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Group IA (Alkali metal) ns’
auiidannuilunsaavessiany 1A dnilue 39i5on71 alkali metal
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1'
H

hydrogen
[1.007, 1.009]

3
Li
lithium
[6.938, 6.997]
1"

Na

sodium
22.99

19

K

potassium
39.10

37

Rb

rubidium
85.47

55

Cs

caesium
132.9

87
* Fr

francium
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Elements Source Method of preparation

L1 Lithium Silicate minerals 1% Electrolysis of molten LiCl
spodumene (LiAl(SzO 6))

Na Sodium Na(Cl Electrolysis of molten NaCl

K Potassium | KCI Electrolysis of molten KCl

Ru Rubidium | Impurity in lepidolite, Reduction of RbOH with Mg and H,
Li (F,0H),AL(SiO,),

Cs Cesium Pollucite Reduction of CsOH with Mg and H,
(Cs,Al,Si0,.H,0)
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Alkali metal

Lithium

Sodium

Potassium

Rubidium

Cesium

Francium

Standard
Atomic

Weight (u)
6.941
22.990
39.098
85.468
132.905

(223)

Melting
Point (K)

453
370
336
312
301

295

Boiling
Point (K)

1615
1156
1032
961
944

950

Density
3
(z'em )

0.534
0.968
0.89
1.532
1.93

1.87
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Electronegativity

(Pauling)

0.98
0.93
0.82
0.82
0.79

0.70
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Elements | 1% Ionization |2™ Ionization | Standard reduction Radius of M"
energy energy potential (V) for (pm)
(kJ/mol) (kJ/mol) M +e—os 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

< . (A A < 1o ad '
@31 reducing agent Nanga thiu laanadnd luihuiasgiuvesdianlnsa (M7/M) Tia

L‘?Jlm‘]_lll”lﬂ

<3 A . ~ 1
OCs 1A Fr !,‘]Ju‘]ﬂﬁ]‘l/l reactive mqﬂiuwy IA

1 0 clyd 1 _rlalad llS/dd' 1 o d'clslcl R acg
®91NA1 E” LAY 111U L1 HYiolanasou AANGA LAATNANITUN LY L UNITANDIANATD U
A 1 Y 1 9 . (%) 1 1 I~
g4 (IE Ueg9) 1ienal IE 1aunn Li Tuaomezuna daua B dluaoizasazes



Reaction Comment

2M+X, —— 2MX X, = any halogen molecule
4Li+ 0, — 2L10 Excess oxygen

2Na+ 0O, — Na 0,
M +0O,—— MO, M =K, Rb, or Cs
2M+S—> M, S
6Li+ N, —* 2Li,N Li only
I2M+P, —— 4M,P
2M+2C — MC, M =Li, Na
2M+H, — 2MH

2M + 2H,0—> 2MOH + H,
2M+2H" —*2M" +H, Violent reaction!

OM +2NH, —*2MNH, + H, Lig.NH, 1 Fe 1ilusiss
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Types of compounds formed by the alkali metals with O,

General formula Name Examples

M,0 Oxide L1,0, Na,O

M, 0, Peroxide Na,O,

MO, Superoxide KO,, RbOz, CsO,
Flame test

Li Crimson red
Na Yellow

K Pale violet
Rb Violet

Cs blulish
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LA
Li

39 pariod Na

A 11 A IVA VA VIA  VIIA

N\

Mg

S

ANUFNIUTYDA Li ag Mg
6Li+N, —— 2LiN
3Mg + N, —— Mg.N,

*Atomic radii: Li 152 pm, Mg 160 pm

*Jonic 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 1s magnesium hydroxide, but sodium hydroxide

etc. are very soluble in water.

-Lithium forms a nitride (Li,N) as does magnesium (Mg_N,), but the other group 1 alkali

metals do not.
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- asilszneuTadsui gl ugaamnssulaun common salt (NaCl), soda ash (Na,CO,),
baking soda (NaHCO,), caustic soda (NaOH), sodium nitrate (NaNO,),
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Group ITA (Alkaline earth) ns’

4

Be

beryllium
9.012

12

magnesium
[24.30, 24.31]

20

Ca

calcium
40.08

38

Sr

strontium
87.62

56

Ba

barium
137.3

88
* Ra

radium
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Elements Source Method of preparation

