16
Davies, N. R, 182
de Broghie, L., equation, 19
Degenerate orbitals, 36, 127, 133
Degrees of freedom, molecular
motion, 103, 104
Delta (&) bond, 1
Delta (8) orbitals, from &
orbitals, 120
A H® from temperature dependence
of equilibriom constant,
192,193
A, in cctahedral complexes, 346
defermining from spectra,
393-395, 401, 402
AS® 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 compouncds,
magnetic susceptibility,
125, 339
Diamminedichloroplatinum(1l),
[P¢C1{NH3),], cis and
trans isomers, 308
Diamond, 214, 263, 364
Diastereomers, 310
Diatomaceous earth, 269
Diazene (N2H,), 274, 275
Diborane (ByHg), bonding,
256-258
1,5-Dibromenaphthaiene,
symmetry, 87
Dicarbide ion, structure, 268
Dickerson, R. E., 598
Difluorodiazene, symmetry, 89
Dihydrogen (H;)
complexes, bonding,
477,478
as ligand, 456
Dimension of a representaticn, 98
Dimers (NH3z), 70
Diodes
behavier, 226
light-emitting, 226, 227
photovoltaic cells, 226
structure, 226
Dioldehydrase, 593
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Dioxovanadium (VO 27},
acidity, 198
DPioxygen (O7), 128, 281
Dioxygenyl ion (0,1), 128, 281
Dipeptidase, 595
(Dipicolinatoyoxovanadate{V),
insulin-like activity, 622
Dipole moment, 67, 68
Dislocations in crystals, 213, 232
Dispersion forces, 69
Displacement, nucleophilic, 526, 527
Dissociation erergy, Born-Haber
cycle, 138
Dissociative mechanism (D), 417,
418, 420422
evidence for, 422
phosphine, mechanism, 521-523
rate equation, 417419
Ru(Il) compounds, 4235
stereochemical changes for
cis-{M{LL),BX, 433
Dissociative interchange, Iy, 415
Dissymmefric, 102
Distorted T geometry, VSEPR, 61
DMSO reductase, 595
DNA
cleavage studies, 622, 624, 623
double helix, 620
structure, 619
DNA polymerase, 595
mechanism, 623
Dodecahedral geometry, 332, 333
Donor-zcceptor bonding in
BF;*NH;3, 170
Denor-acceptor transition, 178
Doped semiconductors, 224
Drago, R. 8., 189-191

E, C parameters, 189-191, 675
Earnshaw, A., 14, 237
Earth
formation, 5, §
stieuctore, 9
EDTA complex, handedness of
rings, 316
Eifective nuclear charge (Z*), 38,
40,41
Effects of entering group and
cis-Hgands on rates, 423
Eighteen-clectron rule, 304, 460,
462, 463, 465
exceptions, 405
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
fransition elements, 40—42
Electron counting
in cluster compounds, 583
common ligands, 462
in organometallic compounds,
459, 460, 462, 463, 465
in square planar complexes,
403, 466
Electron density, 21
Electron-dot diagrams and formal
charge, 691-695
Electron-electron interactions in
transibion metal atoms, 38, 41
Electron spin, 340 -
Electron-pair acceptor, 170
Eiectron-pair donor, 170

Electronegativity, 63, 63, 66,
243, 673
absolute (x), 187, 189
and acidity or basicity, 195
Allen, L. C., 64
Allred, A. L., 64
and bond energies, 64, 63
and bond polarity, 63, 66, 68
Jaffé, H. H., 64
Mulliken, R. §., 64, 187
noble gases, 243
orbital, 65
Pauling, L., 64
Pearson, R. G., 64
Rochow. B. G., 64
Sanderson, R. T., 64
and VSEPR, 65, 66
Electronic absorption specira,
76,379
and acid-base behavior, 178
and electronic structore, 341
coordination compounds, 388,
390, 392, 394, 398402,
406408
free<ion terms, 391
Laporte selection rule, 390, 406
vibronic coupling, 390
Electronic structure of coordination
complexes
angular overlap methed, 342,
346, 361368, 371
crystal field theory, 342, 343,
345,346
ligand field theory, 342,
345-347, 349, 351357,
380, 361
valence bond theory, 342,
343, 346
Electronic transitions in [
adducts, 179
Electronically equivalent species,
556-558
Elecurophile-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, 310
Encapsulated metals in fullerenes,
497,495
Energy bands in solids, 138,
223227
Energy level splitting and
overlap, 40
Energy levels
and spectra, 19
homonuclear diatomic
molecules, 126
transition elements, 42
Energy match and molecular orbital
formation, 122, 138, 145
Entering groups
effect on rate, 435437
rzte constants and LFER
parameters, 436
Enterobactin, 603, 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
1ons, 351, 352
LFSE, 351, 352
simulated, 375
Enthalpy of reaction, complex
formation, 338
Entropy change
by temperature dependence of
eguilibrivm constant, 193
from Hess's Law, 193
Entropy of acid-base reaction, 192
Eavironwental chemistry, 624--635
Enzymes, metal-containing, 595
Epicurus, 15
Equilibrium constant, temperature
dependence, 193
Ethane (CaHg), symmetry, 79, 82,
8688
Ethylene (C,H,), as ligand, 479
Euy(aq) reactions, 443
Exchange energy (I1,), 35-37, 347,
349, 351
Expanded shells, 53
molecular orbitals, 161
Expanding universe, &

F
F (front) strain, 199
F,
molecular orbitals, 127, 128
symmetry, 90
fac-Mo{CO)3{NCCHj3)3, CO
stretching modes, 110
Face centered cubic (foc), 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
Fe 3+
as acid, 178, 197, 198
halide charge-transfer
complexes, 179
Fe(m -CsH) (" -Cro{CH3)3), 495
Fe(CsHs) (staggered), symmewy,
90

[Fe(CN)s(NO)]¥™, vasodilator, 477

[Fe{CO)R(CN, )%, 475
(Fe{CO3{CN)3] ., 475
[Fe{COY]*", in synthesis, 527
Fe-protoporphyrin IX, 597
Fergusson, I. E., 11, 14, 635
Fermi level (Er) in
semiconductors, 223-227
Ferredoxin, 595, 601, 602
Ferrichromes, 605
Ferrioxamines, 603
Ferritin, 604
Ferrocene, ('115-C5H5)2Fe
bonding, 486, 489
conformation, 457, 458
molecular orbitals, 487, 489
reactions, 490
synthesis, 457
[Fe(irien}]*t, peroxide
decomposition
catalyst, 600
FHF~
molecular orbitats, 140-143,
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., 408

