3 -
Li
Lithium

6.941

—_—

n
Na

Sodium

22.990

renm——
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K

Potassium

39.098

r—

37
Rb

Rubidium

85.468

r—
55

Cs

Cesium

132.905

U —

87
Fr

Francium

223.020

2
Periodic Table of the Elements He
ium
2 13 14 15 16 T St
4 Number ‘s |[e _ |7 e _ s _ )fw
um
Be B C N 0 F Ne
Beryllium Sym bo I Boron Carbon Nitrogen Oxygen Fluorine Neon
9.012 . losn J{ 12zon J{ 14007 )| 15999 J{ 18.998 J| 20.80
12 Lo (3 J[w_, (s ([w_ J[w_ [
Mg ~ Al | Si P S Cl || Ar
Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
24.305 4 5 6 7 8 9 10 n 12 \ 26982 )| 28086 )\ 30974 )| 32066 )| 35453 )| 39948 )
4 & N[ N
20 21 2 23 24 25 26 27 2 29 30 (31 32 |[33 34 35 (36
Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn | Ga || Ge || As || Se || Br || Kr
Calcium Scandium Titani Vanadil Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Ger i A I Selenium Bromine Krypton
40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 . 69723 )| 72,631 . 74922 )| 7887 J{ 79804 )| B3798 )
38 39 40 a 42 43 a4 a5 46 47 48 a9 |[s0 (s |52 |[s3 54
Sr 'Y Zr Nb Mo Tc Ru Rh Pd A Cd | In || Sn || Sb || Te Xe
Strontium Yttrium Zirconium Niobium Molybdenum Technetium Rutheni Rhodi Palladi Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 12414 . 488 )L nem Ji 121760 )| 1276 )| 126804 )| 131.293
56 57-71 72 73 74 75 76 77 78 79 80 (81 |[ 82 83__ || 84 85 |[ 86
Ba Hf Ta W Re Os Ir Pt Au Hg | Tl || Pb || Bi || Po || At || Rn
Barium Hafnium Tantalum Tung Rheni Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 \ 204383 )| 2072 )| 208.980 ) k[208.982])  209.987 )| 222.018 )
T & N & N 7 . & N 7 g
88 89-103 104 105 106 107 108 109 110 m 12 n3 114 15 116 nz 118
Ra Rf Db Hs Mt Ds Rg Cn |Nh | FI || Mc || Lv || Ts || Og
Radium Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium  Roentgénium Copernicium Nihonium Flerovium Moscovium Livermorium Tennessine Ogan n
226.025 261 [262] [266] [264] [269] [278] [281] [280] [285] . [286] J| [289] J| [289] )| [203] ) [294] )| ‘[204] )
( N 2. Vi N ( N 2 ¥V 4 A Y4 N ( N N
. 57 58 59 60 61 62 63 64 65 66 67 68 69 70 Al
e | La 1 Ce || Pr |/ Nd || Pm |/ Sm | Eu || Gd || Tb || Dy | Ho | Er || Tm | Yb || Lu
Lanthanum Cerium Pr dymi Neodymi Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
. 138.905 140.116 140.908 . 144.243 144.913 150.36 . 151964 157.25 158.925 162.500 164.930 167.258 | | 168.934 173.055 174.967
e (o0, (o |[o2 (o3 |[fea |[os |[ee |[ez., |[oes__ |[oea. |[1w0 [ (102 |[ 103
acinide | Ac || Th || Pa U (| Np || Pu || Am || Cm Bk || Cf || Es || Fm No || Lr
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevi Nobeli Lawrencium
\ 227.028 )|\ 232,038 )| 231.036 )| 238.029 )| 237.048 )| 244.064 )| 243.061 )| 247.070 )| 247.070 )| 251.080 )| [254] )\ 257.095 ) 2580 )| 25901 )| [262] )
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Chapter 2 Representative Elements (CH331-64)

= A (A = ’a o ' . ~ . A d A
517!!51/‘5!"“14!5]7]1/‘] 1o ﬁ'lﬂﬂﬂJ’NlauC]f@Laﬂ@]ﬁ@uUﬁjﬂﬂgiu s las p orbital If’]fﬁfl d ttag f orbital ﬂqﬂfﬂgllllllﬂlaﬂ@ﬁ@uﬂﬁﬂ

Aa d 1 3 1 < A Y 1
DL IDUUIIYDYIAL hlﬂJ’Jﬁ]%!‘]Jl!’O%@]@ﬂJ‘lfi’i@ll@@@H “lmm

- 519ANY A 1ag 1A (s block)

- 510914 1A 1194 VIIA 18 inert gas (p block)

1 1 Y = Iy Aac I~ v < =
aausIeany 1B laun Zn, Cd tag Hg IM3taiEedananiouauenili (n-1)d' ns? (d block) A3t us 1ot wityy
Y
il uas At ianiand1es1an I uaTu 1veeg lusgnsuaTy

9 v A a . ] 1 = = < A
EDTﬂLLH’JIHlIﬁlIUW@'lll@']'iNWiﬂ’O@ﬂﬂ (Periodic Table) ’E]']fﬂLlUQ“ﬁWf}LﬁWﬁLGKHL@WW@’OﬂLﬂH 3 NINAD

1. Tanz 0gN19F18UDINIT T

2. 0 lang 9gNNYNVBINITINGY

2 Y 1 .
3. naTane 1aun B, Si, Ge, As, Sb, Te, Po, At



Element of Hydrogen (H)

laTasou lidaeiedglurylaaunisesia mse
ll = . < 1 = = ad ] A 1 =R A 9 1
1. laTa319u U electron configuration 111U 1s' Uniladtannsou 1 s orbital itndouny 1A &auuud luysdaunlums

qIde valence electron 11 s orbital TumsNAUYATEUAL
= 9 ' Ia 1 Y A A a Y J 9 Y 1 o
2. laTasnutinu Tiinedunlumsldoidnnsousmnusnouinonanuss IanauaadenusIanyA 1S o

3. leTasnulinua Iy lumssudianasewadn 1 1u s orbital ifeuilu H (hydride) tMilouns519 VIIAC halogen element)

4, W@%Mﬂﬂaﬁﬁqﬂlﬂu diatomic molecule A1D H,D,, T,, HD, HT, DT

I.J'.mp&f[iﬂ of Hydrogen, Deuterium, and Tritium
Properiies of Molecules, Xa

Ahundance A ramie Meliing Hailing Crtieal Enrhalmy
Ivoiope (%) Waxs FPoing K Foinr 1Kl Temperature (K7 il s ieriiaan
Pratiam | I|'.|ZI. H e e b | W RS | 4. 4957 I W 1119 435 KK
Deuterium -Z':HZ-.. (] As 2 0H 02 ] 19,467 i 45 g1 15
Triginiz (“H), T — 118 R NE TS LN il I 2504 Ak epke) A

3 H 42He + ﬁ_ (t1 ,=12.4 years) (tritium ndJu radioactive) 3



M31A383 Hydrogen gas (H,)

a oA

Tuvelfiiams

1. Electrolysis: 2H,0 2H+0g)r

2. Tanzgied I lumsinal§Azennunsa: Za(s) + 2HCl(aq)

Hydrogen - Oxygen Fuel Cell

Oxidation: Reduction:
2Hy + 4 OH —> 0, + 2 Hy0 4+
4 H0 + 4 e- 4 e~ —-=>
4 OH”
C. Ophardt ¢.1998

http://www.vcharkarn.com/vblog/34551

http://www.blewbury.co.uk/energy/hydrogen.htm

> ZnCl,(aq) + H,(g)

http://library.thinkquest.org/22361/energy/hydrogen.htm
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Y] J 1
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3) 1@91nT I U 91 Tna
%I (&) A (&)
4) ugnaa1eul 19 amMeonFau uazmy la lasau
|3}J dy d' a 9 91 19
uanavuail wonnsanluamldneszunannn ligunu

v Y] v 1 AaAan A a A a o vy 49@1 =< =
5) ‘IrﬂﬂNW%JH”I‘]J'iU‘]JEQ G]’Jlﬁﬂﬂgﬂ'ifﬂ NIDLUANN DT ﬂﬂf?ﬂﬂWﬁNﬁ@ﬂ?“]ﬁUlﬁIﬂﬁmuﬁlﬂL'i’J"U‘L! BILANN 1 &

unsviane laun Tarened LasnoIfaIug

® Plant waste fermentation
produces acetic acid.
, Oco.
S -

aceuc acid r eleaszr\g
* electrons, protons, CO..

