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Appendix A

CHAPTER 1

Review Exercises

1.9

1.11
1.20

1.23

1.26
1.28
1.31

1.34

1.40

1.41

1.42

1.47

1.49

(a) NaH(s) + H;O — Hy(g) + NaOH(aq)

(b) CaHy(s) 4+ 2H,O — 2H,(g) + Ca(OH)y(aq)
(c) HCl(g + HyO — H30"(aq) + Cl~(aq)

(d) 2Na(s) + 2H;0 — Hy(g) + 2NaOH (aq)

(e) Mg(s) + Hy(g) — MgHy(s)

Ionic: MgH,, KH, CaH, Molecular: HySe, HI, PH,

(a) alkali metals (b) alkali metals
IITA  (d) Group VIIA

Covalent. Ionic oxides are basic and react with
acids.

(c) Group

It must have an oxygen—oxygen bond.

=i

(a) HyO, + H,SO3 — H,O + SO2~ + 2H*
(b) Egy =160V (c) 1.42 g HyO,

(a) 2NaH(s) + Oy(g) — Na,O(s) + Hy,O
(b) H™(s) + HyO — Hy(g) + OH™ (aq)

(c) 2HgO(s) e 2Hg(1) + Oy(g)

(d) 2KClO4(s) ~=25 9KCI(s) + 30,(g)

(e) NayOy(s) + 2H,O — 2NaOH (aq) +
Hzoz(dq)

(f) 4Li(s) + Og(g) — 2Li,O(s)

(g) 2Hy0,(l) — 2H,0 + Oy (g)

More difficult, because the NH3 would vaporize
more rapidly.

(a) NHs(aq) + HyO = NH,"(aq) + OH™ (aq)
(b) NHs(ag) + HsO* (aq) — NH,* (ag) + Hy,O
(c) 4NHj(aq) + 304(g) — 2Ny(g) + 6H,O
(a) NHs(aq) + HCl(aq) — NH,Cl(aq)

(b) NHs(aq) + HBr(aq) — NH,Br(aq)

(c) NHj(aq) + HI(aq) — NH/I(aq)

(d) 2NHjg(aq) + HSO4(agq) — (NH,),SO,(aq)
(e) NHg(aq) + HNOs(aq) — NH,NO;(aq)
KNH,(s) + H,O — KOH(aq) + NH;(aq)

NH, (s) + HyO — OH™(aq) + NH;(aq)

NH,* (aq) + HyO = NHj(aq) + H;O" (aq)

1.52

1.55

1.58

1.60
1.63
1.73

1.74

1.76

1.77

1.95
1.104

1.106

Answers to Selected Exercises

(a) MggNy(s) + 6H,O — 2NH;(g) +
3Mg(OH);(s)

(b) magnesium oxide; 2Mg(s) +
Oy(g) — 2MgO(s)

Poisonous hydrazine can be formed.

tetrahedral

i H

1
H= —ITI—H
H

ammonia

basic; N3~ (ag) + HyO = HN;(ag) + OH™ (aq)

Decomposition into Ny and O, supplies expanding

gases.

NO, has an unpaired electron on N; N,O, has no

unpaired electrons.

(a) 45X 107* (b) HNOy(aq) + H,O =
H3;0%(ag) + NOy™ (aq)

Raise the pH; NO,™ (ag) + HyO = HNOy(aq) +

OH™ (aq)

CN~(aq) + H,O = HCN(aq) + OH™ (aq)

(a) Ny(g) + 2Hy(g) — NH, (),
AH = +50.6 k] mol™!

(b) Thermodynamically unstable, because A Hy is
positive and A Sfwould be negative.

(c) Its decomposition is so slow that the com-
pound is able to exist.

(d) ASg= —331 ] mol™! K~!. AS¢is negative be-
cause molecules are becoming more complex
(of lower entropy).

(a) NO;g (agq) + 2H"(aq) + e~ = NOy(g) +
H,O (reduction)
NO(g) + H,O — NOy(g) + 2H*(aq) +
2¢~ (oxidation)

(b) 2NOg™(aq) + NO(g) + 2H* (aq) —
3NO,y(g) + HyO

(c) EZy = —0.04V, not spontaneous. The nega-

o

tive value of EZ, corresponds to a positive

A-1
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value of A G° and so to a nonspontaneous
event.
0.0592 Pzo,
log 2 ;
2 [NO; 12[H*]*Pyo
as [NO;~] becomes larger, the second term
on the right becomes smaller, so Ecq be-

comes, overall, less negative. This makes AG®
less positive and so tends to favor the forward

(d) Eca'="Edi*—

reaction.

1.108 Net ionic equations are as follows:

(a) H*(aq) + OH (ag) = Hy,O

(b) H*(aq) + HCOs™ (aq) = HyO + COy(g)

(c) 2H*(aq) + COs>~(ag) = HyO + COy(g)

(d) same as (a)

(e) same as (c)

(f) same as (b)

(g) CaCOs(s) +2H" (agq) = Ca%**(aq) + HyO +
CO,(9)

(h) Ca(OH)s(s) + 2H" (aq) — Ca?*(aq) + 2H,0

(i) Mg(OH)q(s) + 2H" (aq) = Mg?* (aq) +
2H,0

(j) MgCOy(s) + 2H* (ag) — Mg?* (ag) +
H,0 + CO;(g)

(k) S*(ag) + 2H"(ag) — HsS(g)

(1) SOs(aq) + 2H*(ag) = SOs(g) + H:0

(m) no reaction

(n) no reaction

(o) CN~(aq) + H*(aq) — HCN(g)

(p) Pb*"(aq) + 2Cl (agq) = PbCly(s)

(q) Ag*(ag) + CI"(ag) — AgCl(s)

(r) Ca(s) + 2H*(aq) — Ca**(agq) + Hy(g)

(s) NOy (aq) + H*(aq) — HNOy(aq)

(t) no reaction

(u) Mg(s) + 2H* (aq) — Mg**(aq) + H,(g)

(v) CH305 (agq) + H*(ag) = HC;H30,(ag)

(w) NaNH,(s) + 2H*(aq) — Na*(aq) +
NH,* (aq)

(x) Ny~ (s) + H*(aq) — HNs(aq)

(y)  NHg(agq) + H*(ag) — NH," (ag)

(z) no reaction

CHAPTER 2

Review Exercises

2.10

2.11

2.16

Sulfurous acid; sulfur dioxide, SO, nH,O, bisulfite
ion, HSO;™ (aq), and sulfite ion, SOs* (aq).

(a) NaOH(agq) + SOy(g) — NaHSO;(aq)

(b) NaHCOj3(aq) + SOs(g) — NaHSOs3(agq) +
COs(g)

(a) NaHSOs(aq) + HCl(aq) — NaCl(aq) +
H,O + SOy(g)
HSO;™ (aq) + H" (aq) = H,O + SO4(g)

(b) Na,SO;(ag) + 2HCl(ag) — 2NaCl(aq) +
H,O + SOq(g)

SOs2~ (aq) + 2H" (ag) = H,O + SO, (g)

