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1 Periodic Table of the Elements 2
H 2 13 14 15 16 17 He

Hydrogen IIA s A IVA VA VIA VIIA Helium
1.008 2A Number 3A 4A 5A 6A 7A e $.003
3 4 S b I 5 6 7 8 9 10
Li Be ymbo B C N O F Ne
Lithium Beryllium Name Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.011 14.007 15.999 18.998 20.180
11 12 e 13 14 15 16 17 18
Na M 3 4 5 6 7 8 9 10 11 12 Al Si P S Cl Ar
Sodil m 1B IVB VB VviB viiB Vil 1B 1B Alumi sili Phosph Sulfu Chlori Ar}
22.:;';‘ afg;'sum 3B 4B 5B 6B 7B ¥ 8 Y 1B 2B :gg::m 2:;:2 g;.pg;:rus 3:06; 35?4?;2 395‘;’8‘
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V 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 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.631 74.922 78.972 79.904 83.798
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 Yttrium Zirconium Niobium  Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 87.62 88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 112411 114.818 118.711 121.760 127.6 126.904 131.294
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222018
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Ch Nh FI Mc Lv Ts Og
Francium Radium Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium  Nihomium Flerovium Moscovium  Livermorium = Tennessine = Oganesson
223.020 226.025 [261] [262] [266] [264] [269] [278] [281] [280] [285] [286] [289] [289] [293] [294] [294]
S EEEEEEEEEE NN NN NN NN NN NN NN EEE NN NN NN EEEEEEEEE NN NN EEE NN NN NS S S NN NN NN NS EEEEENNENEEEEEEENNNNNNEEEEEENNNNNNEEEEEEEEEEEEEEEEEEEDN,
3 *
N 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 H
= Lanthanid .
st La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu :
3 Lanthanum Cerium  Praseodymium Neodymium Promethium = Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium .
» 138.905 140.116 140.908 144.242 144,913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967 :
E 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 .
" Actinid 3
: fgnee Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr :
- Actinium Thorium  Protactinium  Uranium Neptunium  Plutonium = Americium Curium Berkelium  Californium  Einsteinium Fermium  Mendelevium  Nobelium  Lawrencium o
“. 227.028 232.038 231.036 238.029 237.048 244.064 243.061 247.070 247.070 251.080 [254] 257.095 258.1 259.101 [262] K
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':‘I::: Ag(::::e Tr;nesti;ilo m aa:t:i Semimetal Nonmetal Halogen Ng:le Lanthanide Actinide :
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f-block elements
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~ <«— Periods