Fischer-Tropsch process, 550
Fischer-type carbene complexes, 498
Fission bomb, 12
Five-coordinate molecules, 58
Fluorine
bonding, 287
isolation, 285
Fluorite (CaF,) structure, 216
Fluoroantimonic acid, 203
Fluorosullonmc acid, 203
Fluxional behavior of
complexes, 328
Formal charge, 53-35, 691-695
and expanded shells, 33
Formaldetyde, photochemical
smog, 631
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
d" configurations, 389, 391
Friedel-Crafts alkylation, BFa
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, 492454
with encapsulated metals, 492,
493, 495
intercalation compounds, 492
as ligands, 492, 493
structures, 264, 265
synthesis, 265
Fulminate (CNG ), 55
Fuming sulfuric acid (oleum), 203
Fusion bomb, 12

G

GaAs, as LED, 227

Gallium, 260

Gamma rays, 3, 7

Gay-Lussac, I. L., 16

Geis, I, 598

Gengesis of the glements, 5

Geometric isomers, 310

Geometries of inorganic
compounds, 3

Gerade, orbital symmetry, 124

Gerloch, M., 47

Germanes, structure, 271

Germaninm, 262

Gillard, R. D., 430, 636

Gillespie, R, T.

and ligand close packing,
66, 67
and VSEPR, 57

Gimarc, B. M., 162

Glutamate mutase, 595

Gold complexes, in arthritis
treatiment, 622

Gouy method for magnetic
susceptibility, 339

Grain boundaries, 231

Graphite, 263, 264

Gray, H. B., 635




o St Wbt e, n S

oottt s

Greenhouse effect, 634
C0,, 268, 635
methane, 635
SF5CF,, 634
Greenwood, N. N, 14, 237
Griffith, J. 8., 304, 343
ligand field theory, 12
Grigrard reagent, 255, 457
Grigeard, V., 457
Group 1 (FA) elements {alkali
metals), 249-252
Group 2 (HA) elements (alkaline
earths), 253-255
Group 13 (I114) elements, 256-261
Group 14 (IVA} elements, 261-271
Group 15 (VA) elements, 272-279
Group 16 (VIA) clements, 279285
Group 17 (VIIA) elements
(halogens), 285-290
Group 18 (VIIIA) elements (noble
gases), 291-295
Group, mathematical, 82-92
characters, 96-102
matrices, 92-97
properties, 93
Group orbitals, 140
BF;, 154-156
CsHs, 485, 486
C0,, 143147
definition, |40
FHF™, 141-143
NHs, 152, 153
use of, 140, 141, 143, 144, 146,
148-151, 153, 155, 157
Group theory, 82102
approach 1o bonding, 139, 140
molecular orbitals, 140-157
Groups, low and high symmetry, 84
Gyromagnetic ratio, 341

I NMR of complexes, 508, 509
H,
bonding, 118
complexes, 478
molecular orbitals, 1235
source, 275
H,C=CCIBr, symmetry, 84
H,0
bond angle, 60, 66
symmetry, 82, 89
VSEFPR and structure, 59, 66
H,0,, symmeiry, 87, 88
H,8, VSEPR and structure, 66
HaSe, VSEPR and structure, 66
H,80,, acid strength, 197
H,Te, VSEPR and structure, 66
H" ion, molecular orbitals, 143
H3CCH3, symmetry, 87, 88
H;PO,, acid strength, 197
Haber, F.,, 1918 Nobel Prize, 274
Haber-Bosch process, ammonia
synthesis, 13, 274
Half-life, 6
Haif-sandwich compounds, 491
Halogens (Group 17), 17
energy levels, 188
properties, 286
Hamiltonian operator, 21
Hammectt acidity function, 203
Handedness
of chelate rings, 315-317
determining for chiral
complexes, 317
of EDTA complex, 316
of ligand ring conformation,
318, 319
of propeilers and helices, 315
Hapticity, 458, 459

Haplo, organometallic
nomenclature, 458, 459
Hard and soft acids and bases,
theory (HSAB), 179-192
Handness, absotute (), 187-189, 191
Hardness of acid or base, 188
Hardness parameters, 189
Harginai, £, 150
Hargittal, M., 110
Hawking, 5. W., 14
HBr, 287
H,, critical magnetic field for
superconductivity, 228
HCl, 2587
symmetry, 83, 86
HCIBrC — CHCIBr, symmetry, 84
HCN
bonding, 62
symmetry, 89
HCo(COYy, 527
HCP, 62
He;, molecular orbitals, 126
Heavy metal salts, carbonyl complex
parallels, 557
Heck, R. F,, 527
Hegedus, L. S., 551
Heisenberg, W.
quactum 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, 507-599
Bohr effect, 598
CO binding, 598, 599
CO; concentration, 598
color, 379
model compounds, 599
oxygen binding curve, 598
pH effect, 598
substitutes, S99
Hess’s Law, 193
Heteroboranes, 577, 579
Heterogeneous catalysis, 534,
548-571
Heteronuclear diatomic molecules,
134, 135, 138
Hexaammirecobalt(Ill) chloride, 300
Hexagonat close packing ¢hep), 210,
211, 213
HF, 287
symunetry, 89
HI, 287
High spin complexes, 347, 348, 351,
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
Hoffimann, 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
C0, 138
NHj, 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, 533,
537-539, 541, 343, 544,
347, 549, 550
water gas shift reaction, 550
Homoleptic compounds, 476
Homonuclear diatomic molecules,
116, 122, 125128, 130,
132,133
HRR(CO), (PPhy)s,
hydroformylation catalyst,
537,538
HSARB
halogens as examples, 188
and gualitative analysis, 185
and solubility, 222
HSO;FNb(SO;F)s, 204
HSO4FTa(S0,F)s, 204
Huheey, 1.E., electronegativity,

Hund’s rules, 386, 388
maximum multiplicity, 35, 386
Hybrid orbitals, 158, 159
BF;z, 159, 160
and gmug theary, 157-161
S04, sp-, 158
water, 158
Hydrate isomerism, 309, 310, 319
Hydrated metal ion acidities, 198
Hydration enthalpies of M 2™
transition metal ions
LFSE, 351,352
simulated, 375
Hydrazine, 274
oxidation, 275
Hydrazoic acid (HNs), 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
« 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 fluaride, boiling
point, 69
Hydrogen ion, 248
Hydrogen isotopes, 6, 9, 247
Hydrogen peroxide decomposition
rates, 600
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Hydrogen sulfide (H,8) bond
angle, 66

