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1. Electrolysis: 2H,0 2H, + 0,(g)
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Reduction : O, +2H,0 +4¢’ 40H
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Properties of the Group 11 (IA) Elements: Alkali metal

Element IE (kJ mol™) EA (kJ mol™) Melting point (°C) Boiling point (°C) EN
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 46 285 705 0.659
Fr 400 60 27 0.7

1. Hydrides

Tarignndrlumny 1A 1naa131/52no1 hydride (MH) 11A91NN339062 1ABATITLHIN
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2. Oxides
Alkali metal Oxide Peroxide Superoxide
(hyperoxide)
Li Li,0 Li)O,
Na Na,O Na 0,
K KO,
Rb RbO,
Cs CsO
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519 T1A (Alkali earth)
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Properties of the Group 12 (IIA) Elements: Alkali Earth

Element IE EA Melting point Boiling point

(kJmol™)  (kJ mol™) ) (0)
Be 899 -50 1287 2500
Mg 738 -40 649 1105
Ca 590 -30 839 1494
Sr 549 -30 768 1381
Ba 503 -30 727 1850
Ra 509 -30 700 1700

EN

1.576

1.293

1.034

0.963

0.881

0.9
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NaOH 109 g/ 100 mL @ 20 °C

Mg(OH), 0.12 g/ 100 mL




4. Halide gn3 MX,
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(halide ion ¥HAREINY) nazFell leoonavanas (Taveny ITA siaRe L)

- @1515gney fluoride TR lattice energy guuIniloiiouny halide aiagu vl

Grignard reagent (RMgX; X = alkyl or aryl)

2RMgX 5 MgR, + MgX,

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.
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DZADNINIAY Aa17U Sr Ba 11a2 Ra halide (1 anhydrous halide
BaF, Ksp=17X10° MgF, Ksp=64X10" CaF, Ksp=3.9X10"
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51913 I1TA (Triel elements) Boron

Taun B (semimetal, oxidation state = +3) Al Ga In T (metal, oxidation state = +1, +3)
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a13152n0 covalent 15U AICL, GaCl, u@ loveu Tanzeogluaniug hydrated 18
Properties of the Group 13 (IIIA) Elements

Element IE (kJ mol’) EA (kJmol") 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
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B.H, pentaborane (9) B, Hy, decaborane (16)
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1. Boron sesquioxides (Mzos) tag borate 5‘1&“]
dehydration
HBO, 7> HBO, —— B0,

2

Orthoboric acid Metaboric acid Boron sesquioxides
B203 + CoO . A C()(B203)2 , .
cobaltoxide Cobaltborate 1¥nagauV0LIAY (Na,B,0,.10H,0)
2. Oxdies
dehydration
3Mn3O4 +8A1 ———— 4A1203 + 9Mn

AI(OH), 1§ weak amphoteric uauaasn g IunIzaza1elu stong
NaOH 14 Na(AlO,) (sodium aluminate)
luaouziua AI(OH), —— AP"+30H
luaougnsa AI(OH), ———— H +AIO, +H,0
Al(OH), =——— 3H'+AIO,”

g .
Ga tilou Al el amphoteric
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3. Hydrides

liisrglaluny A fiRaesdszneu hydride Tnsmssauda lasasaiy H,
Aluminiumhydride 1891nM3511)§A3819524919 LiH /0 AICL T ether uaidnT LiH 110
muwe'ld LiAlH4 Aslfizen

LiH+AlCl, BT, (AH,)

LiH(excess) + AICI, Li(AIH,)
Ga 1nAa131U32n9UAR1Y borohydride 144 Li(GaH )
#1313¥N0Y indium hydride 1%U CLInH
LY —_
TETRAHEIROMN
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Pl g Terehedion Leviers £2 (301 3 $0b1- 4603

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

Fatsuyuki inowe, Akemi Sawsdn, Tkovn Shitam and Akio Gobs™

et i Muteendur e, Orbesr Schor' of Engimersey, Coohe Devreraetr, 2-0 Yoamsod oOhn, S,
FOF-0ETT. Aapan

Rovcivml A1 Agmil 3o, iovised & blay D0, s 10 bay 300

a15152n01 Tl hydride 154 TIH ~ Nature 140, 365-366 (28 August 1937) 22

4. Halides
5I9HY LA NANNAMNITUTENBY trihalide 19U BX,, AIX,, GaX,, InX,, TIX, (X=halogen)
Tasmguneatiiaveendiadi mid 3 (endu Tiz, Tiifa)
In 110z Tl e313501AAEI152N0U monohalide 131 InX, TIX 1Ag In wag TI Htav
PONTHATU (M1 1

< P . . 2
BX, - Wumsisznoulnauaud 1ia hybridazation U sp

- 171A hydrolysis A4 BF, +H,0

H(BF,OH)

BCl, + 3H,0 H,BO, + 3HCI

dihalide: B @131301AAe3152noU dihalide Ugns B,X,

I a
515200 trifluoride Y04 AL, Ga, In, TI (Huanssznevlossiin Al—F
/ i
F 163 pr
I
a151/52noV trichloride Uag tribromide Y04 Al, Ga, In, T1 1)1
s 3 {
arvisznenTanaudanlassaraiy dimer sznoudis Ga il 4
) )
coordinate Lz halogen WHuazmuou
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5. Complexes (a15U5znouiTatou)

