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L3 -
1 IUPAC Periodic Table of the Elements 18
1 2
H He
hydrogen helium
n.oor‘s'??nosz] 2 Key: 13 14 15 16 17 40026
3 4 atomic number 5 6 7 8 9 10
Li Be Symbol B (o N 0 F Ne
lithium beryllium name boron carbon nitrogen oxygen fluorine neon
6.94 conventional atomc weight 1081 1201 .07 15.999
[6.938, 6.997) 90122 standard atomic weight [10.806, 10.821] | [12.009, 12.012] | [14.006, 14.008] | [15.999, 16.000] 18.998 20.180
11 12 13 14 15 16 17 18
Na M Al Si P S Cl Ar
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
22.990 124,3;:,33:.307] 3 4 5 6 7 8 9 10 " 12 26.982 pa,os:ozinas] 30974 pz,n;;?znrs] 135. 4:2‘ 355,4571 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
39.098 40.078(4) 44.956 47.867 50.942 51.996 54.938 55.845(2) 58.933 58.693 63.546(3) 65.38(2) 69.723 72.630(8) 74922 78.971(8) rfa,sorfmson 83.798(2)
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
rubidium strontium ytrium zirconium niobium molybdenum | technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
85.468 87.62 88.906 91.224(2) 92.906 95.95 101.07(2) 102.91 106.42 107.87 11241 114.82 18.71 121.76 127.60(3) 126.90 131.29
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba | oo | Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
caesium barium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
13291 137.33 178.49(2) 180.95 183.84 18621 190.23(3) 192.22 195.08 196.97 200.59 [204.;; ;u-msl 207.2 208.98
87 88 104 105 106 107 108 109 110 111 112 (113 114 15N 116
Fr Ra Rf Db Sqg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv
francium radium rutherfordium dubnium seaborgium bohrium i i i i i copernicium thnlumj flerovium moscovium (flivermorium

INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY

For notes and updates fo this table, see www.iupac.org. This version is dated 28 November 2016.

Copyright © 2016 IUPAC, the International Union of Pure and Applied Chemisry.
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113
115
117
118

Nihonium (Nh)

Moscovium (Mc)

Tennessine (Ts)

Organesson (Og
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sigeglunyifediuidunuiauddidnasewiniu wihlndaudaeiiaaendeniy

slunggos A (A - VIIA) Tuauddianasousiniuiauiiveasny 1wy 519 tumy 1A
Lag 1A 2l iaudBlanasowyintu 1 uag 2 Anua1eu

579 bUAULAEIAULINUIUTZAUNS NN kagvnTUEUNURIATY

JoiSundelanzm]
vy 1A = lavgdaaladl (Alkali metal) : Li Na K Rb Cs Fr
=y 2A = lavgdanlatiidsn (Alkali earth metal): Be Mg Ca Sr Ba Ra
= %y 7A = #lawau (Halogen) : F CLBr | At
. ‘quJ' 8A => uRados (Inert/Noble gas) : He Ne Ar Kr Xe Rn
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; Zinc
Representative 2
1 Cadmium 18
138 B . Mercury 8A |

Noble gases 14 15 16 17
4A 5A 6A 7A

Transition




S1ALSWILIULARAN %38 §19ugvian (Main group or Representative)
51013 1A-TA FITULDE 5 WAL p VBAATAIDUANNANAIANTIBLANATOUUTTLLAY

un&LRay (Inert gas or Noble gas)
| YRR Aa & o Y, aa v & 2
ﬁf]ﬂvill” SA YIVUYDY 0, N@LaﬂﬁiauUﬁif\!LmﬂJ 8N He nUN1590L589.0JU 1s

51ANS1UPYY (Transition)
5194y 1B waz 3B-8B Fetuton d ABLanmsouUIIRlLAL

saalalunasnsiwunnnuassansugduy
5191y 2B A8 Zn, Cd wag Hg

51N UTFUFULY (Inner transition)
gj 1 aa < (I~
Yueae f IBANATDUUTIYLULAL
= uaunmbua (Lanthanide) 58 519431180 (rare earth)
519 NLaUDEABNAA 58 D19 71
= uandilud (Actinide) %50 519usMI81NVIN (heavy rare earth)
5I9LaYaENAUAILS 90 D19 103 ‘




O As3uunngusia: lang Nalave uazalans

1 18

1A 8A
i'! 2 13 14 15 16 17 l:

2A 3A 4A 5A 6A 7A e

3 4 5 6 7 8 9 10
Li | Be B C N ) F | Ne
1" 12 13 14 15 16 17 18

3 4 5 6 7 8 9 10 1 12 4
Na | Mg | 33 48 SB 6B B [——S8B—— B 2 | Al [ Si [EEREES G| A

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 M 35 3%
K Ca Sc Ti A" Gr Mn Fe Co Ni Cu n Ga Ge As Se Br Kr

37 38 39 40 41 42 43 . 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sh Te 1 Xe

55 56 57 72 73 74 75 76 7 8 79 80 81 82 83 - 85 86
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

87 88 89 104 105 106 107 108 109 110 11 112 113 114 115 116 (117) 118
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg

Metals 58 59 60 61 62 63 64 65 66 67 68 69 70 )
o Ce | Pr | Nd | Pm [ Sm [ Eu | Gd | Th | Dy | Ho | Er | Tm | Yb | Lu
Metalloids 90 91 92 93 94 95 96 97 98 99 100 101 102 103
S Th | Pa U Np | Pu [ Am | Cm | Bk | Cf | Es [ Fm | Md | No | Lr
Nonmetals

*siplulavzuavelanegnuensananiuseiduduiule lneniediovoddy
Tulaulave nsvvendutuiulaluslane dwsigiisgdaduiulaac
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audRnAssenindlaveivalany 1Sens19nInian sinnalane (Metalloid) ‘
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Na 157 25" 2p°3s'  => [Ne]3s'
LCU 187287 2p° 3s°3p° = [Ne]3s“3p”
L Cr 157 257 2p° 357 3p° 4s' 3d° = [Ar]ds'3d
Is Is
2s 2p
3s 3p
4s 3d 4p
55 4d 5p
63 5d 6p
Ts 6d p
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»  nasulessluwdu (lonization energy: IE)
*  dunssanindiansseu (Electron Affinity: EA)
< Bannsiwundin (Electronegativity, EN)
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AN