The Periodic Table of the Elements, in Pictures

Alkali Noble
. Solid The color of the symbol is
Metals NAfulElc l:l ol the color of the element in Color Key Gases
Group 1 Atomic nu:r:eri; 6 Liquid its most common pure form, 18
H oF 1 Symbol protons C‘} Gas Examples [ metallic solid Metals Nonmetals He o
P ' d liquid
Hydrogen Symbols / at room (‘j} ;:!arll‘zl:sls gas Helium
Alkali L temperature H
v
Earth A 00 z - Human Body z % g Boron  Carbon Nitrogen Oxygen
g Metals | ium top :*: eletr:nenfi by weight % 8 %’«’% z & Group Group Group Group  Halogens
Sun an Earth's Crus: & m S
Stars 2 Name 0 top eight elements by weight =3 Transition Metals ‘,B%,m E E 13 14 15 16 17 Balloons
L @ 3B @ 4 ) Magnetic £z %ag:a* B W 5C W% 6N Ok 70 4@ 8F <> 9Ne <& 10
Lithium Beryllium ferromagnetic at room temperature s d Boron Carbon leruge.n Oxyge.n Fluorine Neon
~— Widgets 1 Nable Mefglf . = Superheavy Elements
corrosion-resisran
T a4 Radioactive Rare Earth Metals
*  allisotopes are radioactive Ty [S]
; How it i (or was) used ‘Y’ Only Traces Found in Nature chinice Meta’s Sports  Basis of Life's Advertisin
Batteries Emeralds or where it occurs in nature - Fassyfhan a millionth percent of earth's crust Equll)pmen‘f Molecules Protein Air Toothpaste Signs J
Na [0 11 M X Never Found in Nature Al 13si [1® 14P O 155 & 16C <& 17Ar > 18
Sodium ugneslum only made by people Alummum Silicon Phosphorus Sulfur Chl urme rgon
v
" Ll G
Transition Metals Sy
Salt Chlorophyll 3 4 5 6 7 8 9 10 11 12 Airplanes S’rggg,sscﬁrd, Eggs 5"1;'{,'},’{2"9 Light Bulbs
K [%© 19 Ca [21*9 20S5c 4 21Ti_ [A 22V 23 Cr 24Mn [1 25Fe [zen 26Co [AN 27 Ni [N ZBCu 29Zn B 30Ga [ 31Ge [ 32As 33Se [1 34Br & 35Kr <> 36
Potassium Calcium Scandium Titanium Vunadnum Chromlum Mungqnese Iron Cobalt _ Nickel Gallium Germanium Arsemc Selenium Bromine Krypton
> P N=N=N=N Fiay -
/‘"._ 4 Q 5 . |‘
i R | (ED) (O
Fruitsand  Shells and S‘ramless Steel Elec’rrn: Brass L| ht- EMIH'II'I Semiconductor ; Photograph N
Vegetables Bones Blcycles Aerospace Springs Steel Earthmovers  girictures Magnets Coins Wires Ins’rrumenfs Dlgedes (LEDs) ~ Electronics Poison Coplers ? phy Flashlights
Rb [ 37sr [4 38Y 9Zr [ 40Nb [0 41Mo [1 42Tc [I+#r 43Ru [AY 44Rh [IY 45Pd [I% 46 Ag IZL’;T 47 C 8In [ 49Sn [1 50Sb 51 Te H 53Xe <> 54
Rubidium Strontium Yﬂrmm Zirconium Niobium  Molybdenum Technetium  Ruthenium Rhodium Palladium Silvel C d m Ind |um Tm Anhmuny Te.llurlum Iodine Xenon
=1
=
£ A e ==Y - Im /
Global q Chemical Mag Lev Cuttin Radioactive Electric ~ Searchlight  Pollution i u|dC stal Plated Thermoelectric Hi h Infernsl
Navigation ~ Fireworks Lasers Pipelines Tr%ms Tool Sg Diagnosis Switches Reflech?rs Control Jewelry Paint DIquld’y'S (LCDs) Food Cans BuHerles Coolers ~ Disinfectant 5 2
Cs [0 55Ba_[1 56 57-71 Hf [ 72Ta 1 73W_ [1 74Re_ [J 7505 [ 76 Ir IZ@’ 77Pt MY 78Au [0 79Hg & 80Tl 4 81Pb IZ 82 Bi 83 Po [A%x 84 At [1+¥ B85Rn C)“ 86
Cesium Barium Hafnium Tun*ulum Tungsten Rhemum Osmium Iridium Platinum Gold Mercury ThaII um Blsmu h Polonium Astatine Radon
Rare \y @ :
Earth M
Metals Q ‘ ﬁ J %
Atomic X-Ra Nuclear Mobile Rocket Low-Temperature Anti-Static  Radioactive Surgical
Clocks DICIgDD‘éIQ Submarines ~ Phones Fulamen‘rs Engines Pen Points  Spark Plugs Lﬂbwﬂre Jewelry  Thermometers Thermognefers Weights sprinklers Brushes Medicine | Implants
Fr [d%% B7Ra [4%% 88 B89 - 103 Rf “X 104Db X IDSEgE X 106 Bh %X 107 Hs %X 108 Mt “X 109Ds “X 110Rg “X 111Cn *X 112Nh “X 113Fl_ %X 114 Mc “X 115Lv “X 116 Ts %X 1170g *X 118
Francium Radium Rutherfordium  Dubnium aborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium  Nihonium Flerovium  Moscovium Livermorium Tennessine 'ganesson
=
Actinide
x . D Superheavy Elements
Las L
Atom 'F'r—ups V:’Jz‘flgﬁgg radioactive, never found in nature, no uses except atomic research
119 120 121.
La [4 57Ce [4 58Pr [4 59Nd [ 60Pm [d%r 61Sm [4 62Eu 63Gd [1 64Tb_ [1 65D [4 66 Ho 67Er [ 68Tm [ 69Yb [4 70Lu 71
Lanthanum Cenum Praseodymium Neodymium Promethium  Samarium Eurnplum Gadolinium Terbium gysprcsmm Holmium Erbium Thulium Ytterbium Lutetium
Rare O ; r
e § e o ° e B D
Metals b \Y &
Telescope Li hfer Torchworkers Eleﬂ'rlc Motor Lummous Elednc Mufor - ICul:;r - MRI Fluar%cerﬁL Smgri' M;:ferlul SLusel- cOphcul Flfer SLGSEI’ F'?)Cierliﬁﬁc Phﬂ’o{(jﬂyﬂﬂﬂ‘"c
Lenses ints Eyeglasses aghe: elevisions iagnosis Lamps ctuators urgery  Communications urgery iber Lasers edicine
Ac [A%X 89 Th_[4% 90Pa [A%r 91U [+ 92N Z‘A‘ 93 Pu lZ‘x" 94 Am [A4X 95 Cm [A4X 96 Bk [44X 97 Cf [4+X 98 Es [4%X 99 Fm [44+X100 Md [4%X 101 No [4+X102 Lr [4%X103
Actinium Thorium  Protactinium Urunlum epfunlum Plutonium Americium Curium Berkelium  Californium  Einsteinium Fermium  Mendelevium Nobelium  Lawrencium
.. \/j 'f —
“ietals M E . %mﬁ @ q @
etal SN
Metals p 55> @
Radioactive  Gas Lam, Radmuchve Nuclear Radloachve Nucleur Smake Mineral Radioactive Mineral ; . ] q
Medicine Mant! lesp Waste Power Waste Weapons Detectors Analyzers Waste Analyzers radioactive, never found in nature, no uses except atomic research
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Lanthanides