] a a g Y A 2 < a 2 [
51Ny A Lﬂﬂﬁ?iﬂi%ﬂ@ﬂk%ﬂ“ﬁﬂuqﬂﬂ mawmmmmamm:ﬂszqmmaﬂagﬂ YU

LiAIH 4 " H H .
\f' . - . B .
(GaCl)* (InCl)* (TIC1)* F—, P
H—CIi IC—H H—MNI E—H
P P
,..-'( —C . ) 3] NIH
H H H H
“inprganic kenzene” )l BiN:Hg
Property Benzene Borazine
Melting point (OC) 6 -57
Boiling point (C) 80 55
Density (liq) (g cm™) 0.81 0.81
Surface tension (liq) (N m™") 0.0310 0.0311
Dipole moment 0 0
Internuclear distance in ring (pm) 142 144
Internuclear distance bonds to H (pm) C—H: 108 B—H: 120, N—H: 102
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1@un C Si Ge Sn Pb (oxidation state = +4 for C and Si, oxidation state = +2 for Sn and Pb)
- C ¥ coordination number = 4

- Si, Ge, Sn 118 Pb 1) coordination number = 4 ta2 6 111999 10a 15019 d orbital TuMTIAA

Carbon
a @ @ <3| . !
- inanuszny Tanziilu organometallic }¥H

(8] 0 T [
¢ C T ',CO/CH B . @ Ni

OC—Mn— CH; oc —/Cr'-= C Fe Cr /

Wusy N L - ; N . .
cl.. EIC| NaN, na. Ni- :l‘us N, L, Lg N ot ((:} o€ ¢ OCqHs ) @ Ni
R P i ; —=F
ST TcHCN NN NSy 0 N >
Cl N, 3 TN, e
- - MRS = a . v v w Ay
http://en.wikipedia.org/wiki/Silicon tetraazide w A - 1N multiple bond NUAINUIBILAZDEABDNOUAIY
L, [ ST ~ .
> ; .2 1,10-phenanthroline _C-C— C=C— =™ —C=0- -C-SCN
2-2-bipyridine .
a . a . . 9 v v A A A '
- 1NA catenation 1A8INA chain-like structure A28 covalent bond AU C AIDUNNITDLIYINI
Element IE (kJ mol’) EA (kJmol’) Melting point (°C) Boiling point (°C) EN
carbon catenation (bonds to itself) CH, _CH, CH, CH,
C 1086 122 4100 2.544 CHS /\CH \CHQ \C\H
Si 786 134 1420 3280 1.916 /CHQ\ /CHQ\ /CHQ\ CH2 CH2
CH, CH, CH, CH, \ /
Ge 762 120 945 2850 1.994
I . CH CH
straight” chain 2 \2
Sn 709 120 232 2623 1.824 CHS CHS
Pb 716 35 327 1751 1.854 http://www.chem.Isu.edu/lucid/courseinfo/chem1002/ch12.html "sranched" chain 26
[LR N r If"’l}'-:
Property Diamond Graphite .E'-I..'H ]ll. — J:!_{Lh
A N, -l"'-;
. . o et L, . & A -
Density (g em™) 3.513 2.260 DU __'\-._:..I e ORI kU (00,
N S (00} Fe T Fei 0O}, i), R T R (00,
Electrical resistivity ((2m) 10 1.375X10° ' ' S\
Hu
Standard molar entropy (Jmol 'K™") 2.377 5.740 i-! (OO
Cpat25 C(Imol" K™ 6.113 8.527 co— S~ High coordination numbers of
M fih ___\.l
C—C distance (pm) 154.4 141.5 (within layer) 335.4 (between layers) !" H':}“f’ | carbon
~ I:.I'I."'-'\'.-T i)
? . P N
> th Rl ' i
PP e e [
el [T S 0 )
g T AnCI o Loa P oy
L% I il slawn. Bight Ok budg g Cs pot shorwm: Thac oo cuch
X L1 o i erpesal polysedmn coball; teni badging =0ges of
- palyhedmn
Ion Common name Systematic name Example
c* Carbide or methanide Carbide AlC,
K sz' Acetylide Dicarbide (2-) CaC

2

c Tricarbide (4-) Mg,C,
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1. Hydrides
A YN @ [} .
170 '1dARY C 195U alkane, alkene, alki
c ab . . = = Y [ a Y
-Si %Y SlH4 (silane) UANUIADITLLAZAAYNU CH4 11598319 tetrahedral

siH, ., (n {1dunigane 8) Wy Si H, (disilane) Si H,  doaaaie’ldiz mn

n 2n+2

" 1o H | H

Decomposition [ [ |

. H—S8i—8i—H —— H—S8—3i—H ¢ H—S8Si—H + [iH, —» g,

of silane Pw Ty . :
H

-Ge 13U GeH, Taloude GeH,, [FonN germanes

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

- Tavig Sn uag Pb ANUTIHeY SnH, (stannane) 148¢ PbH, (plumbane)

2. Oxides
Monoxide (%1 CO, SiO, GeO, SnO, PbO
U MSATEN CO C(s)+CO,(g) — 2CO(g)

CO, (g) + Hy(g)

CO(g) + H,0
Dioxide 151 CO,, Si0,, GeO,, SnO,, PbO,

Oxide 314«] 15U

Carbon suboxide or tricarbon dioxide (O=C=C=C=0)
Oxocarbons (O=C =0) 3009 CO, tay C,0, (pentacarbon dioxide)
Oxycarbons (C, . 0) laun ,0,C,0,,C,0,,C.0,....