2.18 (a) SOs;(g) + HyO — H,ySO4(aq)
(b) SOs(g) + NaHCO;(aq) — NaHSOy(aq) +
COs(g)
SOs4(g) + 2NaHCO;3(agq) —
Na,SO,(aq) + HyO + 2C0,(g)
(c) SOs(g) + NayCOs(aq) — Na,SO,(aq) +
CO4(g)
(d) SOs(g) + NaOH(aq) — NaHSO,(aq)
SO4(g) + 2NaOH(aq) — Na,SO,4(ag) + HyO
2.23 CO,, NaHSO,, 2NaHSO,(aq) + Na,COs(s) —
9Na,S80,(aq) + CO,(g) + H,O
2.30 (a) S;0s2 (aq) + 4Cly(g) + 5H,O —
2HSO, (aq) + 8H*(aq) + 8Cl™ (aq)
(b) 28,052 (aq) + Iy(ag) — 21" (aq) + S:06* (aq)
2.34 pH = 6.96
2.40 H,SeO,(aq) + 2NaOH(aq) — NaySeOy4(aq) +
2H,0
2.48 PBr; + 3H,0 — HyPO; + 3HBr
PBr; + 4H,0 — HsPO, + 5HBr
2.57 (a) arsenic acid (b) sodium arsenate (c) ar-
senous acid (d) sodium dihydrogen arse-
nate (e) arsenic trichloride (f) antimony
pentachloride
2.60 2F, + 2H,0 — 4HF + Oy; Cl, + H,O — HCI +
HOC]; Br, + H,O — HBr + HOBr; I, + H,O —
HI + HOI
2.68 (a) Y (actually, Y-) (b) X (actually, X5)
(¢) No, Br, is a weaker oxidizing agent than
Cly. (d) Yes, Cly is a stronger oxidizing
agent than Br,. (e) Yes, Bry is a stronger ox-
idizing agent than I,.
2,79  (a) PsS; (b) P.S;
280 (a) I0;~ + 3HSO,” —1" £ 880 - 3H"
(b) 5I- + 105~ + 6H* =3I, + 3H,0
(c) 3.79 g NaHSO; (d) 7.98 g brine
[H*][CI"]1[HOCI]
.81 = = 0.015
" | [CL,]
CHAPTER 3
Review Exercises
3.3 (a)s Tlx1i(b)«Bay. (c)y K
3.5 MgO
3.9 It is not economically feasible to extract aluminum
from aluminosilicates.
3.43 (a) 2Li + 2H,0 — 2LiIOH + Hy(g)




3.45

3.53
3.54
3.57
3.77

3.80

3.116
3.121

3.122
3.126
3.128

3.142
3.147

3.154
3.162
3.166

3.173

(b) 2K + 2H,0 — 2KOH + Hy(g)
(c) 2Rb + 2H,0 — 2RbOH + H,(g)

(a) Na,O, + 2H,0 — 2NaOH + H,0,
(b) Na,O + HyO — 2NaOH
(c) 2KO, + 2H,0 — 2KOH + O, + H,0,
CO4*" + HO=HCO;3; + OH ,pH = 1216
(a) NaClO, (b) KCH;0, (c) KC;H;0,
1.41 X 10°1b
Mg(OH),. Mg(OH), + 2HCI — MgCl, + 2H,0
h
9Mg + O, — 2MgO; MgCO; —— MgO + COy;
h
Mg(OH); —— MgO + H,0
PbO,
Ph(OH) = + Q€1 "—> PbQ;(s) + Clen20Hs +
PbO,(s) + 4Cl-(aq) + 4H* (aq) —> PbCly(s) +
Cly(g) + 2H;0
(@)37116¢ 1052 M (b) 8:>%107> M (c) 1.3 X
1073 M
The halide ion is oxidized by Pb™.
PbBr, — PbBr, + Br,
16.7 g/cm?®
Magnetic domains within the solid shift to align
with Earth’s magnetic field.
Bi** + H,0 — [Bi—OH,]** — BiO* + 2H*
Cr(H,0)¢** + H,0 = Cr(H,0);0H?* + H;0*
H,CrO, = H* + HCrO,~; HCrO,~ = H" +
Cro2
(a) Mn(s) + 2HCl(aq) — MnCly(aq) + Hy(g)
(b) MnCly(ag) + 2NaOH(ag) — Mn(OH),(s) +
2NaCl(aq)

3.187
3.193

3.194

3.198

3.203

3.216
3.220

3.225
3.226

3.228

3.233
3.238

3.241

3.243

Appendix A Answers to Selected Exercises / A-3

Fe(s) + 2H* (aq) — Fe?* (aq) + Hy(g)
Cr(H,0)3(OH)j is able to dissolve in base, but
Fe(H50)3(OH)sg is not.

The Fe** ion has more of a polarizing effect on a
neighboring water molecule than does the larger
and less highly charged Fe?* ion.

Add Fe?* to the solution suspected to contain
CN~. If CN~ is present it will form Fe(CN)4*".
Then add Fe®" ion. A blue precipitate of Prussian
blue confirms the presence of CN™.

4Co%*" (aq) + 2H,0 — 4Co?* (aq) + Oy(g) +

4H™* (aq)

Very thin gold foil; 9.09 X 1075 mm, 3.58 X 10-%in.
(a) N.R.

(b) Cu + 2H,SO, — CuSO, + SO, + 2H,0

(c) 8Cu + 8HNO; — 3Cu(NOs), + 2NO + 4H,O
(d) Cu + 4HNO, — Cu(NOg), + 2NO, + 2H,0
Cu2* + 20H~ — Cu(OH),(s); Cu(OH)q(s) +
9OH- —>'Cu(OH) 2~

Cu(CN) 2=

Concentrated HNOjg: Ag + 2HNO; — AgNO; +
NO, + H,0; dilute HNOg: 3Ag + 4HNO; —
3AgNO; + NO + 2H,O

Because gold is so easily reduced.

Zn?*(aq) + 20H™ (aq) — Zn(OH),(s)
Zn(OH)4(s) + 20H™ (aq) — Zn(OH)* (aq)
47Zn(s) + NOs~(aq) + 10H* (aq) — 4Zn>** (aq) +
NH," (aq) + 3H,O

Hg(l) + 2NO,~(aq) + 4H* (aq) — Hg** (aq) +
2NO,(g) + 2H,0
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E

Numbers set in italics refer to tables.

A
Acetamide, 52. See also Ethanamide
Acetic acid (ethanoic acid), in pho-
tography, 126
Acetylide ion, 34
Acid rain, 29
Acids, metal ion hydrates as, 117, 120
reaction of, with aluminum oxide,
80
with ammonia, 19
Acid salts, 59
Acidulants, 59, 106
Actinides, 111
Air, in Ostwald process, 24
Air bags, automobile, 23
Alkali metals, 87. See also Group IA el-
ements
Alkaline earth elements. See Group
IIA elements
Allotrope, 10
Alloys, alnico, 115
amalgam, 102, 129
bismuth, 108
brass, 128
bronze, 29, 128
‘copper—beryllium, 95
magnesium-—aluminum, 96
manganese bronze, 118
manganins, 118
monel, 123
nichrome, 116
pewter, 29
solder, 29
steel, 116
stellite, 121
sterling silver, 124
Wood’s metal, 108
zinc, 128
Alnico, 115
Alum, 105
chrome, 117
Alumina. See Aluminum oxide
Aluminate ion, 83
Aluminosilicates, 101
Aluminum, 101
abundance of, 101
anodized, 102
complex ions of, 104
halides of, 106
from Hall-Héroult process, 83, 101
reaction of, with acid, 103
with base, 103
with mercury(II) ion, 102
with oxygen, 101

in rocket fuel, 102
in thermite reaction, 102
Aluminum bromide, 106
Aluminum chloride, 106
Aluminum hydroxide, 83, 104
amphoteric nature of, 104
Aluminum ion, 101, 103
acidic properties of, 103
in alums, 105
hexahydrate of, 103
as Lewis acid, 13
reaction of, with hydroxide ion, 104
with water, 103
Aluminum oxide, 13, 102
on aluminum metal, 101
as amphoteric substance, 13
in bauxite, 101
in corundum, 105
crystalline forms of, 104
in Hall-Héroult process, 101
reaction of, with acid, 13, 80
with sodium hydroxide, 13, 80, 83
with sulfuric acid, 105
in ruby, 105
in sapphire, 105
in thermite reaction, 102
Aluminum sulfate, 105
Amalgam, 102, 129
Amide ion, 20
Amides, metal, 20
Ammonia, 17
amides from, 20
combustion of, 19
complex of, with copper(Il) ion,
124
with nickel(II) ion, 123
with silver ion, 125
as fertilizer, 18
formation of, from amide ion, 20
from ammonium ion, 20
from Haber—Bosch process, 18,
32
hydrazine from, 22
liquid, 19
in Ostwald process, 24
reaction of, with carbon dioxide, 32
with Group IA metals, 19
with Group IIA metals, 19
with magnesium, 21
with mercury(I) chloride, 129
with nitric acid, 25
with oxygen, 19, 24
with silver chloride, 125
with silver ion, 125

