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Group IA (Alkali metal) ns Elements Source Method of preparation
a I [l E = J
aviannuiunsaavessigny 1A sindluwe 9i5on 11 alkali metal . — — _ ) _ .
” s - Li Lithium Silicate minerals 1¥U Electrolysis of molten LiCl
Tangdam lali@tu Cs 1dnoq .
. spodumene (LlAl(Szoﬁ))
'_H Na Sodium NaCl Electrolysis of molten NaCl
l:l K Potassium | KCI Electrolysis of molten KCI
E ITI:-"" Ru Rubidium | Impurity in lepidolite, Reduction of RbOH with Mg and H,
Ha Li,(F,OH),AL(SiO,),
E Cs Cesium Pollucite Reduction of CsOH with Mg and H,
e (Cs,ALSi,0,.H,0)
ar
1 2 .
b L e efluTanziides’h 3¢ linnlanzmjiiilusigdase ualsng lugdasszneudus wu
T ]
= s o A indenan 154 LiCl, KCI
Cs :
— ¥ Rb ensiasonlanz 1935 electrolysis tndonan 15d
*Fro o, L. ..
wom | T BIQHMTUAT IR 3 4




Alkali metal Standard
Atomic
Weight (u)
Lithium 6.941
Sodium 22.990
Potassium 39.098
Rubidium 85.468
Cesium 132.905
Francium (223)

Melting Boiling

453

370

336

312

301

295

(Pauling)
1615 0.534 0.98
1156 0.968 0.93
1032 0.89 0.82
961 1.532 0.82
944 1.93 0.79
950 1.87 0.70
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Density  Electronegativity
-3
Point (K) Point (K) (g-cm )

Elements | 1% Ionization |2™ Ionization | Standard reduction Radius of M"
energy energy potential (V) for (pm)
(kJ/mol) (kJ/mol) M+e— M

Lithium 526 7302 -3.05 60

Sodium 502 4569 -2.71 95

Potassium | 425 3058 -2.92 133

Rubidium | 409 2638 -2.99 148

Cesium 382 2430 -3.02 169
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Reaction

Comment

IM+X, — 2MX
4Li+0, — 2Li,0

2Na+ 0, — Na,0,
M+0,—— MO,
IM+S—> M,S

6Li+N, — 2Li,N

12M +P, — 4AM_P
2M+2C — M,C,
2M+H, — 2MH

2M +2H,0—> 2MOH + H,
2M+2H" —>2M"+H,

2M+2NH; —>2MNH, + H,

X, = any halogen molecule

Excess oxygen

M=K, Rb, or Cs

Li only

M=Li, Na

Violent reaction!
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Liq.NH, 1 Fe 11lud134
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Types of compounds formed by the alkali metals with O,

General formula Name Examples

M,0 Oxide Li,0,Na,0
M,0, Peroxide Na,O,

MO2 Superoxide KOZ, RbOz, CsO2
Flame test

Li Crimson red
Na Yellow

K Pale violet
Rb Violet

Cs blulish




1A 1A MA VA VA Via  VIIA
2" pPeriod L \BE\B \C \N \O\ F
Mg Al Si P S Cl

Diagonal relationship

39 period Na

ANUFNTUTYOI Li Az Mg
6Li+N, — 2LiN
3Mg+N,

Mg,N,

*Atomic radii: Li 152 pm, Mg 160 pm

«lonic radii: Li* 78 pm, Mg*" 78pm

*Boiling point: Li 1347°C, Mg 1090°C, other group 1 metals much lower
*Electronegativity: Li 1.0, Mg 1.3

Lithium is much harder than the other alkali metals, more like magnesium

Lithium does not form a peroxide, unlike other alkali metals, neither does magnesium
«Lithium hydroxide is sparingly soluble, as is magnesium hydroxide, but sodium hydroxide
etc. are very soluble in water.