1. Introduction

68 7

La Ce Pr Nd Pm Sm Eu Gd T Dy Ho Er Tm Yb Lu

Lanthanum Cerium Praseodymium Neodymium  Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Yiterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967

* Lanthanides \Uuslunay f-block Muenaenu1aInAIuy 6 e nilauifunnaieain
langnsuatulunisase

. mﬁﬁuwumﬁﬂdm L anthanides (U14A59L38NI1 rare earth metals)
-9 1787 WULIEANAIAU 1971 Gadolinite

=l

- U 1794, Gadolin w&ns1e Yttrium (Y) 28nu1tnanus Gadolinite

c°b

1803, Berzelius taz Klaproth wua1susenauYad Cerium (Ce) ALIN

a [o]

- 91 Moseley 1% x-ray absorption spectroscopy (XAS) Tun1siigatiindisindnuiu

9

14 517@85¥NIN9519 Lanthanum wag Hafnium

U

- s1asaun luaenuadn sAaunuluafaun 91nNsLenLs Gadolinite

9q
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Lanthanides

1. Introduction

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd T Dy Ho Er Tm Yb Lu
Lanthanum Cerium Praseodymium Neodymium  Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Yiterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967

* auUANdIALvaIsINAURAUNILUA
- JaudAn19n1en I (physical properties) NAA8AGINUTIIOYNTY

- Taveandintunanae +3 dnnuluglveswanalsuseney

a v A & = Y 1w 1 = = Bu ‘Bu

- WULRYERNTATUILTY +2 1138 +4 lalduriu ue +3 wadesian
‘Bu

2/ aa A U 1 a 1 1 o

- iNeEnsegauniiaulaasAuTUNINNIT 6 (UnFiagsening 8-9) o8/ »
| Bu XC Fﬂ“‘-—-_,ﬁ___‘_-
- iniuselaniusnial EN g9 .U O, F K/‘\ \/@
9 Y N—

- lovoudsdourassiaiaunmludiinuiizeuaniUasudununlio 1950157 o
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Lanthanides