with sodium hypochlorite, 22
in urea synthesis, 32
with zinc hydroxide, 128
solubility of, 19
in Solvay process, 91
as solvent, 19
Ammonia fountain, 19
Ammonium chloride, 19
acidity of, 20
decomposition of, 21
in Solvay process, 91
Ammonium dichromate, decomposi-
tion of, 21
Ammonium ferricyanide, 121
Ammonium hydroxide. Se¢e Ammonia,
aqueous
Ammonium ion, as acid, 20
in alums, 105
K..of " 20
reaction of, with amide ion, 20
Ammonium nitrate, 25
decomposition of, 21, 26
in explosives, 25
as fertilizer, 25
Ammonium perchlorate, 102
Ammonium sulfate, 105
Ammonium thiosulfate, 127
Amphoteric compound, 11, 13, 98,
109, 128
Analgesics, 92
Anhydride, basic, 11
Antacid, 110
Antimony, 17, 61
alloys of, 29
halides of, 61
hydride of, 61
oxides of, 61
sulfides of, 61
Antimony(III) sulfide, 56
Apatites, 53
Aquamarine, 94
Aqua regia, 125
Argon, 70, 71
uses of, 71
Arsenic, 17, 61
halides of, 61
hydride of, 61
oxides of, 61
sulfides of, 61
Arsine, 61
Ascarite, 33
Astatine, 62
Atmosphere, and nitrogen cycle, 8
and oxygen cycle, 7, 8

I-]
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Azide ion, 23
Azides, 23

B
Baking powder, 59
Baking soda, 92
Balard, Antone, 66
Barium, 95
Barium ion, 99
flame test for, 100
Barium oxide, 11
Barium sulfate, 50, 99
Bartlett, Neil, 71
Bases, hydrides as, 4
Basic anhydride, 11
Basic oxygen process, 87
Bauxite, aluminum oxide from, 83,
101
Beryl, 94
Beryllium, 95
preparation of, 95
Beryllium chloride, 97
electrolysis of, 95
Beryllium ion, 97
Beryllium oxide, 11, 95, 98
Beryllium sulfate, 50
Bessemer converter, 86
Bicarbonate ion, as amphoteric ion, 92
reaction of, with acids, 92
with acidulants, 59
with base, 33, 92
Big bang theory, 1
Bifluoride ion, 63
Biosphere, 9
Bismuth, 17, 61, 106, 107
halides of, 61
hydride of, 61
oxides of, 61, 107
sulfides of, 61 107
in Wood’s metal, 108
Bismuthate ion, 111
Bismuth chloride, 109, 110
Bismuth fluoride, 110
Bismuthine, 61
Bismuth nitrate, hydrolysis of, 110
Bismuth oxide, 109, 111
Bismuth oxychloride. See bismuthyl
chloride
Bismuth subnitrate, 110
Bismuth sulfate, 110
Bismuthyl chloride, 110
Bismuthyl ion, 110
Bis(tributyltin) oxide, 110
Bisulfate ion. See Hydrogen sulfate ion
Bisulfite ion. See Hydrogen sulfite ion
Blast furnace, 84
Bleach, bleaching powder as, 65
chlorine as, 64
chlorine dioxide as, 66
hydrogen peroxide as, 15
sodium chlorate as, 66
sodium hypochlorite as, 65

sodium peroxide as, 90
Blueprints, 121
Body (human), elements in, 2
Bond (chemical), coordinate cova-
lent, 97
ionic character of, 79
in oxides, 11
Boron, 101
hydrides of, 5
Boron nitride, 22
Boron oxide, b
Brandt, Hennig, 53
Brass, 38, 128
Brine, bromine from, 67
iodine from, 68
Brioschi, 92
Bromide ion, reaction of, with chlo-
rine, 67
Bromine, 62, 66
discovery of, 66
isotopes of, 66
oxides of, 67
oxoacids of, 67
reaction of, with hydrogen, 68
with water, 68
Bromine water, 68
Bronze, 29, 128
manganese, 118

C
Cadmium, 129
in nicad battery, 123
in nickel—cadmium cell, 123
toxicity of compounds of, 129
in Wood’s metal, 108
Cahan, E., 56
Calcining, 95
Calcium, 95
reaction of, with hydrogen, 3
with water, 3
Calcium aluminate, 33
Calcium carbide, 34
Calcium carbonate, in dolomite, 94
in iron refining, 84, 85
in limestone, 32, 85, 94
in Solvay process, 91
as sulfur dioxide remover, 83
thermal decomposition of, 32, 85
Calcium chloride, in bleaching
powder, 65
as dehydrating agent, 98
Calcium dihydrogen phosphate, 59
Calcium diphosphate, 59
Calcium fluoride, 62, 63
Calcium hydride, 3
Calcium hydroxide, 3, 33, 96
from calcium oxide, 81, 95
reaction of, with chlorine, 65
Calcium ion, complex with tripoly-
phosphate ion, 60
flame test for, 100
in seawater, 94

Calcium oxide, 11, 32
in cement, 33, 99
in magnesium recovery from sea-
water, 81, 95
reaction of, with sulfur dioxide, 33
with water, 99, 105
as refractory material, 86
in Solvay process, 91
Calcium phosphate, phosphorus
from, 54
Calcium phosphide, reaction with
water of, b5
Calcium silicate, 33, b4, 85
Calcium sulfate, 50, 50, 99
Calcium sulfate dihydrate, 50
as gypsum, 50, 94, 99
plaster of Paris from, 50, 99
in superphosphate fertilizer, 50
Calcium sulfate sesquihydrate. See
Plaster of Paris
Calcium sulfite, 83
Calomel, 130
Carbides, 34
Carbon, 29, 30
allotropes of, 30
from coal, 83
as coke, 83
from methane, 31
oxides of, 31
reaction of, with calcium phos-
phate, 54
with ores (smelting), 84, 107
Carbonate ion, 33
Carbonate salts, thermal decomposi-
tion of, 32
Carbon black, 31
Carbon dioxide, 32
as fire extinguisher, 33
formation of, from acidulants, 59
from baking powder, 59
from bicarbonates, 32
from carbonates, 32
from combustion, 32
in Haber—Bosch process, 32
from metal refining, 32, 84
in photosynthesis, 7
reaction of, with ammonia, 32
with base, 33
with potassium superoxide, 16
removal of, 16
solubility of, 33
in Solvay process, 91
in urea synthesis, 32
Carbon disulfide, 35
Carbon family. See Group IV elements
Carbonic acid, 33
Carbon monoxide, 31
in auto exhaust, 32
in blast furnace operation, 84
as ligand, 32
in metal carbonyls, 123
in metal refining, 32




poisoning by, 32
from propane, 2
in tobacco smoke, 32
in water gas, 32
Carbonyls, metal, 123
Carborundum, 34
Carnalite, 90, 95
Cathodic protection, 128
Cavendish, Henry, 3
Cement, portland, 33
Cesium, 88, 90
Cesium hydride, 4
Cesium hydrogen sulfate, 50
Cesium nitrate, 25
Cesium sulfate, 50
Chalcocite, 51
Chalcopyrite, 51
Charcoal, 31
Charge, blast furnace, 84
effective nuclear, 112
Chemiluminescence, b4
Chlorate ion, 66
Chloric acid, disproportionation of,
66
Chloride ion, reaction with chlorate
ion, 66
Chlorination of water, 64
Chlorine, 62, 64
aqueous, 65
compounds of, with group IA ele-
ments, 90
with group IIA elements,
98
with group VA elements, 61
with group VIA elements, 53
with oxygen, 65, 65
formation of, from electrolysis of
sodium chloride, 91
from chloric acid, 66
isotopes of, 64
oxides of, 65, 65
oxoacids of, 65
reaction of, with base, 65
with bromide ion, 67
with calcium hydroxide, 65
with hydrogen, 64
with phosphorus, 56
with sulfur, 52
with thiosulfate ion, 51
with water, 65
Chlorine dioxide, 65, 66
Chlorine water, 66
Chlorite ion, 66
salts of, 66
Chloroapatite, 53
Chlorosis, 50
Chlorous acid, 66
Chromate ion, 117
as oxidizing agent, 118
Chrome alum, 117
Chrome plate, 116
Chromic acid, 12, 117

