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51N UTYY

5I9NTIUTUY (transition element) Ao sIvw3olepsuiiin1sdnesdiannsoulsionaaly d-orbital

Taeddnasouanurutiuaodlaiuly Tu d-orbital

3 4 5 6 7 8 9 10 11 12
3B 4B 5B 6B 7B 8B 1B 2B
21 22 23 24 25 26 27 28 29 30
st vy
1** row transition elements (3d) sc | Ti Vv cr IMnl Felcol Ni | cul 7
39 40 41 42 43 44 45 46 a7 48
nd e
2" row transition elements (4d) Y | zr |Nb|Mo| Tc | Ru | Rh | Pd | Ag | cd
57_ T2 T3 74 S 76 77 78 T9 80
rd e
3 row transition elements (5d) 21 | Hf | Ta | W | Re | Os | Ir Pt | Au | He
th - 89_ 104 105 106 107 108 109 110 111 112
4" row transition elements (6d)
103| Rf [ Db | S¢ | Bh | Hs | Mt | Ds | Rg | Cn
Inner transition
57 58 59 60 61 62 | 63 64 | 65 66 | 67 68 69 | 70 | 71
Lanthanide| L3 [ Ce | Pr [ Nd |Pm|Sm | Eu | Gd | Tb | Dy |Ho | Er [Tm | Yb | Lu
89 90 91 92 93 24 95 96 97 98 99 100 101 102 103
Actinide [Ac | Th |Pa |U Np [Pu |[Am|Cm |Bk [Cf [Es |Fm |[Md |No |Lr
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n153nL389dannsau (Electron configuration)

Scandium
Titanium
Vanadium
Chromium
Manganese
lron

Cobalt
Nickel
Copper

Zinc

21SC

ool

23V

24Cr

25Mn

26Fe

,7L0

2E_N|

29C u

30Zn

1s? 25% 2p° 352 3p° 4s? 3d! = [Ar] 4s%3d*
1s% 25% 2p° 3% 3p° ds? 3d* = [Ar] 4s°3d?

1s% 2% 2p° 3% 3p° 4s? 3d®> = [Ar] 4s°3d°

5 5 — . ) . s ﬂ’ﬁU'ﬁﬁgLLUUFﬁ!ﬂ
1s% 25° 2p° 35 3p” ds* 3d® = [Ar] d4s°3d (half-filled)
1s? 25% 2p°® 352 3p° 4s? 3d® = [Ar] 4s°3d°
1s? 257 2p° 352 3p® 4s? 3d® = [Ar] 45°3d°
1s% 2% 2p° 3s% 3p° 4s* 3d" = [Ar] 4s%3d’
1s? 25% 2p° 3% 3p° ds? 3d® = [Ar] 4s°3d°

ﬂ’]'iU'i'i@LL‘UULﬁﬁJ

1s? 257 2p° 3s°3p° 4s* 3d™ = [A 453" iLfilleq)
1s? 25% 2p° 352 3p° 4s” 3d'® = [Ar] 4s%3d" ‘
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nasiialulasauuln (avnaugnLHy e)

L,V [Ar] 4s73d’ L,V (A 3d°
LV (A 3d°
LV A 3d!
LV A

e [Ar] 4s23d° 6Fe2+ - [Ar] 3d°

2

3+, 5
e [Ar] 3d

3d € MaAeNTInal ds e W31z 3d orbtial H91U1AN1INEaNEaN (penetrate) AN
ds orbital vt 3d e Wilnatlwedealauinnii ds e ‘
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" sensutdunegluniineiuasiiandinaailayninigninaag i

" Junltaiaduasi@edou vse arsuseneulaoasaudy (coordination compound)
= wa = 1 =
" JauUinsiduudman

" smsudduiienuiedhinemaiaujiseriveendwulueinia iaduasuszneu
ponlgnvaziadauduRnnuuenvedlansiond irldnuniudenisiiaufinsendu
naAldRtu LU Fe,0, ua Cr 0, usu Toe O dealdidutanedovialanguiindu

L‘waﬂammﬁwﬂiamammﬂﬁmaadmmau (chromium plating)

] 3 | =
: - : T Al
nsel Au, Ag, Pt way Pd agliiinoenlyn @
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" 5195 UETUIANUYUILUNEY 9ALREAIANADILUAEY LarIiAIAINNTIUVRINIS
wasuuaznsnateidule uinninlavzdamladuazlanedanilatidss 1o