MICROBIAL ELECTROLYSIS CELL

xis
5L
'

>0.2 volts are added
from an cutside source

r O ==,
HJ

N ‘

@ [Electvons Join with protons

and form hydrogen gas.

/

Hydrogen Is clean fuel
that wehicles running on
natural gas can use.

http://www.thaigoodview.com/library/contest2551/science04/101/2/html/hydro.htm
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100° C
1. Stream reforming: CH,(g) + H,O(g) > CO(g) + 3H,(g)

2. Water-gas reaction: C(s) + H,0O(g) e, CO(g) + H (g)

100° C
CO,(g) + H,(g)

3. Shift reaction: CO(g) + H,O(g)

v

Hydrogen Production

There 1s no natural source of hydrogen
Hydrogen can be considered as a energy carrier, not an energy source.

To supply the hydrogen for energy needs, economical processes are needed to produce hydrogen from abundant energy

SOurces



The bonding of hydrogen

1. laTaswunaniuse i lanzisoni1 metal hydride 131

-nickel hydride: 1911 NiMH batteries
: ] Y < _
-palladium hydride: a3l electrodes JN15NAADY cold fusion
“q . .o . < ] A J
-lithtum aluminium hydride: Teiily reducing agent lualaunsd
. . Y 3 . 9 o s & a
-sodium borohydride: o) reducing agent (RN, Taai hydrogen storage Tusaaomnas
: : v o Y Aa Al
-sodium hydride: 1511 ua03a1 AN UNT S
lglasnunaiusenusany 1A tag TIA onrdu Be (390 Saline hydride (ionic cpd)
. J = < I a Y v
-Covalent hydrides 52304 18 lasasueulianudluIarwaudninanusenu lalasnuezaay
.. . =\ 3 tﬂ' a %
-Interstitial hydrides ¥a1uu laneinanuse lany



a Y A . A a g .
2. @Al unNus LI (bridge bond) luaisdszneunuinoanasou (electron-deficient
compound) 19514 B, H, (diborane)

H H H
.f"..-'__. J'.. -.-'-.__ .__":.'
- \ / -~ a /
AR \
3C—2e
3. Hydrogenbond bliﬂﬂi!ﬁﬂuﬂlﬂu@w@l@mmm1€lectr0negatw1ty ﬁ’ﬂl“])’u F, O, N, Cl FINTUNANUTE I
E]”G]’t’]jJ‘mJ electron rich gﬁaﬂ‘wu‘ﬁwmw hydrogen bond

X-H-"Y (negative 130 electron rich)
d . . . o 1
hydrogen bond 13194 electrostatic interaction Y94 H 4@z Y 9111415582919 H-Y bond 92819071 covalent
X—H bond Iag# H §3aunaniuszny X

4. lglasnuaunsomnamsdszno lanusannsinontdu inert gas



Chemistry of hydrogen

Y A

ad a &Y . <IN
1. lelasnuilimsgadedanasould H uuae H Utavoondadu +1 (50 protonic Fuilunse

v adc Y d A = a &Y = ] 2
2. "laimmmuamﬂmauclw H HuUAD H Wavua9nsasU —1 138N hydride SRSt

° http://th.wikipedia.org/wiki/

3. MINANUTE covalent ¥01 18 1ATIAU 1HU CH,

%E0%B9%84%E0%B8%9
F%E0%B8%A5%E0%B9%

® Electron from hydrogen 8C:Covalent.svg
@ Electron from carbon

4. 5} nonmetal VA7 15U C 1AL P 1A metalloid 15U As 1182 Ge WA electronegativity 1naiAean
leTasiau nanihlgnseny lelasiuvziimveendaduna +1 uaz -1 Yufvaniz lumsadon
Unnsen
19U PH,+ PH, PH,"
PH,+ PH, CH,PH,


http://upload.wikimedia.org/wikipedia/commons/1/17/Covalent.svg

5191Y IA (Alkali metal)

antibonding

laA Li Na K Rb Cs Fr (oxidation state = +1)

ANHAULIAUVDITIANY IA o5 _T_ _T_ 25

~ 9 1 Aa < = &
- NLLH'JI‘L!?J@fJN?J"IﬂTL!ﬂTﬁLﬂﬂUJuqﬂﬂﬂuﬂﬁﬂuﬂﬁgﬂﬂﬁﬂﬂuﬂ

AEovatent
- Hungsanlanin Ivdhuangs Telianudeshlumsnal§asen vonaing
- fianueeu nasuazatede uazii v 18 (e () ()

-1l reducing agent ‘17]?1

uannzmaedlugy Tuenafilszneudisassezaenly
Fadulimin wagiuseioaszrinaesezaouiluiiise
covalent INAINNTFBURUAUVDA s orbital

an 1 1 (Y] %’
- UYPNTOTENINTINY TA AU 2Na +2H,0 — 2NaOH + H,
1 ] 3 aan
P8I WAzl T

exothermic

10




Properties of the Group 11 (IA) Elements: Alkali metal

Element | IE (kJ mol™) | EA (kJ mol") | Melting point Boiling point EN
(°C) (°C)

Li 520 60 180.5 1347 0.912
Na 496 53 97.8 881 0.869
K 419 48 63.2 766 0.734
Rb 403 47 39.0 688 0.706
Cs 376 46 28.5 705 0.659
Fr 400 60 27 0.7

11



31U noUYRIE Y TA
1. Hydrides

Taviznnadluviy 1A 1Hae3152n0U hydride (MH) (Aan1nmssauaa lasaseserni lavznusia laTasiau
uga

=h.
O

UN

e

an

381 hydrolysis 15115191 hydride laa13152no1 hydroxide Uag H,

1

29D

LiH + H,0 > LiOH + H,(g)

#151/52n0D hydride 15U LiBH, 11ag LiAIH, 1iua13 reducing agent N1 luiljizennlidunss msensain LiH
14 ether

ether

4LiH +AICI, » Li(AIH,) + 3LiCl

12



2. Oxides

Alkali metal Oxide Peroxide Superoxide (hyperoxide)
Li L1,0 (Li,0,)

Na (Na,0) Na, O,

K KO,

Rb RbO,

Cs CsO,

Y

. . 1 <3 ] a ann 2 o 3 .
Peroxide a1 Superoxide "UEN‘EW(]‘I/HJﬁL‘]J‘L! oxide uazmﬂﬂgﬂiﬂﬁamiaﬂumuaﬂﬁ’ hydroxide

U

<3 LY,
lﬂulﬂﬁllﬂ ANETUNIT

2Na,0,+2H,0 — 4NaOH + O,(g)
2KO,+2H,0 —— 2KOH+H,0,+ 0,(g)

13



3. Nitride

v .. . 3 . L. Aa A A A = <3 S A A 1 = A
Lithium nitride (L13N) (1) alkali metal nitride ¥UARASINUANUEDYT 1] UVDIUVITUAIHTON I LAZUYALADAGN

. ~ _ )
Li,N 61584910M 3461 lane Li Tume Ty Tasu

. o aAan [+Y] % 9 J (&) =
L13N ‘V]T]J{(]ﬂifJ'l?;HLIﬁQﬂﬂu']Gh"iff'liﬂigﬂﬁ]ﬂllﬁﬂiﬁ]ﬂll‘ﬂ)'ﬂlmgﬂ'lq}'u@lljlllufJ

Li,N (s) + 3H,0 (I) — 3LiOH (aq) + NH, (g)

! < : oa & < : ' _ v Y w
Lﬁ’ﬁ]x‘l"lﬂﬂ N3~ !,‘]J‘Ll Broensted base ﬁlliflll"lﬂ ?fqﬁﬁwmﬂu superbase lLﬂ%L‘]JUL‘]Jﬁ‘ﬁLLﬁQﬂ’)"I hydride (H) a3uunsy

a 9) (Y [
18151912909 deprotonates AITAIDI AIANNT

Li,N (s) + 2H, (g) — LiNH, (s) + 2LiH (s)

14



4. Halide
. . < A ..
- Alkali halide Bluansilsznouda loosu (ionic)

- Alkali halide ﬁfﬁTL!’J‘L! coordination number =6 W%’E] 8

LiCl

NacCl
Cs(Cl

KCl

O o

http://www.freewebs.com/diendanhoak26/hoahocvoco.htm

. %} (% o d'd g’/ Y~ 1 Y a .
Lﬂﬁ@%@x‘li’d‘l’iz alkali azmaiumuazGlummazmﬂwumllﬂﬂmuﬂﬁ’amaﬂamﬁu NI1ILNA solvation AAA
. N . < ]
910 Li U3 Cs w1z Li Bvwnadnuazianumuuiuilszquangs

15



Solvation, also sometimes called dissolution, 1s the process of attraction and association of molecules of a
solvent with molecules or ions of a solute. As 1ons dissolve in a solvent they spread out and become

surrounded by solvent molecules.

o+ o+

http://en.wikipedia.org/wiki/File:Na%2BH2O.svg
16


http://upload.wikimedia.org/wikipedia/commons/6/67/Na%2BH2O.svg

Group IA cations with crown ether
Crown ethers are cyclic chemical compounds that consist of a ring containing several ether groups. Crown ethers such as
18-crown-6 form complexes with alki metal ions that survive indefinitely in nonaqueous solution, and for this reason
crown ethers are useful in phase transfer catalysis. The dominant factor in the selectivity for a particular metal 1on is the

geometrical fit between the cation and the cavity in the ligand that accommodate it.