Pb,0, (red lead) 1#91AN13161 PO (litharge) 1/5znoUAY Pb,>", Pb*, O,

Pb,0, (lead sesquioxide) 5znouAI8 Pb*, Pb*", O,

0=C=C=C=0
116 pm 123 £m

4
29 30
3. Halides ' 5105 WaEaN 13l VA (Pnicogens)
9 o A a 4 _ - I o ,
MX, 013U X = Br, I Y84 Pb (1189310 Pb pnd lad Br uaz I 11idlu Br, 1Ay L) Y8R N P As (semimetal) Sb(semimetal) Bi (metal)
y oy 2 2> v ' '
MX, (M # C) 15U (SiF)™, (GeCl)™, (SnBry) ANYAIZIALYOITINHY VA
9 Y
Dihalide (MX,) (M # C) 1%U GeCl,, SnCL,, PbCl, nanuailiuasiszneu looaiin - Oxidation number = +3, +5
T T T = P s g S (o &
&n ‘__.IS“ xgn. . FIGURE 8-22 Structure of SnCl, NLL‘L!'JTL!M'E]EJ"N1l"|ﬂ61uﬂ"Iﬁlﬂﬂ!,ﬂu"lﬂﬂ@uﬂilﬂilﬂﬁwi]U'Jﬂ'Viuﬂ
aSgra I 1-:““.-"};.(# \E(IJ in Gas and Crystalline Phases.
i ':."_I:"'\[.'.“-lll:
P ties of the G 13 (VA) El t
4. Cyanides (-C=N) #az cyanogens (N=C-C=N) roperties of the Group 13 (VA) Elements
= Cat.
N5wsey HCN  2CH Wt 2NH3+ 302 ﬁ(ﬁf’c’ 2HCN + 6H20 Element IE (kJ mol') EA (kJmol”) Melting point (°C) Boiling point (°C) EN
CH +NH Pt HCN + H N 1402 -7 -210 -195.8 3.066
4 3 1200 °C 2
CHy P 1012 72 44 280.5 2.053
5. Silicone @131/52n0Y polymer U84 organosilicone ‘
0 As 947 78 2211
n Si(CH3)2C1Z +nH,0 — [Si(CH3)20]" +2nHCI (n=2to7) ‘ Sb 834 103 631 1587 1.984
CHg |
Bi 703 91 271 1564 2.01

Polydimethylsilocane (PDMS)




Nitrogen
v ad a 1

- SUBIAAATOUINA anionic forms TAUA N>~ (nitride), N, (azide), N>

H ] = + = .

- 1AAWUTEIAYY (NH,) 130 multiple bond 1@ 1991 :N=N:, -N=N-, N=N=N_ azide
a o A yyo ag P _ . & . .

- feiusiie 1A5UBIAANTOWINNAUY 19 NH, ™ (amide) 130 NH? (imide)

- uaginaiusiiolimsgaydiaansen U NH, uag NR,

- 1 coordination number ‘lﬂ mqqmmﬂu 4 L"]f‘L! NH nay NR4+
ymlne
a . Adenine
- INM cartenation send |

[ HEZ 53,_: end
W TS
CHCH,—C—CH, y ] 19
H e (‘Z' }}L
2butanamine

Phosphate-

deo: rlbﬂse
MNH-CH, bac:gune K\ﬁ ”')_5'
O, CH,— G- CHy
H =L
i (:IL \!{)
N-methyl-2-butanamine ki—r th

= o Cytosine
http://en.wikipedia.org/wiki/DNA Guanme 5 end

Nitrogen (group VA or 15) Maximum (highest) oxidation state +5 Minimum -3

+5 N03_ Nitrate ion. A strong oxidizing agent in acid solution
+4 NO, Nitrogen dioxide, a reddish-brown gas. (Dimerizes to colorless N,O 4)
NO, is the principal product of the reduction of conc. HNO,
+3 NO, Nitrite ion (in basic solution)
HNO, Nitrous acid (in acidic solution)
+2 NO Nitric oxide, a colorless gas. Reacts rapidly with O, form NO,.
NO is the principal product of the reduction of dilute HNO,
+1 N,0 Nitrous oxide (laughing gas)
Seldom formed in oxidation-reduction reactions
0 N, Nitrogen gas. (also called dinitrogen.) Very stable and unreactive.
—1 HONH, Hydroxylamine, a weak base.
—2 N,H, hydrazine, a weak base.
=3 NH, Ammonia (in basic solution). A colorless gas, very soluble in water.
NH 4+ Ammonium ion (in acidic solution) 34

asilsznevvessiany VA

1. Hydrides
- NH, 14761910 NH,X + OH NH, +H,0+X
N,(g) + 3H,(g) 2NH,(g)
& ' 3 " _
NH, Wwuaeeului;  NH(ag) + H,0 NH," +OH

NH, 9% 1 H* 1% ammonium salt; NH3(aq) +H" NH 4+
BYWUTVYDY NH, #d1A%y 194 N,H, (hydrazine), NH,OH (hydroxylamine) Fadluwanoou
; H 107
91 NH, ; H ) ; i N
IHHJ"KH'I_#E' I_"“N{'H ! ' *lLa ]"'1 "
1 N H
H - Py frins cis

Diazene isomers

- PH, (phosphine) tHuuaiieenndt NH, uaiifu reducing agent fitiseand1 NH,

9383910 PH,I+H,0 PH, + H,0" + 1"

- AsH,, SbH,, BiH, "lii!ﬁaﬂillam‘ﬂureducing agent IEN 35

NH, is synthesized from its elements by the Haber-Bosch process, which typically uses

finely divided iron as catalyst:

Haber-Bosch process N,(g) + 3H,(g) 2NH,(g)
N, (adsorbed) —> 2N (adsorbed) nitrogen
from the air
H,(g) — H, (adsorbed) 400 - 450°C
H. (adsorbed) — 2H (adsorbed) y  niogenand ydmgen 200 atm
2 13 by volume T * iron catalyst
N (adsorbed) + 3H (adsorbed)—> NH, (adsorbed)
unreacted
NH, (adsorbed) — NH, (g) hydiogen ol
from natural gas - T T obET
I— gnd ammonia ums

1o liquic!