Be | Beryllium | Beryl (Be,AlSi O ,) Electrolysis of molten BeCl,

Mg | Magnesium | Magnesite (MgCO,), Electrolysis of molten MgCl,
Dolomite (MgCO3.CaCO3)
Carnallite (MgCl1,.KCL.H,0)

Ca | Calcium Various minerals containing CaCO, Electrolysis of molten CaCl,

Sr Strontium | Celestite (SrSO 4), Electrolysis of molten SrCl2
Strontianite (SrCO,)

Ba | Barium Baryte (BaSO,) Electrolysis of molten BaCl,
Witherite (BaCO3)

Ra | Radium Pitchblende (1g of Ra/ 7 tons of ore) Electrolysis of molten RaCl2

= Y~ . A s
Msnson lang 1975 electrolysis Lﬂﬂ@ﬂﬂ@qﬁﬂﬂﬁﬂﬂhlﬂaﬂ




Alkali Earth Standard Melting Boiling Density  Electronegativity
—3

Atomic Point (K) Point (K) (g'cm ) (Pauling)
Weight (u)
Beryllium (Be) 9.012 1280 1500 1.86 1.57
Magnesium (Mg) 24.305 651 1107 1.75 1.31
Calcium (Ca) 40.078 851 1440 1.55 1.00
Strontium (Sr) 87.62 800 1366 2.6 0.95
Barium (Ba) 137.327 850 1537 3.59 0.89
Radium (Ra) 226.0 295 950 1.87 0.9

14


http://en.wikipedia.org/wiki/Unified_atomic_mass_unit
http://en.wikipedia.org/wiki/Kelvin
http://en.wikipedia.org/wiki/Kelvin
http://en.wikipedia.org/wiki/Gram
http://en.wikipedia.org/wiki/Pauling_scale

Elements 1 pnd 31 Standard reduction Radius
Ionization | Ionization | Ionization | potential (V) for of M*F
energy energy energy M2 426 — M (pm)
(kJ/mol) (kJ/mol) (kJ/mol)

Be 906 1763 14855 -1.70 ~30

Mg 744 1457 7739 -2.37 65

Ca 596 1152 4913 -2.76 99

Sr 556 1071 4210 -2.89 113

Ba 509 972 - -2.90 135

Ra 509 979 - -2.92 140
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Reaction

Comment

M+X, —» MX,
M+0, — 2MO
M+S — MS
3M+N, — M,N,
6M +P,—>2M.P,

M +H,— MH,

M+2H,0 = M(OH),+H,

Mg +2H,0— MgO + H,

M +2H" — M +H,

Be +20H +2H,0 —* Be(OH),” +H,
M +2NH,— M(NH,), + H,

3M +2NH,— MN, + 3H,

X, = any halogen molecule

Ba gives BaO, as well

High temperatures

High temperatures

M = Ca, Sr, or Ba; high temperatures
Mg at high pressure

M =Ca, Sr, or Ba

High temperature, Except Be

Be only
M = Ca, Sr, Ba, 1iq.NH, included catalyst

NH, gas, high temperature

1/
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< . ! . S .
BeO hag ALO, WU amphoteric (1461 oxides UBI Group 2 11U basic)

Bel + 2HCI

—_— E-E':'E + HE':'

Bel + 2MalH ——— MNazBels

Sodium beryllate

+HaO

Alo03 + BHCl —— 2AICI 3 + 3Ho0

AloOg + 2NalOH —

2Maslo,

+ HED

4 1 3 A A
a15dseneuialaqued Be iay Al 13U BeCl, tag AICI, Wuarsdsznev ladauani
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Structure of aluminium tkchNonde dimer
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Beryllium 813 p-type dopant 14 semiconductors ¥94E15U5ENOVVOIF "IS%]‘HEQI: IITA
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M5 Mg 195152 Taw1
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+ A A .. )
nseilounsosny (aluminium-magnesium alloys)

o < 1o v & = a

Mg®" sufludoinmeasiudsimaauas ) luems e

3 J
Mg 1Huasadsenovly chlorophyll

: : : Y L.
Magnesium salicylate L101& Magnesium sulfate Tl uen antiseptics.

o d
M54 Ca 1vszTawa
I~ . v ! . . . .
. 13U reducing agent lumsana lavizisu uranium, zirconium, and thorium.
< . q. . . o Y < [~ a3
« 1344 deoxidizer, desulfurizer, decarbonizer 811151 TavizwauNilumanuag lidluman

