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Ac 89
Actinium

227.028

Th 90
Thorium

232.038

Pa 91
Protactinium

231.036

U 92
Uranium

238.029

Np 93
Neptunium

237.048

Pu 94
Plutonium

(244)

Am 95
Americium

(243)

Cm 96
Curium

(247)

Bk 97
Berkelium

(247)

Cf 98
Californium

(251)

Es 99
Einsteinium

(252)

Fm100
Fermium

(257)

Md101
Mendelevium

(258)

No 102
Nobelium

(259)

La 57
Lanthanum

138.906

Ce 58
Cerium

140.115

Pr 59
Praseodymium

140.908

Nd 60
Neodymium

144.24

Pm 61
Promethium

(145)

Sm 62
Samarium

150.36

Eu 63
Europium

151.965

Gd 64
Gadolinium

157.25

Tb 65
Terbium

158.925

Dy 66
Dysprosium

162.50

Ho 67
Holmium

164.93

Er 68
Erbium

167.26

Tm 69
Thulium

168.934

Yb 70
Ytterbium

173.04

7
Fr 87

Francium

(223)

Ra 88
Radium

226.025

Lr 103
Lawrencium

(260)

Rf 104
Rutherfordium

(261)

Db 105
Dubnium

(261)

Sg 106
Seaborgium

(263)

Bh 107
Bohrium

(262)

Hs 108
Hassium

(265)

Mt 109
Meitnerium

(266)

6
Cs 55

Caesium

132.905

Ba 56
Barium

137.327

Lu 71
Lutetium

174.967

Hf 72
Halfnium

178.49

Ta 73
Tantalum

180.948

W 74
Tungsten

183.85

Re 75
Rhenium

186.207

Os 76
Osmium

190.2

Ir 77
Iridium

192.22

Pt 78
Platinum

195.08

Au 79
Gold

196.967

Hg 80
Mercury

200.59

Tl 81
Thallium

204.383

Pb 82
Lead

207.2

Bi 83
Bismuth

208.980

Po 84
Polonium

(209)

At 85
Astatine

(210)

Rn 86
Radon

(222)

5
Rb 37

Rubidium

85.468

Sr 38
Strontium

87.62

Y 39
Yttrium

88.906

Zr 40
Zirconium

91.224

Nb 41
Niobium

92.906

Mo 42
Molybdenum

95.94

Tc 43
Technetium

(98)