2. Oxides

liquid ammonia

Nitrous oxide (N,0) 1AAVN thermal decomposition Y94 NH,NO, (ammonium nitrate)
NH,NO(s) —22C

E ok
N,0(g) + 2H,0(g) N=R—0" -~ N=R=0
IS g

A9 N,0 W3oMai1312 (laughing gas) Tdhaauas

NH,OH + CI' + NaNO, — N,O + NaCl + 2H,0 36




Nitric oxide (NO) 11210

8HNO, +3Cu 3Cu(NO,), + 4H,0 + 2NO

NO inJ§fseniv 0, 88195952 2NO +0, 2NO,

Phosphorous(ITI) oxide (P,0,) 1A31nn151:1 phophorous Tuilieinsed1asiia a1sil
i anhydride Y93 H,PO,

3. Halides
- 1naa15U52noY trihalide 112 pentahalide

- N INAMINE trihalide N512H coordination number NN N 4

a vy

I . y 3 3 A o o (aaa
- PCI5 !,‘]JL! halide ﬁﬁﬂyuﬂﬂ L‘]Jummumﬁqmwmmq amamﬁ'wmm%’au @N‘]J;]ﬂifﬂ

gY

ompounds and ions containing nitrogen and oxygen

N,O | Nitrous oxide mp =-90.9 C,bp=-88.5 C

NO | Nitric oxide mp =-163.6 'C, bp =-151.8 "C bond order appx 2.5,
paramagnetic

NO, Nitrogen dioxide Brown, paramagnetic gas; exists in equilibrium with N,O,

N,O, | Dinitrogen trioxide mp =-90.9 0C; dissociates above melting point:
N,0,<>NO +NO,

N.,O Dinitrogen tetraoxide mp=-11.2 OC, bp =-21.15 oC; dissociates into 2NO,
[AH dissociation = 57 kJ/mol]

N,O Dinitrogen pentoxide N—O—N bond may be bent; consists of NO;NO}_ in the solid

Pcl5 Pcl3 + C12 NO" | Nitrosonium or nitrosyl | Isoelectronic with CO
4. Phosphides {182 Arsenides Taun M,P 150 M,As M= ‘Hﬂ;lz 1A) NO; Nitronium or nitryl Isoelectronic with CO,
M3P2 ‘yﬁﬁ] M3 A52 M= ‘m;i 11A) N2022' hyponitrite Useful reducing agent
NO 43' orthonitrate Na and K salts known; decomposes in presence of H,O and
37 38
CO,
~ ~ v Properties of the Group 16 (VIA) Elements
1SN ANN 13 VIA (Chalcogens) 4 4
v a , b Element IE (kJ mol") EA (kJ mol™) Melting point (°C)  Boiling point (°C) EN
Taun 0 s se Te (semimetal) Po (metal)
o oaa 4 n day L2 0 1314 141 -218.8 -183.0 3.610
NITTUDAAATOULNNDN 2 L‘WE]‘IWﬂiU octet rule ANU
~ - , S 1000 200 112.8 444.7 2.589
1. nenilulooouauiidszy 2 (xX*) wu a131lsznou oxide 1ag sulfide
- Se 941 195 217 685 2.424
2. mmﬂu‘laaauan OH g SH
Te 869 190 452 990 2.158
3152noU SeH 1Ay TeH
- , Po 812 180 250 962 2.19
3. INANUDE covalent 2 Wu'ﬁ$1u’d'ﬁﬂi&’ﬂﬂﬂ hydride (%1 HZO’ HQS, ste Hag HzTe
A o ' o ' Formula Name 0-0 distance  Notes
4. INANUTSA 1 WHUT ‘W“Uiufﬂiﬂigﬂﬂ‘ﬂ oxygen ¢ sulfur BU om)
ﬁl “ﬂP‘h_osgene O Urea (carbamide) l:l:'l Sulfuric acid o, Dioxygenyl 1123 Bond order 2.5
174 o . I =l
C>\ H N/C\NH D.-'f" OH 0, Dioxygen 120.7 Coordinates to transition metals; singlet O, (excited state) important in
Cl 11H CI 2 2 H photochemical reactions, oxidizing agent
5.0 Judianaseugiliminnnozaoudu 14an11 S ms1zA1 EN. anasninuuadan 0, Superoxide 128 Moderate oxidizing agent; most stable compounds are KO,, RbO,,, C50,
R.N: 0 Ozz' Peroxide 149 Forms ionic compounds with alkali metals, Ca, Sr, Ba; strong oxidizing agent
Ne——
RN S o, Ozone 127.8 Bond angle 116.8°; strong oxidizing agent; absorbs in UV (below 320 nm)
: ;
} 39 o, Ozonide 134 Formed from reaction of O, with dry alkali metal hydroxides, decomposed to O,




a151U52nouve s I VIA
1. Hydrides g3 H,X ldun H,0, H,S, H,Se, H,Te

H,0 52118811131 H,S 11512 H,0 1A hydrogen bond

g 2 +
H,S lunsaluiin: H,S + H,0 H,0"+ SH™

H,0 2118819031 H,S IN31% H,0 (A9 hydrogen bond
< = a aan
Sulfanes 1umsisznou H,S, 83 H,S, 1nAnnlgnen
2H,S, () +8.Cl, 2HCI(g) + H,S,
2. Oxides

SO, (sulfurdioxide) 1913 811NN3INT sulfur 130 sulfide TueINA

H,SO, (sulfurous acid) agﬂugﬂmm hydrate (HZSOSA6H20)

3. Halides 1% S F, Se,Cl, TeBr, Tel,

{ . 5 a v @ <
WINAY halide A1 (A,X,, AX,, AX,) iA91NM35IWAINU TAATIVOITIAND halogen 11U

1315200 covalent Tnnwiealalumsinalfsewasgn hydrolysis 1ad1eiu SF,

SO Sulfur dioxide Colorless, choking gas, product of combustion of elemental sulfur

SO, Sulfur trioxide | Formed from oxidation of SO, SOZ+1/202—)SO3

React with water to form sulfuric acid

8032’ sulfite Conjugate base of HSO;’, formed when SO, dissolves in water
SO 42' sulfate T, symmetry, extremely common ion, used in gravimetric analysis
S2O32' thiosulfate Moderate reducing agent, used in analytical determination of I,