- alloying agent lumsnan aluminium, beryllium, copper, lead, magnesium alloy”“ T

9 o 1 9

o 1991 cements 1% mortars 1UNITABES 14
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Group IIIA (Triel element) ns’ npl

B, Al, Ga 18 In VaV00NBATU +3
TI QU NFATUAD +1 tag +3 1o INUUUIA 11

3 X A o J 1 Aa
B 1Wunalany Hanuaz Iaauauinniilesoiln
Al dluTane mmﬂ‘nﬁﬂ‘uuNﬂaﬂﬁﬂmmmﬁﬂi £NOU KAISi,O,, ALO,

d

Al, Ga uag In maﬂ‘lqymﬂa@um wﬂmma Wl luay meflu HNO,
Lﬂum@@ﬂ%‘lw ugazanelunsai luidludoond lad (oAU TI)

Elements Source Method of preparation
Boron Kernite, a form of borax Reduction by Mg or H,
(Na,B,0..4H,0)
Aluminum | ALO,, KAISi,0, Electrolysis of AL O, in molten Na,AlF
Gallium Traces in various minerals | Reduction with H, or electrolysis
Indium Traces in various minerals | Reduction with H, or electrolysis
20
Gallium (Ga)‘ Thallium | Traces in various minerals | Electrolysis




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

Boron 798 - 20

Aluminum 581 -1.66 50

Gallium 577 -0.53 62

Indium 556 -0.34 81

Thallium 589 0.72 95
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Reaction Comment

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

T1 gives T1X as well, but no TII,

4M+30, —* 2M,0 High temperatures; Tl gives TIO, as well

3
High temperatures; Tl gives TIS, as well
2M+3S — MS,
2M+N,7 " 2MN M = Al only

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

2M +20H + 6H,0 — 2M(OH),” +3H, |M=AlorGa

eindodanla lumsauazielasdvesTangmitlazainirlaa
o ldy 1 ¥
o lgason lua lavznyil luazaiei
J J | o 3 .
®oon lyaLa lansen kyaved Al e Ga Nau1iailu amphoteric
Reaction with acids; ALLO, + 6HCl —> 2AICl, + 3H,0
Reaction with base; ALLO, + 2NaOH +3H,0 —> 2NaAl(OH),



B,0, (boron oxide) tHueen luaninnuilunse ez erduii
B,O, + 3H,0 —> B(OH)3 (Lewis acid)

B(OH), + H,O — [B(OH),]’ + H’
Trihydroxidoboron (boric acid) H,BO,

AaNuFNRUSIT aFUNUEayNYEe B (WY TTIA) uaz Si (¥y IVA)
*Atomic radii: B 88 pm, Si 117 pm

- 1Jue Tans

a1 acidic oxide 9E19991

< .
« 13]1 semiconductor
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3541 Boron %1521l
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Borosilicate glassware (%1 ~ Boron carbide Taniuununi Dopant }1 semiconductor

9
A Y
beakers LAY test tube ﬂﬁgqU1ULﬁ@ﬂuﬂ§$qu
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71541 Aluminium 1552 %41
< Y o . .
@ e AN automobiles, aircraft,
trucks, railway cars, marine

vessels, bicycles

Packaging (cans, foil) o4



http://en.wikipedia.org/wiki/File:Schott_Duran_glassware.jpg
http://images.google.co.th/imgres?imgurl=http://vestrest.net/images/green_big2.jpg&imgrefurl=http://vestrest.net/about/&usg=__M0kwxGvs-7B0ahDEH-pDUTLAMX8=&h=804&w=759&sz=301&hl=en&start=5&um=1&tbnid=CWf_aQKwbQiYtM:&tbnh=143&tbnw=135&prev=/images%3Fq%3Dballistic%2Bvest%26hl%3Den%26sa%3DN%26um%3D1
http://en.wikipedia.org/wiki/File:Benz-velo.jpg
http://images.google.co.th/imgres?imgurl=http://www.alphacaraudio.co.uk/images/OLDSITE/LEAGUE-ALCHEMIST-17-INCH-ALUMINIUM.jpg&imgrefurl=http://www.alphacaraudio.co.uk/productmanufacturer.asp%3FManufacturer2%3DLEAGUE%2BWheels&usg=__KBT5w9U3cw-gAgTjHQBhy2qxue8=&h=626&w=640&sz=61&hl=en&start=4&um=1&tbnid=GNceM7dc7NVcbM:&tbnh=134&tbnw=137&prev=/images%3Fq%3Daluminium%26hl%3Den%26sa%3DN%26um%3D1
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http://en.wikipedia.org/wiki/File:Aluminumfoil.jpg
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Group IVA (Tetrel element) ns’ np’