Lithium forms a nitride (Li 3N) as does magnesium (Mg3N2), but the other group 1 alkali
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baking soda (NaHCOS), caustic soda (NaOH), sodium nitrate (NaNOS),
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Elements

Source

Method of preparation Alkali Earth Standard Melting Boiling Density  Electronegativity
-3
Be | Beryllium | Beryl (Be,ALSi O,,) Electrolysis of molten BeCl, Atomic Point (K) Point (K) (grem ) (Pauling)
Mg | Magnesium | Magnesite (MgCO3), Electrolysis of molten MgCl, Weight (u)
Dolomite (MgCO. CaCO,) Beryllium (Be) 9.012 1280 1500 1.86 1.57
3 3
Carnallite (MgCl._KCLH.O) Magnesium (Mg) 24.305 651 1107 1.75 1.31
2" 2
Calci C
Ca | Calcium Various minerals containing CaCO, Electrolysis of molten CaCl, alcium (Ca) 40.078 851 1440 155 1.00
Strontium (Sr) 87.62 800 1366 2.6 0.95
Sr | Strontium | Celestite (SrSO,), Electrolysis of molten SrCl,
Barium (Ba) 137.327 850 1537 3.59 0.89
Strontianite (SrCO3)
Radium (Ra) 226.0 295 950 1.87 0.9
Ba | Barium Baryte (BaSO,) Electrolysis of molten BaCl,
Witherite (BaCO3)
Ra | Radium Pitchblende (1g of Ra / 7 tons of ore) Electrolysis of molten RaCl2
= Ya . A s
ﬂmmﬂﬂawﬂ%m electrolysis ma@ﬂaavlmwwaaumm
13 14
Elements 1 2 3¢ Standard reduction | Radius s Tdumsazaerhvesansiszneung A
Tonization | Ionization Tonization | potential (V) for of M** SO42' CO32’ C2042' C r042- OH F
energy energy energy MY+ 2¢° M (pm)
(Wmol) | (kJ/mol) (kJ/mol) Be? n 1N 1 N oo oy
Be 906 1763 14855 -1.70 =30 Mg>*
Mg 744 1457 7739 -2.37 65
Ca2+
Ca 596 1152 4913 -2.76 99
Sr**
Sr 556 1071 4210 -2.89 113 ! I
Ba 500 972 - 2.90 135 Ba2* Vou oy Voo oy nn i
Ra 509 979 - -2.92 140
' ' 4 ! Y
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Reaction Comment
M+X, — MX, X, = any halogen molecule
M+0, > 2MO Ba gives BaO, as well

M+S — MS

3SM+N, —> M\N, High temperatures

6M+P,—2M,P, High temperatures

M+H,— MH, M = Ca, Sr, or Ba; high temperatures
Mg at high pressure

M+2H0 — M(OH)2 +H, M = Ca, Sr, or Ba

Mg +2H,0— MgO+H, High temperature, Except Be
M+2H" — M* +H,
Be +20H +2H,0 — Be(OH),” +H, Be only

M +2NH,—> M(NHZ)2 +H, M = Ca, Sr, Ba, liq.NH, included catalyst

3M+2NH,— M,N, +3H, NH, gas, high temperature
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ﬂDWNETNWM‘MGNK%}MVILLUQHNGUBQ Be 1o Al

BeO uaz ALO, Fu amphoteric (119 oxides U9 Group 2 i basic)

BeQ + ZHC] — Bells + HEO‘ BeO+ 2NalOH ——  MagBels  +H20
Sodium beryllate

AlaOg + BHCl — 28101 5 + 3HZ 0 ‘AI203 +2NaOH —»  2MNaAlo,  + Hgo‘

P ' 3 §
a1stlszneualadvues Be iz Al g BeCl, uiaz AICL iHuaisilszneuTninauaidl
Tassaduadrenaeny

Cl 1
;Be< >Be<C1:;Be< >Be<C1;Be< \E::’ / \ f
Cl 4 cl F;/ \m / \“%
Crystal

Structure of aluminium TkHodde dime

Beryllium {EN p-type dopant 14 semiconductors GIJI’foﬁﬂizﬂﬂﬂlei‘N‘ﬁm‘I/ilJ: 1A

M3 Mg 195z Tewl
< Y a 4 s U Y
MgO: 1¥lugaamnssuman uh Fud msnyas asnila1ee gaaunIsuneas
nszilounsosny (aluminium-magnesium alloys)
o & 11 v ¥ a
Mg** Sufluapitameasiudsdimaanaslidluems e
I J
Mg 1Hluesnisznoulu chlorophyll

. . . v —
Magnesium salicylate (18¢ Magnesium sulfate I iluen antiseptics.

M3 Ca Wselomi

iy reducing agent Tumsana Tanzisu uranium, zirconium, and thorium.