186 160 143 117 110 104 99 97

| S gj 22 Atomic radius decreases -
Qqugu?jum aqa La ﬂ miau 1A 2A 3A 4A SA 6A TA SA
[LaUAIBUANYEN () VDINAUTDLANHTOU] . "

Qo Q

" usshgassvinedaedeaiudidnaseu ) ‘
B G N O F Ne
QD @ 90 0 0 o0 o0

Y, 152 113 88 0 6€ 64 69

[ = [+¥) | =%
> MILAEINU: mumazmaﬂmpwmmuaq

. QDD 99009 00

WU Li < Na < K< Rb < Cs

C

©
©
®
®
©
=
@

(ﬁmﬁagéfﬂuéwﬁ n 11n)

227 197 122 122 121 17 114 110

» e
> ANURYINU: VUIAUDIDLADUILLANAIN Q DD

G'Efjf] Ej‘lﬂ,sm,] 247 215 163 140 141 143 133 130

WU Li>Be>B>C>N>0>F @@ @@@@@
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“Yuivlszquinuesliundud I1UIUBANATY WareosUVaUBILaULBIANATOU”

° Li (1.23A) o Lt (0.68A)

3 lassuunn (Cation) 1AR31NNTSLEYDLENASOUDDNINN o o
o . Na (1.57A) Na* (0.98A)
YADU AINUILUIIUIUDLANASOULDUAY LUVULN
I a =~ o LY < I A g 0 K (2.02A) \) K+ (1.33A)
TUSARUWINAN 9N LALVUALANAINIIBZRUNLTUNEANS

. a U a & Q' ) o Rb (2.16A) J Rbt (1.48A)
d lessuau  (Anion) LAAINNNITSUDLENATOULNNLYUN
LAIUIUIUSABUTUNUAY N IARVUIALAUTUNTD Qcm,m JCS+<1.67A)

A&
2¥MNDUNLUUNANY

A e o A A R Q rosn J F- (1.33A)
Q lessuniiusyauindu Saillessuvoanyineiuaziiudu .

NUUAIAN Q com ’ Cr (161A)

Q lespuiididiuiudidnnsauiniu (isoelectronic series) Qo | ’Bm%m
01U52UlLARUALINATY YUINDZADUILLANAS

: 2- - + 2+ 3+ o 1 (1.33A) i I (2.19A
[y O > F > Na® > Mg™ > Al ) )



wassuleaaluwdy (lonization energy: IE)

A v

“Wasnuitesngandesldiiefsdiannsausenaineznenluaniusuia’

X (g) —> X" (g + e

E Wuaniainadnueindrglunisviilrezesuisdulassuuin

LYY Alg)  —> A" (g9 + e~ IE, =580 kl/mol
Al () — A (g + e~ IE, = 1,815 kl/mol
A (g) —> AP (g + e~ IE, = 2,740 kl/mol

APt () —> A* (g + e~ IE, = 11,600 kJ/mol




nasuleosluwdy aeiaiuduidnaisulunisadiannsausnnanezaauluanIuy
LAZLANLNTY WY IE, < IE, < IE, < ...

Successive lonization Energies (k]/mol) for the Elements in Period 3

Element ’1 ’2 ’3 ’4 ’5 ’6 ’7

Na 495 4560

Y Mg 735 1445 7730 Core electrons*

o Al 580 1815 2740 11,600

é Si 780 1575 3220 4350 16,100

- P 1060 1890 2905 4950 6270 21,200

§ S 1005 2260 3375 4565 6950 8490 27,000

& Cl 1255 2295 3850 5160 6560 9360 11,000
Ar 1527 2665 3945 5770 7230 8780 12,000

*Note the large jump in ionization energy in going from removal of valence electrons to removal of core

electrons.
General increase >

niLAEINU: A1 IE 98aAa9NUUAIAN tHasanvuInevmeu gy wasunlddmiu
n1sheBianasaululuengaisliadiAten (@1113003 e sanladne)

ATULREAAY: A1 IE, Aiiuduangieluedn WednnvuInesnauanas wasuly
dmsuAaBianasauluisuenaniiAiuin (Nsfsesn e enu) ‘




lonization energy (k.J/mol)

Period Period Period Period Period 1A ik 3A 4A SA 6A TA 8A

2 3 B 5 6 ‘

c 0 >

Po At Rn
813 920 1042

B
go 1086 1402 ing 161
sso 780 1060 loos 125 1577
Ga Ge As s Br Kr
s 76l %47 9y M43 1356
In Sn  Sb  Te 1 Xe
sss 78 84 s 100 1176
71 Pb B
589 703

-~
—
w

E

Be : 15225’ N “UsuUULAN (Full-filled)”

B 152 252 2p! NNA
Is 2Zs 2p

N 157 25°2p° NN R “‘Uiiﬁ}LL‘U‘Uﬂ%\‘l (half-filled)”
Is  2s 2p

, 2 720 d\
O : 1s°25°2p ﬁ Zi [} gp 1 ‘




dunssAnIdLannsau (Electron Affinity: EA)

“WHUNYNAIEBBNLT Wesnzmouluaatuziiasudianasaunlvluszsou
wanfedulessuau”
X(g + e  — X~ (g)

1%

wyjifeafu: f1 EA azsiias elavesmeudiindu ilesanezmeuiivuelnadu usaign
seyintluafsauasdianaseulsuananiianag

AURBAY: A1 EA aegetu Woinveznemiintu Wesnoznendvunadnas ussiage
sewinsiledanaydidnaseulsuenaniliainniteynouiidivunalg

" A [Juaildinaugindnevesezaaulunisnazsusianasaudnluluszsen 1an
a [~
Andulaasuau

" H9A1 FA AnaunnnTuwiile wansdmasufignaieesnuilioszmensudidnasou
W lUBNAUNN duRsazaautuSUBLAnNaTauLaziAnlulenauauladng