6

C

carbon
[12.00, 12.02]

14
Si
silicon
[28.08, 28.09]

32

Ge

germanium
72.63

50
Sn
tin

8.7

82

Pb

lead
207.2

114

Fl

flerovium

Lead (Pb)

‘qu: Group IVA upa 1y 3 classes:
I~
®Carbon 111 nonmetal
<
® Silicon LAY Germanium 121 semimetal

) <
® Tin 118 Lead 11U metals
o A 2 A 2
ANl u Tangmur B ve AU FIU)

-C, Si #az Ge NavoonBIATY 1y +4
-Sn Uaz Pb H1avoonBIa¥y 1y +4 nag +2
- Hydrolysis (NARWIZ Sn 1Az Pb NAtavaanBaTy +2

[Sn(OH)(H,0),]", [Pb(OH)(H,0),]"
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Elements Source Method of preparation
C | Carbon Graphite, diamond, petroleum, coal -
S1 | Silicon Silicate minerals, silica Reduction of K _SiF, with Al, or
reduction of SiO, with Mg
Ge | Germanium | Germinate (mixture of Cu, Fe, and GeS, | Reduction of GeO, with H, or C
Sn | Tin Cassiterite (SnOz) Reduction of SnO, with C
Pb | Lead Galena (PbS) Roasting of PbS with O, to form PbO,
and then reduction with C
Elements Electronegativity Melting point (°C) Boiling point (°C)
Carbon 2.5 3727 -
Silicon 1.8 1410 2355
Germanium 1.8 937 2830
Tin 1.8 232 2270
6
Lead 1.9 327 1740




Reaction

Comment

M+2X, — MX,

M+02 — M02

M+2H— M +H,

M+OH +2H,0 — M(OH),” +H,

Ge + 20H" + 4H,0—— Ge(OH),” + 2H,

X, = any halogen molecule;

M = Ge or Sn; Pb gives PbX,
M=C, Si

M = Ge or Sn; high temperature,
Pb gives PbO or Pb,0O,

M = Sn or Pb

Unnseunac

J s ~ < < o
¢ @’oﬂ“lcmeummiuammmumﬂwumum VOIUNQAMASLUNE

5 Yy .
CO, (g) ﬁwaWEJ‘L!HLﬁ’J'Ulﬂﬂiﬂ H,CO, (liq)
° @@ﬂ"lcvﬁ’mmﬁmﬁmﬁ’dmumfﬂmmwﬁa
Ca0 (s) wisonTIaglag CacO, 2> Ca0 +CO,
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Graphite Diamond Bulky ball (C,) Carbon nanotube (CNT)
J an A A . 1
¢ a@ﬂ”lcmmawaﬂau D HAN (8102) @gﬂugﬂ quartz Lo 1318 .
|
. H/o., "_'\H”O'“H_----' E)“H
Surface  HO_ G P o
hydratee ?Eh’ﬁ'Lsf’DTIS'Qa_ /

O O ~J ¢

O—gi __Si”

RN \O

1 : 1 o w ‘49/ a
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o 9y 3 Y o w
Tashunazauiu 19iluiagindavsoness Tumes
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N

P

As

Sb

B1

_ nonmetal

} metal

Group VA (ns’ np’)  (Pnicogens)

— metalloid (semiconductor) |increasing

metallic
v character

IAVORNFIATU = +3 LAy +5
1 & ~ Ao
N og lugtvosunauazyouraIngunue
= Y 3 <
P ivangony3l (luuoau
* oarosav1d gnaa Il lunsseimeves o,
* oaoTauas ldnnmsmvoanosaurivilgnse
AU O, NUNANYY
* Womlaad vinlgnisnusenguNgurigiga
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http://en.wikipedia.org/wiki/File:As,33.jpg
http://en.wikipedia.org/wiki/File:PhosphComby.jpg