Ru 44
Ruthenium

101.07

Rh 45
Rhodium

102.906

Pd 46
Palladium

106.42

Ag 47
Silver

107.868

Cd 48
Cadmium

112.411

In 49
Indium

114.82

Sn 50
Tin

118.71

Sb 51
Antimony

121.75

Te 52
Tellurium

127.60

I 53
Iodine

126.905

Xe 54
Xenon

131.29

4
K 19

Potassium

39.098

Ca 20
Calcium

40.078

Sc 21
Scandium

44.956

Ti 22
Titanium

47.88

V 23
Vanadium

50.942

Cr 24
Chromium

51.996

Mn 25
Manganese

54.938

Fe 26
Iron

55.847

Co 27
Cobalt

58.933

Ni 28
Nickel

58.69

Cu 29
Copper

63.546

Zn 30
Zinc

65.39

Ga 31
Gallium

69.723

Ge 32
Germanium

72.61

As 33
Arsenic

74.922

Se 34
Selenium

78.96

Br 35
Bromine

79.904

Kr 36
Krypton

83.80

3
Na 11

Sodium

22.990

Mg 12
Magnesium

24.305
3 4 5 6 7 8 9 10 11 12

Al 13
Aluminum

26.982

Si 14
Silicon

28.086

P 15
Phosphorous

30.974

S 16
Sulfur

32.066

Cl 17
Chlorine

35.453

Ar 18
Argon

39.948

2
Li 3

Lithium

6.941

Be 4
Beryllium

9.012

B 5
Boron

10.811

C 6
Carbon

12.011

N 7
Nitrogen

14.007

O 8
Oxygen

15.999

F 9
Fluorine

18.998

Ne 10
Neon

20.180

1
H 1

Hydrogen

1.008
2 13 14 15 16 17

He 2
Helium

4.003

1 18
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Ô G Ô ?�<=@A:¼Ø Ô B�HeN�B�<=J,:>Ø]:¼G Ô3æ�æ @ Ô EMC Ô CaC Õ ÛQLe9;L�@FB æ EM@�CD@FB�GM@�H
:=Bñ:¼GQCA:>B�GM@FB�H�@/Hoß�:äC Õ�Ô <yØ.NOEDÙ�GDNeGDL�@K@FB�H Õ CD@FE/Ý � @�B�Û�@Oå2GDL�@
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ÛFN�B�ÛF@ æ GtN�Ø Ô $�Ü ö EM@FB�H�@�ED:=B�íA:äCëÛ�@�B�GDE Ô <�GMNAN Õ E�H�:äCDÛ Õ CDCD:=N�B(N3Ø
G Ô ?�<=@ æ EDN�ÛF@�CMCà:=B�í æ�Ô E Ô H�:>íOÙ(C�Ý

PÐBÉGML�@oN�B�@�L Ô B�H�å�EM@FB�H�@FEM:>B�íOC_N�ØAG Ô ?�<>@/CI@FB�ÛFN"H�@�H Ô C
N & 21)�)AGM@�ì"G Ô ED@ICàN�Cà@�<¼ØËÜÌ@Fß":äH�@FB�GÒGML Ô G$:¼G(:äCÒ@ Ô CDJ GMNiØ.N�EMí�@FG
GML Ô GaGML�@FJ Ô EM@UC�GM:><=<�? Ô CD@�H�N�B Ô CD@�GaN3Ø Õ B�H�@FEM<>J":=B�í Ô CMC Õ Ù æ Ü
GM:>NOB�C_8 �/ú � ú å�9;L Ô GÒ:äCUÛ�NOB�B�N�GD@�HÖ?"J Ô Û Ô EMEM: Ô í�@$ED@FG Õ EMB Ô B�H�å
:=B�Ù(N�C�GaÛ Ô Cà@/CFåOGDL Ô GmGDL�@áEM@FB�H�@FEM:>B�í$9;:=<>< Õ CD@ Ô Ù(NOB�NOC æ�Ô ÛF@�H
Ø.NOBOG¦P¦Ý�Þ~L�:><=@UN�GDL�@�Ea@FB�ÛFN�H�:>B�í,CDÛQL�@FÙ(@�CaC Õ ÛQL Ô C,HyNOCàG & ÛFED: æ G
Ô B�H �ÐÓ ð 'gL Ô ß�@�GDL�@ æ N3GM@FB�GD: Ô <�GDNÖ?�@eÙ Õ ÛQL0Ù$NOED@eÛ�NOÙ$Ü
æ <=@�ì2å�GDL�@oCà:=Ù æ <=@iØ Ô Û�G�:äC_GML Ô GeC Õ ÛQL+H�N�Û Õ Ù(@�BOGQC Ô ED@iEM@FB�Ü
H�@�ED@/H Ô <=<ëGML�@�GD:=Ù$@Oå Ô B�H!H�@Fß�@�<>N æ :=B�í CDJ"CàGD@�ÙKCAGDN æ @�EàØ.NOEDÙ
GML�:=CzØ Õ B�Û¦GD:=N�Bè:äCzB�N3GKÛ�N�B�Cà:äH�@FEM@�H Ôiæ�Ô EàGM:=Û Õ < Ô EM<>JñH Ô�Õ B�GD:=B�í
G Ô CDâ�Ý Ó L�@�Ø.N�EMÙ(@FE Ô EM@,â"B�N	9;B Ô C HyNOCàG & ÛFED: æ Gz:=B�GD@�E æ EM@�GM@FEQC
8 ��ú � ú å,<�L�NOCàGMCMÛ�EM: æ GQP�å�9;L�:=<=@ GML�@�< Ô GDGD@�E Ô ED@iEM@�Ø.@�EDEM@�HèGMN Ô C
Þo@F?e?�EMN	9aCà@�EMC�8 �/ú � ú å�ð6NOóF:=<>< Ô P�Ý