= 2/ v = o o o = ! 1 o By

vInaIevaoLarloaaudn warlasadsuudnsesiatanan dudnlve vinlud

s s = s S
ANYEUEWUDTY L‘UHWHﬁ%IﬁWE‘VILW\‘iLL‘N

= e o L2 = w 0o i i
" sensudduit i usranuiougs lne Ag lWustmavian way Cu 5938930

q

ﬁﬂﬁﬁﬂﬂﬂﬂﬂﬁlﬂﬂﬂ“ﬂaﬂﬁﬂﬂ K4 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 3.0 451 6.1 7.19 7.43 7.86 8.9 8.9 8.96
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B faveondedulaviatean anﬁwyj 3B

Sc Ti V Cr Mn Fe Co Ni Cu

@+3 +3 43 +3 @@+3 +3
A DIDIDIDIDID)
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" gsUsenoudanllvglid (eniuvy 3B) vaurNiansusenauvesiangs s way p Lilld

FD819EVDIANTALYANYUD

. losauvaslans dwesansazaneluiin
lavglunsnuneda: MINO,), = E -y
Mn?* TUNOOUY
Fe?* Weoou
Fe3* thmawds
Lot YU
Nz Ril3e)

s ULSU




audRveE IS LA NI AT

o I (=) (¥}
f815U52NaulAasntuYy

Us¥naunie aznaunans (central atom) way awnua (Ligand)

17197008 “ligare = to bind

= & [ = 1

aunus a1auliana leseu wiengulossy

TuavesnuselATldu “Nuszlppasiiunlaaus (coordinate covalent bond”
I@EJ%LLﬂuﬁlﬁﬁﬁﬁﬂmauuﬂam

= & o v a2 ” 1 =4 o . 2
ALNUA MUUIMLUU “electron donor atom” 58 “Lewis base

o v o =y ) e
langaznunany inudu “electron acceptor atom %39 “Lewis acid

Coordinate covalent bond

M=-:L == ML

Metal ions Ligands Coordination compound

(Lewis acid) (Lewis base) @
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AlRg19E1 5T lananluas o

H,NOC

hemoglobin o “on
R = 5'-deoxyadenosyl, CH3, OH, CN
Vitamin B-12
o i a W S a =1
AIDUNIATILUNV D UNEILAITICHRUY
cl Pt $ AR
/N,\ E ",N =
. o 1 o
N
“« 7 ©
cis-[PtCl,(NH,),] =
Cisplatin “chemotherapy” Chromium(lll) picolinate

CO,CyH3o

chlorophyll

\E\\ Q CH,
C—T—CHy /
A —
. | =
{,}:/ \:N
NN
C—1—CH, |\
VAR CH,

)
Pb-EDTA |

)
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d15UsznaulAoasAtuty

waudAgylun1sAneansusenaulAaasfuu

langaranaunand ALNUA a4715UsznaulAnaSAL LT

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

"  Coordination sphere (1ualaaasftudu): Usenaumedunudnagiulosauvedlansaie

WuszlapoiAualaraud = Weuunumedydnual [ ]
" Counter ion: lagaufiaguan coordination sphere yiminfinausyalvinaisusznay

B Coordination number: ﬁ?’m’gu@gmm@ﬁ (donor atom) laausaulansaznaunald

“counter ions” - Dk
| o N
[Pt(NH.) CLACL HaN,, | o NHs coordination number
3/ Wiy, 2LV -
: WY Pt = (CN) =6
TR g o HN I NNH:
“coordination sphere” i cl i @
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Name Structure
Monodentate ligands
Ammonia H—ilﬂ.—}l
H
Carbon monoxide :C=0:
Chloride ion s Gl
Cyanide ion C=N2]~
Thiocyanate ion [ S—CEN i
Water H—é—l—l
Bidentate ligands
Ethylenediamine H,N—CH,—CH,—NH,
- -2
..0\ /0_.
: /C_C\ .
Oxalate ion Ho o R

Ethylenediaminetetraacetate
ion (EDTA)

Polydentate ligand

:0: 0=
i i
. N
o “cn, ch, 0,
N—CH,—CH,—N(
O St . /0.
C C
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TAs9da519v09815L V9T U dn LAl 2YMIUNANY | AMNUA | Lavlpasfiudu
+
H_:;N—Ag—NHj ] [Ag(NH3)2]+ Ag"' NH3 X 2 2
NH,
o NH, X 2
Cl—Pt—NH, [PtCL(NH,),] Pt ’ 4
| ClU X2
Cl
I Cl 12
H;N_ | _NH NH, X 5
3 :C‘(}/: 3 20T [CO(NHB)ECL]ClZ Co* _3 6
HsN" | “NH; cl X1
3
- N
1 N _
| e K,[Fe(CN),] Fe* | CN"X 6 6
NC” | CN
CN
L - .-
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1. 91UIDLODAULINNDUY LaW UM lepaUaY LazLeniuUlAgnISIINISTA WAeNU