Elements | Source Method of preparation

Nitrogen Air Liquefaction of air

Phosphorus | Phosphate rock [Ca(PO,),] | 2Ca,(PO,), +6Si0, —> 6CaSiO3+P,0,,

Fluorapatite [CaS(PO 4)3F] PO, +10C —> 4P+ 10CO

Arsenic Arsenopyrite (Fe,As,, FeS) | Heating arsenopyrite in the absence of air

Antimony | Stibnite (SbZS3) Roasting Sb_S, in air to form Sb,0, and then reduction with C

Bismuth Bismite (Bi203), Roasting Bi,S, in air to form Bi,0, and then reduction with C
Bismuth glance (Bi283)

Phosphate rock  Fluorapatite Arsenopyrite Stibnite Bismite
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Elements Ionization Electronegativity | Melting point Boiling point

energy (°C) (°C)
(kJ/mol)

N | Nitrogen 1402 3.0 -210 -195.79

P | Phosphorus 1012 2.1 44.2 (white) | 280.5 (white)

610 (black)

As | Arsenic 947 2.0

Sb | Antimony 834 1.9

Bi | Bismuth 703 1.9
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Ugnsennanay

1. 1% uTasoulunszuauns Haber process 1o ldgaivinlganazinag

N, (2) +3H(g) —> 2NH,(g) uon ludeldinsonilensll)

o NO;3
B .
. . _ © (Nitrobacter)

2. Nitrogenfixation : N, —> various products 3 !

O | Nitrification| NO,"™
(Nitrosomonas,

5 N, Nitrosococcus)
g Nitrogen fixation
° (some bacteria) |
& NHs, NH,*

Y

3. N32UIUMNT Ostwald process MJagu NH, liiflu No, NO,, HNO,

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

32



Oxidation state of nitrogen compound formula
-3 Ammonia NH,
-2 Hydrazine N,H,
-1 Hydroxylamine NH,OH
0 Nitrogen N,

+1 Dinitrogen monoxide N,O
(nitrous oxide)
+2 Nitrogen monoxide NO
+3 (nitric oxide)
Dinitrogen trioxide N,O,
+4 Nitrogen dioxide NO,
+5 Nitric acid HNO
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Group VIA (ns’ np*) (Chalcogens)

7/// liquid oxygen with bubbles of oxygen gas
o ‘.ﬁm“luwuu"lu!,ﬂﬂnJu’mﬁﬂiwmuﬁlmﬂmmuﬂwllaaau

@3@161!!@8’3 (M™) uainalu polyatomic cation 1Y O2

iag S°°
—--A] T+ 5 s
Crystals l]f 1h0111b1c sulfur [O= O] ‘“S/S \78
s 112.3 pm S/ \S
dioxygenyl S; crown
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http://en.wikipedia.org/wiki/File:Liquid_Oxygen2.gif
http://en.wikipedia.org/wiki/File:Tellurium_crystal.jpg
http://www.periodictable.com/Items/084.8/index.html

Elements Source Method of preparation
O |Oxygen |Air Distillation from liquid air
S | Sulfur Sulfur deposits Melted with hot water and pumped to
the surface
Se | Selenium | Impurity in sulfide ores Reduction of H,SeO, with SO,
Te | Tellurium | Nagyagite (mixed sulfide and | Reduction of ore with SO,
telluride)
Po | Polonium | Pitchblends
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Elements Electronegativity | Radius of X* | Melting point | Boiling point
(pm) (°C) (°C)

Oxygen 3.5 140 -218.79 -182.95
Sulfur 2.5 184 115.21 444.6
Selenium 2.4 198 221 685
Tellurium 2.1 221

Polonium 2.0 230 254 962
Oxides Hydrides Halogen compounds
PoO, PoH, PoX, 1%} PoCl,

PoO PoX

3

4

PoX6




The chemistry of oxygen

H.0

Anode

+

Cathode

2H,

J

O

/O\O‘—j)/ ~

O+
O_

30,(g) —— 203(9)