? (\D/\ 2 o(_\.\o
8] 0 5 '

QPRSI

N N N7 M N
Q 0 0 0 & 0O (5‘/ 'bj
~ k/o\) 8\_{&—#0 6WMb
12-crown-4 15-crown-5 o6
A % o 18-crown-0 Bicyclic cryptate (cryptand)
ring size oxygens
shape
Cation Ionic radius | Crown ether Cavity diameter Strongest binding
Li’ 1.39 A 12-crown-4 | 1.2-14A Li"
Na' 1.94 A 15-crown-5 1.7-22A Na'
K* 2.66 A 18-crown-6 | 2.6-3.2A K* 17




Solutions of alkali metals in liquid ammonia
- Alkali metal 8n131 Cs azatelu liquid ammonia @& donor solvent 1% aliphatic amines (NR;; R = alkyl (1ag
OP(NMe,),; hexamethylphosphoramide) Tdasazane@inEy wazi¥e 3 sovalted electrons

Na + xNH, >Na' +e(NH,)*
o 9 . . o Y 1 a
- INF1Y solvated electrons wﬂwmiazmﬂmm alkali metals 114 ammonia m"lWﬁw"lﬂﬂmwmiﬂizﬂau"l@a@uﬂiu
aqueous solutions
: ) iy - < 2 a )
- ANUT NI UVDITIT AT alkali metal tBUAU IUTAVYIG BvosaiTazateaztudiinEy wazii Wi 14
. wua . " . 1 : <3
#1592218190919V04 alkali metals ety paramagnetic AN unpaired electron Ao langnieazaon ANy
I A y y A 2 . o Y A )
ustvananaulonNUTNTUNNYL T ammonia 111 19vh Iaan1ans1/senev lesetinlu aqueous solutions

. 1 1 a <3 .
- 150 a19UDNalkali metals ﬂugﬁﬁamazgﬂ decomposed E]EJNGJB)’HC] e ua1slszney amine

M+NH, ——— MNH,+ 1/2H,(g)
18



519y 1A (Alkali earth)

laun Be Mg Ca Sr Ba Ra (radioactive) oxidation state = +2

A o 3 U . A = S 1 ~
a15152nB VYDA Be Nanyaziu covalent NINN ionic 11099INDABNUVIIALANIAZANUH UL Taen
' @ Sf.o. .
a1515zneuYeInIKY IIA Uanyazd)y ionic

sp2 hybridization

Cl Cl Cl
“““B”! \B ""CL”“B’! \B *"fC]““‘B’j Cl1—Be  Be—Cl Cl— Be— Cl
c e o e o - e e— — Dhg—
TN SN N S YT N \_/
Cl Cl Cl
Crystal Vapor Vapor (=900°C)

FIGURE 8-9 Structure of BeCl,.

. . < IR, . ] ® A A
Berylium halides (BeX,) (3111 1AN9 monomeric 1A linear Gluamumﬂamqmwﬂyqq

U

. . 3 a WY A a 1 = < :
Berylium halides (BeX,) tilunoawes lailamnade e lagiisiga lanuiuasninion lag Be X
< { a v dAa v
Tn39er3 1071 tetrahedral NINAYTUTY InDOS AT

19



a Aann Iy ?{ < 1 a Aaan v %I

- Iﬂ‘l’i% alkali earth Lﬂﬂﬂgﬂﬁﬂ1§uuﬁﬁﬂﬂu1lﬂu e Mg Lﬂﬂﬂ&]ﬂiﬂ?ﬂﬂﬂ?%}ﬂu

) anan Y} %I Yy 9 d' 1 a anan oy} % 9)::{
- ‘1/]"]‘]J§]ﬂifJ"Iﬂ‘]Ju"lllﬂﬂ"I“IfllﬁfTﬂilfﬂu gnNLIU Be Lﬂ@ﬁl@l@ﬂ?ilﬂﬂﬂaﬂﬁﬁﬂ YU LY

a 9

LG Ca + 2 H,0O —> Ca(OH),; + H;

3 . A Aaa oA X A A 2
- L']JL! reducing agent N ﬂ’Nllﬂ'ﬁﬂﬁﬂil!ﬂ?iiﬂ’J%LW?JQJHL?J@LWU@%@]@?JLWMGUM

o ann Y Y ] Yoy
shlfnsenunia laeeesaiEa lamalalasau
Mg +2H" — Mg2+ + H»

Properties of the Group 12 (IIA) Elements: Alkali Earth

Element | IE (kJ mol") | EA (kJ mol') | Melting point (°C) | Boiling point (°C) EN
Be 899 -50 1287 2500 1.576
Mg 738 -40 649 1105 1.293
Ca 590 -30 839 1494 1.034
Sr 549 -30 768 1381 0.963
Ba 503 -30 727 1850 0.881
Ra 509 -30 700 1700 0.9
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a1515znouveIEINHY TIA
1. Hydrides
1 = | 1 o A AN QU g ﬁﬂ' A g
5191y HA Tanuied hlumsilgasenulalasnuuniu weavezaeuiua
9 &R = Y o ann Y] ~ I~ 9

iU Be oy Mg 3aiuun Iy lumsvinlgasennu lelasmuisuanilos
-Ca Sr 1182 Ba INAeN3132n0 saline hydrides Igas MH, $aUA10a08300ANUT0UMINANTIAHY [A LAdNITANS
hydrolysis 118 electrolysis IHUDUTINNHY IA

2. Nitrides
iewnsigny A numaluTaswuldeansisznou nitide Bgasnaluilu MN, wSownTanz lumauen Tuidle 19

a15152n0U nitride tYUNU

9

-ANUEDYTNINVDIE5UTENOV nitride aﬂmgﬁmamazmmﬁwfju

()]
M3 hydrolysis 8151520V nitride 1¥a151/5n0U hydroxide ttagmassion Tuiiie
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3. Oxides

sy TA Tunssemsaeendauliasdsznou oxide igns MO

: Y v &
- a151U52neu oxide Y93 Ca Sr LA Ba !,G]Q"ﬁEJ?J%TﬂﬂTiLW]ﬂﬁﬁ"lﬂﬂ’)ﬂﬂ’ﬂ%ﬁ@lﬂ@ﬂﬁ?ﬁﬂi%ﬂ’é]‘]J carbonate GIJ’ENI’G’WW‘WQ
AUNYUUAUFINN
~ d’ 1 =Y . 1 . £!' A . Y . C; !
- Be UANUMBINDNITINA hydrolysis L§ oxide YDIFTINIHADYN hydrolysis Iasdsenou hydroxide uenn

1 %{ 1 . 1
- hydroxide Y945 191Y TTA aza1911 1a1pen 11 hydroxide Y945 191Y 1A

NaOH 109 g/ 100 mL @ 20 °C

Mg(OH), 0.12 g/ 100 mL

22



4. Halide
3
- BeX,, (X = halogen) W ua151s2noU covalent
. A A A 3 . . 4 X A o A A 2 ] . a A Y
- 71515201 halide Y0351 AWM ADUAMIIY ionic 1INV 1WBTAT looDUUINMNUAIU (halide ion FHAIABINU) LA
et looouavanas (Tavigny TIA ¥HAREINU)

1 X Y a A o ] ¥
- @151/52n0U fluoride A lattice energy gauINtoNVNAY halide ¥ilaoU i lda1sdsznou fluoride azaneiin 1@
198N halides ¥HADY NMIALA1VBIA5UTLNOU halides (80131 F) aaada1n Mg 11)63 Ba