Chromium, 116
alloys of, 116, 121
complex ions of, 117
electroplating with, 116
ions of, 117
oxidation states of, 117
oxides of, 117
oxoacids of, 117
in steel alloys, 116
in stellite, 121
Chromium (IT) oxide, 13
Chromium (III) oxide, 13, 21, 118
Chromium (VI) oxide, 12, 117
Chromium (III) sulfate, 118
Cinnabar, 51, 129
Cobalt, 121
alloys of, 121
complex ions of, 121
ferromagnetism of, 114
in iron triad, 111
oxidation states of, 112
Cobalt(II) chloride, hexahydrate of,
121
tetrahydrate of, 121
Cobalt glass, 93
Cobalt(II) ion, 112, 121
hydrated salts of, 121
Cobalt(III) ion, 122
Coinage metals, 123
Coke, 31, 83
Colors, primary, 127
Combustion, 8, 32
Complexes, 112
Compound, amphoteric, 11, 13, 98,
109, 128
macromolecular, 22
nonstoichiometric, 119
Concrete, 33
Contact process, 48
Copper, 123
alloys of, 29, 115, 118, 128
basic carbonate of, 124
chlorides of, 124, 125
complex ions of, 124
corrosion of, 124
hydroxides of, 125
native, 124
oxidation states of, 123
oxides of, 124
from oxides, 84
Copper(I) chloride, 124
Copper(II) chloride, 125
Copper (II) hydroxide, 125
Copper(I) ion, 124
Copper(II) ion, 124
complex of, with ammonia, 124
with chloride ion, 125
with hydroxide ion, 125
reaction with hydroxide ion, 125
Copper (II) oxide, smelting of, 84
Copper (II) sulfate pentahydrate, 124
Copper(I) sulfide, 51, 83

Index / ]-3

Copper (II) sulfide, copper metal
from, 82
Core, earth’s, 2
Corundum, 105
Couplers, dye, 127
Courtois, Bernard, 68
Covalent crystals, 477
Crust, Earth’s, 2
elements in, 2
Cryolite, 62, 101
Cyanide ion, 34
as base, 34
reaction with iron ions of, 34, 121
salts of, 34
Cyanogen, 21
cyclo-Triphosphoric acid, 60

D
Davy, Humphrey, 64, 68
Deliquescence, 98
Denitrification, 9
Detergents, in flotation of ores, 82
phosphates in, 60
Deuterium, 3
Deuterium isotope effect, 3
Developer, film, 126
Diamond, crystal structure of, 30
synthetic, 31
Diborane, 5
Dichlorine heptoxide, 65
Dichlorine monoxide, 65
Dichromate ion, 117
as oxidizing agent, 21, 118
Diethylmagnesium, 97
Dihydrogen phosphate ion, 58
acidity of, 59
Dimanganese heptoxide, 11
Dimethylhydrazine, 23
Dinitrogen monoxide, 27
from ammonium nitrate, 21
decomposition of, 27
in racing car fuel, 28
Dinitrogen pentoxide, 24, 25, 27
Dinitrogen tetroxide, 27
Dinitrogen trioxide, 26, 27
Diode, light-emitting, 61
Diphosphate ion, 59
Diphosphoric acid, 58, 59
Disproportionation, 65, 66, 119, 120,
124
Disulfite ion, 46
Disulfites, 46
Disulfur dichloride, 52
Disulfuric acid, 48
Dolomite, 94
magnesium from, 95
Domain, ferromagnetic, 114
Drano®, 103
Drierite, 50
Dye coupler, 127
Dynamite, 24, 25
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E
Earth, elements of, 1, 82
Electrolysis, and Group IA metals, 89
and magnesium refining, 81
Electron, ammoniated, 20
Electronegativity, and bond polarity,
79

and hydrides, 4
Elements, actinide, 111
dblock, 111
Group 0, 70, 70
Group IA, 87
Group IB, 123
Group IIA, 93
Group 1IB, 128
Group IIIA, 100, 101
Group IVA, 29, 106
Group VA, 17, 17, 61
Group VIA, 5, 6, 52
Group VIIA, 61
Group VIII, 111
inner transition, 111
lanthanides, 111
nonmetallic, 1, 43
rare-earth, 111
transition, 111, 115
Emerald, 94
Emulsions, photographic, 126
Epsom salt, 99
Equilibrium, in aqueous ammonia, 19
in aqueous bromine, 68
in aqueous carbon dioxide, 33
in aqueous chlorine, 65
chromate—dichromate, 117
in chromic acid, 117
dinitrogen tetroxide—nitrogen
dioxide, 29
dinitrogen trioxide, 26
in Haber—Bosch process, 18
in hydrogen—nitrogen—ammonia
system, 18
hydrogen sulfite—disulfite, 46
Ethylene dibromide, 108
Ethyne (acetylene), from calcium car-
bide, 34

F

Ferricyanide ion, 121

Ferrocyanide ion, 121

Ferromagnetism, 114

Fertilizer, ammonia as, 18
ammonium nitrate as, 25
potassium salts as, 91
superphosphate as, 48
triple superphosphate as, 48
urea as, 32

Film, photographic, 126, 127

Fixer, photographic, 127

Flame tests, 93
for barium, 100

for calcium, 100
for lithium, 93
for potassium, 93
for sodium, 92
for strontium, 100
Flotation, 82
Fluorescence, 62
Fluoridation, 64
Fluoride ion, 63
and teeth enamel, 63
Fluorine, 62, 62
manufacture of, 62
reaction of, with hydrogen, 62
with krypton, 71
with sulfur, 50
with water, 62
with xenon, 71
Fluorite, 62
Fluoroapatite, 53, 62, 63
Fluorospar, 62
Food additive, 27, 46
Formic acid (methanoic acid), car-
bon monoxide from, 32
Francium, 88
Frasch process, 43
Fuels, 32
Fuller, Buckminster, 31
Fullerenes, 31