F@) + e~ — F~ () AH = -328 kJ/mol ‘




Electron Affinities (kJ/mol) of Some Representative Elements
and the Noble Gases*

Electron Affinities (kJ/mol) of Some Representative Elements
and the Noble Gases*

TABLE 8.3

H He
73 <0
Li Be B s N O F Ne
60 =1 27 122 0 141 328 <0
Na Mg Al Si P S Cl Ar
53 =0 44 134 72 200 349 <0
K Ca Ga Ge As e Br Kr
48 24 29 118 T 195 325 <0
Rb oY 4 In Sn Sb Te | Xe
47 4.7 29 24 101 190 295 <2 1)
Cs Ba Tl Pb Bi Po At Rn

45 14 30 110 110 ? ? <0




BLlannsiun1@in (Electronegativity, EN)

“ANUAINTALUNTAIRABLANATBWTIU IO ABN”

adidnlasumaidvassiaes 9

Li
1.0
Na
09

K
0.8

Rb
0.8

Cs
0.7

Fr
0.7

Be
1.5
Mg
1.2
Ca
1.0
Sr
1.0
Ba
0.9

Ra
0.9

Sc
1.3

1.2

La=Lu
1.1-1.2

Ac
1.1

Ti
1.5
Zr
1.4

Hf
1.4

Th
1.3

V
1.6

Nb
1.6

Ta
1.5

Pa
1.5

Cr
1.6

Mo
1.8

w

1.7

U
1.7

Mn

1.5
Tc
1.9

Re
1.9
Np-No
1.3

Co
1.8

Rh
2.2

Ir
2.2

1.8
Pd
2.2

Pt
2.2

Cu
19
Ag
1.9

Au
2.4

Zn
1.6

Cd

1.7

1.9

N
3.0

2.1

2.0

5b
1.9
Bi

1.9

O
3.5

2.5

2.4

Te
21

Po
2.0

F
4.0

Cl
30

Br
2.8

2.5

At
2.2

NULABINU: AAAINUUAIA

ATULAYNU: LINLIUINNG8 LU




agunudldnvunnznay, IE, EA waz EN

IE, EA, EN

IE, EA, EN Representative YUINDLH DU

VU AU




LU lUUVRIFUUANIINIENTN

ﬁﬂﬁﬂiﬂ'l'“ﬁ‘Uﬁ dﬂiﬁﬁ'qﬂﬂ'ﬁhﬂ) B, C, Si, P, Ge, As Sn
]
SLh 4N — 1Y

wusslane wIILAUADTIaE

" 510n8% s Naw d naw f wasnau p uNddanumeiusylans Fazudnssguile
avaoUTvUIALEN

" 5 USUN9 WY N, O, CL Aesuszlariaudladuluanaiien Wusslaviaus
wdanssnnlagnzlunstiNnosnaulivulnLan

" Tuanafesuiudunguieusiwiumesadveraudieou winluanaduualg
LSIIUADITINREILUINTY ‘
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“PYUAY YUIN WIAVDIBLADU LASIAS AN LAZLSIEALNLEITENINNUY”

* ngulang

519199 HVUIALEN LATNIANINNTT haziusslanskdiusinda 9zl
VULUUEININFWNEY

WY Be > Li wag Ti > Ca (va] 1A Iauvunuuusinign)

e[,uviaﬂ'lﬁmﬁu ﬁwmﬁfﬂ%ﬁmmwmLLﬂuQQﬂﬂwm@Lm UB9INUBASINISLANLIA
1590371NSINUSURS

LU K LAVUIA = 39
< & 0 o L S ¥
Rb lAv9A = 85 }wmu 120% " Seflpymon = 216 pm } WY 20%

A9 Rb 39A5HANUAUILULLINNDT

U

LavunIua Ty Jrundnkasiiaun Nusslansudass Janunuiwiuege

S i I I v o P = = I A Y
% INLaqaagﬂaﬁJLaﬂq AITHUAUTNLLUUADUYINAT LUBDIYTINELINY R UYITITAITNUUBDY

”’ 1 d.dI 1 1 1 ‘lJ ( dl FL 1 . )
¢ NHRUNULAININATVIY ANUAUIUUUTUNAN Eﬁ\‘ﬁ/l??jﬂ UN[N representative ‘



<
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. < Y Y a v & = = Yo [V
Junislondsnuainusoukenluianandndundussileulunanvivinaiy

" nsdiniilassasisluanaied nasuauseuszluiatsuswunesad Juduwss
YUINEY §1ANGUNIWANABUNAILALIALABAABUTIIAT LATTFITULIDLULANAL
YUR LU

B 50ilanieiisaninlASIS1NeaNUNY AR lTANUSUNIANYNUSE LanE SN UL LALILALD

903lgWa9IUNINAI7
ny 1A ny IVA Ny VA wy VIIA

> . mn

lanenTINETY J9ALA0AUALYIAYADUWAIGINGA JAINVU UG

509A947 A8 NGUIATITINNIYIE ‘




15 nflaza15au

" Taug Wudniiia winisunlnihanasdiogumgiiaanu

1%

" glave L uauiu 1A1UAUNILEINN

" Aalaveg dalwihle wiasilaniiiegaungiigeu

Conductivity

%

Temperature




LU U UYDIEUURANI9LAS]

¢ LaveanTntu
" 51emy 1A SiaveenTiadudy +1
" 51emy IA Saveandnduiiu +2
" 5ienguane dnlngazilavesndiaduldinnnimilsan
" glavg drusnglulessuaudnuaniaveandiaduaiien wu CL-, S, 0%
LA LARANTUSENBULALLAUABNNLAY0BNTLATUAIUINVSBAUN LA

% AndlWvuasgiu (E°)

Li ] 3 F
Lit + € — Li |3 w3 F, + 2 — 2F
(UInuIN)
Cs" + € = Cs |Cs | l, + 2¢¢ — IF
(aunn) (UIndes)

¥
[ v aa

lanen9inuiee9n1319570JuiisAdnnuIn @edidnaseulady wavlaneninludisfidnagu
alaveluimeandladnfuinsudiannsoulsdn ‘