. 1 a Y1
- ETTi‘]Ji%ﬂ’E)‘]J halides VOND IR ITA Lﬂﬂ?ﬂiﬂizﬂ@‘u hydrate hlﬂflw

- anhydrous halides (AN dehydration U®4 hydrated salts 1Y CaCl, anhydrous

a o 3 2 ' A 2 o 3
- Mg itag Ca halides Lﬂﬂﬂ”lﬁ@ﬂ“]fﬂu”lh]gﬁ}a ﬂ’J”Illﬁ”lll”lﬁﬂ‘luﬂ?ﬁﬁ%ﬁ?ﬂﬂ?ﬁﬂﬁﬂlﬁ@ﬂlﬂ?ﬂE]%GﬂE]lll,‘Wllﬁu PANUU Sr Ba Liag
g :
Ra halide 11/ anhydrous halide

_ -6 _ 9 _ 11
BaF, Ksp=1.7X10" MgF, Ksp=64X10" CaF, Ksp=3.9 X 10
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Grignard reagent (RMgX; X = alkyl or aryl)

Grignard reagents are versatile and can be used to synthesize a vast range of organic
compounds, including alcohols, aldehydes, ketones, carboxylic acids, esters, thiols, and

amines.
2+y-
O) 5 o o-Mg=x OH
P +  Ry-Mg-X R1>!\\/H20 R1>k
TENG 1 Ry R R, R
2 3 2 3 2 3

Bioinorganic compounds

24



B mmqj IITA (Triel elements)

laun B (semimetal, oxidation state = +3) Al Ga In Tl (metal, oxidation state = +1, +3)

<3 3 1 ' 1 12 1 Aa 1
- i lovouvuiaan 1seqge A11E1 wag [E3 Uawn uaasnsguyilaiulvginaasilszney covalent 195U AIC,
GaCl, ue looou lavgagluanius hydrated 16

Properties of the Group 13 (IITA) Elements

Element | IE (kJ mol™) | EA (kJ mol”) | Melting point (°C) | Boiling point (°C) EN
B 801 27 2180 3650 2.051
Al 578 43 660 2467 1.613
Ga 579 30 29.8 2403 1.756
In 558 30 157 2080 1.656
Tl 589 20 304 1457 1.789

Y, 1 . . Aag . 2 { A Y
¥1ine Tunqu p block (390 The inert pair effect IasvtanaToU 11 np orbital MM UNNANUTE

] 9
- 5INHUDUINUYU 1Y Ga In tag T1 VDVOONFATUNMINU +1 (ns?) LN s electron 1UNUDNFATIAITL
= a v Y, ~ o ya a3 I aad ~ A a
llfl"J‘L!Gl‘L!ﬂﬁlﬂﬂ‘l/\luﬁzw\lﬁ"l%waﬂ\ﬂu‘I/]i]%‘i/]ﬂﬂ@Laﬂ@]ﬁﬂulﬂu@mﬂ@]iﬂumEJ’J?JﬂWQ’QﬂJWﬂLﬂ‘L!hl‘]J ‘]J’ﬁﬂg]ﬂﬁ

UULINANUDF



Boron

= 1 A 1 < = Y A A Y] s 9 v W .
- INUBDITR B Lmﬂ@]"lﬂfﬂ"lﬂ‘ﬁ"lﬂﬁ]uluﬂuu Iﬂﬂ B LTJH’E]T@W%&ILLH’JIH&WILﬂﬂWH‘ﬁ%Iﬂ’JTLﬂHG\ﬂ@WﬂﬂUﬂU C g S1
UINN Al Lag5190U U A
- B inadslseneu hydrides AREN C 1ag Si NiFeNN1UI1 8151529V borane 130 boron hydride 1 2 classes 19
Ban+4 Hae Ban+6

= 1 A 1 I~ = LY A A ] g 9 v o .
- INNUBDITIR B ll@]ﬂ@]N%WﬂﬁWﬂ@HiHﬁH Iﬂﬂ B !f]J‘L!E]Iﬂ‘l’igllllu’JI‘L!?J‘V]!,ﬂWW‘L!ﬁgjﬂ’ﬂmuﬁﬂﬂ'lﬂﬂﬂﬂ‘ﬂ C 1ag S1 31N

NN Al azs1aou lumy 1A

H
H ; .
H-._,/ \,.-H H p—p—n H N
B B |- N B
H” N / “H B l N : 5-
H ' OH—pH \
Diborane i : A
1 H _-k-“““-.Hf—'/ —H
Bd-H]l'J
B, H, diborane hexaborane (10)
B,H,, tetraborane (10) B H, decaborane (14)
B,H, pentaborane (9) B H,, decaborane (16)
B.H,, pentaborane (11) 26




auDA diborane (B,H)
1. B,H, gn Ingd ldioaluein e (flammable gas 1ag autoignition temperature = 38 °C)
Y 9 .. o
2. B,H, 90 hydrolyzed 738 H,O 14 B(OH)3 (boric acid, H3BO3) iae H,(g)
B,H +6H,0 — 2B(OH), + H,(g)
B(OH)3 + H20 _— B(OH)4‘ + H" (K =5.8x10" 1" mol/l; pK =9.24)
3.91nTeny NH, nnnunetazngamgie
_—
B,H, +NH, B,H,.2NH,
4. Diborane 9 decomposed a28A1U5oU liHAASUA A1
2B,H — BH,+ BH,
31A38N diborane (B,H,)
2BF, + 6NaH — B,H_ + 6NaF
4BCI, + 3LiAIH, — 2B_H,_+ 3LiAICI,
4BF, + 3NaBH, — 2B_H, + 3NaBF,
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a5iszneuvaesIat IIIA

1. Boron sesquioxides (M,0,) {tag borate 51!“]

dehydration -
H3BO3 “H,0 > HBO2 > B203
Orthoboric acid Metaboric acid Boron sesquioxides

B,0, + CoO A Co(B,0,),
cobaltoxide Cobaltborate ldmaaeuvoNING (Na,B,0..10H,0)
2. Oxdies

3Mn3 04 + 8AI dehydration

> 4ALO,+9Mn
AI(OH), 1§lu weak amphoteric uataraIn T uuaINNI NI 1Zaza1e 1 strong NaOH
197 Na(AlO,) (sodium aluminate)

Tuaouziua AI(OH), > AP +30H
luaomegnsa Al(OH), > H'+AIO, +H,0
Al(OH), = 3H'+AlO,”

A A g .
Ga Ivilou Al Aoty amphoteric

28



3. Hydrides
lifisglaluwy A afaasdsenon hydride Tasmssauad Tagasny H,

Aluminiumhydride 1691nM3711)§R38152%919 LiH 11 AICL, 11 ether teid 13 LiH 1ninuwe Ia LiATH, Ag1/§nsen

LiH + AICI, —0' , (AIH,)

LiH(excess) + AICI, Li(AlH,)

Ga tnaesdsznaundie borohydride 19 Li(GaH,)

213135291 indium hydride (¥4 CLInH

TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 42 (2001) 46614663

Indium hydride: a novel radical initiator in the reduction of
organic halides with tributyltin hydride

Katsuyuki Inoue, Akemi Sawada, lkuya Shibata and Akio Baba*

Department aof Molecular Chemistry, Graduate School of Engineering, OQsaka University, 2-1 Yamada-Olka, Suita,
Osaka 565-0871, Japan

Received 11 April 2001; revised 8 May 2001; accepted 11 May 2001

d15152nov TI hydride (%U TIH  Nature 140, 365-366 (28 August 1937) 29



4. Halides

591y [IA NNAINATNTU5EN0U trihalide 1% BX,, AlX,, GaX,, InX,, TIX, (X=halogen) lag519)nalaveonaady
A 3 (anvdu TIL, laina)

In 1ag T1 @101500AT15152 N0 monohalide 1% InX, TIX Iag In uag T1 YaUODNFALY 1NN 1

3 J A . . )
BX, - Wumsisznoulainaud ina hybridazation 41U sp
- 1@ hydrolysis A4}l BF, + H,0 —— H(BF,OH)
BCl,+3H,0 — H,BO, + 3HCI

dihalide: B @3150ANa151U 3209 dihalide 1§03 BX,

F:J'r
d = .ﬂ,r”
a51/52noU trifluoride Y94 Al, Ga, In, T11Hua151Usenou loooiin Al—F
Ff 163 pm

I~
@15152no1 trichloride #ag tribromide Vo3 Al, Ga, In, TI 13)
7= < . .
a15Us5znou Iadnauan lasead iy dimer Ysenouaiey Ga N 4
. = <2 A
coordinate (i0ZH halogen SIATES AR TR
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http://upload.wikimedia.org/wikipedia/commons/0/0a/Gallium-trichloride-from-xtal-2004-3D-balls.png
http://en.wikipedia.org/wiki/File:Aluminium-trifluoride-monomer-2D-dimensions.png

5. Complexes (15U5zno U atou)

1 a a 9 Y A = < = = 1
I GNPV ITTA Lﬂﬂﬁﬁﬂ’i%ﬂ@‘ﬂ!ﬁ])’\‘lc])’@uhlﬂﬂ mm%mmummmmzﬂizﬁgmmaaﬁqq YU

LiAlH,

(GaCl)> (InCl)> (TICL)*

Parallel between main group and organic chemistry

H

S . ,fH :
B~ N*“inorganic benzene™), B;N3Hg.