G
Galena, 51, 107. See also Lead (II) sul-
fide
Gallium, 100, 101, 106
Gallium arsenide, 61
Galvanizing, 128
Gangue, 82
Gasoline, leaded, 108
Geochemical cycles, 8
Germanium, 29
chloride of, 30
hydride of, 30
Glass, cobalt, 93
etching of, 63
Glucose, from photosynthesis, 10
Gold, 80, 123
chloride ion complex of, 125
from lead refining, 107
leaf, 124
malleability of, 124
reaction with nitric acid of, 125
resistance to oxidation of, 113
Graphite, 30
Group 0 elements, 70, 70
Group IA elements, 87
azides of, 23
bicarbonates of, 33
carbonates of, 33, 90
chlorides of, 90
densities of, 88
electron configurations of, 88

hydrides of, 4
hydrogen sulfates of, 50
hydroxides of, 90
ionization energies of, 88, 89
in liquid ammonia, 19
metals of, 87, 88, 90
nitrates of, 25
nitrides of, 21
oxidation numbers of, 88
oxygen compounds of, 11, 15, 90
preparation of, 89
reduction potentials of, 88
sulfates of, 50, 50
superoxides of, 15, 90
Group IB elements, 123
Group IIA elements, 93
carbonates of, 94
flame tests for, 100
halides of, 98
hydrides of, 4
hydroxides of, 99
in liquid ammonia, 19
nitrates of, 25
nitrides of, 21
occurrence of, 94
oxidation numbers of, 97
oxygen compounds, 11, 16, 99
preparation of, 95
properties of, 94
reactions of, 96
reduction potentials of, 95
sulfates of, 50, 50, 99
Group IIB elements, 128
Group IIIA elements, 100, 101
ionization energies of, 101
metals of, 100
oxidation numbers of, 106
reduction potentials of, 101
Group IVA elements, 29
halides of, 30
hydrides of, 4, 30
metallic characteristics of, 80
metals of, 29, 106, 107
oxides of, 80
Group VA elements, 17, 17, 61
halides of, 61
hydrides of, 4
oxides of, 61
oxoacids of, 61
sulfides of, 61
Group VIA elements, 5, 6, 52
halides of, 53
hydrides of, 4, 6, 53
oxides of, 6
oxoacids of, 53
Group VIIA elements (halogens),
61
electron affinities of, 69
hydrides of, 4
ionic radii of, 70
ionization energies of, 69




oxoacids of, 65

and periodic correlations, 69
Group VIII elements, 111
Gypsum, 94, 99

H
Haber—Bosch process, 18
Hafnium, 113
Halides, hydration energies of, 69
Halite, 64
Hall-Héroult process, 83, 101
Halogens. See Group VII elements. See
also Bromine; Chlorine; Fluorine;
Iodine
Helium, 70, 70
abundances of, 1
discovery of, 71
liquid, 72
uses of, 72
Hematite, 120
from magnetite, 120
Hemoglobin, carbon monoxide bind-
ing by, 32
Hexacyanoferrate (II) ion, 121
Hexacyanoferrate (IIT) ion, 121
Hydration of ions, 70
Hydrazine, 22
K of322
Hydrazinium ion, 22
Hydrazoic acid, 23
Hydride ion, 3
Hydrides, 3, 6
, covalent, 4
ionic, 3
transition metal, 5
Hydriodic acid. See Hydroiodic acid
Hydrobromic acid, 68
in aqueous bromine, 68
Hydrochloric acid, 64. See also Hydro-
gen ion, reactions of
in aqua regia, 125
in chlorine water, 65
reaction of, with Group IIA metals,
98
with Group IIA metal oxides,
98
with hydrogen sulfide ion, 52
with iron (II) sulfide, 51
with magnesium hydroxide, 81
with sodium nitrite, 26
with sodium sulfide, 52
with tin, 109
with zinc, 2
Hydrofluoric acid, 62
as weak acid, 63
Hydrogen, 2
abundance of, 1
formation of
from aluminum and sodium hy-
droxide, 103

from ammonia and metals, 20, 21
from electrolysis of brines, 91
from hydrocarbons, 2
from water and coal, 32
from water and Group IA metal
hydrides, 4
from water and Group IIA metal
hydrides, 4
from water and Group IA metals,
90
from water and Group ITIA
metals, 96
and Haber—Bosch ammonia syn-
thesis, 18
hydrides from, 3
isotopes of, 3, 3
reaction of, with bromine, 68
with calcium, 3
with chlorine, 64
uses of, b
in water gas, 32
Hydrogen bond, in hydrogen fluo-
ride, 63
Hydrogen bromide, synthesis of, 68
Hydrogen carbonate ion. See Bicar-
bonate ion
Hydrogen chloride, 64
synthesis of, 64
Hydrogen cyanide, 34
as enzyme deactivator, 34
Hydrogen fluoride, 62
as air pollutant, 50
etching of glass by, 63
hydrogen bonding in, 63
polarity of, 63
Hydrogen iodide, 69
Hydrogen ion [H* (ag) or
H;O% (aq)], 132. See also Acid
Rain; Acids
reaction of, with aluminum, 103
with aluminum hydroxide, 104
with aluminum oxide, 80
with cobalt, 121
with chromium, 117
with hydrogen sulfides, 52
with iron, 120
with manganese, 118
with nickel, 123
with silver diammine complex,
125
with zinc, 128
Hydrogen peroxide, 14
as bleach, 15
as Brgnsted acid, 14
Hydrogen selenide, 6
Hydrogen sulfate ion, 50
salts of, 47, 50
Hydrogen sulfide, 6, 51
formation of, from hydrogen sul-
fide ion, 52
from iron (II) sulfide, 51
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from sodium sulfide, 52
from thioacetamide, 52
reaction of, with mercury(II) ion,
130
with oxygen, 43
with silver, 125
with sulfur dioxide, 43
toxicity of, 51
Hydrogen sulfide ion, 52
Hydrogen sulfite ion, 46
Hydrogen telluride, 6
Hydroperoxide ion, 14, 16
Hydroxide ion, formation of, from
ionic hydrides, 4
from hydrolysis of peroxide ion,
15
from hydroperoxide ion, 16
from reaction of water with
Group IA metals, 90
from reaction of water with
Group ITA metals, 96
as ligand, 125, 128
reaction of, with aluminum, 103
with aluminum ion, 104
with aluminum hydroxide, 104
with aluminum oxide, 13, 80, 83
with beryllium, 98
with beryllium oxide, 98
with bicarbonate ion, 33, 92
with copper(II) ion, 125
with copper(II) hydroxide, 125
with hydrogen peroxide, 14
with iron (III) ion, 120
with lead, 109
with magnesium ion, 99
with osmium tetroxide, 13
with phosphorus, 61
with tin, 109
with zinc, 128
with zinc hydroxide, 128
Hydroxyapatite, 53
in tooth enamel, 63
Hydroxylamine, 23
Hypo, photographers’, 51
Hypobromous acid, 68
Hypochlorite ion, as a bleach, 65
from chlorine, 65
disproportionation of, 65
reaction of, with ammonia, 22
Hypochlorous acid, 65
in aqueous chlorine, 65
Hypophosphite ion, 62
Hypophosphorous acid, 61

I

Indium, 101, 106

Inert gases. See Group 0 elements
Iodates, 69

Iodic acid, 69

Iodide ion, 68
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Todide ion (Continued)
reaction of, with bromine, 68
with chlorine, 68
with nitrous acid, 26
Iodine, 62, 68
discovery of, 638
from hydrogen iodide, 69
as oxidizing agent, 51
oxoacids of, 69
reaction of, with chlorine water, 68
with thiosulfate ion, 51
synthesis of, 68
tincture of, 69
tritodide ion of, 69
Jonization energy, and periodic
trends, 95, 101
Iron, 80, 119
abundance of, 119
alloys of, 115
and Bessemer converter, 86
complex ions of,/ 12k
electron configuration of, 119
and ferromagnetism, 114
galvanized, 128
ions of, 120
from iron ores, 32, 84
magnetism of, 114
in manganese nodules, 81
ores of, 84, 120
oxidation states of, 120
oxides of, 120
pig, 85
passive, 120
rusting, 120
refining of, 32
in steel, 86
from thermite reaction, 102
Iron (III) citrate, 121
Iron (III) ferrocyanide, 121
Iron(II) hydride, 5
Iron(II) ion, 112, 120
complexes of, 120
Iron(III) ion, 120
hydrates of, 120
reaction of, with cyanide ion, 34
with hydroxide ion, 121
with thiocyanate ion, 121
with water, 120
test for, 121
Iron ore, 84, 120
Iron(II) oxide, 32, 84, 120
Iron (III) oxide, 84, 120
in matches, 56
reaction of, with aluminum, 102
with sodium, 23
in rust, 120
Iron pyrite, 51
Iron triad, 111