LLu'ﬂﬁﬁJﬂ’NﬁJLﬂﬂﬂiﬂ—tUﬁ‘U@ﬁﬁ’]‘JU‘J%ﬂ@U

< @arsusznavaanlynuazlansanlan
28Ny @15UTENOUIENINNEINULLY AUsNLau
lansonlad: arsusznouvas OH gnsiiluidu M(OH),

lﬂiﬂﬁl'ﬁlﬂ“ﬁ”"lﬂﬁﬂ dunsaundu
A — >  VIIA A > VIIA
Taraaud nie
diulassfin
UINTU "me“*
_ Nl
Y| leoniin WE
| |
- ! i In 1 ‘ -
Afssewinlessiinuaslaniaud woyIWna3n (amphoteric)

Ca0 + H,0 —> Ca(OH),




78814 N15LUSBULTBUANLTUNIALUATEIS N IUATUN 3

Na,O MgO ALO, SiO PO, SO CLO,

2 3

NaOH ~ Mg(OH),  AUOH), SiOxHO HPO,  HSO,  HCO

1 1 1 1 '49{ \ }
LUELLN LUdD8U N3N/ ARIZBR)Y) N3IALLNUU gﬁ :
ArI2lY5

a

UEDDU

faae13 N1siTeuisuaulunsauavesglumygi 5

N,O, (HNO,) NIALA

P,0,, (H,PO,) AHRRY

As,O,, (H,AsO,) AHRRY

Sb,O, Loulwna3n (@amphoteric)
Bi,O, LUFDDU

A7819 NMsTeufisuaulunInluaredsINtiavesndindurans e
aradunsn  HCLO < HCO, < HCO, < HClO,
+1 +3 +5 +7




SIRLINILYUNTN

ﬁ’]@LﬁW?L%umﬁV\l (Representative element) %39 519vLuan (Main group element)
Ao 519 NHNLAUTBANATIUUTIIU 5- way p-orbital Tnewilu d- was forbital 81992
Lufisiannsauetiag M30lUIIV0LANNNALE?

A VIIIA

H 1A A IVA VA VIA  VIIA He

Li Be B C N O F Ne

Na | Mg I S p S | A

K Ca Ga Ge As Se Br Kr

Rb Sr In 5N Sb Te | Xe

Cs Ba Tl Pb Bi Po* | At* Rn

Fr* | Ra* “@unthilansvassimanasamerelvyar (Arudeaiy)

®

Uay LNNTURINUUAIAN (VYAEIN)”



s neglunyineniu Aedilassadididnasauisuenganliouiu ssdautfinig
LATIAGEARIY

5IRaNBNFIVUgAvRuAaY (519buAun 2: Li, Be, B, C, N, O uag F) dndl
andanuananglUansIndug lungiediu iesnduuiaidnniiuin e
WeunusInaue lungiginy

Li, Be thag B azuany “@udsluivied (Diagonal relationship)”

[A 2A 3A 4A

Li Be B C

KK

Na | Mg | Al | Si

Li aziansauUaniIaalivalsdsen1snaaigndsnu Me




d15Usenaulyll

QD

Sodium chloride: NaCl

Barium

nrsnagdaulalln (Flame test)

Li Crimson red
Na Yellow

K Pale violet
Rb Violet

Cs Blulish

sulfate: BaSO,

i - =
T it P

Potassium chlorate: KCLO3




ﬁﬁ@lﬂiﬂiﬁ]u (Hydrogen, 1s') “Lifsumislunmssniimnzauiian”

A
- = slalaseudusigniiuinianlussuvasesingina 5998w
] Aadwdey (He)
N = 19AURRUWIIVINN -252.7 °C Uag aLianvniy -259.1 °C
d
y = Vgungiiuazanusulnd s1glalasiaulzedlusuvesuia
lalasiau (H,) mdnedusimalaau (X)) Faduluanaliden
Rb hlazarsuidaduluanalitn
Cs = uddalalasiau (H) JDuufanludd ladndu wasiluwianiaaiy
oo MNLUULBENER




=

sudAvadlalnsiuaziinedruiindrondsiulanzuy 1A waz sganlaauny 7A

auﬁ’aﬁﬂé’wﬁ’u‘lmwg 1A

= Insdnsesddnaseuduiuy 1st willaudulaveny 1A = Ay H 16
= agansafiaufisendusinalaulaluasuszneunsigasaluilu HX Tegvile

yosnussly HX Wuiusslaaud luvasiisngny 1A AaUiseiusinenlanu
leasuszneuniignsniludu MX davlinvasiusslu MX Duiussleaatin

Uacl 1'% o/

duunNAa wnuiammﬂ' 7A

Ql a

»  Pamniuazanuduund swlslasiauazeglusUluanavesia lnsiinisluana
Usgnousneaasezaesl (diatomic molecule) Gamiloufu X, ve3enlaLan

«  JaudAduelane Ae fie1 IE uaz EN &

- dlevhuiisendulavgazaunsoudidnaseuialdu “lelasa (hydride, H” \fin

Duansusznaudulavieny 1A WU LiH was NaH




5191 1A (ns', n 2 2): Tanzdannlarl (Alkali metals)

Potassium (K) Rubidium (Rb) Cesium (Cs)




%4
v v

langdamlaunnsinazdie IE a1 Asudaduwliunozidedidnasou uduindu
loouniivsey +1 (MY

langdanlaunnyialulangnisslilun1svinujasen (reactive) 11n Feliusing
TugUsuians widnazegluslansusznau wu Li)O, NaCl, NaNO, uay KCl

a1suseneuvadlanevy 1A azateiilen enviy LIOH, Li,O,, Li,PO,, Li,CO,, LiF

langdanlatazinujizetegnssulssduininduasussnoulansenles (MOH)
Lazwnalalasiau

2M + 2HZO(D —> MOH e T H

(s) ) 2 (g)

% 6Y

Jolauenie lansdanlatazdseq iU Aserduniasendiau (0,) tAmduy
a15Usenoueenles LarAUWIITaNA

4aLi + O2 @

(s) — 2|‘iZO (s)