Hydrogenase enzymes, 475

Hydrogenation, by Wilkinson's
catalyst, 542-544

Hydrohalic acids, 287

carbony] complex parallels, 557

Hydrolysis of esters, amides, and
peptides, 446

Hydronium ion, 167

Hydroxyl radicat, photochemical
smog, 631

Hydroxymethylation, by
cobalamin, 603

1 (intemal) strain, 199
i, inversion operation, 79
I, spectra in different
solvents, 178
Ice, structure, 71
IC1,~, 200
Identity operation (£), 77, 81, 93
IF,, 53
Imperfections in Solds, 231, 232
Improper rotation, 79, 81
Indium, properties, 260
Inductive effects, 196
Indusirial 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,
304, 506
Ingeld-Raobinson acid-base
definition, 166
Inner and outer orbital complexes,
343
Inorganic compounds, examples of
geomeiries, 3
Insertion reactions
1,1, 527
1,2,527, 528, 532
Insulator, band structure, 223
Interchange mechanism (1), 415
rate eguation, 417419
in square-planar reactions,
435, 436
Interhalogen compounds, 289
carbonyl parallels, 357
Intraligand bands, 408
Intrinsic semiconductor, 225
Inverse of a group operation, 93
Inversion (i), 79, 81
Todine adduct colors, 178, 180
Todine, isolation, 285
10F;, symmetry, 90
10F,, 62
Ion exchange properties of
zeolites, 236
Tonic compounds and molecular
orbitals, 138, 139
Tonic crystals, 138
Tonic radius, 44, 46, 47, 668-671
and ionic charge, 47
and nuclear charge, 47
and number of electrons, 47
reaction rates, 422
lonization energy, 43, 44, 138, 139,
244, 671,672
Born-Haber cycle, 220
Tonization isomerism, 309, 310, 320
{onization potential, 43
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IR spectra
active vibrational modes, 76,
163, 104, 106-110
CO complexes, 169, 110,
468-471, 504, 506
Iron pyrites (Fe$;)
in mine tailings, 629
Irreducible representation, 96~162,
105-107
characters of, 96
notation, 101, 102
{socarbonyls (oxygen-bonded
carbonyis), 474
Isoelectronic molecules, 52, 156
Tsolobal
analogy, 558561, 563-566
analogy, extensions, 361, 565
Co(CO); and CR, 561
definitions, 558-361
Mn(CO)s and CR 3, 561
symbol, 559
Isomerism, coordination
compounds, 309-313, 315,
316, 318-320, 322, 323
Isomerization
by cobalamin, 603
of chelate rings, 433
twist mechanisms, 434
Isomers
amhidentate, 309, 320, 321
chelate ring combinations,
315-317
chiral, 310
cis and trans, 302, 304, 308,
310, 311
cis and rrans,
diamminedichloroplatinum
(ID), [PtC1{NH),], 308
classification, 310
conformational, 310
constitutional, 310
coordination, 309, 320
[Co(ren)(sal)]”, 313
A, 316
facial, 312
four-coordinate complexes,
310, 311
geometric, 316
hydrate, 309, 310, 319
identification, 322
ionization, 309, 310, 32¢
A, 316
linkage, 309, 310, 320, 321
[Mabedef], 313
M azchd, 314
meridional, 312
number for specific
complexes, 315
optical, 302, 310
separation, 322
six-coordinate complexes,
311-313,315
solvent, 309
stereo, 309, 310
strucmural, 310
of triaminotriethylamine
complexes, 312
X-ray crystallography for
identification, 322

Isotopes
definition, 8
hydrogen, 247

]

Jaffé, H. H., electronegativity, 64
Jahn-Teller
distortion, 370, 398, 400
distortions and specira, 398
effect, 327, 370-372, 398

excited states, 400
theorem, 398
Jean, Y., 162
Jagrgensen, S. M., coordination
chemistry, 12, 304, 301

K

Kaim, W., 635

Kammerling Onnes, H, 228

Kaolinite, 234

Kealy, T. 1., 457

Kekulé, 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

Klade borane definition, 574

Kiechkowsky’s rule, 37

KrFs, 295

Krypton

fluoride compounds, 295
isolation, 201

Kyoto, Japan, conference on
greenhouse gases, 268

K[Pt{C;H4)Cl312H,0, Zeise’s salt,
457, 482, 483

L

I, angular momentum guantum
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,
229,221
Born-Haber cycle, 220
Lattice points, 209
Lavoisier, acid-base definition, 166
Lead, 262
environmental, 627
in paint, 627
in tetraethyﬂead, PH{C4H 54,
627
toxicity, 262
Leaving groups, effect on rate,
435437
Leveling effect and solvent
properties, 201, 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), 343, 348, 340, 351
calculation, 351
and  bonding, 353, 356
of hydration, 351, 352
and water exchange rate, 421
Li,, molecular orbitals, 127
LiAlH,, 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,
520522
Ligand field activation energy
(LFAE), 420
Ligand field stabilization energy
{LFSE), 345, 349, 351
calculateoin, 351
enthalpy of hydration, 351, 352
for aqueous ions, 349
+ bonding, 355
Ligand field strength and spin states,
348
Ligand field theory, 12, 3G4,
342, 345
Ligand reducibility and electron
transfer, 444
Ligand ring conformation, 318, 319
Ligand substitution, 521, 522
Ligand to metal charge transfer
(LMCT), 467
Ligand to metal (L. ——> M)
bonding, 355
Ligands, 302
ambidentate, 320
bidentate, 307
bridging, 308, 46(
chelating, 302
common monodentate, 305
common multidentate, 306
defined, 299
organometaltic, 462, 467
organometallic compounds, 459
T acceptor, 364, 365, 368
 donor, 366-368
reactions of coordinated,
446, 448
o 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 7 systems, 479, 480,
482484
Linear combinations of the atomic
orbitals (LCAQ), 116
Linear free energy relationship
(LFER), 423, 424
Linear geometry, VSEPR, 58,
61-63
Linkage (ambidentate) isomerism,
309, 310, 320
Lippaxd, 8. J., 635
Lithium aluminum hydride, 248
Lithivm hatide solubilities, 181
Lithophites, 10
London forces, 69
Lone pair repulsion, VSEPR, 59-62
Lone pair-bonding pair (Jp-bp)
repulsion, VSEPR, 60-63
Lone pair-lone pair (Ip-Ip) repulsion,
VSEPR, 60-63
Lone pairs, 51
structures containing, 61
Low spin complexes, 347, 348,
351, 367
Low symmelry groups, 82-84
Low symmetry molecuies, 84
Lowest unoccupied molecutar
orbital (LUMO), 127, 137
Lowry, T. M., 167
LS coupling, 382, 391
Fuminescence, and LED, 227