@) @)
H—C C—H H—N B—H
\ / N\ /

AN BTN
H H H H
Property Benzene Borazine
Melting point {*C) 6 —57
Boiling point (°C) 80 55
Density (1) (g cm ™) 0.81 0.81
Surface tension (/) (N m~h? 0.0310 0.0311
Dipole moment 0 0
Internuclear distance in ring (pin) 142 144
[nternuclear distance, bonds to H (pm) C—H: 108 B—H: 120
N—H: 102

SouUrRCE: Data from N. N. Gresnwood and A
Elmsford, NY, 1984, p. 238.

Farnshaw, Chemistrv of the Elements,

Pergamon Press,
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515N AN 1Y IVA (Tetrel elements)

1&un C Si Ge Sn Pb

oxidation state = +4 for C and Si

oxidation state = +2 for Sn and Pb

- C 1 coordination number = 4

. - . . ! 9 . a (%
- S1, Ge, Sn 148¥ Pb U coordination number = 6 iioa1neusnly d orbital TumMsNANUTY

Properties of the Group 14 (IVA) Elements

Element | IE (kJ mol") | EA (kJ mol™) Melting point (°C) | Boiling point (°C) EN
C 1086 122 4100 2.544
Si 786 134 1420 3280 1.916
Ge 762 120 945 2850 1.994
Sn 709 120 232 2623 1.824
Pb 716 35 327 1751 1.854
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Carbon

= QU QU d . !
- nanuseny Tavieilu organometallic 1

0 0 i (e
c 0 . L — w
C fl & cn, - Ni
OC—Mn—CH, 0C —Cr=C Fe ; sy
t:'f' 7| x"it:r g - Lr Ni
n C {jc C-. o & ik _.-""_:_“"a r:_': __:] N1

0 0 iy ____ ”{t“ﬁ
a . (<9} (<%} (<%} d' 9
- 1NA multiple bond NUAINUIDILALDLADUD LAY
-C-C- -C=C- —C==(C— -C=0- -C-SCN

A . A . Y o o - . .
- 1NA catenation 1A8LNA chain-like structure A8 covalent bond N1 C mﬁuq W30(38A1 carbon catenation (bonds to itself)

_C H% JCH% /,,CH% _CH,
CH, CH CH, CI\—I
AL Hzx /CHER /CHER CH, CH,
CH, CH, CH, CH, N /
"straight” chain /C R, C{I g
CH CH

http://www.chem.Isu.edu/lucid/courseinfo/chem1002/ch12.html 33

"branched" chain



- TABLE 8-8 | ‘ - -
Physical Properties of Diamond and Graphite

Property Diamond Graphite

Density (g cm ™) 3.513 2.260

Electrical resistivity ({¥m) 10! 1.375 % 1073

Standard molar entropy (J mol™ K1) 2.377 5.740

C,at25°Cgmol T K™ 6.113 8.527

C—C distance (pm) 154.4 141.5 (within layer)
335.4 (between layers)

o—Graphite
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(CO) (CO)
T SN
{DC]3FJ:7/_/7‘—_\_:\F3{CO}3 {DC}EHLr//: \Ru (CO)4
(OC)4Fe Fe(CO), (OC)Ru '—\—/‘—Ru (CO),
Ru
0 (COJ,
0
Rh-Rh (CO),  Co_ High coordination numbers of
oc— 1NN\ _co G 50
Rh5/—-AdRh 5 \gﬂ/ carbon
Ve O /X
_Rh 5" Rh__ 5N\,
| €O /4 Y
R|h—Rh (CO); Co Co
C
O
RhgC(CO)yg [CogC(CO) ]+
Not shown: Eight COs bridging COs not shown: One on each
edges of polyhedron cobalt; ten bridging edges of
polyhedron
Ton Common Name Systematic Name — Example  Major Hvdrolysis Product
C*  Carbide or methanide  Carbide Al Cs CH,4
C,>"  Acetylide Dicarbide (2—) CaC, H—C=C—H
Cy* Tricarbide (4—) Mg>C5" H,C—C=C—H

NOTE:

“This is the only known compound containing the C3*™ ion. 35



a31lszneuvaIsIAt IVA
1. Hydrides
- gﬁﬂ"lﬁ’?}ﬁ’u C 1%U alkane, alkene, alki

-Si 19U SiH, (silane) TANUADEIUAZATIBNY CH, T 1A3I0314 tetrahedral

Si H, _ (n 1'ldunfiqade 8) 1w Si H, (disilane) Si H, dosaais a5 auin

n  2n+2

H H H H H

Decomposition | | |
_ H—Si—Si—H —— H—Si---Si—H —— H—Si—H + SiH, —» §j+H,
of silane | % | |y | -
H H H H

1 = = 1
-Ge 1%U GeH, l1lauds Ge.H , 138171 germanes

trialkyl(aryl)element hydrides, R,EH (E = Si, Ge) (Russian Journal of General Chemistry, 75(7), 1161-1170, 2005)

- Tavig Sn iag Pb NN SnH, (stannane) 4ag PbH, (plumbane)
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http://www.google.co.th/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/3/3b/Stannane-from-xtal-3D-balls.png&imgrefurl=http://commons.wikimedia.org/wiki/File:Stannane-from-xtal-3D-balls.png&usg=__BgTSemdulHawc4q_ADyy9ilJR4A=&h=1082&w=1100&sz=124&hl=th&start=8&um=1&itbs=1&tbnid=mdfUsvV5pPMd_M:&tbnh=148&tbnw=150&prev=/images%3Fq%3Dstannane%2Bstructure%26um%3D1%26hl%3Dth%26sa%3DN%26tbs%3Disch:1

2. Oxides

Monoxide %1 CO, SiO, GeO, SnO, PbO

v

19U MIATIN CO C(s) + CO,(g) 2CO(g)

CO, (g) + H,(g)
Dioxide (31 CO,, SiO,, GeO,, SnO,, PbO,

v

CO(g) + H,0

Oxide 1) 15U
Carbon suboxide or tricarbon dioxide (O=C=C=C=0)

Oxocarbons (O=C =0) 3 D4 CO, uag C,0, (pentacarbon dioxide)

Oxycarbons (C, 0 ) laun C,0, C,0,,C,0,, C.0,,...

Pb,0, (red lead) 1R91AN1H1 PHO (litharge) 15znoud18 Pb,>", Pb*, O,

Pb,0, (lead sesquioxide) Usznaunie Pb2t, Pb*, O,

O=C=C=C
- -
116 pm 128 pm
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http://en.wikipedia.org/wiki/File:Carbon-suboxide-2D-dimensions.png
http://www.google.co.th/imgres?imgurl=http://www.gravitaindia.com/images/red_lead.jpg&imgrefurl=http://www.gravitaindia.com/redlead.html&usg=__1N1_s30IR2-35M23R4mFRFnXhP4=&h=155&w=157&sz=7&hl=th&start=2&um=1&itbs=1&tbnid=CfISrf3_9xoQuM:&tbnh=96&tbnw=97&prev=/images%3Fq%3DPb3O4%2Bred%2Blead%26um%3D1%26hl%3Dth%26sa%3DN%26tbs%3Disch:1

3. Halides

MX, 03U X = Br, I 483 Pb (:109910 Pb oon lass Br uaz I 11ilu Br,uaz 1)

MX_ (M # C) 1%U (SiF )", (GeCl.)*", (SnBr,)’

Dihalide (MX,) (M # C) 19U GeCl,, SnCL, PbCl, nanuaiiiluasisznoulosatin

Sn

Sn Sn
A N ./ N~  FIGURE 8-22 Structure of SnCl,
95° Cl Cl%[;?}j?f \(“?1 in Gas and Crystalline Phases.

Gas Crystalline

Cl

4. Cyanides (—C=N) Has cyanogens (N=C-C=N)

Cat.