MsSenteanslosaiiniialy
[Ag(NH,),ICL euloaauuln [AgINH,).]* neulessuau CL”
K,[Fe(CN),] gulossuuin K' neulessuau [Fe(CN) ]

2. ludwwes coordination sphere [ ] Teiuoaunuanoy (ISe9amUaIAUSNYS

M99y KiNeNUAMANTTUBNIIUIUALNUS) LAINILABT0DIlaNzznaUNAIY LAY

Taaalssu (1, 1, 11, 1V, V, VI,...) wa@naavaondndusndany

3. Gedwnustdandediinnnit 1 d Tiuensnuaunususazele  Tagld@tnncn
2=di, 3=tri, 4=tetra, 5=penta, 6=hexa, ... TunsaindoaunuaiFI di, tri, tetra, ... ¥i50
Fudunusndudou n1suensruaulsild bis, tris, tetrakis, pentakis, hexakis, ...
[Co(NH,),CL ] 91U tetraamminedicholrocobalt(lll)
wnszhautiularaslslauaan (1)

[Cren),CLI**  ®m  dicholrobis(ethylenediamine)chromium(lv) @
lamaslsbaeiaulawiiulasdiuy (V)
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YDALNUATNINUUBY

ALNUA

cﬁi =y L1 =Y ot
Yaaunua luarsusznavlaaasaugu

Aaaksm (chloride), CL™

Aaals (chloro)

Tuslug (bromide), B

Tusly (bromo)

laglug (cyanide), CN™

lasenly (cyano)

lansonlae (hydroxide) OH™

laasonla (hydroxo)

ponbwe (oxide), 0%~

aanka (oxo)

lulasa (nitrite), NO,~

Tulns (nitro)

paneLan (oxalate), C,O,””

panaLaln (oxalato)

ASuaLUR (carbonate), CO,”

Asualuls (carbonato)

lsloloeiun (thiocyanate), SCN™

lslolosuuln (thiocyanato)

woulanily (ammonia), NH,

Loy (ammine)

ANSUaUNaUanben (carbon monoxide), CO

A1suaiia (carbonyl)

4

11 (water), H,0

9¥A79 (aqua)

ofiaulaetiy (ethylenediamine)

ofiaulaeiiu (ethylenediamine)

o)
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1 = a v a & = 1 A a
n1seutelane: luasiedounidunatwaziiussauin snuvelangauuns

wenasgeuldulosauau s uTelarzatiieey —1as (-ate)

lany

FolanzlulosauauBedou

aziigi]l,ﬁ&m (aluminium)

a:i@i]l,um (aluminium)

lasiiey (chromium)

lastun (chromium)

lauoan (cobalt)

lauaadwn (cobalt)

una (nickel)

datnata (nickel)

wuen1ia (manganese)

LH9NLUA (Manganese)

FaA (zinc) daned

FaALan (zincate)

lo1d5u (rron) wian

Wodtse (ferrate)

Faros (silver) [@u

D15LUMR (argentate)

AaUllad (copper) NoallAd

ALUTe (cuprate)

1naa (gold) nos

paLsn (aurate)

1an (lead) Az

nauLum (plumbate)
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#7198719N1591UTaSUTLNRULAD S ALUTU

[Ag(NH,), I

[Co(NH,),ICL,

[Co(NH,),CLICL

[Cr(NH,),(H,0),1CL,

[Cc)((—:~n)2Cl2]+

[Co(NO,),(H,0),]”

K,[Fe(CN),]

diamminesilver(l) ion Tawauiiugatias () lossu

hexaamminecobalt(lll) chloride

tetraamminedichlorocobalt(lll) chloride

diaquatetraamminechromium(ll) chloride

dichlorobis(ethylenediamine)cobalt(lll)

diaquatetranitrocobaltate(lll)

potassium hexacyanoferrate(lll)
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faaene 298 uTovesansUstneulneesauduseluil
1. [Fe(SCN)I**

2. [Ag(NH,),ICl

3. [Ni(CO),]

4. K,[Fe(CN)]

5. [Fe(H,0) (NCS)J**

6. [Co(en),Br,ICl

7. [AUC,0,),(H,0),1*

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