LUMO (lowest unoccupied
motecular orbital), 127, 137
BF,, 155, 170
CO, 138
and electron affinity, 187
Lux-Flood acid-base definition, 166
Lyman series, hydrogen
spectrum, 20

[Mabcdef] isomers, 313
Magbacd isomers, 314
Madelorg constant, 220, 221
Magic Acid, 203
Magnesium properties and
compounds, 255
Magnetic levitation, 229
Magnetic moment (), 125, 340
spin only, 340, 341
Magnetic quantum number (m,), 26
Magnetic susceptibilityof
complexes, 339, 341
paramagnetic compounds, 339
diamagnetic compounds, 339
Magnitades of e, e, and A,
368-370
Main group compounds, carbonyl
complex paraltels, 556
Malachite, copper ore, 11
Manhattan Project, 12
Mantle of Earth, 10
Mathematical group, 96
Matrices, 92-97
block diagonalized, 96, 99
multiptication, 93
representation of a group, 96
Maximum multiplicity, Hund’s rute,
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,
618, 620
Megatubes, carbon, struclure, 266
Meissner effect, 228, 229
Melting points, and adduct
formation, 192
Mendeleev, D. L, periodic table, 11,
i2, 16
Mercury
Arctic studies, 626
environmental, 624, 626
lake studies, 626
Metal alkyls, 497
Metal-carbon bonds, 1, 3
Metal clusters, carbon-centerad, 4
Metal-containing enzymes, 5
Metal hydroxides, solubility and
actd-base strength, 198
Metal-metal bonds, 1, 566-570, 572
multipke, 567-570, 572
Metal to ligand charge transfer
(MLCT), 408
Metal to ligagnd (M — L}«
bonding, 354, 355
Metallaboranes, 379-581
Metallacarboranes, 579--581
Metallacrowns, 251
Metailacycles, 497
Metallacyclobutadiene, 547
Metallacyclobutane, 547, 549
synthesis, 546
Metallaporphyrin, 597
Metallocenes, 485, 489, 490
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Metalioids, 242
Metals, properties, 213
Metarhesis, 547
catalysts, 546
Grubbs catalysts, 345
olefin, 544, 545
ring-closing, 545
Schrock catalysts, 543
Methane, and greenhouse effect, 634
Methionine synthetase, 595
Methoxycarbene complex, 499, 500
Methyl anvine reactions, 200
Methylation, by methylcobalamin,
603
Methyicobalamin, 603
and methylmercury
synthesis, 626
Meyer, L, periodic table, 11, 16
Mg(OH),+Si;05 Minerals, structure,
235

Mgg(OH)ASizos, 234
[M(H,()e)™", absorption spectra,
397

Mica, 236
Microscopic reversibility, principle
of, 530
Microstate table, 383
Microstates and quantum numbess,
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, 141
vertical, 87, 88
Mixing of orbitals, 124, 125, 137
mi;, magnetic quantum number, 26
Mu(IID), Jahn-Teller effect, 372
[Mn(H,C)6)*", absorption
spectrum, 397, 4035
mno rule, 586
[Mo,Clg]*™, spectram and
bonding, 570
Molar absorptivity, 381
Molecular dipoles, 67, 68
Molecular motions, character of, 104
Molecular orbital theory, 116
Molecutar orbitals, 76, 117, 122, 160
and acid-base adducts, 170174
azide ion, N3, 147
and band structure in solids,
223-228
BF;, 150
calculations for mechanistic
studies, 595
CO, 135137, 468
CQO,, 143, 145-147
Co;, 156
Cr{CO)g, 464
cyanide ion, 353
energy match for formation,
122,145
FHEF™, 139, 143
framework, boranes, 572
from d orbitals, 120, 12!
from p orbitals, 119
H,0, 148, 151
homonuclear diatomic
molecuies, 127-130
hydrogen bonding in FHE™, 175
isolobal fragments, 559, 563
Lijy, 127
LiF, 139
linear triatomic species, 146
NHj, 153,154
Ni{CO)y4, 360, 361

NO;~, 156
octahedsal complexes, 345-347
and photoelectrom spectrum of

€0, 136, 138
and photoelectron spectrum of
Qs, 131
and photoelectron spectrum of
N,, 131
skeletal, boranes, 572
80,, 156
solid state, 207
square planar complex, 356,
357, 466
tetrahedral complexes, 360, 361
Molecular rearrangement
processes, 509
Molecular shapes and electronic
structuee, 342
Molecular sieves, 236
Molecular vibration, infrared active
and inactive, 104, 106,
108, 109

Molecular wave functicn, 116

Molina, M. I, 633

Mond process, 473

Mond, L., 457

Monsanto Acetic Acid Process,

538,539

Montmorillonite, 236

Moore, E., 237

Moore, J. W., 450

Moseley, H. G. J., 000

mg, 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

Mutagenic agents, requirements for,
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Mpyoglobin, 597-599
oxygen binding curve, 398

n, principal quantum number, 18,
26,27,29
n-type semviconductor, 225
N, complexes, 473
N3, molecular orbitals, 128
photoelectron spectrum and
melecular orbitals, 131
symmetry, 90
szf structure, 273
NoHy, symmetry, 89
N»Q, product of catalytic
converters, 628
N;™, molecular orbital
diagram, 147
N5, synthesis and stracture, 272
Na,Fe(CO),4 (Collman’s
reagent), 527
NaCl
radius ratio, 219
structure, 2135
Nano “onions”, fullerene, 266
Nanotubes, structure, 266
Natta, G., polymerization catalyst, 12
Natural bond orbital method, 161
Natural resonance theory, 161
NCl;z, bond angle, 66
Ne;, molecular orbitals, 127, 129
Neutrino, 6
Neutron, 6
Newton, D. E., 636
NF3, bond angte, 66