« 1§11 deoxidizer, desulfurizer, decarbonizer 51 Tangnauiidumanuag lidluman
« iy alloying agent Tumswan aluminium, beryllium, copper, lead, magnesium allo

« 1971 cements tag mortars Tumsnoaia

. 6],6195}‘1/‘]’1 cheese

Group IIIA (Triel element) ns’ np’

B, Al, Ga 118¢ In IavoanHAYY +3
Tl HlaveonFasufe +1 uaz +3 1o ndvualvg)
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Al, Ga uag In maﬂ'lvmmaaum ‘V]ﬂmﬂﬁ]ﬂ m“lw'lmwmﬂu HNO, i
Suaoondlad urazaslunsad iiugioonalas (80131 T1)

Elements Source Method of preparation
Boron Kernite, a form of borax Reduction by Mg or H,
(Na,B,0,.4H,0)

Aluminum A1203, KAlSi3O8 Electrolysis of A1203 in molten Na3A1F6

Indium i} Gallium Traces in various minerals | Reduction with H, or electrolysis

i- In | Indium Traces in various minerals | Reduction with H, or electrolysis

ZU
ﬂuﬂll.rlill:lil-. Tl | Thallium | Traces in various minerals | Electrolysis




Elements Tonization Standard reduction Radius of M>* (pm)
energy potential (V) for
(kJ/mol) M +3e — M

Boron 798 - 20

Aluminum 581 -1.66 50

Gallium 577 -0.53 62

Indium 556 -0.34 81

Thallium 589 0.72 95

Reaction Comment

M +3X, — 2MX, X, = any halogen molecule,

Tl gives TIX as well, but no TII,
4M+30, — 2M,0, High temperatures; Tl gives TIO, as well
High temperatures; Tl gives TIS, as well
2M+3S  —— M,S,
2M+N, " 2MN M = Al only

2M+6H" — 2M* + 3H, M = Al, Ga, or In; Tl gives TI"

2M +20H +6H,0 —> 2M(OH),” +3H, |M=AlorGa
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eindodanla lunsauazialadvesTangnyilazareniaa
1Ay H
o'lgnsonlad Tavzmjil liazaini
' J a wa o .
®oon ladiaz laasen ladvos Al uaz Ga Tautidilyu amphoteric
Reaction with acids; AL,O, + 6HCl —> 2AICI, + 3H,0

21 22
Reaction with base; A1,O, + 2NaOH +3H,0 —> 2NaAl(OH) ?
< e g A o jemm o 2 mM3111 Boron 1¥1l5eTewl
]3203 (boron oxide) !ﬂu'ﬂ'ﬂﬂvl“ﬁﬂﬂuﬂ']'m&ﬂuﬂiﬂ LN@W?ﬂaﬂiﬂ’]ﬂﬂu’]

B,0, + 3H,0 —> B(OH), (Lewis acid) _hgmi@,.ﬁ
e

b 1)

) . e - Pl

B(OH), +H,0 —> [B(OH),|" + H : 881,
. . Lo i el (e e
Trihydroxidoboron (boric acid) H,BO, L ._:t'.r e o,

T e | FARY

] . Y < 1 o
Borosilicate glassware %1~ Boron carbide Tailuneiviu Dopant 114 semiconductor

ANNFNTUSFuduNIE NV B (WY ITIA) Haz Si (W IVA)
*Atomic radii: B 88 pm, Si 117 pm

- e lany

«fiiu acidic oxide p8198DY

< .
« 3] semiconductor

23
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beakers LY test tube ﬂizquiuzﬁanuﬂizqu

M3 Aluminium 15152 Va4

I @ o . .
1Wud @A automobiles, aircraft,

ok

A

Wl trucks, railway cars, marine

vessels, bicycles

Packaging (cans, foil) 24




Group IVA (Tetrel element) ns® npz

M+2X, — MX, X, = any halogen molecule;
M = Ge or Sn; Pb gives PbX,
M+0, — MO, M=C, Si

M = Ge or Sn; high temperature,

Pb gives PbO or Pb,0,
M+2H— M*" +H, M = Sn or Pb
M+OH +2H,0 — M(OH),> +H, Unsenind