M3A3e8 HCN  2CH, +2NH,+30, — =2

2HCN + 6H,0

Pt
1200 °C

CH, +NH, HCN +H,

38



5. Silicone 135U52noL polymer U®J organosilicone

n Si(CH,),CL, + n H,0 —> [Si(CH,),0] + 2#HCl

o R
i ..:I-l:l-.:l. K
l' i al et -
A, ..I L £ 21
T i =
| gy o
i L o—k-
% L o
o X
""'n._.. "I -'I.|.| = !
5|'=_'-"_:l-r._-'.

b

Fw Me DH H

o

CHgy

o1

CHy

- ¥

ydimethylsilocane (PDMS)

http://en.wikipedia.org/wiki/File:Caulking.jpg

Silicones are obtained by the condensation of hydroxy organosilicon compounds formed by the hydrolysis of

organosilicon halides. The first products are usually low in molecular weight (» =2 to 7), and usually consist of a mixture

of linear and cyclic species, especially the tetramer.
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http://upload.wikimedia.org/wikipedia/commons/1/15/PDMS.png
http://upload.wikimedia.org/wikipedia/commons/3/37/Caulking.jpg
http://www.google.co.th/imgres?imgurl=http://wpcontent.answers.com/wikipedia/commons/e/ea/Silicone_resin.png&imgrefurl=http://www.answers.com/topic/silicone-resin-2&usg=__UcWRzEYljuft6yb0RfUrNcdN6uc=&h=255&w=285&sz=3&hl=th&start=13&um=1&itbs=1&tbnid=vmLB_wnTn2ToKM:&tbnh=103&tbnw=115&prev=/images%3Fq%3Dsilicone%26um%3D1%26hl%3Dth%26sa%3DN%26tbs%3Disch:1
http://www.answers.com/topic/condensation
http://www.answers.com/topic/hydrolysis
http://www.answers.com/topic/tetramer

5101503 ANY ¥y VA (Pnicogens)

TAUAN P As (semimetal) Sb(semimetal) Bi (metal)

ANHULIAUVDITIANY VA

- Oxidation number = +3, +5

= Y 1 a g = &
- mmﬂummqmﬂiuﬂmﬂ@Lﬂu”laaaummﬂﬁmqmwm

Properties of the Group 13 (VA) Elements

Element | IE (kJ mol™) | EA (kJ mol™) Melting point (°C) | Boiling point (°C) EN
N 1402 -7 -210 -195.8 3.066
P 1012 72 44 280.5 2.053
As 947 78 2.211
Sb 834 103 631 1587 1.984
Bi 703 91 271 1564 2.01
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Nitrogen
v Aaa a . . Ul9/ ! 3— .. _ . 2
- JUDLAANTOULNA anionic forms AN N (nitride), N, (azide), N

- +

- INAWUBLIAYT (NH,) %30 multiple bond 161 131 :N=N:, -N=N-, N=N=Nazide
A o A Yo a d A 2 ' _ . = 2. .
- Lﬂﬂwu‘ﬁgﬁli\l@hlﬂiﬂﬂmﬂﬁiﬂ‘L!L‘Wllelll! YU NH2 (amlde) 39 NH (lmlde)
a [y di = A ! + +
- LLﬁSﬁLﬂﬂ‘WH‘ESﬁLﬂJ@ﬂJﬂTﬁQ'ﬂluﬂmﬂﬁﬁﬂu LB NH4 LA NR4
= . . 9 | Y] 1 + +
- 3 coordination number Ul@] NFALNIN 4 YU NH4 oy NR4

- !ﬁﬂ cartenation

NH, NH-CH
I
CH3CH;—C—CHs CH4CH,—C—CH;
2-butanamine H

N-methyl-2-butanamine
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http://en.wikipedia.org/wiki/File:Azid-Ion.svg

NITROGEN (Group VA or 15)

+5

+4

+3

+2

+1

NOs
NO;

NO>
HNO,
NO

N,O

N>
HONH;
N->H4
NH;
NH4

Maximum (highest) oxidation state: +3
Nitrate 1on. A strong oxidizing agent in acid solution.

Nitrogen dioxide. a reddish-brown gas. (Dimerizes to colorless N>O4.)
NO; 1s the principal product of the reduction of concentrated HNOs.

Nitrite 1on (in basic solution).
Nitrous acid (1n acidic solution).

Nitric oxide, a colorless gas. Reacts rapidly with O; to form NO,.
NO 1s the principal product of the reduction of difute HNO:s.

Nitrous oxide (laughing gas).
Seldom formed m oxidation-reduction reactions.

Nitrogen gas. (Also called dinitrogen.) Very stable and unreactive.
Hydroxylamine. A weak base.

Hydrazine. A weak base.

Ammonia (in basic solution). A colorless gas. very soluble in water.

Ammonium ion (in acidic solution).

Minimum: -3
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a515zneuvaIsIATY VA

1. Hydrides
- NH, 1#388910  NH,X + OH NH, +H,0 + X
N,(g) + 3H,(g) 2NH,(g)
< ! 3 + _
NH, Whaeeului;  NH,(aq) + H,0 NH," + OH

NH, 574 fu H 19 ammonium salt;  NH,(aq) + H' NH 4+

1
N o 1

oUWUTYeI NH, Nd1ATy 190 N,H, (hydrazine), NH,OH (hydroxylamine) Fuiluiaion

' H g 100° g
771 NH, . f L~
H\ 145 ,H {’q gl "'N123 pm *
10ged N—2NH H ..
/‘: \‘ frans CLs
H-. .

Diazene isomers

- PH, (phosphine) iiluiaiesnnan NH, uatiu reducing agent 11159091 NH,

¥eNIN  PH,I+H,0 PH,+H,0" + 1"

- AsH,, SbH,,, BiH, lurafosuaziiureducing agent fitt5<

43



NH, is synthesized from its elements by the Haber-Bosch process, which typically uses finely divided iron as catalyst:

N,(g) + 3H (g) 2NH,(g)

Haber-Bosch process

N, (adsorbed) — 2N (adsorbed)

H,(g) — H, (adsorbed)

H, (adsorbed) — 2H (adsorbed)

N (adsorbed) + 3H (adsorbed)—> NH, (adsorbed)
NH, (adsorbed) — NH, (g)

'..\.I"--. N"n. H---.
P N R
H R? Fae
Primary amine Secondary amine Tertiary amine
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http://en.wikipedia.org/wiki/File:Primary-amine-2D-general.png
http://en.wikipedia.org/wiki/File:Secondary-amine-2D-general.png
http://en.wikipedia.org/wiki/File:Amine-2D-general.png

2. Oxides

Nitrous oxide (N,0) (AN thermal decomposition U934 NH,NO, (ammonium nitrate)
>240 °C

NH,NO,(s) N,O(g) + 2H,0(g)
M N,0 130MaH 1312 (laughing gas) FFhaauaa

NH3OH,+C1_ +NaNO, — N,0 + NaCl + 2H,0

1: Ammonium nitrate

2: Bunsen burner (heating at 200° C)

3: nitrous oxide (N20) + water vapor

4. test tube cap

5: pipe

6: hot water (N20 would dissolve in cold water if used)
7: sheet metal with 1/2 inch hole; holds pipe in place
8: beaker with pure N20

http://en.wikipedia.org/wiki/File:Nitrous_oxide production.png

45


http://en.wikipedia.org/wiki/File:Nitrous-oxide-2D-VB.svg
http://upload.wikimedia.org/wikipedia/commons/6/60/Nitrous_oxide_production.png
http://www.google.co.th/imgres?imgurl=http://www.seriouswheels.com/pics-2006/2006-IPD-Volvo-C30-Concept-Nitrous-Oxide-Canisters-and-Custom-Stereo-System-1280x960.jpg&imgrefurl=http://www.seriouswheels.com/2006/2006-IPD-Volvo-C30-Concept-Nitrous-Oxide-Canisters-and-Custom-Stereo-System-1280x960.htm&usg=__FPu15g4vUVXlqAc_pSshy-eoRts=&h=960&w=1280&sz=450&hl=th&start=5&um=1&itbs=1&tbnid=JE7E2-EoxGnE1M:&tbnh=113&tbnw=150&prev=/images%3Fq%3Dnitrous%2Boxide%26um%3D1%26hl%3Dth%26sa%3DN%26tbs%3Disch:1

Nitric oxide (NO) N9

8HNO, +3Cu  — 3Cu(NO,),+ 4H,0 + 2NO

NO hiljfseniu 0, 86195937 2NO+0, 2NO,

Phosphorous(III) oxide (P,0,) 18910113161 phophorous Tufitieimeedissina a15iiiiu anhydride ¥09 H,PO,