)
lavgdaalatanunsaviugiseduiiasandiau (0,) aluasusenaues
santun (peroxide, 0,%7) wavgiUasaantas (superoxide, O,7)

2Na , + O,, —> Na0,, uazK, + O,, —> KO, ‘

) )




n1sulanzoanladluldusslesy

a

avien (L) Todudasumwmes  (Lithium  battery) fasaind@naninlunisle

& P

DLANATOUNA

Todon (Na)  uswsiiisenldtedounn  Fedufudeadvluhi  Tu
FInUszdrTulimsliuselovidannansusenaulufonanning Wy INEBWNINIe
lofeueaslss  (NaC)  @dldlumsusznevewns  wavdeluifewlalasiau
prfuetLn (NaHCO,) Fdldlunsviaunisliiy 1Hus

Ilupsiidalse wu L WlunisShwenuiiauniinisesuaiuasineaiua

a1suailviegluseaulnd

Tnuwa@ey (K) Tovinde wu KCL, K,SO, wag KNO,




6’1@1@: 2A (ns?, n = 2): Tanzsanlailidsn (Alkali earth metals)

Be

Beryllium

Mg

Magnesium

Ca

Calcium

Sr

Strontium

Barium (Ba)

Ba

Barium

Ra*

Radium

Calcium (Ca) Radium (Ra)



Julaveidesmeuisen witsenilavzueanilad (ny 1A) vilulireenusismy

Y
6

2A TusUsnusans wadinegluguindeansuaiun (CO%T) dawmn (SO,7) wazAaalse
()

lavedanlaldsnilulaveilionds dANuruIKiLEs 9aLRonlaznraaNmaIgs Ul
Iihuazihausaulan

a A

fuwiltunvzgydedianasauinlulosseu +2 (M*) Weowndien IEL wag IE2 ¢

ee

1oL uULUYR9A IE 92anad1nuLatans vninlaviedanilaiidsniuunltuigids
SLANATRUNETUINNUUAIEY (AudulanzunnTuannuuasas)

nsieseulanesanlaudsn  lsmeduniseseulavedanilal Sldnlnsladd
(electrolysis) indananlsnnaniingn MCL,

AanuIashwetlansdamilatlunisvinugiseduiuansnaiuegneuin
Be LalyinuAzenduun Tuvasin Mg azviufjisente fuledn diu Ca, Sr way Ba

209 T Mg ‘

aunsavinufazenlaud vy

Ba, + 2H,0, —> BalOH)




AuIBthlunsyinuiseniueanBiauinyuain Be 89 Ba
Be way Mg aziinduansusznevsenlud BeO wag MgO fignmniias
asUszney Cao, S1O uay BaO ansnsniinldfigumyiarios

lane Mg agyinuizendunsnlauialalasiau

Mg + 2H" , —> Mg o + H

(s) (ag) 2(g)

1%
a v o

Ca, Sr, Ba @nunsaviisendunsalaaunu wilavswaidujizenlandul Fnse
lnevallaziivndeduey Filvliseisaesinfiunsous) fu

a1sUsenaunaslsa luslud lelelad lwnse Aasisn Wesaaaisn vaslaveny 2A
aranethlé uiansusznoungeslss (F) lansenles (OH) Falws (5) dauln
(SO,%) msuaium (CO,%) lalasiauneain (HPO,”) wageanwian (C,0,%) ves
Tameay] 24 lalazaneni1 snciu MgSO, avaneitléd




n1sunlanzeanitaddsnluldusslevd

aa a < & o by | = 0 Y & o a o
Be HAWMUDUAAN LU Wntniun walUs1e dedulnglaidusinvinlnlane
nanudey (ngeniznesuaausaden THhdulsenauveseliung.a)

Mg THdufnaslaveiiiovilansnaveyaiidlon-uun e

MgO Talugmnannnssuinan wAa Bud N1sinYns gaaIinssunoasa
nszUauA3adiy aluminium-magnesium alloys)

Mg(OH), T ludrunanluedilu wagldiduenannsnlunseinizeimis

Ca tulimudifymneddlddinlasieniglussuuaisyine1vesvadiagn1senins-
YDINAIULUD
Caso, Mlugeamnssuyulananas

SHNO,), T¥ving manldindaduns

Ba(NO,), ldving nonldindsdiden




5144 3A (ns°np’, n > 2)

Boron

Al

Aluminium

Ga

Gallium

In

Indium

Tl
Thallium

Nh

Nihonium

B JautAdunalane diusimaus Wulane




= B LilAransusznaulessiinuuuluuis (binary ionic compound) wazliiaglise
NSYNUH N NULNFDDATLIUNUUN

« Al vhuFSendueendiaulueinie AeansUsznevevgiidloneenlud deozaiiien
oonleAfiAnTuazunaguinves ALVl Al Sanudeshreuffsenanas uasnusie
ATHNTOUNINTL

—> 2AL0

2Al 2 (g) 273 (s)

o T 30

= Al awnsainufiisenlulossudsey +3 (AP wazvihufisendunsalalasaasin
TyuAalalasiau

AL+ BH" o > 2APT o+ 3H

(s) (ag) ) 2 (9)

= AUvhUAseniulelasiau I AH, fiaudfnaneiu BeH, (Diagonal relationship)
= ndedae lunse uasgladvedlaveny 3A dazaneinlad usaisussnaulansen
ladvadlavenyilliazaeu

»  eonlurauazlonsenlenves Al lay Ga Sauv@dulenlninesn (@amphoteric)

Reaction with acids; ALO, + 6HCL — 2AICL, + 3H,0
Reaction with base; ALO, + 2NaOH + 3H,O0 —> 2NaAlOH), ‘




n15uns1avy 3A Tulduselawd

= lyusou (B)

Borosilicate glassware Boron carbide T TuLeu
U beakers way test tube funszauludeniunseguy

a

= 2¥RNLN (A
L‘fJu"’fa@VT’] automobiles, aircraft, trucks, railway cars, marine vessels, bicycles,

Packaging (cans, foil)




51944 4A (ns°np?, n > 2)

C

Carbon

Si

Silicon

Ge

Germanium

Sn
Tin

Pb
L ead

FL

Flerovium

dviselaney (O) Nelane (Si waz Ge) uazlane (Sn wag Pb)
Anudulansiiuduiiolaveznonguy