2. Electron configuration

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd T Dy Ho Er Tm Yb Lu
Lanthanum Cerium Praseodymium Neodymium = Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Yiterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
* smnauuaumbuitianiinaeafaiuiiowainnis —
v a  a s = o e 7
InL3U9BLanNnTaUTIAANIARINU e 75 -
aAa & . o v P N wa | n=> 4/-:-,""_ Af 5d
* Msudannsaulu forbital vinlusanquililaudsing i
€= — o —
y SO — 5
INFIHLUAITIEINNEN > N sq 407
9 9 g N=5 -7 m— 4s
| Aa & . 1 . GCJ :::_ _B,D
* 519NaNldENATaUUTIYLUY df-orbital Naw 5d-orbital 7
I Y Y] <'> 1 < Y =
LUDINHIZAUNGNIUAININANLDY wazillATaluy n=2 _.--T——2p
Tt — 25
a [~
alannsaullu [Xe] 4f" 65
*gnW Ce, Gd, Lu NENSINLSeawUU [Xe] 4f" 5d! 652 .
- —-———— 1s
Shell Subshell
\ovnusznounisussens T1e3m au 331 1aflefduviad 1 we.AS.wYsan AunA -6-



Lanthanides

2. EleCtrOI’\ ConﬁguratiOn Name Symbol | Atomic number | Electron configuration
lanthanum La 57 [:x:e]St:fI 652
Cerium Ce 58 xe)af! 5d! 652
Cerium (Ce) 3589wy [Xe] 4f! 5d! 6s? wagiy | Praseodymium |pr 59 (Xe)4F 65
51989970 Lanthanum (La) Fodu [xe] 5d! 652 |Neodymium INd |60 (xejar* 65>
Ce azlidnSauuy [Xe] 4f 652 1lpsa1ndiaudl Ce |Promthium |Pm 61 (Xe)4f 657
Wil Z_, 1nTuNT La Lwihjwaﬁ%eiuwﬁqamlﬂé’q SR S0 6 (Xe)4f° 652
af orbitals THfinganumainia 5d i O (Xe)4f” 65
Gadolinium Gd 64 xe)af’ 5d1 652
Gadolinium (Gd) 9m58auuu [Xel 4f” 5d! 6s? Terbium Tb 65 (xe)af? 652
fonsruaReses half-filled f shell 13 Dysprosium Dy |66 (xeaf10 652
Holmium Ho 67 (xe)af! 1 gs?
Lutetium (Lu) 9a58akuy [Xe] 4f* 5d! 652 P = n R
fensnuatesues fullfilled f shell 1 VIV | Thutium 7 g eaf!3 652
Tu 5d ae Ytterbium Yb 70 (xe)af! 4 652
Lutetium Lu 71 xe)af 4 5d1 652
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Lanthanides

2. Electron configuration

nsntulnadedsaves orbital 4f > 5d > 65
ﬁqﬁ?umﬁmmsuaq&é‘ﬂmamﬁaLﬁmﬁulaaaumﬂ
BLANATOUILYNAIDIN 65 NBU MINME 5d e
af YANAINU

Symbol | Atomic number | Electron configuration Ln?*
La 57 (Xe)5d | 652 [Xe]

Ce 58 (xe)af! 5d! 652 [Xe] 4f
Pr 59 (Xe)4f> 652 [Xe] 4f?
Nd 60 (xe)aft 652 [Xe] 4f°
PmM 61 (Xe)af> 652 [Xe] 4f*
sm 62 (Xe)af® 652 [Xe] 4f°
Eu 63 (xe)af” 652 [Xe] 4f®
Gd B (xe)af’ 5d! gs2 [Xe] af’
Th 55 (Xe)af? 652 [Xe] 4f®
Dy 56 (xe)af! 0 gs2 [Xe] 4f°
Ho 67 xe)af! 1 gs2 [Xe] 4f1°
Er 68 xe)af!2 652 [Xe] 4f'!
™m 69 (Xe)af1> gs2 [Xe] 4f*?
Yb 70 (xe)af14 652 [Xe] 4f'°
Lu 71 xe)4f14 547 6s2 [Xe] 4

-8-
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Lanthanides

3. Properties

* YUINDLHDY
orbital iragydinligusneunneanu
NsuAtaLsIRRAIndAdeEly
faBidnmouusiartuislaivin
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4f electrons gnuAUAN 5s wag 5p
orbitals lalain vilvignaegalvilan
Inatuedualafniuysequan
(Winow) Tinduiitundea danaly
YUNDYADUANAIIIDIATILABY