3. Halides
- 1nAE151U52N0V trihalide L8 pentahalide

-N gﬁﬂmww trihalide L‘Wﬁgﬁ coordination number aage L‘Vth‘JJ 4

3 . AR 3 3 A A Y v 9 ] v (Aaaa
- PCI, 11U halide NANEINA U UVDIVINYUNNUNDI AAWAINIIANNTOU AT
PClI

. PC, + Cl,

4. Phosphides 1192 Arsenides 1810 M,P 30 M,As (M = 1y [A)

M,P, 138 M,As, (M = 1y T1A)
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TABLE 8-10

Compounds and lons Containing Nitrogen and _Oxygeﬁ 2

Formula Name Structure® Notes
N,O Nitrous oxide N=N= mp = —90.9°C; bp = —88.5°C
NO Nitric oxide 115 mp = —163.6°C; bp = —151.8°C; bond order
N= approximately 2.5; paramagnetic
NO, Nitrogen dioxide 9 Brown, paramagnetic gas; exists in equilibrium with
— N T N:D4: 2 NO: NQO,.
0 - U 0
134°
N,O4 Dinitrogen trioxide 105° mp = —100.1°C; dissociates above melting point:
O Nzﬂ:q_ — ND + ND:!
%\h/}ﬁ 4 130°
N—N.
A
nr— O
N,Oy Dinitrogen tetroxide 0 0 mp = —11.2°C: bp = ~21.15°C; dissociates into
\ 175 / 2 NO; [A H(dissociation) = 57 kJ/mol]
N s
I\
O O
N>O5 Dinitrogen pentoxide 0 0 N—0-—N bond may be bent; consists of
\ / NO,"NO; ™ in the solid
N—Q— N\
O 0
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NO™ Nitrosonium or nitrosyl 106 Isoelectronic with CO

N=0
NO,™ Nitronium or nitryl 115 Isoelectronic with CO,
O=N=
NO,™ Nitrite _Naw N—0 distance varies from 113 to 123 pm and bond
T angle varies from 116° to 132° depending on
NOL- Nt cation; versatile ligand (see Chapter 9)
O Forms cnm;munds with _nc;qu all metals; as ligand,
5 1 120° has a variety of coordination modes
\?.r' N N
O O
N0, Hyponitrite 0 Useful reducing agent
Ve
N=N
/
O
3~ .
NO,4 Orthonitrate 0 Na and K salts known; decomposes in presence of
I H-0 and CO,
Ny
0l 0
O
HNO, Nitrous acid 102° Weak acid (pK, = 3.3 at 25°C); disproportionates:
H=y 3 HNO, == H;0" + 2 NO + NO; in aqueous
\ 143N solution
I -
\ %
e O
HNO, Nitric acid 102° Strong acid in aqueous solution; concentrated
]—{ »-.O aqueous solutions are strong oxidizing agents
Y
O1IN :)1 30°
\




51005WIs AN 1y VIA (Chalcogens)

Y 1 .
laun O S Se Te (semimetal) Po (metal)

v Aaac A A X 9 o Ady
AMSSTUDIAAATONNDN 2 1We 1¥ AT octet rule A4T]

a 4 1 ]
1. 1nailulosouauidsey 2 (X)) U 15152 N0 oxide a2 sulfide

a o _ _
2. 1nauilu leesual OH way SH

d15152no1 SeH wag TeH
3. INAWUTE covalent 2 WHTE 113152 N0U hydride 19U H,0, H,S, H,Se itag H, Te

4.10AMUB2A 1 Wuse wuluasdszneu oxygen tag sulfur 11

GI Phosgene ? Urea (carbamide) (l:l) Sulfuric acid
8 pm
/"C\ O’//S{’”'OH
/ <N HoN™  NH, -
v A 1aq Y A Y 1 ' '
5.0 3‘1_|@Lﬁﬂ@ﬁ@ﬂﬂ%IﬁNT%Tﬂ@%ﬁ@N@u hlﬂﬂﬂ')”l S INI1IZAT E.N. a9a391NVU U N
R.N:— O
R.N:—— S
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http://en.wikipedia.org/wiki/File:Phosgene-dimensions-2D.svg
http://en.wikipedia.org/wiki/File:Urea.png
http://www.google.co.th/imgres?imgurl=http://www.globalwarmingart.com/images/thumb/9/93/Sulfuric_Acid_Molecule_Formula.png/547px-Sulfuric_Acid_Molecule_Formula.png&imgrefurl=http://scmlondon.org/office/cache/i.php%3Fq%3Dmsds-hydrochloric-acid-33&usg=__vzhPwW7Hk5E6wqWqsONDXzXNX5I=&h=499&w=547&sz=32&hl=th&start=19&um=1&itbs=1&tbnid=jDBUsN_oxebDjM:&tbnh=121&tbnw=133&prev=/images%3Fq%3Dsulfuric%2Bstructure%26um%3D1%26hl%3Dth%26sa%3DN%26tbs%3Disch:1

Properties of the Group 16 (VIA) Elements

Element | IE (kJ mol™) | EA (kJ mol™) | Melting point (°C) | Boiling point EN
(°C)
Q) 1314 141 -218.8 -183.0 3.610
S 1000 200 112.8 4447 2.589
Se 941 195 217 685 2.424
Te 869 190 452 990 2.158
Po 812 180 250 962 2.19
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a1351U52nouvR9E 19Ty VIA
1. Hydrides
9 1
ga3 H,X laun H,0, H,S, H,Se, H,Te
H,0 52118810171 H,S 1N312 H,0 1A hydrogen bond

3 °
H,S iunsaluiin H S+ H,0

H,0"+SH"
H,0 3211881011 H,S 1512 H,0 (AN hydrogen bond
< == a aan
Sulfanes (Hua3szney H,S, 04 H,S tnavndgnsen
2H,S, () +S Cl, 2HClI(g) + H,S,
2. Oxides
SO, (sulfurdioxide) (#38NAINNIA sulfur H3D sulfide TUDINIA

H,SO, (sulfurous acid) E]§J:(1°L! Pl Yo hydrate (H,SO,.6H,0)
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3. Halides 14 S,F, Se,Cl, TeBr, Tel,

. . o a Y Y 3
WINNY halide A1 (A,X,, AX,, AX,) INAINNITINAINU IABATIVOITIAAY halogen 111151 32ABY covalent AW

103 I lumsial§nsewazgn hydrolysis lad1e1au SF,

SF, +2H,0 SO, + 4HF

. . 1 X 1 a\ a A 1 . . 3
WINNY halide WA 1FU SF, uaNuReeneMINAl)nIo Al INT12UA dielectric strength 1AL M.W. ¢4, ADULALLT S

VOINUTFY S—F @, coordination saturation L1 steric hindrance N sulfur

Dielectric Strength is a measure of the electrical strength of a material as an insulator.
Dielectric strength is defined as the maximum voltage required to produce a dielectric breakdown

through the material and is expressed as Volts per unit thickness.
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TABLE 8-13

Molecules and lons Containing Sulfur and Oxygen

Formula Name Structure® Notes
SO, Suifur dioxide > mp = —75.5°C; bp = —10.0°C; colorless, choking gas;
6@ 0 product of combustion of elemental sulfur
119°
SOy Sulfur trioxide 0 mp = 16.9°C; hp = 44 6°C: formed from oxidation of
S0O;: S0, + 402 —— S0y5: in equilibrium with trimer
|
vy g $;04 in liquid and gas phases; reacts with water to form
o e sulfuric acid
Trimer 0 0
| i
O
S
O'/ \\O
O
5057 Sulfite ls Conjugate base of HSOy ™, formed when S0 dissolves
0,;5;‘\6 in water
O 106°
S04% Sulfate 0 T, symmetry, extremely common ion, used in gravi-
| mefric analysis
5%
Oy "0
O
§,04°7 Thiosulfate S Moderate reducing agent, used in analytical determination
= , of Ii Iy + 28,055 — 217 + S,067
-S>
0/ "0
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$,01°

—

S'}Gg'

H,504

Dithionite

Peroxodisulfate

Sulfuric acid

Very long S— 5 bond: dissociates into 503
$,0,4°7 === 280, ; Zn and Na salts used as
reducing agents

Useful oxidizing agent, readily reduced to sulfate:
$,0° + 2 == 280,77, ¢° =201V

C, symmetry; mp = 10.4°C; bp = ~300°C (dec); strong
acid in aqueous solution; undergoes autoionization:
2 H,S0O; = H.S0," + HSO4 . pK = 3.57at25°C

o4



Formula Name 0-0 distance | Notes
(pm)
+ .
O, Dioxygenyl 112.3 Bond order 2.5
0, Dioxygen 120.7 Coordinates to transition metals; singlet O, (excited state) important in
photochemical reactions, oxidizing agent
O, Superoxide 128 Moderate oxidizing agent; most stable compounds are KO, RbO,, CsO,
022 Peroxide 149 Forms ionic compounds with alkali metals, Ca, Sr, Ba; strong oxidizing agent
O, Ozone 127.8 Bond angle 116.8°; strong oxidizing agent; absorbs in UV (below 320 nm)
O, Ozonide 134 Formed from reaction of O, with dry alkali metal hydroxides, decomposed to

0.