K
Krypton, 70, 71

L
Lanthanide contraction, 113
Lanthanides, 111
Lanthanum, 111
Latent image, 126
Laughing gas, 27
Lavoisier, Antoine, 6
Lead, 29, 107
basic carbonate of, 110
halides of, 30, 110
oxidation states of, 108, 110
oxides of, 110
from oxides, 84
pollution by, 108, 110
reaction of, with hydroxide ion,
109
with nitric acid, 109
red, 110
from sulfide ores, 107
white, 110
in Wood’s metal, 108
Lead azide, 23
Lead (IV) bromide, 110
Lead (II) chloride, 110
Lead(IV) chloride, 110
Lead (II) chromate, 110
Lead(II) ion, as poison, 108
Lead (II) oxide, 107, 110
from lead sulfide, 83, 107
smelting of, 84, 107
Lead(IV) oxide, 13, 110
in battery, 110
Lead(II) sulfide, 51, 110
as galena, 51, 107
lead from, 82, 107
roasting of, 83, 107
Lewis acid, aluminum ion as, 13
Ligand, carbon monoxide as, 32
Lime, 32, 99. See also Calcium
oxide
Limestone, in iron refining, 84
lime from, 32
Limestone caverns, 94
Lipscomb, William, 5
Litharge, 110
Lithifaction, 8
Lithium, 87, 88
flame test for, 93
preparation of, 89
reaction of, with nitrogen,
90
with oxygen, 15
Lithium hydrogen sulfate, 50
Lithium carbonate, 88
Lithium ion, 89
Lithium nitrate, 25
Lithium nitride, 21
Lithium oxide, 90
preparation of, 15
Lithium sulfate, 50
LOX.7
Lundstrom, J. E., 56

M
Magmafication, 8
Magnesium, 95
abundance of, 94
in dolomite, 95
from electrolysis of magnesium
chloride, 81
reaction of, with ammonia, 21
with nitrogen, 97
with oxygen, 96
with titanium (IV) chloride, 115
with water, 96
sources of, 90, 95
uses of, 96
Magnesium carbide, 34
Magnesium carbonate, 94, 99
Magnesium chloride, 81, 90
Magnesium hydroxide, 81, 95, 99
Magnesium ion, in sea water, 81
Magnesium nitride, 21
Magnesium oxide, 11, 86, 95, 99
Magnesium sulfate, 50, 50, 90
Magnetism, ferro-, 114
para-, 114
Magnetite, 120
in taconite, 120
Manganate ion, 119
Manganese, 118
air oxidation of, 118
compounds of, 118
in manganese bronze, 118
in manganin, 118
in nodules, 81, 119
oxidation states of, 118
oxides of, 119
paramagnetism of, 114
in steel, 118
Manganese bronze, 118
Manganese chloride, 118
Manganese (II) hydroxide, 118
Manganese (II) ion, 111, 119
Manganese (III) state, 119
Manganese nodules, 81, 119
Manganese (III) oxide, 119
Manganese (IV) oxide (manganese
dioxide), 13, 119
as catalyst, 7
manganate ion from, 119
Manganin, 118
Manganous ion, 112, 119
Mantle, Earth’s, 2
Matches, 56
Mercury, 129
amalgams of, 102, 129
in gold refining, 129
reaction with nitric acid of, 129
Mercury amidochloride, 130
Mercury(I) chloride, 129, 130
reaction with ammonia of, 129
Mercury(II) chloride, 129, 130
Mercury(I) ion, 129
Mercury(II) ion, toxicity of, 129




Mercury(II) nitrate, 129
Mercury(II) oxide, 129
decomposition of, 129
Mercury(II) sulfide, 51, 129
Metallurgy, 80
Metals, coinage, 123
hydrides of, 3
inner transition, 111
nitrides of, 21
and periodic table, 79
peroxides of, 15, 90
rare earth, 111
superoxides of, 15, 90
transition, 111
Metaphosphoric acid, 25, 58
from tetraphosphorus decaoxide,

Methane, reaction with sulfur of, 35
Methanide ion, 34

Milk of magnesia, 99

Moisson, Henri, 62

Mond process, 123

Monel metal, 123

Monohydrogen phosphate ion, 58

N
Negative, photographic, 126
Neon, 70
Neutralization reactions, in liquid am-
monia, 20
Nichrome, 116
Nickel, 122
" in alnico, 115
ferromagnetism of, 114
in iron triad, 111
in manganin, 118
in nichrome, 116
refining of, 123
in steel, 116, 123
Nickel carbonyl, 123
Nickel hydride, 5
Nickel(II) ion, 123
complex of, with ammonia, 123
with water, 123
Nickel(IV) oxide, in nicad battery, 123
in nickel-cadmium cell, 123
Nitrates, 25
Nitric acid, in aqua regia, 125
decomposition of, 24
Ostwald synthesis of, 24
reaction of, with ammonia, 25
with copper, 25
with gold, 125
with iron, 120
with lead, 109
with mercury, 129
as oxidizing agent, 109
with silver, 125
with tetraphosphorus decaoxide,

with tin, 109

salts of, 25
structure of, 24
uses of, 25
Nitric anhydride. See Dinitrogen pen-
toxide
Nitric oxide. See Nitrogen monoxide
Nitride ion, 21
Nitrides, 21
Nitrite ion, 26
from dinitrogen trioxide, 27
as food additive, 27
salts of, 26
Nitrogen, 17, 17
abundance of, 2
in air, 2
in airbags, 23
from ammonia, 19
in ammonia synthesis, 18
discovery of, 17
equilibrium of, with ammonia and
hydrogen, 18
with nitrogen monoxide and oxy-
gen, 28
in Haber process, 18
isotopes of, 17
magnesium nitride from, 90
oxidation states of, 17, 18
oxides of, 23, 27
oxoacids of, 23
uses of, 17
Nitrogen cycle, 8
Nitrogen dioxide, 27, 28
and acid rain, 29
formation of, from dinitrogen
trioxide, 26
from nitric acid, 24
from nitric acid and copper, 25
from nitrogen monoxide, 24, 28
in Ostwald process, 24
reaction with water, 24, 29
Nitrogen family. See Group VA ele-
ments
Nitrogen fixation, 8
Nitrogen monoxide (nitric oxide),
2728
formation of, from ammonia, 19, 24
from dinitrogen trioxide, 26
from nitric acid, 25
from nitrous acid, 26
in Ostwald process, 24
in smog, 28
reaction of, with oxygen, 24
Nitroglycerin, 24
Nitronium ion, 25
Nitronium nitrate, 25
Nitrous acid, 26
decomposition of, 26
formation from dinitrogen triox-
ide, 27
as weak acid, 26
Nitrous anhydride. See Dinitrogen
trioxide
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Nitrous oxide. See Dinitrogen monox-
ide
Nobel, Alfred, 24
Noble gases. See Group elements
Nonmetals. See Chapters 1 and 2, of
Descriptive Chemistry.
hydrides of, 4
nitrides of, 21

(o)
Ocean, metals from, 81
Oil (crude), enhanced recovery of, 17
Olivine, 81
Open hearth furnace, 86
Ore, 80, 82
Orpiment, 61
Orthophosphoric acid. See Phos-
phoric acid
Osmium dioxide, 12
Osmium tetroxide, 11
as acidic oxide, 12
Ostwald, Wilhelm, 24
Ostwald process, 24
Oxidation number, and bonds in
oxides, 12
Oxidation states, 112
and bond types in oxides, 11
and oxide acidities and basicities, 12
Oxide ion, 11
in metal oxides, 11, 90
reaction of, with water, 11
as strong base, 11
Oxides, acidic, 112
amphoteric, 11, 13, 98, 109
basic, 11, 13, 80
covalent, 11
Group IA, 11, 15