NH,, 87, 88
character table, 99
molecular orbitals, 151-153
symmeiry, 87, 88, 99
synthesis, 274
VSEPR and structure, 60, 61,
66, 68
NH,* melecular energy levels, 172
Ni(II) complexes, 327
NiAs crystal structure, 217
Nickelocene, 489, 490
Ni(COy,, 457
molecular orbitals, 360, 361
synthesis, 473
Ni(cyclobutadiene),, symmetry, 90
Nido borane definition, 574
[Ni(H;0¥6)*", rates of
substitution, 424
Niteate (NO3 7} structure and dipole
moment, 68
Nitrate reductase, 595, 612
Nitric acid, properties, 276
Niwric oxide, NO, 276
biosynthesis, 616
in biochemistry, 616, 618
vasodilator, 616
Nitric oxide synthase oxygenase,
616, 617
Nitride clusters, 584
Nitification, 612
Nitrite reductase, 395, 612
mechanism, 613-615
structure, 615
Nitrogen fixation, 611
Nitrogen hydrides, 274, 275
Nilrogen 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, 611
Nitroglycesine, source of NO, 617
Nitrous oxide, N2O, 276
NMR Spectra, of complexes, 507, 508
NO (nitrosyi}, as ligand, 476
complexes, 476
finear and bent bonding
modes, 476
NO3, nitrogen dioxide, 276
NOQs ™ (nitrate ion}, molecular
orbitals, 156
NO, and acid rain, 276
Noble gases (Group [8), 17
chemistry, 240, 292
compounds and ions, 293
electronegativity, 65
properties, 292
Nodes, 29, 30, 32-34
angular, 32-34
particie in a box, 32
in 7 systems, 480
planes, C5H5, 486
spherical (radial}, 32, 33
Nomenclature
coordination compounds, 304,
305, 307, 308
organometallic, 458, 459
Nonagueous solvents and acid-base
strength, 201, 202
Nonbonding orbitals, 118, 120
FHF™, 143
octahedral complexes, 346
square planar complexes, 356
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Nonbonding pairs, 51

Nonerossing rule, 133

Nonhydrogenated oxygen atoms and
acid strength, 196, 197

Nonsuperimposability, 102

Normalization, wave function,
22,23

Normalizing factor, ¥, 117

Norton, J. R, 551

Nova, 7

NS (thionitrosyl)y, 477

complexes, 476

Nuclear charge and atomic
number, 17

Nuclear magnetic resonance, and
acid-base reactions, 192

Nuclear reactions, 68

Nuclear stability, 7, &

Nuclear waste disposal, 629

Nucleophilic discrimination factor,
437

Nucleophilic displacement,
526,527

Nucleophilic reactivity constant, 437

Nyholm, R. 5., 343

and VSEFR, 57

o
O (dioxygen), 128
molecalar orbitals, 127, 128
paramagnetic, 128, 280
photoelectron spectrem and
molecular orbitals, 131
0," (dioxygenyl ion), 128
0, (peroxide jon), 128
Q5" (superoxide icn), 128
OA (oxidative addition), 521, 524,
525, 534, 537, 539
square planar d® complexes,
524, 525
Ochiai, E. L, 600
OCl,, bond angle, 66
OCNT (cyanate jon), VSEPR and
structure, 54
Cetahedral complexes, 329
molecular orbitals, 345-347
octahedral geometry, 2
VSEPR, 38, 61-63
Qctahedra] holes in erystal
lattice, 210
Gcetahedron, teragonal
distortion, 330
QOctet rule, 52, 53, 53, 56
Be and B compounds, 56
OF,, bond angle, 66
Qil absorbent, 236
ONOQ ™ (peroxynitrite),
structare, 278
Operator, Hamiltonian, 21
Optical activity, 76, 102
Optical isomers, 302, 310
Optical rotatory dispersion (ORD)
and chial molecules, 319,
322,323
Orbitzl angular momentum,
total, 382
Crbital angular momentum quanium
number (£), 384387
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, electren, 21
Order, of a group, 98, 100
Ore deposits, 10
Organometailic nomenclature,
458,459
Organometallic catalysts, 534
Organometallic chemistry, 1, 454
Organemetallic compeunds, 3, 454
13¢ NMR, 506, 508
catalysts, 5,12
characterization, 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
[05,C1g]*™, bonding, 570
0s(CsH3)s (eclipsed), symmetry, 89
QOsmium tetroxide adducts, 492
Ostwald, W., fons in agqueous
sclatien, 166
Outer orbital complexes, 343
Overlap of atomic orbitals, 117
Oxidation states
conditions for high and low, 445
in organometaitic compounds,
521,524
ang reaction rates, 422
Oxidation-reduction reactions, 245
of coerdination compeounds,
440-442, 444, 445
Frost diagram, 246
half reactions, 245
inner sphere mechanism,
440442, 444, 445
Latimer diagram, 245, 246
outer sphere mechanism,
440-442, 444, 445
Oxidative addition (QA), 521, 524,
525, 534, 537, 539
sguare planar 4% complexes,
524,525
Oxide minerals, 10
Oxo process, 535, 537
Oxeoniem ion, 167
Oxyacids, sirength of, 196
Oxygen, 280
isolation, 280
isotepes, 7
properties, 280
sterage agents, hemoglobin and
myoglobin, $97-599
Oxygen-bonded carbenyls
(isccarbonyls), 474
Oxyhemoglobin, electronic
structure, 599
Oyama, 5. T,, 551
Ozone (03)
as oxidizing agent, 281
properties, 280, 281
Ozeone layer, 632-634
chlorofluorocarbons, 632
depletion by chictine
compounds and nitrogen
oxides, 281, 632-634
formation, 632
hole, Antarctic, 632634
hole, Arctic, 634
protective action, 281, 632
Ozonide ion, 281