2
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Polonium (Po)

3 v v A . . 9 ann
WUsIANUNUANIWSIT (radioactive) Taa1nRATen

210 1 210 0
53B1 (,Y) > g Pot e

= 1 B I~ A A A 1

- UANDBU AN ABNINAIN Lﬂufﬁm‘numww‘lﬂﬁwmﬂmﬂwqﬂiuwy VIA
= 9 .

- 3 1A598519 cubic ttay rhombohedral
Aa I~4 1

- inaluesszneuasu Poo, PoO,, PoCl, PoCl,, Pol,

?15132N0Y sulfate 14U (Po0,)SO,

. 3 . . £d'd Y o A
- Toxic Q’Q LW?”I%HJ‘L!‘EWJ radioactive ‘I/nJﬂ’J”IﬂJLGUﬂJNﬁQ’Q
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m@asw‘%wumﬁw ‘qu: VIIA (Halogens, salt fomer)

l@un F C1 BrI At (oxidation state = —1)

QU

A v A
- JUBIAANTOU 1 §1UNA halide ion (X))

SDANUTE covalent NUB lan

- lueTangi hlumsiAalgase

Aa q A v Y a v "2 1
- inaaslsgneuntimuesndasuilu lanauinuazal (-1 89 +7) aiu F dmvsendasuidlu —1 w1y awgig 1

A10159U8Y quantum 19)

Halogen Molecules, X

fonization  Electron Melting  Boiling X—X AH of

Energy Affinity Electro- Point Point  Distance Dissociation
Element (kimol™') (kimol™!) negativity — (°C) (°C) (pmj (kS mol ™)
F 1681 328 4.193 —218.6 —188.1 143 158.8
Cl 1251 349 2.869 —101.9 ~34.0 199 242.6
Br 1140 325 2.685 ~7.25 59.5 228 192.8
| 1008 295 2.359 113.6% 185.2 266 151.1
At 930P 270° 2.39° 3020

S7



a31lszneuvaIsIAKY VIIA

1. Hydrogenhalide (HX)

BIINDINNITTIVAINU IABATITEHIINEN H 1D X

2. Polyatomic ions

L + 1 — I3

~290)*

I I |

K = 698 at 25" C in aquecous solution
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3. Interhalogen compounds

TABLE 8-15
Interhalogen Species |
Formation Number of
Oxidation State Lone Pairs
of Central Atom on Central Atom Compounds and lons
+7 0 IF;
1
IFy~
+5 1 ClF, BiFs  IFs]
CIF,™ BiF," IF,”
BrFg IFg
+3 2 CIF; BiF;,  IF; L,Cl,
CIF," BrF," IF," ICl,"  IBr,” IBrCI"
CIF,~ BiF,~ IF ICly~
+1 3 CiF  BiF IF Bl 1l [Br
CIF,™ BiF,™ 1F, BrCl,™ ICL~  IBry
BroClI~  1,CI~ I,Br~ IBrCl™ 59



4. Pseudohalogens

3 A A oa 9 Y 1 = a9 . A a . L. 9 9
Wumsdsenounuantiaaaieny halogen (%Y cyanogen (CN), N&NUANAY dihalogens NiNA dissociation AIYAITUIDU

IGMIBN
A or ligh
NC-CN oright, 2CN-

TABLE 8-16 _
Pseudohalogens o _
Characteristics Examples®
Neutral diatomic species Cly (CN)» [Co(CO)sla
lIon of 1— charge Cl™ CN™ [ColCON,]
Formation of hydrohalic acids HC1 HCN HCo(CO)y lmmng)b
Formation of interhalogen ICH, BrCl, CIF Cly + (CN); — 2 CICN [CoCOY,); + 1y — 2 ICo(COY
compounds
Formation of heavy metal AgCl, PbCl, AgCN AgCo(CO)y4
salts of low solubility
Addition to unsaturated species L}l Cll - ) llz [I

N / N (e —

Cl, + /C.=C\ — —{lj—(lj— [Co(CO),l, +F/C_C\F — (0C),Co—C I{ Co(CO),
F F

Astatine (At)

. 2104,

*®Bi (QL,2n)

A . 911 A =
- U 21 isotopes LA At UFIAUIUNGA (t

- M3szneUU AtL, CsAL,

=83 )
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Pseudohalide and Pseudohalogen

Pseudohalide Ion Pseudohalogen

Cyanide CN™ Cyanogen (CN),

Cyanate OCN

Thiocyanate SCN Thiocyanogen (SCN),
Selenocyanate SeCN™ Selenocyanogen (SeCN),
Tellurocyanate TeCN

Azide N,

Aziothiocarbonate SCSN," Azidocarbondisulphide (SCSN,),
[socyanate ONC

A guide to advance study, p. 421
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5101503 WANY 1y VIIIA (Noble gases)

9un He Ne Ar Kr Xe Rn
awiiana
' 9 <3 = =
- og luaugme Wuozaouasd lunin Tuana

d' 1 a\ a A ~
- Lﬂ@ﬂ@ﬂﬂWiLﬂﬂﬂQﬂiﬂWLﬂN

= = Y 1
- 3Jﬂ1il¢liﬂiJ’d”l’i‘]Ji$ﬂ’é)’U6UfJ\1 Xe Ulﬂ!f]m

Xe + F2 Xer
XeF2 + F2 XeF A
XeF s F 5 XeF .

Y
- Isotope UDN Rn Lﬂﬂﬁlﬁ%‘l’i’JNﬁﬂﬁ!,mﬂﬁﬁ?ﬂﬂlﬂﬂﬁWﬂﬂﬂJﬂJH@]ﬂ?WiQa’

- He 1NA9INMIUANTaon auiuamwssd v y uaz o
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TABLE 8-17
Properties of the Group 18 (VIHA) Elements: The Noble Gases

Ionization Melting Boiling Enthalpy of Abundance in
Energy Point Point Vaporization Div Air
Element (kJ mol ™) (°C) (°C) (kJ mol ™) Electronegativity (% by Volume)
He" 2372 - —268.93 0.08 4,160 0.000524
Ne 2081 —~248.61 —246.06 .74 4,787 0.001818
AT 1521 — 189,37 —185.86 6.52 3.242 0.934
Kr 1351 = 157.20 —153.35 9.05 2.966 0.000114
Xe 170 —111.80 — 08,13 12.65 2,582 0.0000087
Rn 1037 ~71 —62 18.1 2.60° Trace

TABLE 8-18 ,
Noble Gas Compounds and lons

Formal Oxidation Number of

State of Lone Pairs on
Noble Gas Central Atom Compounds and fons
+2 3 KrE" XeF"
KrF; Xel>
+4 2 XeF;"
XeF, XeOF;
XeFs~
+6 i XeFs™ XeQF, XeOs
XeFg Xe(O,F;
XeF;~ XeO3F~
XeFg®™ XeOFs~
+8 0 XeOqF, XeQy

XeOg"
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FIGURE 8-35 Krypton Fluoride
Crystal Structure.
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FIGURE 8-33 [XeF]'[RuFg] .
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Cations whose salts are generally soluble

Na", K", NH 4+, and other Group IA metal ions

Anions whose salts are all soluble

NO,’, CH,COO’, and CIO,

Anions whose salts are generally soluble

CI, except for AgCl, Hg,Cl,, and PbCl,

Br, except for AgBr, Hg,Br,, PbBr,, and HgBr,

[, except for Agl, Hg,I,, Pbl,, and Hgl,

SO 42' except for CaSO,, SrSO,, BaSO,, PbSO,, Hg,SO,, and
Ag,SO,

Anions whose salts are generally insoluble

S%, except for those of IA and IIA metals and (NH DS

CO32' except for those of IA metals and (NH,),CO,

SO32' except for those of IA metals and (NH 4)2SO3

PO 42' except for those of IA metals and (NH,),PO,

OH’ except for those of IA metals, Ba(OH),, Sr(OH),, and
Ca(OH),

65