Jintuangreluvanluaynsudl
158N71 NAYBY Lanthanide

Contraction




Lanthanides

3. Properties

* anudadhilunsiinunen

pzmaudtivunivg 8eathlunisiiaufizen

MUATY VWA LY Bh

ANNIBINY La> > Ce > Pr*s Nd**> Pm®*s Sm**s Eu®*> Gd**> Tb**> Dy**> Ho>*> Er* > Tm’* > Yb*" > Lu*
YN 1 [~
® FUURLLNLUARN
a & av & | - va 1 @ & ) A
- ALNATRUUTENE AW UULYLULAENLEN Lazansauusbianilu paramagnetic Liladl

unpaired electron (fM8Lénmasoutngnaviun 9ndy diamagnetic)
- diamagnetic ions oA La®*, Lu®*, Yb** uway Ce* duilundoilu paramagnetic
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3. Properties

Lanthanides

wveen@nduinulungusinuaunitug

Atom Ln*t Ln*t Lot
La [Xe] 5d' 65 Kele
Ce [Xe] 4f' 5d! 652 [Xe] 4f - [Xel
Pr [Xe] 4 657 [Xe] 412 [Xe] 41!
Nd [Xe] 4f* 657 [Xe] 4 [Xe] 462 [Xe] 4
Pm [Xe] 4 65 [Xe] 4F
Sm [Xe] 41 6s? [Xe] 473 [Xe] 4
Eu [Xe] 417 657 [e] 41 [Xe] 4f”
Gd [Xe] 417 5d! 65 [e] 4f7
Th [Xe] 4 657 [Xe] 4fF [Xe] 467
Dy [Xe] 4117 652 [Xe] 4f° [Xe] 4fF [Xe] 4f'0
Ho [Xe] 4f1! 652 [Xe] 4f10
Er [Xe] 4112 652 [Xe] 4!
Tm [Xe] 411 652 [Xe] 4f [Xe]4f!
Yb [Xe] 41 652 [Xel 42 [Xe] 4f1%
Lu [Xe] 414 5d' 6s Xelaf®: o T
Y [Kr] 4d! 562 [Kr]

WaUsENauNISUSIENe 5187370 AN 331 LATaRUNSE 1 WA.AT.LNYTANT AUNIA
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Lanthanides

. loopunlull e Wy /M308 e NYFNITIAEES e 1@nes —> agludl
3. Properties . . o N o
nsdeseRunauves e (ldifia f-f transition) = ldganauuas

visible light — 1134

lon Ilijlggtarizg Color lon glzgtari:‘: Color
Lat 0 Colorless To3* 6 Pale Pink
Ced* 1 Colorless Dy3* 5 Yellow
Pra* 2 Green Ho3* 4 Pink; yellow
Ng3* 3 Reddish Er* 3 Reddish
Pm* 4 Pink; yellow Tm3t 2 Green
Sm3* 5 Yellow Yb3* 1 Colorless
Eu®* 6 Pale Pink Lus* 0 Colorless
Gd3* 7 Colorless

WaUsENauNISUSIENe 5187370 AN 331 LATaRUNSE 1 WA.AT.LNYTANT AUNIA
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Lanthanides

4. Applications

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd T Dy Ho Er Tm Yb Lu
Lanthanum Cerium Praseodymium = Neodymium = Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967

la [4 57Ce [4 58Pr [4 59Nd [4 60Pm [A%¥< 61Sm [4 62Eu [4 63Gd [d 64Tb_[d GBDngZ 66Ho [4 67Er [4 68Tm_ [4 69Y¥b [4 70Lu
S|

an-lhanurn Cer-lum Praseodymium Neodymium Promethium  Samarium Eur-uplum Gadolinium Terbium prosium Holmium Erbium Thulium Y-He.r-bnum Lui-e.hum
_ =3 o)
S . A 3 b
u
Telescope h+er Torchworkers' Elec’rnc Mo’ror Lummous E!ecfrlc Mofor Color MRI Fluc:rescerﬂl Smart Material Laser Optical Fiber Laser Scientific Pho’rodynamw
Lenses m s Eyeglasses Magnets Dials Magnets Televisions Diagnosis Lamps Actuators Surgery  Communications  Surgery  Fiber Lasers ~ Medicine