2- - 2-
I,+$,0,” —>2I' +8,0,

S,0 42' dithionite Zn and Na salts used as reducing agents

82082" peroxodisulfate | Useful oxidizing agent, readily reduced to sulfate

H,SO, | sulfuric acid C, symmetry, strong acid in aqueous solution; undergoes

autoionization: 2H,5S0, 5 H,80," + HSO,’, pk=3.57 at 25 'C

41 42
SF,+2H,0 SO, + 4HF
3 AN v asilszneuveIsiany VIIA
HIUTNILBHANN 113 VIIA (Halogens, salt fomer) v ang
: L 1. Hyd halide (HX
1@un F C1Br1 At (oxidation state =—1) ydrogenhalide (HX) 1
G v W 1 %
wa & miﬂiﬁﬂﬂfﬂiﬁ'Jll@l’JﬂUIﬂEJ@liﬂigﬁ'JN‘ﬁWl Hnu X 35,-".
auianalal : N
o ad | §18a halide i x) 2. Polyatomic ions I =
-TUBEANIBU 1 ALNA halide ion (X - = iy
I+ 1T —1 K = 698 a1 25" C in agueous solution 57 Y .
a o o . 283
NAWUTE covalent NUD Tane X 1. bty ey
. 4 o |ansa 2 1 34, 80 . i e - _
-WlueTangi i lumsial §ise [——I—"1 1 A 173
A da & o 2 - P T ,
- nedsdsznounfimveendaduduldniuinuazan (-1 83 +7) snidu F fiay @ / BN N
E F l| 5= el I
sondauilu —1 m1iu w1z ie1nsavens quantum 18) I !
3. Interhalogen compounds
Halagen Moleeules, Xy ) o )
- Formation oxidation Number of lone pairs on
fonization  Election Melting  Boiling  X—X AH of state of central atom central atom
Energy Affiniry Elevivo- Foint Foing Disiance  Dissociarion
Elemert (kfFmol™ ) phd mol™) REgAIVIT {°C) (e (g fhed merd ') +7 0 IF,
F 1681 128 4193 MIEA 1R 143 1588 +5 1 CIF, BrF, IF,
1 1251 349 2868 LR -0 19% Mo
Br H140 303 2,685 —725 595 228 1928 3 2 CIF, B, IF, LCls
I [N 25 L350 11360 185.2 Ik 151.1 +1 3 CIF BrF IF BrCl IC1 3

.
At Q30" 270" 2,390 Elie




4. Pseudohalogens Pseudohalide Ion Pseudohalogen
fluansilsznounauiand1eny halogen 15U cyanogen (CN), Harminnd e dihalogens 7 Cyanide CN™ Cyanogen (CN),
= . .. Y 9
INA dissociation AIYANUIDULIATLLE Cyanate OCN™
NC_CN Aorlight | 2CN- . B ‘
Thiocyanate SCN Thiocyanogen (SCN),
Characteristic Examples Selenocyanate SeCN™ Selenocyanogen (SeCN),
Neutral diatomic species Cl, (CN)2 [Co(CO) 4]2 Tellurocyanate TeCN ™
Ton of 1- charge Cr CN [Co(CO) 4]' Azide N,
Formation of hydrohalic acids HC1 HCN HCo(CO) } (strong) Azidothiocarbonate SCSN,™ Azidocarbondisulphide (SCSN3)2
Formation of interhalogen IC1, BrCl, CIF  CICN ICo(CO), Isocyanate ONC™
compounds
Formation of heavy metal salts of ~ AgCl, PbCl, AgCN AgCo(CN),
low solubility
45 46
515 NIsuann vy VIIIA (Nobl )
a u oble gases Element IE Melting point Boiling point Enthalpy of EN
9
Ilﬂ!!,ﬂ He Ne Ar Kr Xe Rn (kJ mol ™) (°C) (°C) vaporization (kJ mol™)
auriana’lal He 2372 - -268.93 0.08 4.160
' I o = &
- agluaoiuzme Wuezaeufedr Tuntialuana Ne 2081 -248.61 -246.06 1.74 4787
- ineememanalfiseunt Ar 1521 -189.37 -185.86 6.52 3.042
-fimseseuansisznenves Xe Taimn Kr 1351 -157.20 -153.35 9.05 2,966
Xe + F XeF Xe 1170 -111.80 -108.13 12.65 2.582
2 2
XeFZ + F2 XCF4 Rn 1037 -71 -62 18.1 2.60
XeF, +F, XeF,
a g 1 = 4 % @ A
- Isotope U89 Rn MAVUIEHINUMITHANTANYUVDNTIANNNUANINIIF
- He inainmsuandatenienmiuanmidld y vaz o
47 48