| 4

P(CgH )3, symmetry, 85
p-dichlerobenzene, symmetry, 82

p-# junction, 226
p-type semiconducier, 225
Py
electronic equivalents, 557
stracture, 273
P40y, and phosphoric acid
synthesis, 279
Pairing energy
for aqueous ions, 349
electron, 36
Paramagpetic compounds, 125
magnetic susceptibility, 339
Paramagnetism of O,, 128, 280
Particle in a box, 23-25
probability densities, 25
wave equation, 23-25
Partington, I. R., 47
Paschen series, hydrogen
spectrum, 20
Pauli exclusion principle, 35
Pauling, L., 304, 343
electronegativity, 64
strength of oxyacids, 196, 197
Pausen, P. L., 457
PB1;, bond angle, 66
PCl;, bond angle, 66
symmetry, 89
PCig ™, structure, 62
Pd{II) complexes, 327
Pearson, R. G., 187, 435, 450
electronegativity, 64
hard and soft acids and bases,
183, 187
Pentagonal bipyramidal
geometry, 331
VSEPR, 38, 60
Petchloric acid, 203
Periodic properties of atoms, 43, 44,
Periodic table, 16, 17
families, groups, periods, 17
Permanganate {MnO,"),
acidity, 198
Peroxidases, 595, 600
Peroxide ion (0,27), 128, 281
Peroxyacetyl nitrate and
photockemical smeg, 632
peroxynitrite (ONOO ™), 278
PF3, bond angle, 66
PFs, symmetry, 87
PH;, VSEPR and structure, 66
¢, angular function, 28
Phesphine (PH3)
bend angle, 66
properties, 275
Phosphine dissociation, 522
Phesphine ligands
w-accepior ability, 506
a-donor ability, 506
Phosphohydrases, 595
Phosphoric acid (HaPO4}
synthesis, 279
Phosphorus, 272, 273
Phosphotransferases, 595
Photochemical smog, 627
fermaldehyde, 631
hydroxyl radical, 630
nitrogen oxides, 630
ozone, 631
Photoelectron spectra
and molecular orbitals of N,, 131
and melecular orbitals of CO, 136
and molecular orhitals of 05, 131
Photons, 6
Photosynthesis, 600
Photovoitaic effect, 226, 227
Phthalecyanine synthesis, 448
% acceptor ligands, 364, 365, 368
angular overlap, 364, 365

back-bonding, 354, 355, 367, 368
of CO, 463, 467-47G
w-altyl complexes, 483, 484
w-altyl radical, as ligand, 479
st-honded arematic rings. 3, 4
= bonding
and A, 355
and LFSE, 353
octahedral compiexes, 352-355
in carbene complexes, 499
orhitals, square planar
complexes, 357
orbital overlap in octahedral
complexes, 354
= doner ligands, 366-368
angular overlap, 366
-ethyiene complexes, 482-484
7 interactions, between CO and a
metai, 468
7 orbitals from d orbitals, 120
 orbitals from p orbitals, 118, 120
and group theory, 134
Pitts, |. N., Ir., 636
Planar ttigonal geometry, VSEPR,
58, 60, 62, 63
Planck’s constant, 18
Plane-polarized tight, 103
Planets, formation, 8
Plastocyanin, 595
POF,, 55
Point groups, 82-92
assigament, §2-92
diagtam, 83
exampies, 82-92
Polar bonds, 67, 134, 138
Polarizability, and acid-base
properties, 83
Pelenium, 280
Pelyatomic halide ions, 288
Polyiodide ions, 288
Polymerization
of ethylene, 12
metaliacyclobutane
intermediate, 347, 549
of norbomene using carbane
catalyst, 547
Polymers, Cgn, 266
Poole, C. P, Ir,, 237
Porphine, 566, 597
Porphyrins, 596
iron, 597-600
similar ring compounds, 600,
603, 604
Poriland cement, 255
Positron, 6,7
Potential energy, in quantum
mechanics, 21, 22
Pewell, H. M., VSEPR, 57
Primitive cubic crystal
structure, 209
Principal axis, 78, 86
Principal quantum number (n}, 18,
26,27,29
Probability, 21
densities, particle in a box, 25
Proper rotation axis {C},), 77
Properties und representations of
groups, 92 ’
Properties of metals, 213
Propertias of solvents, 169
Proteins
a-helix, 71, 72
metal-containing, 593
pleated sheet, 71, 72
Pretic solvents, 169
Proton, 5, 6
Proton affinity, 194, 200
Pregenated species, formation
of, 192

Prussian blue (KFe[Fe(CN)g)),
299, 379
Pseudohalogens, 290
Pseudorotation, 434
¥, wave function, 21, 22, 116
properties, 22, 23
Pi(Il) complexes, 327
[PLBr)(CIXD(NH 5)(NO2)(py)]
isemers, 313
[PtC1,]%
spectrum ang ligand field
splitting, 360
symmetry, 90
[PCN)g* ion
bending, 358
spectra and ligand field splitting,

Pyridine, as selvent, 203

Pyridines, basicity of substituted,
199

Pyrocatechase, 595

Pyrophyllite, 235

Pyruvate phosphokinase, 595

1]
Quadruple bonds between metal
atoms, 1, 568-572
Qualitative analysis, 12, 185
Quantum numbers
angular momentum (£}, 26-28
and atomic wave functions,
2529, 32-34
magpetic (m;), 26-28
microstates, 382-383, 387
mulizelectron atoms, 382-385,
387
patticle in a box, 24,25
principal (m), 18, 24, 26-28
properties, 26
spin (m,), 26-28
total angular momenturh (J),
384-387
total orbital angular momentum
(L), 340, 384-387
total spin angular momenturn
(5), 340, 384387
Quantum theory of the atom, 18
Quartz structure, 233

R
Radial function, R, 27-29
Radial nodes, 32
Radial probability functions,
Radial wave function, 28-30, 32
Radioactive waste, 629
Radioactivity, &, 11
Radius
covalent, 44, 45
crystal, 44-47
ionic, 44-47, 668-671
Radius ratio, 215, 2{8, 219
and coordination number, 215
Radon, 251, 252
Rate constanis
for leaving groups, 437
for reactions of
[Coleny(H, 00X, 432
for [Ru(TEDTANH,0)*~
substitution, 426
for [RW(ID{EDTA}H,0)]™
substitution, 426
Ratio of He/H ip universe, &
RE (Reductive elimination), 521,
324, 525, 534, 539
[Re,Clgl*~
bending, 369
& bond, 569
specirum and bonding, 570