La Lanthanum 57 Ce  Cerium 58 Pr Praseodymium 59 Nd Neodymlum 60 Pm Promethium 61 Sm Samarium 62 Eu Euraplum 63 Gd Gadolinium 64 Tb Tfirb'"l:u 65 Dy Dy#roesjruT 66 Ho Holmium 67 Er Erbium 68 Tm Thulium 69 Yb Yierbium 70 Lu Lutetium 71
50 soft metal;

soft metal; soft metal; soft metal; soft metal; radioactive, soft metal; soft metal; soft metal, best j soft metal; soft metal; soft metal; soft metal; soft metal,
optical glass, most abundant  torchworkers' sfmng magsne'rs long-lived; magnets (5m-Co), phosphorsin  neutron absorber, phosphors in nuclear infrared lasers, fiber ofﬂc rarest stable fiber optic densest and

telescope rare earth metal,  didymium egle- Fe- human-made,  elzctric motors,  color TVs and magnetic; color TVs and control rods, laser sur_qlery signal amplifiers, rare earth metal, signal amplifiers, hardest

eyepieces lighter flints, glasses (Pr-Nd), erec’rrlc mofors small fraces speakersand  frichromatic lamps, magnetic resonance frichromatic lamps, MRI phosphors eye-safelaser  infrared lasers,  infrared lasers, infrared rare earth metal;
camera lensi gas amp mantles, llghf&r flints, speukers and in nature, headphanes, luminous paint,  imaging (MARI)  computer disks, ~computer disks,  rangefinders, laser surgery, laser surgery, fiber lasers, cancer 'flghhng
I|gh+er fIlMs self-cleaning arc :g)s headphones, luminous dials, |nfrared Sensors, lasers contrdst enhancer, magnetostrictive magnetostrictive compu*er disks, plnk gldss, phosphars stainless steel

arc lamps ovens, lasers, sheet $hickness rnfrured—ubsorbmg phosphors, neutron smart materials  smort materials ~ yellow glass filters lasses, alloys (Ilghf ac’ rvahad]

glass pcrlshmg yellow grass lighter flints gauges glass radiography (Terfenol-D®)  (Terfenal-D®) wma lum alloys medicine
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Lanthanides

4. Applications

la [ 57Ce [1 58Pr [4 B59Nd [4 60Pm [4%X 61Sm [4 62Eu [4 63Gd [ 64Tb_[4 65Dy [d 66Ho [1 67Er [4 68Tm 0L [@ 71
Lanthanum Cerlum Praseodymium Neodymium Promethium  Samarium Europium Gadolinium Terbium lgysprnslum Holmium Erbium hullum YHe.rblum Lutetium
e 1) & % & /, S| =) % 5

1y
ﬂ o 8§ as " ‘
Te!eseope hfer Torchworkers' Electric Motor Lummous Electric Motor Color Fluorescent smqrf Material Laser Optical Fiber Laser Scientific  Photodynamic
Lenses |n ] Eyeglasses Magnets Dials Magnets Televisions Dlagn05|s Lamps Actuators Surgery  Communications  Surgery  Fiber Lasers  Medicine

* laveuIgvisvassiguaumbuainisihluuseyndldlidunn winluguvedansie asldly
NI9VINNINTY WU Tavisnanves Ce LUMIMIENANIN

o Tanzide (alloy) veawaumlus Wwuauudsusuaznsldnureandnndd

o fimauauniudluldeuduesin saviusuuseaduuasaunadues arc lights
® Thulium (Tm) — portable x-ray sources

® Europium (Eu) —> radiation source

* asusznaveanlynveskaunitualdlugnavnssuwm Wy unde wasldvinumaddmsu ogsles
Lazeln Ay

* anthwdianuasuaiivanas Tolunquaunsalliuaswilivén

WaUsENauNISUSIENe 5187370 AN 331 LATaRUNSE 1 WA.AT.LNYTANT AUNIA -14-



1. Introduction

aynsukaanlusUsEnaumMesInNiavazmnay 89 fiv 103
sienluamsniauny taun U (Uranium) ag Klaproth Tud 1789

Th (Thorium) gnAunulay Berezelius Tl 1829
waniluAagdnasoynsuwaumlug wasdnlu Rare Earth Metals wlouuaunilua
sueniiludnlvgifusniidansesitumn

Ac 4ag Pa wuldnieslusssuwifainnisaansdiived Uranium-253 wag Uranium-238
L3 Monazite 1Juwuasves Th (Thorium) Tuguvesansusenaunaais