Formal oxidation Number of lone pairs -~ Compounds Cations whose salts are generally Na", K", NH 4+, and other Group IA metal ions
state of noble gas on central atom soluble
+ +
+2 3 KrF XeF Anions whose salts are all soluble NO3', CH3COO', and CIO 4'
KrF, XeF, Anions whose salts are generally soluble | CT', except for AgCl, Hg,Cl,, and PbCl,
+
+4 2 XeF, Br’, except for AgBr, Hg,Br,, PbBr,, and HgBr,
XeF, XeOF, I', except for Agl, Hg,I,, Pbl,, and Hgl,
XeFy SO, except for CaSO,, SrSO,, BaSO,, PbSO,, Hg,SO,,
+6 1 XeF," XeOF,  XeO, and Ag,SO,
XeF, XeO,F, Anions whose salts are generally s%, except for those of A and ITA metals and (NH 4)2S
XeF, XeO,F insoluble CO;' except for those of IA metals and (NH 4)2CO3
XeFSZ' XeOF SO32' except for those of TA metals and (NH 4)2503
+8 0 XeO,F, XeO, PO 42' except for those of TA metals and (NH 4)2P0 A
Xe064' OH’ except for those of IA metals, Ba(OH),, Sr(OH),,
9 and Ca(OH), 50
au A A v A ad l/l v g3 41 d A f b 1 A ﬂ o Vo«
ANIIUATUARTINNMIIRITeRAaTou llaNlY d 130 f orbital Herlluezaow d block na5]3 4 series
a o A a o v ) a ag )
dasznie loseudass 1. Series 1 1 (light elements) wudaansoun 1l 3d orbital
A4 series
Mai Mai ) 3 4 ] ] 7 4 4 16 i1 F:
ain groups ’7 ain groups ——— IE IvE v ViE YIlE win B B
1 i#
% 5 o 15 16 17 % Element Se Ti v Cr [&0] Fa Ca Hi Cu Zn
H |24 3A 4A 54 6A 7A | He Abomic numben 2 zZ 23 24 235 26 27 28 28 30
3 g iti 5 6 7 B g 10 Electronic 1 v v S 1,.7 | B, 7 > T..7 B, 2 0,1 0, 3
Li | Be l—Tmnsm‘:’”'“—'E["'J groups ————— B |lC | N|O F | Ne onfiquratian s’ as® | 3 4s® | 3d'as® | 3d"as' | 3d"e’ | 3d74e” | 347487 | 365407 | 34 "4s" | 3dMas
1 (12| 3 4 5 6 7 d g won 12 113 114 (15 | 16 [ 17 | 18 g
Na |[Mg |36 4B 5B 6B 7B — 86— 1B 2B | Al S | P 5 | Cl| Ar
3d 19 |20 | |2[23 |24 |25 2627 (2829|3031 33 [ 3 [ 35| 36
K [Ca[S |Ti |V |Cr|Mn|Fe|Co|N |[Cu|Zn|Ga|Ge|As | Se | Br | Kr A “ ax oy
4d 37 | 38 | 30 | 40 | 41 | 42 | 43 |44 [ 45 |46 | 47 |48 [ 49 [ B0 [ 51 |52 [ 53 | 54 2. Series N 2 (heavy elements) IANBDIAANT ou 11/ 4d orbital
Rb | Sr | Y | Zr [Nb |[Mo | Tc |Ru |Rh |Pd |Ag [Cd | In [Sn [Sb [ Te | T | Xe
5d BR | RG |57 |72 |73 |74 (75 |76 |77 |78 (79 | 80 |81 B2 | 83 | B4 | 85 | 86 44 Series
Cs |Ba |La |Hf | Ta | W |Re |Os | Ir | Pt |Au|Hg | TI | Pb [ Bi | Po | At | Rn
6d 57 | 88 [ 89 [104 [ 105 | 106 107 | 108 | 109 | 110 | 111 | 112 les ‘fﬂ _f'E ,ﬁﬂ '\-.-'I?I.E s ‘j" o :; |1|§
Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt b
inner transition
elements _ 58 [59 [60 [ 61 [62 [63 [ 64 [65 [66 [67 [68 [ 68 [70 [ 71 Elemert A Zi Hb Mo Te Ru Fh Fd ] cd
Lanthanides | ce | pr | Nt | Pm | Sm | Eu [Gd | Tb | Dy | Ho | Er [Tm | Yb | Lu Aarie Mumber | 39 a0 # az 43 o 45 45 ar a8
Actinmides 90 [ 91 [ 92 (93 | 04 [ 95 [ 96 | 97 | 95 | 99 | 100 | 101 | 102 | 103
ctinides |y | pa | U [Np | Pu |Am |Cm | Bk | CF | Es [Fm [Md | No | Lr Electranic | 4yt 202 | 40 547 2o5en 4o 5a1 | aaase | ad'se™ | ase® (44" & | 46™5s" | 44" 5e7
51 Contiguration e 2




3. Series N 3 (heavy elements) @u&ﬁﬂmamsﬂ’ﬂﬂiu 5d orbital

5d series
3 4 5 5 7 8 9 10 11 12
ne VB VB VIB vIIB VIl B 1B
Element La Hf Ta w Re Os Ir Pt Au Hg
Atomic Number:| 57 72 73 74 75 76 77 78 79 80
Electronic 4f“5d1 41" 5d? | 41'"*5d° | 4" 5d° | 4'*4d® | 4f'5d° | 4f'*5d" | 4™ B5d® |41'5d"7 | 4f"*5d ™0
Configuration 6s” s’ s’ 6s' gs® gs* 6s” s’ 6s' 6s'

4. Series 1 4 (heavy elements) dudiannsoudn1alu 6d orbital

6d series
3 4 5 6 7 8 9 10 11 12
e VB VB VIB | VIB Vil B B
Ha
Element Ac Ku
’ (Unp) | (Unh) | (Uns) | (Uno) | (Une)
Atomic Number| 89 104 105 108 107 108 &
Electronic 5t 5™ 5
Configuration | 6d'7s® | 8d°7s” | 6d°7s”
53

- . a wa = ' o a a ad 9
M4 4 series Uaniamuaiinazmonwuanaeny mszlnsaudaaasowd 1Ty 34,
4d, 5d waz 6d MUAIAY @4 d orbital ¥ lope WiDONINTUATYAFI d orbital HONTHAAD

Funadow

a ad % ' a

Lanthanide 182 Actinide In1siaudianasowd’liIu f orbital #a% lope Wadmiiunded

. v R o o aad Lo Ay A a ag 9

. MsvualFsRuaziuveIdianasauly forbital UAlee iemuddanaseu 1l £

° adg A 2 {a A 2 ' o o &
orbital T1uIUBIAAATOUNNUY UszguanRilunRemNLIURIBUANTUALITTDE A1
Aa ) ag P o & = < A
Uszquanniiundeaiengadanason lauin AniuvnavetezaouItaaa@zannIi
3 o . wa