Group IIA, 11
ionic, 11
metal, 11, 80

nonmetal, 12

transition metal, 11
Oxidizing agent, bromine as, 68

chlorine as, 51, 68

chlorine dioxide as, 66

chromate ion as, 118

chromium (VI) species as, 117

cobalt(III) ion as, 122

dichromate ion as, 118

fluorine as, 62

halogens as, 68

hydrogen peroxide as, 14

hypochlorite ion as, 66

iodates as, 69

iodine as, 51

lead (IV) ion as, 110

lead (IV) oxide as, 110

nitrate ion as, 25

nitric acid as, 25

oxygen as, 10, 23

ozone as, 10
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Oxidizing agent (Continued)
perchloric acid as, 66
periodic acid as, 69
permanganate ion as, 14, 26, 119
peroxides as, 90
sodium bismuthate as, 111
superoxides as, 90
Oxygen, 5
abundances of, 2, 6
in basic oxygen process, 87
compounds of, with Group 1A ele-
ments, 11
with Group ITA elements, 11
with Group VIA elements, 6
with transition metals, 11
formation of, from dinitrogen
monoxide, 27
from hydrogen peroxide, 15
from mercury(Il) oxide, 129
from nitrates, 25
from potassium chlorate, 7
from potassium superoxide, 16
in iron making, 87
isotopes of, 5
liquid, 6
paramagnetism of, 6
production of, 6
reaction of, with ammonia, 19
with bismuth, 111
with bismuth sulfide, 107
with diborane, b
with Group IA metals, 90
with Group ITA metals, 99
with hydrazine, 23
with hydrogen sulfide, 43
with hydroiodic acid, 69
with lead, 110
with lithium, 15
with nitrogen, 28
with nitrogen monoxide, 24
with phosphine, 55
with phosphorus, 54, 57
with phosphorus trichloride, 57
in roasting of sulfide ores, 83, 107
with sodium, 15
with sulfur, 45
with sulfur dioxide, 47
with tin, 110
uses of, 6
Oxygen cycle, 7, 8
Oxygen family. See Group VIA ele-
ments
Oxygen lance, 87
Ozone, 6, 10, 61
in air, 10
as pollutant, 10

P
Paint, antifouling, 110
Paramagnetism, 5, 16, 114

Perchlorate ion, salts of, 66
Perchloric acid, 66
Periodic acid, 69
Periodic table, A-groups in, 111
and atomic size, 112
B-groups in, 111
d-block elements, 111
and diagonal similarities, 98
and Group IIIA oxidation states, 106
and hydrides, 3
and ionization energies, 89
and metallic character, 79, 98
and oxidation state stabilities, 120
and oxide properties, 11
and representative elements, ak;
112
and transition elements, 111, 112
triads in, 111
Permanganate ion, 111, 119
manganese (II) ion from, 15, 119
as oxidizing agent, 15, 26, 119
Perosmate ion, 13
Peroxide ion, 15, 90
Peroxides, metal, 15, 90
Pewter, 29
Phosphate ion, 58
in soil, 58
Phosphate rock, 48, 58
Phosphates, 53
in detergents, 60
organo-, 53
Phosphine, 55
oxidation of, 55
Phosphoric acid (orthophosphoric
acid), b8
formation of, from phosphate rock,
48
from phosphine, 55
from phosphorus oxychloride, 57
from phosphorus pentachloride,
57
from polyphosphoric acids, 60
Phosphorous acid, 57, 60
Phosphors, 129
Phosphorus, 17, 53
allotropes of, 53
chlorides of, 55
discovery of, 53
hydride of, 55
in matches, 56
oxides of, 57
oxoacids of, 58, 59
reaction of, with hydroxide ion, 61
with oxygen, 54, 57
red, 55
whit, 54
Phosphorus oxychloride, 57
Phosphorus pentabromide, 57
Phosphorus pentachloride, 56
Phosphorus pentoxide. See Tetraphos-
phorus decaoxide

Phosphorus tribromide, 57
Phosphorus trichloride, 55
reaction of, with oxygen, 57
with water, 57
Phosphorus trioxide. See Tetraphos-
phorus hexaoxide
Photochemical decomposition, 125
Photography, 126
Photosynthesis, 7
Pickling, 64
Pig iron, 85
Plaster, 94
Plaster of Paris, 50, 99
Platinum, 113
Platinum (VI) fluoride, 71
Plumbite ion, 109, 110
Polonium, 6
Pollution, acid rain, 29, 45, 47
air, 50
by hydrogen fluoride, 50
by lead, 108, 110
from ore roasting, 83
by ozone, 10
by phosphates, 60
by sulfur oxides, 45, 47, 83
Polyphosphates, 59
Polyphosphoric acids, 60
Potash, 92
Potassium, 88
abundance of, 88
flame test for, 93
preparation of, 90
Potassium alums, 106
Potassium amide, 20
Potassium carbonate, 92
Potassium chlorate, 92
in matches, 56
Potassium chloride, 90
occurrence of, in carnalite, 90
in sylvite, 90
reaction with sodium, 90
solubility of, 92
Potassium citrate, 92
Potassium hydrogen sulfate, 50
Potassium hydroxide, 91
Potassium nitrate, 25, 88, 92
thermal decomposition of, 25
Potassium permanganate, 119
as oxidizing agent, 119
Potassium sulfate, 50, 105
Potassium superoxide, 90
reaction of, with carbon dioxide, 16
with water, 16
Potassium tartrate, 92
Priestly, Joseph, 6, 129
Prussian blue, 121
Pyrophosphoric acid, 58
Pyrosulfuric acid, 48

%
Quick lime, 99




R
Radium, 95
Radon-222, 70, 70
Rare earth metals, 111
Rare gases. See Group 0 elements
Raschig process, 22
Reactions, disproportionation, 65, 66,
119, 120, 124
Realgar, 61
Red lead, 110
Redox reactions, in metal refining, 83
internal, 110
Reducing agent, alkali metals as, 88,
89, 90
alkaline earth metals as, 96
boron hydrides as, 4
bromide ion as, 67
carbon monoxide as, 32, 84
chloride ion as, 66
coke as, 84
hydrazine as, 23
hydrides as, 4
hydrogen peroxide as, 14
iodide ion as, 68
nitrous acid as, 26
sulfite ion as, 47
tetrathionate ion as, 51
thiosulfate ion as, 51
Refining, 86
Refractory bricks, 11, 86, 99, 105
Resonance, in azide ion, 23
in ozone, 10
Respiration, 8
Roasting, 83, 107, 128, 129
Rubidium, 88, 90
Rubidium hydrogen sulfate, 50
Rubidium hydride, 4
Rubidium sulfate, 50
Ruby, 105
Ruthenium tetroxide, 11
Rutherford, Daniel, 17
Rutile, 115

S
Safety in handling:
ammonia, 17
bleach, 22
bromine, 67
hydrazine, 22
hydrogen fluoride, 63
hydrogen peroxide, 15
sodium peroxide, 15
sulfuric acid, 49
Saltpeter, 88
Chile, 88
Salts, double, 105
of potassium, 92
of sodium, 92
Sapphire, 105
Scheele, Carl Wilhelm, 6, 64