LAREISUSELNOUNLLAYDRNTLATUE +2 LAy +4 195U C uay Si 1a
sonTaduiiiatiosndne +4 wu CO, w@hesnin CO wag SO, vJu
415U NOUNLEDYS

C wuannlusssutuguvedansusenaumsuaiun W CaCo,

drusmdaszazeglusuvasunsiiduazinys




1A5953191ULANAYDIATUDY

o

unslng

Wataa3u (Fullerenes) Carbon nanotube ‘



5144 5A (ns°np’, n > 2)

N

Nitrogen

P

Phosphorous

As o

Arsenic

White and red phosphorus (P)

Sb

Antimony

Bi
Bismuth

Mo

Arsenic (As) Antimony (Sb) Bismuth (Bi)

Moscovium

Tvisalane (N way P) Adlane (As way Sb) wazlane (Bi)




sinlulasiouiguaiivazanusiuinfaveglugd N, o wazansafinansuszney
oanlgnlanaregy 1wu NO , N,O ,, NO, ., N,O, ., waz N,O,

N Juwdluuiiazsudianasau ey N>~ wazifaansusznaulesstiniulany Loy

Li,N uaz Mg,N,

P agegluslluana P, uazanunsaiinansusenaveenienln 2 5U Ae P,O, waw
P4OlO
nsnlumsn (HNO,) uaznsavlaanadn (H,PO,) inainnsvinufisenvaseeanlasiui

N,Oy (,, + H,0 (, —> HNO, .

PO, + 6H,0 (aq)—) 4H3PO4 (20)

As, Sb ag Bi flassasradunuulaseaneg

Bi Wulane wiazlitaslwenisiinufisedlomeuiulaneny 1A-4A




5191y 6A (nsnp®, n > 2)

Se

Selenium

Sulfur (Sg) Selenium (Seyg)

Te

Tellurium

Po*

Polonium

LV Tellurium (Te)

Livermorium

0, S waz Se 1usmalavy vauz Te waz Po tluaisnslaney




1
aQ %4

Nouniuazausulnfazedlusy O, S uaz Se azeglusy O,, S

Y

g bbEIT Se8

ANUAINU
= [V} < 1
Te uag Po flassasiudunuulasewng
[~ Y] Y] v a
Po L UJUANSANUUANTIA

O fwunlduiazsudidneseu 2 #1 au eanlas (oxide, 07) Tassinwuly
a15Usznaulessiinuangvile

S, Se way Tl Suddnmsau 2 ¢ ey Falna (sulfide, S27), wtalud (selenide,
Se””) uar waglsn (telluride, Te?") puEdU

nsadailisn (H,S0,) inanmsidfisevesdauasineanlaniui

S0, o + H,0(y = H,50, )




5199 7A (ns°np’, n 2 2): s1malaau (Halogen)

F

Fluorine

Cl

Chlorine

Br

Bromine

lodine

At*

Astatine

Ts

Tennessine

fantaduelane wazusnglusiluana X, waue

danudeshilunisifinuisenunn wazaglinulusuvessindasy
ae AzUsnglusUansusenauuinni

At Wuasiusiussed

Huunlduiazsudidnasou 1 67 ey wlam (halide, X7) @99
vnufdsendulaneny 1A was 2A  Aaduansuszneulossin
1 NaCl, KBr wag MgCl, 1Tusu




5194 7A (ns°np’, n > 2): s1malaau (Halogen)

F 516) F Cl Br |
Fluorine d (X)) wdesweu | Wereu | e | shady

c ANRdNLNRT (°C) - 223 - 102 -7 +114
Chlorine

ar nLhan (°C) - 188 - 34 + 59 + 185
Bromine

I £

lodine

At*

Astatine

Ts

Tennessine




Waeesuiathwauiseruin Jskinulugusindasy wazarusaiugisenduinlv

LNEDBNYLIU 2F, o + 2H,0 = 4HF o+ O,

s1melaauaunsaiiniuansusenauiuelangaus 1o wu NF,, PCL uaz SF,

519 81talaudatu1satindua1susenausenines1ns1aalatauntuiuLes
(Interhalogen) 16 Antduluianalaaaus wu ICL uae BrF,
luanavessinfidvuindnniy azaunsevhuiisenduasszneuisladiiuug
Taininle ilesanndda EN toanin

Cl, + 2B —> 207 + Br, EdunFedimnalu CCl)

2

CL, + 27 —> 2CU + |, (@vunviseduag CCl,)

Br, + 27 —> 2B + |
ausaviuffsedunialalasiauialuaisusznou “lalasiauglan (hydrogen

halide)” @9anunsaazateunls ae HF Wunsaeau @ HCL HBr wag HI tlunsawn

+ X, @ —>  2HX @

{99910 F fuueildnuin URiseviiieitesnu F asiintusgnegussikasssidnla



5191 8A (ns’np®, n > 2): ufiadinszga (Noble gas)

He = faouzduifiangaumgivazanusuund loy 1 luanassdiiies 1

Helium 92maY (monoatomic gas) Bannyiialilld liindu

Ne
Neon
Ar = Xe, Kr uaz Rn anunsaviufisenialuansusenauls wwu XeF,,

Argon XeQO,, XeQ,, XeOF,, KrF, wag HArF

«  lidedhdensvinufise dalunuveste “uidley (inert gas)”

Kr
Krypton

Xe
Xenon

Rn
Radon
Og
Oganesson




1laneNs UL vU

5INIIUTTY (transition element) A s19M3elopuniin1sinseBidnnsouliusngalu d-orbital

Taendianasausnuiutudacldifnly Tu d-orbital
3 4 5 6 71 8 9 10 11 12
38 48 58 6B 7B 8B 1B 2B

21 22 23 24 25 26 27 28 29 30

1%t row transition elements (3d) scl Tl v!ic!Imvil relcol Nilcul zn

39 40 41 42 43 44 45 46 47 48

nd og e
2" row transition elements (4d) Y | zr [Nb Mo | Tc | Ru | Rn | Pd | Ag | Cd