03 o 02

Electrolysis of water

N~ a
Tuns=zuIuMIoEan Ias laga
g Aa o
VOIUIAINITONAN Y
ponNFIULa lglaTiau

+ O

oxidation state of oxygen
-2 oxide
-1 peroxides.
uncommon:
-1/2 (superoxides),
-1/3 (ozonides),
0 (elemental, hypofluorous acid)
+1/2 (dioxygenyl),
+1 (dioxygen difluoride)
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http://en.wikipedia.org/wiki/File:Ozone-montage.png
https://www.youtube.com/watch?v=vFR9zUGt2C4
https://www.youtube.com/watch?v=vFR9zUGt2C4
https://www.youtube.com/watch?v=vFR9zUGt2C4
https://www.youtube.com/watch?v=vFR9zUGt2C4
https://www.youtube.com/watch?v=vFR9zUGt2C4
https://www.youtube.com/watch?v=vFR9zUGt2C4

Oxidation state of sulfur Compounds
+6 SO,, H,50,, SO, , SF,
+4 SO,, HSO,, SO.”, SF,
+2 SCl,
0 Sq and all other forms of elemental sulfur
-2 H,S, S*
S* Sulfides SF Sulfur hexafluoride ot e, 2—
2= ’ +| S_S\
SO,” Sulfites 2Na™|0 O/: \ O
O
stO3 Sulfurous acid
Sodium hydrosulfite
SO, Sulfure dioxide _ o
2 (sodium dithionite)
SO42' Sulfates CRENIGILNP

S 2032' Thiosulfates
SCN Thiocyanates

S 4N A Tetrasulfur tetranitride



Group VIIA , Halogen (ns’ np°)

Elements

Source

Method of preparation

F Fluorine

Fluorospar (CaF ), cryolite
(Na3A1F 6), fluorapatite
[CaS(PO 4)3F]

Electrolysis of molten KHF,

Cl Chlorine

Rock salt (NaCl), halite
(NaCl), sylvite (KCI)

Electrolysis of aqueous NaCl

Br Bromine

Seawater, brine wells

oxidation of Br by Cl,

I Todine

Seaweed, brine wells

Oxidation of I by electrolysis or MnO,

As | Astatine

® LAVOONKIABY = -1, +1, +3, +5, +7

) a % ! ng
gNIL F UIU90ntadu = -1 (1

& 3 3 v o v A
* Manuaue lavie tay At usianuiuasae
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Elements E.N. | Radius | Standard reduction Melting | Boiling | Bond
of X | potential (V) for point point energy of
(pm) X, +2¢ ——2X (°C) (°C) X, (kJ/mol)
Fluorine 4.0 136 2.87 -220 -188 154
Chlorine 3.0 181 1.36 -101 -34 239
Bromine 2.8 195 1.09 7.3 59 193
Iodine 2.5 216 0.54 113 184 149
Astatine 2.2 - - -

a I~ a . A o .
*Halogen tnatiluaisilsenev loealinuuiu monovalent ion M3/ anion
1 ~\ o A/ = 1 d'
* F, 793 1 lumsiAailgaseunsiziia EN genge
< . '
*F, 111 oxidizing agent N4

40
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Hydrogen halides

Hy(g) + X2(9)

MaCl + H2504

» 2HX(Q)

e HCl + MNaHS04

HIl > HBr > HCIl >> HF

strongest weakgest
acid acid
HX H—X bond energy d(H—X) (pm) gas phase

(kJ/mol)

HF

HCI

HBr

HI

565

427

363

295

91.7

127.4

141.4

160.9




S\ WA =S Y d'! % dq’
F2 NﬁN‘Uﬂ‘nN!ﬂMMﬂﬂk‘i‘lﬂ%1ﬂ halogen U ANH

1. F, uanu haedgnsennnigea

o o < ' Y  ad '
2. NaWNTUHNUDY F-F Llﬂlﬂllﬁﬂﬁﬂﬂﬂﬂ CIl-Cl Lﬁ@ﬂ%”lﬂ@%@]@% F ﬁmmmaﬂ @Laﬂ@]i@uﬂ

d' g}J 1R 1 9 v v 9 1 é = 1 1
Tﬂmﬂmmﬁm@,magiﬂaﬂuu”|ﬂua$Naﬂﬂu"lmzﬁamflu Cl2 cmuamauiwmumw

=] A o) A Aa ) A ' 1
3. HF Ni}ﬂlﬂ@ﬂ’gjﬂ (19.5 °C) LH@Q%WﬂLﬂﬂWH‘ﬁ%i%Tﬂil‘ﬂu%LWQLL?Q?%‘H’JNTNLQQQ LAY