9213/ 360 Lanthanide contraction ¥ 1WA lanthanide Fanaiamaniiuazmenin
IndiRganu
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@ < 1 I @ 1 1 a 1
3. minuazudws 95 man Neaau 399 lumsneadne aned (Y NedLAd BoU

a @ o a3 @ o @
msnause Tanzuazisunaugaaansouluwuse Tlavzun i ldiezasutany

' I ~ ' o Yy Y A a < A
RIANISINIYPN] 3JNaﬂﬁlmiuﬂﬂﬂumzﬂﬂiﬁﬂuﬂﬂ UATULLULLT ﬁﬂlﬂﬂﬂ-ﬁ;ﬂﬂﬁﬂumﬂ’)@ﬂ

B -00000000000 *
200000000000,

avruiugs Andhniumiim
00000000000+

oclojololclciclalolo 2006005000000
= S e oTole Q00
UOUUUUHQQU Aﬁ%%%ﬁ
q]rf.r‘“mur]r“\pu_}f}r\ e
el b 00000000000
M[(T] J\ o L) 00560 00000000000
: ! 00000000000
Lsea poF TON CORES QOOOO0OOOO00
ELECTADNS 00000000000

v o ad 2 o g
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1laeugisns (shape) 18 i Tfhuazanuionlda ianumiien

o aan o a a I s A 1 < I .
4. ‘an]{]ﬂﬁﬂ'lﬂﬂﬂﬂﬂclflﬁ]ulﬂﬂlﬂuﬂﬁ]ﬂhl"]iﬂVIN'J“UENIﬁﬁg LB !‘l’iﬁﬂﬁ]ﬂﬂ‘lcﬁﬂ F6203(hematlte)

Au, Ag, Pt, Pd liiAnoen lasa Hematite

http://commons.wikimedia.org/wiki/File:Hematite.jpg

http://www.concretecorrosion.net/html_en/maitrise/corros.htm
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ANHUIAUVBITINIIUATY (MIANA19INT A s 11AZ p block)

1. Haveendadu ldnatear 3uilu1dne oxidizing 1ag reducing agent
onI U Wy 1B (Zn, Cd, Hg) 0.S=2 13 1B (Sc, Y, La, Ac) 0.S. =3

Sc Ti W Cr Mn Fe Co Ni Cu

[2)
=)
i

V2+

n

V3+ V4t

57

A 1 .. =R A
2. @,ﬂﬂauuaﬂumq visible 3N d

cnx.org/content/m15131/latest

incident
light .

_p wihne
ligh

prism oy " f{ =
e W)

- e

ransmiced . e _
HE EERnE
Absorbed wavelength | Observed color
in nm (color)
400 (violet) Greenish yellow
450 (blue) Yellow
490 (blue-green) Red
570 (yellow-green) Violet
580 (yellow) Dark blue
600 (orange) Blue
650 (red) Green

dveslooou M(H,0) ™

metal |n @
Sc 3 FHAEG]
Ti 3 lusia
\% 3 Weroeu
2 1eoU
Cr 3 NWeoU
2 ih
Mn 2 wuyoou (o lilid)
Fe 3 GEY
2 Wereeunse lilid
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Oxidation state | Examples of compounds Oxidation state | Examples of compounds
of manganese of manganese
+2 Mn(OH), (pink) +1 Cu,0 (red)
MnS (salmon) Cu,S (black)
MnSO;, (reddish) CuCl (white)
MnCl, (pink) +2 CuO (black)
+4 MnO, (dark brown) CuS0,.5H,0 (blue)
CuCl,.2H,0 (green
7 MO, (purple [cu<ézo>i]a§%3>2 -
Isomer Color
[Cr(H,0)]Cl,4 Violet
[Cr(H,0),CI]Cl, Blue-green
[Cr(H,0),CL]Cl1 Green
[Cr(NH,)]Cl4 Yellow
[Cr(NH,),CI|Cl, Purple
[Cr(NH,),CL]CI Violet 59
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p Wifaueviluasi lutiautiaanuilusiman (diamagnetic)

[Cr(NH!)s]h Oxidation state of Cr*® Crystal field d orbital splitting for common ies.
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Magnetic properties

1. Diamagnetism
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1413181 magnetic moment ATIVINAVAANIVBIAUINLIMAD

2. Paramagnetism
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heme, ferrocene
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5. antiamsuausulgnse (Reactivity of metals) Electron configuration (ﬂ1ﬁfﬂ!%Sldalﬁﬂﬂﬁﬂu)(n—l)dl'm st orlor?
Aufbau principle (building-up principle)
= =1 =1 =3
: Element s pdconfiguration Electrons in boxes configuration
n= ﬁ id sy
- S [Ar]  3d? 45°
http://www.wou.edu/las/physci/ch334/lecture/lect]16.htm = V 2 Ti [1] 3d® 457 .... D
. “; v e sees ] [T T
€A Ru, Rh, Pd, Os, Ir, Pt, Au n=4 4d et [Ad 34 T [T harf filled
L Y h=5 S | Moo A s as ooy o
1eu1iA Noble character 1At - high enthalpies of sublimation (high melting point) o # & ,f"x Fe [ar]  ad® 46 E T T m
- high ionization energies — e [ AT 4l AL 7
Mi [Ar] 3t 4 ..
- low enthapies of solvation n=g /ﬂ Cu*  [Ar]  3diMe! LU [T D full filled
Zn [A1]  3dM4s? LTI
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2gc =[Ar] 3d! 452 Sc¢" = [Ar] 3d' 4s' Sc?" =[Ar] 3d!