57- 12 73 74 75 76 T 78 79 80

rd e
3" row transition elements (5d) 70 | Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg

th . 104 105 106 107 108 109 110 111 112
4™ row transition elements (6d)

Rf | Db | S¢ | Bh | Hs | Mt | Ds | Rg | Cn

Inner transition

Actinide




n159nse9dlanasau (Electron configuration)

Scandium ,SC 157 257 2p° 35”7 3p° 4s® 3d" = [Ar] 4s°3d’
Titanium T 1s? 25% 2p° 3s? 3p° 4s? 3d* => [Ar] 4s°3d?
Vanadium Y 1s? 25% 2p° 3s% 3p° 4s? 3d° = [Ar] 4s%3d°
Chromium Cr 157257 2p° 357 3p° 4s! 3d° = [Ar] 4s'3d” m:j;?t::;?%
Manganese sMn 15”257 2p° 357 3p° 4s® 3d° = [Ar] 4s”3d
Iron Fe 15725 2p° 357 3p° 4s® 3d° = [Ar] 45”3d°
Cobalt ,,Co  1s% 2% 2p°® 3s” 3p° 4s” 3d" = [Ar] 4s”3d
Nickel NI 1s? 25% 2p° 3s% 3p° 4s? 3d° = [Ar] 4s%3d°
Copper oCU  1s” 25% 2p° 357 3p° 4s' 3d'0 = [Ar] 4s'3d™° mj:fijitzzl;m

Zinc Zn  1s? 25% 2p° 3% 3p° 4s? 3dY? = [Ar] 4s°3d"° ‘

30




a < I -
nsinalulaaauuin (aznaugaids e)

V: [Ar] 4s%3d° Vet [Ar] 3d°

23 23

3+ . 2
5V [Ar] 3d

4+ 1
5V [Ar] 3d

5+ .
55V T [Ar]

Fe: [Ar] 4s°3d° Fe" : [Ar] 3d°

2 26

LFe’  [Ar] 3d

3d e MgneaNnad ds e N31e 3d orbtial UH1U1INTNEANEA (penetrate) AN

as orbital Y114 3d e Wlnanedsalauinndn ds e




1
U W

AuUAN2lUUR 1IN IUTYY

" sumsugtuieglunyieiiuasliaudiniuaiivaznisnienimaaenu

" Juuildudaduansidedou vse @1suseneulasesiludy (coordination compound)
" Jauvfnisilusdwan
" sgvsiudtuiiauleshnenisiinuisendusendiaulueinia iaduaisuszneu

panleadazindouturiniuuenvaslanzionld iliunusonisiiaufiseniu
nInlaRT WU Fe,O, wag Cr,0, Wudu lney Cr dexldluiagniouiialansviindu

Wadasiuniswnsausuianisiadeulasiliey (chromium plating)

nsal Au, Ag, Pt Lag Pd azliltineanlan



" 519N IUTTULAINTUILULED JALADAYANADLUAIEY kasdAIAINTOUYBINIS
wasunazn1snansiule uinnilanzsanlatnaslanzsanilaiidss tosand
vuaveezneuLarlenaudn uavlassairauuuiniSesidaiandudnilng il
Snwaziussduius: lansAudauss

(o]

" siensudduiiiiuasauiougs Tay Ag ludmnndvian wag Cu 5998931

AUUANANEANYDIER K 819 Zn

1A 2A Transition Metals 2B
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn
Atomic
radius (pm) 227 197 162 147 134 130 135 126 125 124 128 138
Melting
point (°C) 63.7 838 1539 1668 1900 1875 1245 1536 1495 1453 1083 419.5
Boiling
point (°C) 760 1440 2730 3260 3450 2665 2150 3000 2900 2730 2595 906
Density

(g/cm’) 0.86 1.54 3.0 4.51 6.1 7.19 7.43 7.86 8.9 8.9 8.96 7.14




" fiaveendndulavaiesn eniiuny 3B

Sc Ti V Cr Mn Fe Co Ni Cu

@+3 +3 +3 +3 @@+3 +3
2 42 (12) (2)(2) (2) (D) (2)
&




" ansUsznoudlugid (aniumy 3B) YaleansUsENauYRIsWNGY s wag p LiilF

mamqa%a\‘imﬁ?gmmm looauvaslany Supsansazaneluiin
langluwmsnuieds: MINO,), o KA
Mn** YUNBOU
Fe?t ClRphn)y
Fe3* dhmamaes
Co™ YN
NiZ* 187

Cu®t 119U




d15Usznaulanoasatuty

B Jsznauniy aznaunans (central atom) way awnua (Ligand)
1791007191889 “lisare = to bind

" Funwud oraluluana leoeu wionaulessu

B ylaunanuselaildy “Nusslaasaiunlalitaus (coordinate covalent bond”

lnsdunualviadiannsaunilany
awnue iy “electron donor atom” %38 “Lewis base”
lavgoaznaunany ity “electron acceptor atom %38 “Lewis acid”

Coordinate covalent bond

M=<-:L ==  M—L

Metal ions Ligands Coordination compound

(Lewis acid) (Lewis base) l




< CH;,
HaC E
? \
HsC CHs
HOOC COOH
hemoglobin

R = §'-devxyadenocsyl Me, OH, CN
Vitamin B-12

14

A198198715L B9 UNEILAT ISRV

‘ O
B
| NN
o
b 1 N i N~
¢—4 Cr¥
0”0 o
X0

—ﬂ

——CH,

-
C
oS CH,
S )

’
N
« |
cis-[PtC1,(NH,),] Z NS

C
Cisplatin “chemotherapy” Chromium(lll) picolinate Pb-EDTA H




waudraglunsineansUusznaulnaa ATy

.............................................................................................................................................................................................................................................

lanzoLFauNad ALNUA d415UsnaulaaasaluYy

Lewis acid (electron acceptor)  Lewis base: (electron donor)

" Coordination sphere (lualAasftudy): Usznaumedunundnegiulessuvadlanseie

WuszlaoasAualanaud = Weouknumedydnual | ]