Ge +20H + 4H,0—— Ge(OH),” +2H,

¢ oonlydvesmiveulianuziluvewds veunamazuna
C0, (g) azmwriudaldnsa 1,0, (lig

o oonladveangouqianniiuvowmd

Ca0 (s) w3 laglag CaCO, —> CaO +CO,

27

Elements Source Method of preparation
5] C | Carbon Graphite, diamond, petroleum, coal -
catan Si | Silicon Silicate minerals, silica Reduction of K,SiF¢ with Al, or
TR . . .
= Carban (graphite) Carbon {dinmond) reduction of SiO, with Mg
i ' WY Ge | Germanium | Germinate (mixture of Cu, Fe, and GeS, | Reduction of GeO, with H, or C
il #3 Group IVA uialuilu 3 classes:
TAOE 30 o Sn | Tin Cassiterite (SnOZ) Reduction of SnO, with C
1z ®Carbon 1114 nonmetal
G el . . & . Pb | Lead Galena (PbS) Roasting of PbS with O, to form PbO,
£ ; ® Silicon 18¢ Germanium 4J1 semimetal
perELEiLE o and then reduction with C
= ® Tin 1182 Lead 14 metals
0 o 2 v
Sn mannretle. (A udlu TanziuI Ul ABNFITY) Elements Electronegativity | Melting point (°C) | Boiling point (°C)
in M
nas - taveanFaty i +4 uaz +2 193N Sn waz Pb 1M11M) Carbon 2.5 3727 -
a2 '
Ph - Hydrolysis tDAa W12 Sn 1az Pb NiltavesnBiatu +2 Silicon 1.8 1410 2355
e + +
a2 [Sn(OH)(H,0),1", [Pb(OH)(H,0),] Germanium | 1.8 937 2830
114
Fi Tin 1.8 232 2270
learadiim 25 P6
Lead 1.9 327 1740
o
[ ]
Reaction Comment 31] (form) YoIMITUOU

Graphite Diamond Bulky ball (C,) Carbon nanotube (CNT)
I aa A aa . '
* ponlyAavesFanou e Fam (5i0,) 0gluz1 quartz uag N3 )
!
OOy O
Su o O . P9
ydratee _Simgr® gyl
Oy 0 o 40
’ D—-_Si‘ “/S\/
o 97

a

J 2 v 9w
TumsneadsgailuaudiAgvesneuniauazioudy
o I o o w
IHhudwazauiu Idiluiagivaniofose Tumes

28
1491 wﬁ@ﬁﬂiiﬂﬂwﬁu boric acid A silicone oil
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2 3 .
Group VA (llS np ) (Pnlcogens) Elements | Source Method of preparation
] Nitrogen Air Liquefaction of air
N . nonmetal £ d
P i Phosphorus | Phosphate rock [Ca(PO,),] 2Ca,(PO,), +6Si0, —> 6CaSi03+P,0,,
As : : :
St 111r:'l.:|llu1d (semiconductor) | increasing Fluorapatite [Ca,(PO,);F] | P,0,,+10C —> 4P +10CO
P10 . . . . . .
B 1 j__ metal meta lllC Arsenic Arsenopyrite (Fe,As,, FeS) | Heating arsenopyrite in the absence of air
+C hﬂ racter Antimony | Stibnite (Sb,S,) Roasting Sb,S, in air to form Sb,0, and then reduction with C
- o Bismuth Bismite (Bi203), Roasting Bi2$3 in air to form BiZO3 and then reduction with C
QUDDNBIATU = +3 AL +5
Bismuth glance (Bi,S,)

' @ d' a5
N g lugiveanauazveunaIngurnie
= @ < <3
P Unangonygl Wuveanda
* loaneiau gnan luTuusseimeves o,
* yloavlosanas Idonmswnlealesavrniljnse

i 0, Ngangiga

o Woelosad sz etueenFouiigungiq Phosphate rock  Fluorapatite  Arsenopyrite Stibnite Bismite
29 30
aaa 4' [ U
Elements Ionization Electronegativity | Melting point Boiling point ﬂﬂmmﬂmm’y
eneray C) °C) 1. 19 1uTaswulunsguauns Haber process neldgangiiganaziisusa
(kJ/mol) N, () +3H,(e) —> 2NH,(g) uewluilelfiasondloao i)
E' MO
N | Nitrogen 1402 3.0 -210 -195.79 ) ) . ] (AT ﬁ._-mﬂ
2. Nitrogenfixation : N, —> various products % ] -
P | Phosphorus | 1012 2.1 442 (white) | 280.5 (white) © | mrification] N3