Pitchblende tJuluauad Uranium-308

dy a a a a6 U a — 1 5—
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1. Introduction

* uernlurlveandndurainraiewasiaunlus niuiunssd (radioactive) Fsliimag
Gl

* snAwABTEA lawn Uranium daaswdu Pu (plutonium) Tnenu nuclear reaction
* Laanluallaveandindulanalel Lazladyshe +3

LA Th 1ag Pu laveondadunianasas +4
Pa w8z Np Lavean@induiianysas +5
471 U 219nulaueondeduimndu +6 1o

dy a a a a6 U a
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1. Introduction

MsdaaTzsindn 1nanmaiseSensedusunaliisliAn nuclear reactions
langdldnku WIau1IEY

aAunsainasweuiianesiu ligands L¥u chloride, sulfate, carbonate la acetate
Actinides anevdanulusssuid Tuundsusvdeluimeia

LAM nuclear reactions LA@

WAuShwienn ssanndandassdusiuaninsedls wazdanuiduiwvedlanein

languazansusenay hydrides, carbides, wag alloys @19gnviNgaumnivieauasuessd

AU

dy a a a a6 U a
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Actinides

2. Electron configuration

* oalundndusig f-block Tumssiaumsiiuiaunilua

* clectron configuration wulavis [Rn] 5 6d! 7s? e [Rn] 5" 7s? FuAUAIULEDYS
(snAUThorium (Th) dlasswuudidnanseutdu [Rn] 6d? 7s2)

® N13UTIPBLENATOUVDISWLBAT LU :
- Juegiu Z_ lun1shaga 5f orbital THdsgAunasuiIniazunnm1eaIn 6d orbital -
JYAUNFINUVDINTIALUU 5 752 azn1saauuu 5" 6d! 752 TnatAeeiuunn

- 5EAUNAIUTOY 5 orbitals anateg1ITINLTLIBIATIZAOUTLTY —> UTITLU 5f Nou 6d

* 5f orbitals lignuatesiedianaseulu 6s uag 6p Fgnasgatilnatairduatasruinosnay
ANAIRNUATY
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2. Electron configuration

Atomie Oxidatio Y
Numnl:tr Symbol Name Atomic Mass Electron SI:IH f Disn::: red
{g/mol) Configuration

89 Ac Actinium [227] [Rn] 6d'7s? +3 1899

90 Th Thorium 232.04 [Rn] 6d”7s” +27,43,+4 1824

91 Pa Protactinium 231.04 [Rn] 5t%6d'7s? +3,44.45 1913

92 U Uranium 238.03 [Rn] 5764 757 +3,44 45,46 1789

93 Np Neptunium [237] [Rn] sf'ad'7s" | 4344454647 1940

94 Pu Plutonium [244] [Rn] 51575 +3 44 #5 46 +T 1940

95 Am Americium [243] [Rn] 5775 +3 4445 46 +T7 1944

Lﬁ@ﬂ’]ﬂi%ﬂ@Uﬂ’ﬁUiiﬂ?ﬂ 187397 AN 331 Lﬂﬁaﬁuﬁsj‘ 1 NA.ATLWYIAAN ﬁ’umﬁ -1 9-




2. Electron configuration

I: :::r Symbol Name Atomic Mass Electron D;i:l::rn Dh:::: red
(z/maol) Configuration
96 Cm Curium [247] [Rn] 517 6d'7s7 || +344,45467 1944
97 Bk Berkelium [247] [Rn] 575> +3,.+4 1949
98 Ct Californium [251] [Rn] 5£107s7 +2,43 44 1950
99 Es Einsteinium [252) [Rn] 5£117s7 +27,43 447 1952
100 Fimn Fermium [257] [Rn] 5£1%7s7 +2,43 1952
101 Md Mendelevium [258] [Rn] 51374 +2 43 1955
102 No Nobelium [259] [Rn] 5£147s7 +2,+3 1957
103 Le Lawrencium [262] [Rn] 5¢196d 752 +3 1961
Lﬁ@ﬂ’]ﬂi%ﬂ@Uﬂ’]iUiiﬂ?ﬂ 19391 Ay 331 Wadlefunid 1 WA.As.NYsanT Auna _20-