" Counter ion: legauilaguan coordination sphere yiuigausealvnaisusenau

A v

" Coordination number: ﬁi’ﬂmuamamﬁﬁ (donor atom) NasusaulanyaLnINNAN

“counter ions” ~ .
| o N
[Pt(NH.) Clj-f]tl HsN,, o NHs coordination number
374 2 Py, 2. W -
: 5 Pt Cl (CN) =6
Neassasuns f ......... T Ctaast H3N / \NH3
“coordination sphere” Cl




TABLE 22.3 Some Common Ligands

Name Structure

Monodentate ligands
Ammonia H—N—H

h

Carbon monoxide :C=0:
Chloride ion :(:j:l =
Cyanide ion [:C=N:]™
Thiocyanate ion I; :s:—CEN 4 i
Water H—O—H

Ethylenediamine

Oxalate ion

Ethylenediaminetetraacetate
ion (EDTA)

Bidentate ligands

H,N—CH,—CH,—NH,
2_

0 0.

Polvdentate ligand

=i § 4= il @ ) 4=
4': !
o N -
o cn, Jcf, 0
N—CHz—CHZ—N\
O\C/ H €& °
I |
:Q:

o CH,
H,N \ng
0
u
O\\ 0/ \Cl-{z
¢ —F—cH,
iy
0:\ /:N C’Hz
Pb
0 / \ N CH,
S T4\
o CH,
© NS
LI




[ H3N_Ag_NH3 ] [Ag(NH3)Z]+ Ag+ NH3 X 2
NH,
| NH, X 2
Cl—Pt—NH, [PtCL(NH,), ] P* ’
| Cl X2
Cl
I Cl I
NH, X 5
H3N>c|ofNH3 2cr | [Co(NH,),CUCL, | Co™ —3
NH;
. oN |
3K NC/\Fle<CN K,[Fe(CN),] Fe™ | CNT X 6
NC cle CN




N1591UYE15USENOUIADDIALUTU
1. gudelonouuinion wadmiudeloneuay wazLentulaensuIssA WuReaiu

nsiSendeanslessiniialy
[Ag(NH,),ICL g1uloeauuin [AgNH,),]* neulessuau CU
K,[Fe(CN),] g1ulosauuin K neulessuau [Fe(CN)]™

2. ludiuwes coordination sphere [ ] e utedunuanay (S840INaAUSNYS

%

AM¥9INay linedumnlduaniuuaLnuLg) Lan1LsYev0dlariyasnoinald uay

Tovaulssiu (L 11, 11 1V, V, V.. h@ndaweendntundlans

3. edunusedandsdinnnin 1 fr Wuensiwiudunususazedn  Tagldamin
2=di, 3=tri, d=tetra, 5=penta, 6=hexa, ... 1uﬂ3ﬂjﬁ%a§muﬁﬁﬁ’1’j’1 di, tri, tetra, ... %159
Judunuafidudou nsuensuulifld bis, tris, tetrakis, pentakis, hexakis, ...
[Co(NH,),CLT" 27U tetraamminedicholrocobalt(lll)
wnseheuiiulanaalslauaas ()
[Cr(en)ZCLZ]2+ 91U dicholrobis(ethylenediamine)chromium(IV)
lonaslstatenaulaeiwlasdau (V)




cﬂl a o’cil 1
. BENLNHRAVINULRE
ALNUA

FoANUA lua1sUsenaulA ALY

Aaalsa (chloride), Cl™

Aavls (chloro)

Tushug (bromide), B

LUk (bromo)

loelug (cyanide), CN™

el (cyano)

lamsenlen (hydroxide) OH™

lamsonly (hydroxo)

panlan (oxide), 0%~

panly (oxo)

Lulesd (nitrite), NO,~

Tulns (nitro)

panyLan (oxalate), C,0,”

panwaln (oxalato)

A1SUBLUA (carbonate), CO,*

ANSUBLULA (carbonato)

Islalweiun (thiocyanate), SCN™

slelgaula (thiocyanato)

uasluLily (ammonia), NH,

wBuIY (ammine)

ANSUULAUBNLYA (carbon monoxide), CO

A1sUatia (carbonyl)

U1 (water), H,0

peAI9 (aqua)

ofiaulatediu (ethylenediamine)

faulalediu (ethylenediamine)




5. N354T e lans
Tuansdekanimdunats wasfivszquon d@ialavzauung usninas
Fekaudnlonauay g1gelansasvingfioy e (-ate)

Tang

Folavizluloosuaultedau

azgﬁlﬁau (aluminium)

pzadliua (aluminium)

Taswiey (chromium)

1Asius (chromium)

lAvaan (cobalt)

TAupantmn (cobalt)

Hatna (nickel)

dnwnavan (nickel)

WN18a (manganese)

LN LUR (Manganese)

U

4R (zinc) danea

FaALAn (zincate)

lo1d$u (iron) wian

WosL5e (ferrate)

Faos (silver) [y

915LAULAA (argentate)

AaULUDS (copper) ND9uAs

AU3H (cuprate)

1nan (gold) no9

29L5% (aurate)

a6 (lead) e

NaULUA (plumbate)




Hae9N158 TR TaN1SUSENaU L ADDS ALK

[Ag(NH,),T* diamminesilver(l) ion  laleuiiugalies () leesu
[Co(NH3)6]Cl3 hexaamminecobalt(lll) chloride
[Co(NH3)4Cl2]Cl tetraamminedichlorocobalt(lll) chloride

[Cr(NH,),(H,0),ICL, diaquatetraamminechromium(ll) chloride

[Co(en),CL]" dichlorobis(ethylenediamine)cobalt(lll)

[Co(NO,),(H,0),1~ diaquatetranitrocobaltate(lll)

K,[Fe(CN),] potassium hexacyanoferrate(ll)




A298179 3991UTUBIESUSENaULADBSALUTUMAD UL

1. [Fe(SCN)I*

2. [Ag(NH,),ICL

3. [Ni(CO),]

4. K,[Fe(CN)]

5. [Fe(H,0).(NCS)I**
6. [Co(en),Br,ICl

7. [AU(C,0,),(H,0),1*

8. [Co(NH,),(H,0)CucCl,