A A A o 1 1 = A ()
‘laiﬂmma‘laﬂaumﬂmaﬂmmmm U HCI NIPLADA -85.1 C
< 1 1 a A ' < 1
4. HF Lﬂuﬂmaaugmmﬂllaimgaaﬂau ¥4 HCIL, HBr ttag HI !fﬂuﬂ’iﬂuﬂ

My 1a o S A ' Y
5. AgF azaei 1A uaganesia lanouq luazaiew

Compound Solubility (g / 100 g H,0)
AgF 172

AgCl  0.00019

AgBr  0.000014

Agl 0.000003 42



Interhalogen

XY , wheren=1,3,50r7

(X is the less electronegative of the two halogens).

F

F |F,

Cl | CIF, CIF,, CIF, Cl

2

Br BrF, BrF,, BrF, BrCl

I IF, IF, IF, IF. IC1, L,Cl,



http://en.wikipedia.org/wiki/Electronegativity

*sodium fluoride (NaF), stannous fluoride (SnF.) 1A% sodium MFP 1#¥endfuitedloariy
WU

®Brominated vegetable oil (BVO) Glﬂg)’}LidJu emulsifier 11 citrus-flavored soft drinks (%1
Mountain Dew, Gatorade, Powerade, Pineapple and Orange Fanta, Orange Crush, Sun Drop,

. 4 9 . o o A

Squirt LA Fresca iWo%8 19 natural fat-soluble citrus flavors N3£1882 1111AN

A A d = . . : Y3 1
*Tusiuiilse Tei lunsieaen ethylene dibromide (BrCH,CH,Br) &4 l41i]uenainuuas

P o w @ 9({ [y} d d' 1 Y= @ 9 [y} d' J 1
uazldlumsmaanznaluiihdusosuame lilviiaznudt lilgadulunsessud uaas
2 ' <
wilumsneuzisa

v v A a0 X Y o Ay o 1

*TustiusauanuiRula lagase madlu AgBr F91Flumsvilavaesil

*loToan WuaiudseneudirvedInsesdans Tuude thyroxine

9 1

= 0 Y 4 =< = Y a a 1
f519mev1ale Teaue1ari liaou Insessuin d4le Toauldwas Insongulusrene
a J J . . . <3 1 q . . .
Nan1903 lo ToAU (tincture iodine) 19Tl uenainaeIsa 3'lo ToAu 2-7%, potassium iodide
159 sodium iodide azang i azoanosod
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Oxidation state Name Formula Example compound
-1 chloride Cl ionic chloride, organic chloride,
hydrochloric acid
0 chlorine Cl, elemental chlorine
+1 hypochlorite | ClO sodium hypochlorite, calcium hypochlorite
+3 chlorite ClO, sodium chlorite
+5 chlorate C103_ sodium chlorate, potassium chlorate,
/éﬁoric acid
+7 perchlorate ClO,/ | potassium perchlorate,

perchloric acid,
magnesium perchlorate

ammonium perchlorate
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Group VIIIA , Noble gas (ns” np6)
. ﬁm“lumum@maﬂgﬂﬁmmu M312NDIANATOUATY 8 7

¢ ‘ﬁW]ﬂ?J"Ulﬂﬂﬁl‘ViﬂJ agia1 EN GHG] ?I'Tllﬁﬂ!,ﬂﬂﬂg]ﬂ'imhlﬂ 1¥Y Xe

Elements IE OS. Density mp. bp. | Atmospheric | Example
(kJ/mol) g/cm’ (°C) (°C) abundance of

(% by V) compound
He |Helium |2372 0 1.8X10% |-270 |-269 |5x 10" None
Ne | Neon 2080 0 9.0X10* |-249 |-246 |1x10"° None
Ar |Argon | 1520 0 1.8X103 |-189 |-186 |9 x 10" None
Kr |Krypton |1351 +2 3.7X10° |-157 |-153 |1x10"* KrF,
Xe |Xenon |1170  [+2,+4, |5.9X10° |-112 [-107 |9 x107° XeF,,
+6, +8 XeO3,
XeF

6

A6




Helium
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http://en.wikipedia.org/wiki/File:Modern_3T_MRI.JPG
http://en.wikipedia.org/wiki/File:CsCrystals.JPG
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http://en.wikipedia.org/wiki/File:Lung_SPECT-CT_keosys_format_dicom.JPG