* LaARiluA leaaullnid suLilaunann f-f transition Y84 5f electrons sniulonauninng

Jasuadu 5 uaz 57 — 14ild (colourless)

* lopaunilusey +3, +4 Iniid

a15UsEnau halides Y83516)L0ATILUA

O.S. Ac Th U Np Pu Am Cm
\ UF,, NpF, PuF,
UCL,
V UF,, -
UCL,
vV ThX UX, NpF,, NpCl,, NpBr, PuF, AmF, CmF,
Il AcF,, AcCl3, AcBr, PuX, AmF, CmF,
Il - - - - - - -
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4. Applications

Ac [d%x 89 Th [A% 90Pa [H+w: 91U [+ 92N 93 Pu_[d%*% 94 Am [d+4X 95 Cm [44X 96 Bk [d%X 97 Cf [d+X 98 Es [d%X 99 Fm [1%X 100 Md [4%*X101 No [44X102 Lr [14X103
Actinium Thorium Prohr:hmwn Uranium Il-lll Plutonium Amerlclun Curium Berkelurn Californium FEinsteinium  Fermium  Mendelevium Nobelium  Lawrencium
I’v '--;_\‘u ¥, vv
M %’ ololo
R&delgclaéflge %me Rudlum:hw, Nuclecu- Radnouctwe w ns Desi-rgcoi-k:rs Mlneral Ragvmc’rwe Amms radisactive, found in nature, no uses except atomic research
Ac Actinium 89 Th Tl'lorium 90 PuPro'l‘nl:Hniqul U Uranium 92 Np Nephlnium 93 Pu Plutonium 94 Am Americium 95 Cm Curium 96 Bk Berkelium 97 Cf Californium 98 Es 99 Fm 100 md 101 No 102 Lr 103
radioactive, ad radioactive, radioactive, radioactive radioactive, radioactive, radioactive, Einsteinium Fermium Mendelevium Nobelium Lawrencium
long-lived; Iong-lwed Irved lnng-lwed dense; Io Iwe.d long-lived; long-lived; long-lived; long-lived;” long-lived;
fraces most abundant srnu fraces nuclear smal traces small traces never found never found never found never found
innature,  radioactive element,  in nature, reactor fuel, in nature, in nature, |n nature in nature, in nature, in nature,
cancer medicine, nuclear no uses, nuclear weapons, neutron detectors, nuclear rs, scientific no uses, scientific
%ﬂu roiacfor mir:l'l?l radwaste co'.lﬂerwe:gh’rs, dlosuneiers reucfo;* fuel, shee+ ﬂ1icknes _inshl'umen'fs, radwaste ) mnmﬂl s,
m f|lan;rsfs buﬁ;ﬁcmg nucf:rdmflg - Mle’;ﬂ weﬁ:; ' rsadwgfs'e “m.ff,'m,?e > m mdm 29 radioactive, short-lived: never found in nature, no uses except atomic research

sisaadtuainlUldusslevdunnian tawn Thorium (Th), uranium (U) wag plutonium (Pu)
. = 1% 1 d‘ Yy 1% dy a a &a a 6
* Thorium — Tglussifgadimng (Waskasdialasuainusow), Weomasnsaiinades

* Uranium —> Wainaslinndes dwuaisusenauldlugnainnssuwni winling dule wagnigen

® Plutonium —> WaINAINILAAYSILaLSLIUATILARYS
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Similarities/Difference between Lanthanides and Actinides

AULALIDY

®* Both lanthanides and actinides involve the filling of f-orbitals.
® Both exhibit a common oxidation state of +3.

® Both are electropositive and very reactive.

® Both exhibit magnetic and spectral properties.

®* [anthanides exhibit lanthanide contraction and actinides exhibit actinide

contraction
AITULLANATN
Lanthanides Actinides
They have the ability to show a maximum oxidation state of + 4 Actinides show variable oxidation states of + 3, +4, +5 + 6 and + 7.
They have smaller tendency to form complexes. They have a good tendency to form complexes with ligands such as thio-ethers.
All lanthanides are non-radioactive except promethium. They are radioactive in nature.
They do not form oxo-ions Actinides form oxo-ions such as UD™, NpQ5™.
They are non radioactive in nature. Actinides are radioactive.
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