INTfTeRa Mea g,

610 (black) z Witrosoooorush
c Nltrn-g:ﬂ ll:-la1|-:|n
. E {some bacteria
As | Arsenic 947 2.0 3 TR
Sb | Antimony | 834 1.9 4 (4 <
3. AILUIUMS Ostwald process Niasu NH, ll“JJ!ﬁlJ‘u NO, NO,, HNO,
Bi | Bismuth 703 1.9

4NH3(g) +50,(g) —> 4NO(g) + 6H,0(g)
nitric oxide

31 32




Group VIA (ns’ np*) (Chalcogens)
Oxidation state of nitrogen compound formula g
3 Ammonia NH, D il liquid oxy:gjm \'V‘lath l;ubbles of oxygen gas
. * s1alumyil ldmadluasdsgneulugvesan losou
-2 Hydrazine N,H, e ot Ca g ¢ ,
) pzARUIAEY (M™) uanaillu polyatomic cation 13U O,
-1 Hydroxylamine NH,OH 16 2
_ S uag S*
0 Nitrogen N
. sl ==t N
ini ; F e S 3
+1 Dlnltrogen monoxide NZO 34 Crvstals of rhombic sulfun [O_O] \\S/S S/
(nitrous oxide) 5 2N 1123 pm 5/ \s
.
+2 Nitrogen monoxide NO e gy dioxygenyl SSJr crown
+3 (nitric oxide) ) Selenium v - 2 Y
. L *gniu Po thalunanlosouszaoumor (M™) 14
Dinitrogen trioxide N,O, TE
+4 Nitrogen dioxide NO,
+5 Nitric acid HNO, i B4
33 34
Elements Source Method of preparation Elements Electronegativity | Radius of x> Melting point | Boiling point
O |Oxygen |Air Distillation from liquid air (pm) 0 0
S | Sulfur Sulfur deposits Melted with hot water and pumped to Oxygen 3.5 140 -218.79 -182.95
the surface Sulfur 2.5 184 115.21 444.6
Se | Selenium | Impurity in sulfide ores Reduction of H,SeO, with SO, Selenium 24 198 221 685
Te | Tellurium | Nagyagite (mixed sulfide and | Reduction of ore with SO, Tellurium 2.1 221
telluride) Polonium 2.0 230 254 962
Po | Polonium | Pitchblends
Oxides Hydrides Halogen compounds
PoO, PoH, PoX, 13U PoCl,
PoO, PoX,
PoX
35 3




The chemistry of oxygen Oxidation state of sulfur Compounds
Ol ~—>» o*
. o \0 o/ o *6 80, 1,80, 50,,., S,
- 2_
302(g) 203(g) +4 S0,, HSO,’, SO,", SF,
; 03 —_— 02 + 0 +2 SCl,
A S 0 S, and all other forms of elemental sulfur
WP e oxidation state of oxygen 8
-2 oxide 2 H,S, $*
mﬁ 2 b -1 peroxides. S*” Sulfides SF, Sulfur hexafluoride Mo 12—
: | ‘ - uncommon: SO327 Sulfites 2Na* {O// \\OJ
lunszuiumsoranlas H.50. Sulfl 4 0 0
- ¥ - -1/2 (superoxides), 2> SUIUTous act Sodium hydrosulfit
lagavonihaunsonan I odium hydrosuthite
3 . SO, Sulfure dioxide . e
w - . -1/3 (ozonides), 2 (sodium dithionite)
MFODNBIULAL » - " SO, Sulfates asneny
R elemental, hypofluorous aci
Lo carane | | lalasiou $,0,> Thiosulfates
I +1/2 (dioxygeny]), .
g S SCN Thiocyanates
+1 (di difluorid
X (dioxygen difluoride) 37 S 4N 4 Tetrasulfur tetranitride
electrolysis of water +2 (oxygen difluoride)
25
Group VIIA , Halogen (ns” np°) Elements |EN. |Radius | Standard reduction Melting | Boiling | Bond
of X~ potential (V) for point point energy of
Elements Source Method of preparation
(pm) X +2¢ 27X (OC) (OC) X2 (kJ/l’nOl)
F Fluorine | Fluorospar (CaF,), cryolite Electrolysis of molten KHF, 2
(Na,AlF), fluorapatite
[Cay(PO,),F] Fluorine 4.0 136 2.87 -220 -188 154
Cl | Chlorine | Rock salt (NaCl), halite Electrolysis of aqueous NaCl Chlorine 3.0 181 1.36 -101 -34 239
(NaCl), sylvite (KCI) Bromine 2.8 195 1.09 -7.3 59 193
Y
Br | Bromine | Seawater, brine wells oxidation of Br by CI, lodine 2.5 216 0.54 113 184 149
I Iodine Seaweed, brine wells Oxidation of I by electrolysis or MnO, Astatine 2.2 - - -
As | Astatine A & a 4 g .
*Halogen tnailuansdsznev looalinuuy monovalent ion Miilu anion
® [QUDBATIATY = -1, +1, +3, +5, +7 * £, 70l lumainalgaseunsizia EN ganiga
LS Ao
gn3u F liaveendadi = -1 miu °F, 1314 oxidizing agent M@
39 40
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F, + HO —> 2HF + O,