Redox potentials, 245
changed by coordination, 595
chlorine, 288
hydrogen, 245
nitrogen, 278
oxygen, 246
Reduced mass, j&, 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 (o), 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 pctahedral 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
transiational, 103, 106
vibrational, 165, 106, 168-11G
Resonance, 52
CO3t, 52
thiocyanate, 54
Reversibility, principle of
microscopie, 530
RhCI(PPhs)s, Wilkinson’s
catalyst, 542
Rich, R. L., 41, 42
RnF;, 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
axds, §,), 79, 81
Rotational representations, 108
Rotational symmetry (Rj), 101,
104, 106
Rowland. E. 5., 633
Ruby, color, 379
Ru3(COMN (-1 n%, n°-Cep), 495
[Ru{I{EDTAH,CH?™, rates of
substitution reactions, 426
[Ru(ITYEDTANH,0)], rates of
substitution reactions, 426
[Ru(NH,CH,CH,NH;*%,
symmetry, 90
Russell-Saunders coupling, 382
Rutherford, E., nuclear atom, 17
Rutile (TiO,) crystal structure, 217
Rydberg constant, 18

S

S, guantum number, 340
8, axes, 83, 88
SALC, symmetry-adapted linear
combinations, 140
Sandersen, R, T., electronegativity, 64
Sandwich compounds, 4, 454,
455, 485
examples, 455
multiple-decker, 4

Sasol plants in South Africa, 550
$bBrs3, bond angle, 66
SbCl;, bond angle, 66
SbF;, bond angle, 66
SbF,, 62
SbF; as acid, 168
SbH 3, VSEPR and structure, 66
SC3N @ Cgo, 496
Schrieffer, I. R., 229
Schrock metathesis catalysts, 545
Schrock-type carbene complexes, 498
Schrivdinger equation, thiee-
dimensionat, 25
Schridinger, E., wave equation,
2124, 26-29, 32-36,
38,40, 41,43
Schrodiager, E., quantum
mechanics, 11
Schwederski, B., 635
SC1;, bond angle, 66
SCN~ (thiocyanate) VSEPR and
structure, 54
Seesaw geometry, VSEPR, 61
SeF,~, 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
Fermi level, 225-227
intrinsic, 224
n-type, 225
p-type, 225
temperature dependence of
conductance, 224
Semimetais, 242
S5eQCl,, 62
Seven-coordinate molecules, 58
SF;, bond angle, 66
SF4, VSEPR and structure,
60, 61
SE4, symmetry, 90
SFs™, 62
SFg
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 §, 38, 40, 41
Siderochromes, 605
Siderophiles, 10
Sidgwick, N. V., and VSEPR, 57
o donor basicity, 367
o-donor interactions, anguiar
overlap, 362
o-donor ligands, octahedral
complexes, 362--364, 366
a-donor orbitals, 463
o interactions, between CO and a
metal, 468
o orbitals, 117, 118, 120, 122, 134
from d orbitals, 120
from p orbitals, 120
square planar complexes, 356
a4, mirror plane, 101
o}, perpendicular mirror
plane, 101
o, mirror plane, 101
Silanes, comparison with carbon
compounds, 271
Silanes, structuge, 271
Silica gel, 269

Silica, 8§i0,, structure, 232, 233
Silicates
minerals, 10
structures, 232-237, 269, 270
Silicon carbide (SiC) structure, 271
Silicon compounds, 269
Siticon dioxide (510,), 232, 233
Silicon, isclation, 262
Silver chloride solubility,
thermodynamics, 222
Silver halide solubility
and acid-base properties, 179
Sixteen-glectron complexes, square
planar, 465467
Skeletal bonding orbitals, 572
Slater’s rules, shielding, 38, 40
Slow reactions (inert complexes),
electronjc structures, 415
Smart, L., 237
§,,, Totation-reflection operation, 8¢
Syl lim mechanism, 416
Sy1 CB mechanism, 426, 427
Sx2 lim mechanism, 416
Snowflake, symmetry, 77, 78
505
dipole moment, 68
electron-dot structure, 52, 56
hybrid orbitals, s pi, 158
molecular orbitals, 156
S05F, 55
SOCI,, structure, 62
Sodium chleride structure, 214, 215
Sodium hydroxide, 203
SOF,, 55
Soft acids and bases, 180-186
Softness of acid or base, 188
Solid-siate 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
Somotjal, G. A., 551
sp* hybrids in water, 158
Spectra of I, with different bases, 180
Spectral analysis of organometallic
complexes, 503
Spectrochemicai series, 367, 368
Spherical coordinates, 28
Spherical nodes, 32, 33
Spin, electron, 27
Spin-atlowed transitions, 390
Spin angular momentunt guantum
number, 5, 384387
Spin angular momentum, total, 382
Spin magnetic moment, 340
Spin-orbit coupling, 387
Spin quantur: numbex, s, 26, 27
Spin states and ligand field
strength, 348
Splitting of free on terms
in octahedral symmetry, 392
F, octahedral symmetry, 403
Jahn-Teller distogtion, 400
Square antiprismatic geometry, 332,
333
VSEPR, 58-60
Square-planar complexes, 3, 327, 328
48 complexes, OA reactions,
524, 525
electron counting, 465, 466
electronic structure, 342
1isomers, 310
molecular orbitals, 356-369, 466

705

Index

Pd(I1) and Pt(II} complexes, 327
7 bonding, 357, 360
o bonding, 360
sixteen-eleciron, 463, 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,
428-435
of acid aquation, 429431
of base substitution, 429431t
Stereoisomerism, 310
Steric effects, 199, 200
Steric number (SN), 57
Stibine (SbH3) bond angle, 66
Stibines (SbR3), 276
Stone, E. 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
Subatemic particles, 17
Sublimation, 138
Bom-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 frans complexes, 439, 431
of cis complexes, 432, 433
of square-planar complexes,
434, 435
of [Co(NH3)s(H,0N*", 424
on [Colen)(H,0)X]"™,
rates, 432
Substitutions in crystals, 232
Sulfide minerals, 16
Sulfite oxidase, 595
Sulfur
aliotropes, 282
envirpnmental, 529
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
dipoie 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
pel, 228
Type II, 229, 230
Superoxide ion (Q,7), 128, 281, 60%
Superoxide dismutase, 595, 608611
reactions, 610
structure, active site, 609
Symmetric stretch of CQ, 504
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Symumetry

applications, 102, 104, 106110

in architecture, 77

in art, 77

elements, 76

elements and operations, table
aof, 81

of melecular motions of
water, 106

in nature, 77

operations, 76

operations and characters for
ammonia, 92

operations and characters for
cis-ML5{CO),, 108, 108

operations and characters for
water, 95-97

operations, matrix
reprasentation, 94

Symmetry labels for configurations,

399

Symmetry-adapted linear
combinations (SALCs), 140
Synthesis gas {syn gas), 550

T
[TaFg)?~, VSEPR and structure,
53,58
Tale, 235
Tanabe-Sugano diagrams, 390,
393-393, 401
high spin and low spin, 395
strong field and weak field, 395
Tellurium, 279, 280
Temperatute, critical, magnetic, 228
Temperature dependence of
equilibrinm constants, 192
Temperaivre dependence of
resistivily in
semiconductors, metals, 228
Tempering of metals, 214
Template reactions, 448
Schiff base, 449
Term, defined, 385
Tewraethyllead (Pb{C,Hx),}, 262, 627
antiknock compound, 627