Seawater, metals from, 81
Selenic acid, 53
Selenium, 6, 52
Selenium dioxide, 6
Selenium hydride, 6, 53
Selenium trioxide, 6
Selenous acid, 6, 53
Sévene, H., 6, 56
Silicon, 6, 29
chloride of, 30
hydride of, 30
Silicon carbide, 34
Silicon dioxide, in phosphorus manu-
facture, 54
reaction with hydrogen fluoride, 63
Silver, 80, 123, 125
amalgams of, 102
ammoniated ions of, 125
from lead refining, 107
in photographic film, 126
reaction with nitric acid, 125
sterling, 124
tarnishing of, 125
Silver bromide, 125
in photography, 126
solubility in aqueous thiosulfate, 127
Silver chloride, 125
in photography, 126
reaction with ammonia of, 125
Silver diammine complex, 125
Silver fluoride, 125
Silver iodide, 125, 126
Silver ion, reaction of, with ammonia,
125
with chloride ion, 125
in photography, 126
Silver nitrate, 125, 126
Silver oxide, 126
Silver sulfide, 125
Slag, 84, 85
Slaking of lime, 99
Smog, nitrogen oxides in, 28
ozone in, 10
Soda, baking, 92
caustic, 91
washing, 91
Sodium, 88
abundance of, 88
from decomposition of sodium
azide, 23
flame test for, 92
reaction of, with ammonia (liquid),
20
with cesium chloride, 90
with iron (III) oxide, 23
with oxygen, 15
with sulfur hexafluoride, 51
with potassium chloride, 90
with rubidium chloride, 90
solubility of salts of. 92
Sodium alum, 106

Index / -9

Sodium amide, 20
Sodium azide, 23
Sodium bicarbonate, in Alka
Seltzer®, 92
in baking powder, 59
in baking soda, 92
from Solvay process, 91
thermal decomposition of, 91
in trona, 91
Sodium bismuthate, 111
Sodium bisulfite. See Sodium hydro-
gen sulfite
Sodium carbonate, hydrates of, 91
reaction of, with sodium hydrogen
sulfite, 46
with sulfur dioxide, 46
with sulfur trioxide, 48
as soda ash, 91
from sodium bicarbonate, 91
from Solvay process, 91
from trona, 91
Sodium carbonate decahydrate, 91
Sodium chlorate, 66, 92
Sodium chlorite, 66
Sodium citrates, 92
Sodium cyanide, 34
Sodium chloride, in brines, 87
electrolysis of, in aqueous solution,
stirred, 91
in halite, 64
reaction with sulfuric acid of, 64
solubility of, 92
in Solvay process, 91
sources of, 81, 87
Sodium disulfite, 45
Sodium hydride, 4
Sodium hydrogen sulfate, 50
Sodium hydrogen sulfide, 52
Sodium hydrogen sulfite, 46
Sodium hydroxide, 91. See also Hy-
droxide ion, reactions of
in Ascarite®, 33
as caustic soda, 91
as drain cleaner, 103
formation of, by electrolysis of
brine, 91
manufacture of, 91
as oven cleaner, 103
reaction of, with aluminum, 103
with carbon dioxide, 16
with dinitrogen trioxide, 27
with sulfur trioxide, 47
Sodium hypochlorite, 65
reaction with ammonia of, 22
Sodium ion, flame test for, 92
in seawater, 81
Sodium metabisulfite. See Sodium dis-
ulfite
Sodium nitrate, 25, 87, 92
Sodium nitrite, 26
as food additive, 27



I-10 / Index

Sodium nitrite (Continued)
reaction with acids of, 26
from sodium nitrate, 25

Sodium peroxide, 15
reaction with water, 15

Sodium phosphate, 59

Sodium sulfate, 50, 105

Sodium sulfide, 52. See also Sulfide ion
reaction of, with acids, 52

Sodium sulfite, 46, 51. See also Sulfite

ion

Sodium tartrate, 92

Sodium thiosulfate pentahydrate, 51
in photography, 127
reaction with bromine of, 67

Sodium tripolyphosphate, 60

Soft water, 60

Solder, 29

Solvay process, 91

Stannite ion, 109

Steel, 80, 86
galvanized, 128
stainless, 116

Stellite, 121

Stibine, 61

Stibnite, 61

Strontium, 95
flame test for, 100

Strontium oxide, 11

Strontium sulfate, 50

Sulfate ion, salts of, 47, 50

Sulfide ion, reaction with water, 52

Sulfides, acid-insoluble, 52
field test for, 51
ores as, bl

Sulfite ion, reaction of, with acids, 46
as reducing agent, 46

Sulfur, 6, 43
allotropes of, 44
effect of heat on, 44
Frasch process for, 43
in fuels, 43
isotopes of, 43
monoclinic, 44
occurrence of, 43
orthorhombic, 44
oxidation states of, 45
oxides of, 45, 47
oxoacids of, 51
plastic, 44
reaction of, with chlorine, 52

with fluorine, 50

with methane, 35
with oxygen, 45

with sodium sulfite, 51

Sulfur dichloride, 52

Sulfur dioxide, 45
in acid rain, 45
formation of, from roasting of sul-

fide ores, 83
from sulfur, 45
from sulfurous acid, 45

as pollutant, 45
reaction of, with calcium carbon-
ate, 83
with calcium oxide, 33
with hydrogen sulfide, 43
with oxygen, 47
with sodium carbonate, 46
with water, 14
removal from flue gases of, 33
in sulfuric acid synthesis, 48
sulfurous acid from, 14
uses of, 45
Sulfur(VI) fluoride (sulfur hexafluor-
ide), 50
as insulator, 50
Sulfuric acid, 48
concentrated, 48
manufacture of, by contact process,
48
reaction of, with aluminum oxide.
105
with calcium fluoride, 62
with phosphate rock, 48
with sodium chloride, 64
safe handling of, 49
uses of, 48
Sulfur nitride, 22
Sulfurous acid, 45
formation from sulfur dioxide, 14
as hydrated sulfur dioxide, 45
Sulfur trioxide, 6, 47
in acid rain, 47
formation of, in contact process, 48
from sulfur dioxide, 47
as pollutant, 47
reaction of, with sodium carbonate,
48
with sodium hydroxide, 47
with water, 14, 47
trimer of, 47
Superconductivity, 72
Superfluid, 72
Superoxide ion, 16, 90
salts of, 15, 90
Superphosphate fertilizer, 48
triple, 58
Sylvite, 64, 90

T

Taconite, 120

Teflon, 62

Telluric acid, 53

Tellurium, 6, 53

Tellurium dioxide, 6

Tellurium hydride, 6

Tellurium trioxide, 6

Tetraethyllead, 107, 108

Tetraphosphorus decaoxide, 57
reaction of, with nitric acid, 25

with water, 58

Tetraphosphorus hexaoxide, 58

reaction with water of, 61

Tetraphosphorus trisulfide, 56
Tetrathionate ion, 51
Thallium, 101, 106
Thermite reaction, 102
Thioacetamide, 52
Thiosulfate ion, 51
as ligand, 127
as reducing agent, 51
Thiosulfuric acid, 51
Thorium dioxide, 12
Tin, 29, 107
allotropes of, 107
alloys of, 29, 128
halides of, 30, 109
hydride of, 30
oxidation states of, 108, 109
reactions of, 109
in Wood’s metal, 108
Tin can, 29, 107
Tin(II) chloride, 109
Tin (IV) chloride, 109
Tin disease, 107
Tin (II) fluoride, 109
Tin (I1) oxide, 110
Tin (IV) oxide, 110
Titanium, 115
Titanium dioxide, 12, 115
Titanium tetrachloride, 115
Transition metals, 111, 115
Triads, 111
Triiodide ion, 69
Trinitrotoluene, 24
Triphosphoric acid, 60
cyclo-, 60
Tripolyphosphate ion, 60
Tritium, 3, 3
Trona, 91
Tungsten, 121
Tungsten carbide, 34

U

Universe, elements in; 1
expansion of, 1

Uranium (IIT) hydride, 5

Urea, 32

A%

Vanadium, 116

Vanadium nitride, 22
Vanadium (V) oxide, 48, 116
Vermilion, 129

W

Washing soda, 91

Water, fluoridation of, 63
hard, 60
hydration of ions by, 103
oxidation of, 119, 122
purification of, 10, 64, 105
reaction of, with amide ion, 20

with bismuth chloride, 110