Hydrogen halides

Hj(g) + X,(g) — 2HX(g)

Mall + HaS04 —— me  HUI + MNaHS U4

HI > HBr > HCI >> HF
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5. AgF azaneinla uazanesialadouq luazaiei

HX H—X bond energy d(H—X) (pm) gas phase Compound Solubility (g / 100 g H2 0)
(kJ/mol)
AgF 172
HF 565 91.7
AgCl 0.00019
HCl 427 127.4
AgBr  0.000014
HBr 363 141.4 AgI 0.000003 “
HI 295 160.9
Interhalogen sodium fluoride (NaF), stannous fluoride (SnF,) t18¢ sodium MFP lhendiluwiveileaniu

XY, wheren=1,3,50r7

(X is the less electronegative of the two halogens).
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Brominated vegetable oil (BVO) Gl@fﬁﬂu emulsifier 144 citrus-flavored soft drinks 1%
Mountain Dew, Gatorade, Powerade, Pineapple and Orange Fanta, Orange Crush, Sun Drop,
- wq 24
Squirt L0 Fresca 1o 38 1% natural fat-soluble citrus flavors n3zA18A2 TUIAN
o ~ X 3 '
Tusiufialsz Tewi Tunsiss o ethylene dibromide (BrCH,CH,Br) #aldiiluenainmaa
o w & Y ¢ A 1q Y J 9 o A s
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Y = o q Y1 s = a Y a A '
thrmenaleTeauerviilinen Insesduiy aa'le Teauldnan Insendulusrane
A o 2 2 v A
M3 loToAu (tincture iodine) 11T uenainye T15n 3ilo ToAu 2-7%, potassium iodide

H ¢
W%a sodium iodide agaqﬂiuuqllagllaaﬂﬂaﬂa
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0.8 Name Formula Example compounds

-1 chlorides Cl ionic chlorides, organic chlorides, hydrochloric

acid
0 chlorine Cl2 elemental chlorine

+1 hypochlorites Clo sodium hypochlorite,
Calcium hypochlorite

+3 chlorites ClO0,”  Sodium chlorite

+5 chlorates C103_ sodium chlorate, potassium chlorate, chloric acid

+7 perchlorates CIO[ Potassium perchlorate,

Perchloric acid,
Magnesium perchlorate

ammonium perchlorate

1 rlra

,Juml"un, A

msfﬂ.w .

Group VIIIA , Noble gas (ns’ np %)
. ﬁmiuﬁuumaamﬂgﬂimmu MZTBIANATOUATY 8 61
. ﬁmmmumimg wagdie EN ¢ annsanalfasen’ld i Xe

Elements 1E OS. Density mp. bp. Atmospheric | Example
(kJ/mol) g/em’ (°C) | (o) |abundance | of

(% by V) compound

He |Helium |2372 0 1.8X10% |-270 |-269 |5x107* None
Ne | Neon 2080 0 9.0X10™ -249 246 [1x107° None
Ar |Argon | 1520 0 1.8X10° |-189 |-186 |9 x 107" None
Kr |Krypton |1351 +2 3.7X10°  |-157 [-153 |1x107* KrF

Xe |Xenon |1170  |+2,+4, |59X10% [-112 |-107 [9x 107  |XeF
+6, +8 XeO
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Helium
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Argon
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Xenon

Krypton
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Krypton laser

"excimer" lasers
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