2Fe = [Ar] 3d° 45 Fe*" = [Ar] 3d° Fe'" = [Ar] 3d°
%Cr = [Ar] 3d° 4! Cr* = [Ar] 3d* cr'' =[Ar] 3d°
MCu =[Ar] 3d" 4s' Cu’ =[Ar] 3d"° Cu*" =[Ar] 3d°
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4s orbital UWAINIUAINI 3d orbital INFIE 4s electron MN1TDIENLY (penetrate) 'l
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3de ¥gAOONNNAY 4s ¢ 1N312 3d orbtial UBIUIINIINNZAI (penetrate) AN 4s

Tassaeddansenveteznontazlooau

o =2

Aa a v ad v R Yy ad o A
1. MIVALWIIA9AYDI 529U INNHUAREANUDIAANTBUAIMTIAIEDIANATOUAID U
Ja w1 X o q ¥a
Tusesdnanieg ¥z ling z*
I'4

o a g a o 1 A I~ Jya
2. uiNﬂi:mmmamﬂmiauﬂluaaiuwamm"luamaumaﬁluvlaaau L'ﬂul‘ﬂ@ﬂﬂmﬂll

' Y
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2gc =[Ar] 3d" 452

2Fe = [Ar] 3d° 452
2Cr = [Ar] 3d° 4s!
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A o a 1A oy A X a g A4 2 13 3d Sc Ti A% Cr Mn Fe Co Ni Cu Zn
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1fagediannsouly inner d obital 18118 i limsdeaavesddansounuiiunasalilld
, 4 1o 4d Y Zr  Nb Mo T¢ Ru Rh Pd Ag Cd
= 1T A
hidniinas Semozaou (A) 182 160 147 140 135 134 134 137 144 152
[y A X ' . ) . < A
WAL INM: VUIAOZADUINNUUIINUUAIE1IN 3d series 1159 4d series N 1ziTun1sIiY taa5d La B Ta W Re 05 Ir Pt Au Hg
. . , va o A d . Setiozaen (A) 172 159 147 141 137 135 136 139 144 155
shell 1@ 4d series N1 5d series YWIMOzABNINdIAeINUNTRIANNI M5 1ZTinguDIg
. L. =) v o Aa a = Ia
Lanthanides 11a2 Actinides A @951quianiiiilszquaniiandedgs Inaudoanasoue 02
' . ) { o ' Lo o Ja :
g1u 5d ¥i30 4f orbital uaviTnueia 18 14@ (shielding: s>p>d>f) li1audoiaaasou it G2
Yo = - - ay Y o - o ¢ 2nd series (4d)
llyﬂiuu,iamﬂﬂﬁ]mﬂixi;mmaﬂﬁqm”lmnﬂ mldnaezaeulivinaanas Usingmsal - 3 serios (Sd)
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Ionization energy

LE Sc Ti \'% Cr Mn Fe Co Ni Cu Zn
(eV/atom)

LE1 654 682 (674 |6.77 |7.44 |787 |786 |7.64 |7.73 [9.39
LE2 12.80 [ 13.58 | 14.65 | 16.50 | 15.64 |16.18 [17.06 |18.17 |20.29 |17.96
LE3 24.76 | 27.49 | 29.31 | 30.96 | 33.67 |30.65 |33.50 |35.17 |36.83 |39.72

A1 LE tag EN tyange lun

@

' Y ! ' Y '
TasdnAn LE minvuiioalieznenanad uazllseyiiundemiuiy tas1gnudsund
N59Ai50481AAATOUIDY half filled t1ag full filled 3iA1 LE ganin 14y

Cr' uag Cu' UA1 LE 2 110

Hor= [Ar]3d’ 4" Cr'" = [Ar] 3d° half filled

You=  [Ar]3d" 45’ Cu” =[Ar] 3d" full filled
69

*n38I51¢) s 4ag p block A1 LE anada1nuuadan luniidedny sufeinumy B
- : L 2 o
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m513 3.5 Amasa leeou Tumduvessignawdsuluuni |

LE (eV) Sc Ti A% Cr Mn Fe Co Ni Cu ZIn
LE1 6.54 682 6.74 6.77 7.44 7.87 7.86 7.64 7.73 9.39
LE2 12.80 13.58 14.65 16.50 15.64 16.18 17.06 18.17  20.29 17.96
LE3 2476 2749 2931 3096 33.67 3065 3350 3517  36.83 39.72

M99 3.6 waaw loeou luaduvessgnsmdduny 3B uaz 4B

1LY iy 3B LE 1 (kJ/mol) iy 4B LE 1 (kJ/mol)
3d 25¢ 631 27Tj 656

4d My 616 07y 674 7
5d La 541 Hf 760

1UPNTBIATH (oxidation state)

Series 1 1 Bidansouly 3d 1A 4s orbital Hamd iy lumstmual§isewas
auiid .. 1aveenFnFugIgaNIINHaT WY ILIUBIAAATOUTY 3d UAg 4s orbital 11AZ
oxidation state g3 ANINY group oxidation state YN TAFY (oxidation state)mlﬁ}ﬂmﬂ
Audlesnind LE unazday luaaiu

sgnsdanseuly d oial > 5 (BTiegudean Mn) avesndtugagall
whuBidnaseulu 3d uaz 4s orbital INFWAYE 3d 1A 4s orbital HUNMIMABHAION

HazauANINANAAAY LAz oxidation state gﬂi:f("]‘lij!‘ﬂ'ﬁ/u group oxidation state

Sc Ti \% Cr Mn Fe Co Ni Cu Zn
d]sl dZSZ dJSZ dssl dSSZ d6s2 d7S2 dssl dll)s] leSZ
0s. I I I
it il I i I i I i I I
1 111 11 111 1 1 1 1 111
v v v v v v v
v \% \ \% v
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Melting point & Boiling point

Sc Ti \% Cr Mn Fe Co Ni Cu Zn

B.P 2748 3285 3350 2960 2060 2750 3100 2929 2570 907
M.P 1539 1667 1915 1900 1244 1535 1495 1452 1083 420
Cd

B.P 765
M.P 321
Hg

B.P 357
M.P -39
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