1,3,3,7-Tetrafluorocyclooctatetracne,

symmetry, 87, 88
Tetragenal distortions of the
octahedron, 330
Tetrahedral complexes, 3, 327
absorption spectra, 390
and electronic structure, 342
molecular orbitals, 360, 361
7 bonding, 360, 361
o bonding, 360
Tetrahedral geometry, VSEPR, 60,
6265
Tetrahedral heles in crystal lattice,
210,213
Tetramminecopper(1l), 299
Thallivm, 260
Thermodynamic measurements of
acid-base interaction, 193
Thermodynamics
of complex formation, 337, 338
of crystal formation, 220
&, angular function, 28
Thiccarbenyl (€S}, 475
Thiccyanate, SCN™, structure, 54

Thicnitrosyl (NS), 477
Thixotropic clays, 236
Thomson, J. k., e/m ratio of
electron, 17
Three-center iwo-electron bongd
n BzHﬁ, 256-258
in FHF, 143
[Ti(H20)g] >, absorption spectrum,
400

Tin allotropes, 266
Titration, 202
Tobacco mosaic virus, symietry,
77,78
Tolman, C. A., 523
Total pairing energy I1, 349
Totally symmetric representation,
100
frans effect, 437-440
a bonding effects, 439
w bonding effects, 440
trans influence, 439
trans-| CoXo(trien)}”, chiral
sfructures, 318
Transferrin, 393, 604
Transformation matrix, 95, 96, 99
Transition metals, 17
Transitions, electronic, H-atom,
19,21
Translational representations, 197
Translational symmeiry, 101
Tricapped frigonal prismatic
geometry, 333
Tricarbide ion, structure, 268
Triflueremethanesulfonic acid
(triflic acid}, 203
Trigonal antiprismatic geometry, 330
Trigonal bipyramidal complexes, 328
Trigonal bipyramidal geometry,
VSEPR, 38, 60-63
Trigonal prismatic geometry,
330, 33}
Triiodide ion, I3, structure and
shape, 62
Tritinm
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

Unimelecular mechanism, 522

Unit ¢ell, 207, 209, 210, 212-214

Uranyl (UO4™), acidity, 198

Usanavich, acid-base definition, 166

v

V{CO)g. I7-electron, 472

V{IV) compounds, anticancer
agents, 623

Valence band in solids, 223

Valence bond theory, 342, 344

coordination compounds, 304

Valence electrons, 52

Valence orbital potential energies,
134, 135

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

Valentine, J. S., 635

Van Vleck, J. H, 304, 344

Vanadyl jon (VO "), acidity, 198

Vaska's complex, 466

Verkade, . G., 161

[V(H20)5]3+, absorption spectrum,
394

Vibrational modes, 108

TR-active, 107, 109
of waler, 105, 106
representations, 107, 109
Vibrational spectra, 76, 103, 104,
106, 108-110

Vibronic coupling, 390

Visible spectra and acid-base
reactions, 192

Vitamin B3 coenzyme, 13, 458,
459, 602-604

Volatron, F., 162

VS and band structure, 231

VSEPR, 159
5-coordinate molecules, 58
T-coordinate molecules, 58
and multiple bonds, 62, 63
distorted T geometry, 61
square antiprism, 59

w

Wacker (Smidf) process, 541
Wade, K., 575
Wade's rules
boranes, 575
metallaboranes, 579-582
metallacarboranas, 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 hond angle, 60
Water exchange rate
and ion radius, 422
and LFSE, 421
and coxidation state, 421
Water gas reaction, 549
Water gas shift reaction,
homogenecus catalysis, 551
Wave equation
H-atom, 21-23
patticle in a box, 23, 24
Wave function W, 21, 22, 116
properties, 22, 23
reat and complex, 27
Wayland, B. B., 189
Weak ligand field, 347
Weak-field ligands, 346

Wells, A F, 14,237
Wermer, A., 12, 300, 301, 567
theory of coardination

compounds, 300-302

Wilkinson, ., 450

Wilkinson, G., 14, 450, 551, 636

Wilkinson's catalyst
(RRCI(PPh3}3), 466, 542

Work-hardening of metals, 213

Wulfsberg, G., 14

Wurtzile, ZnS, structure, 216

X
X-ray crystallography, for isomer
identification, 322
Xanthine oxidase, 595
Xe
as ligand, 294
oxygen compounds, 293
Xe-F compounds, 292
XeFT, struciure, 294
XCF2
structure, 293
synthesis, 293
VSEPR and structure, 61
X BF4
structure, 293
synthesis, 293
symmetry, 90
XeFg, structure, 294
[XeFgF, VSEPR and structure, 53
structure, 294
¥enon, 291-195
compounds, 292-204
reactions, 295
Xenon fluorides
as fluorinating agents, 205
structures, 293, 294
Xenon hexafluoride, structure, 264
XeQ; reactions, 295
XeOy reactions, 295
XeOQF,, structure, 62

Y

YBa;Cu,04
structuge, 230
superconductor, 230

z
Z*, effective nuclear charge, 38,
40, 41
and electronegaiivity, 64
Zeise, W. C., 457
Zeise’s salt, K[PUC,HCl:]H:0,
457, 482, 483
Zeolites, 236
cat litter, 237
oit absorbent, 237
Ziegier, K., 548
polymerization catalyst, 12
Ziegler-Natta polymerizatior, 549
Cossee-Ariman Mechanism, 549
metallacyclobutane
intermediate, 548
Zine blende stracture,
214, 216
Zinc enzymes, 606-608
Zintl ions, 583
ZnS, radius ratio, 219
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