Na<>GDL�N Õ íOLÒ9�@�CDL Ô <=< Ô G�GD:=Ù$@/CyC�GMED:=ß�@tØ.N�EyÙ Ô ì�:>Ù Õ Ù æ N�CDCD:>Ü
?�<=@tíO@FB�@�E Ô <>:>G�J�åFØ.EDNOÙ Ôaæ E Ô íOÙ Ô GD:äÛ]C�G Ô B�H æ NO:>B�G�å/GML�@tß Ô CàG�Ù Ô Ü
5 NOED:>G�JUN3Ø�G Ô ?�<=@ æ EMN"ÛF@�CMCà:=B�í�ED@/Cà@ Ô EQÛQLUGMNUH Ô GM@;L Ô CyØ.N�Û Õ Cà@/H$N�B
G�9�NIC æ @�Û�:>ç�Û(Û�< Ô CMCD@�C�N3Øt:=B æ�Õ GMC�Ý Ó�Ô ?�<=@�C�@FB�ÛFN�H�@�H�:>BJN & 21)�)
Ø.NOEDÙ Ô G Ô EM@ Ô Û Ô B�N�B�:=Û Ô <�:>B�CàG Ô B�Û�@�N3Ø�ED@�B�H�@FEM:=B�ízNOB Ô Û�N Ô EQCà@
8�> úA��ú å�ÛQL Ô E Ô Û¦GM@FEDÜ±<=@FßO@F<ËP�í�EM:=H�å�9;L�:=<=@$CMÛ Ô B�B�@�H ?�:>GDÙ Ô3æ G Ô ?�<>@/C
Ô ED@ Ô Û Ô B�N�B�:äÛ Ô <�:=B�CàG Ô B�Û�@tN�Ø�ED@�B�H�@�ED:=B�íaNOB Ô ç�B�@á8�> úA�/ú å æ :>ì�@F<>Ü
<=@FßO@F<ËPAí�EM:äH2Ý � @FB�Û�@�å�GML�@�CD@ Ô ED@,GDL�@eÛ�NOB�Û�EM@�GM@,@�ì Ô Ù æ <>@/CÒ9�@
G Õ EDBIGMN$Ù(N�C�G;Ø.EM@�× Õ @�BOGM<>J,:>BIGDL�@áØ.N�<=<>N	9;:=B�í$@�ì æ N�Cà:>GD:=N�B�Ý

Ó L�@$ç�EQC�GAíOEDN Õ�æ N3Ø æ�Ô E Ô H�:>íOÙ(C Ô CMCDN"ÛF: Ô GD@/CÐÛF@F<=<ëÛ�N�B�GM@FB�G
9;:>GDL0EDN	9 Ô B�HñÛ�N�< Õ Ù(B1B Õ Ùz?�@�EMC�Ý,'�N�íO:=Û Ô <=<>JOå�GDL�@F:=EzN Õ G æ�Õ G
:äC Ô <=:=CàG�G BXRVP�� U �	
��������	���eS�
	�eS å"@FGMÛ3Ý Ó N æ ÜÌH�N	9;B Ù$@FGDL�N�H�C
EM@�ÛFN	ß�@FEëGDL�@ Õ B�H�@�ED<=J":>B�íÒí�EM:äH_C�GME Õ Û¦G Õ ED@Oå�GML�@FB,ç�B�HKGML�@áÛ�N�B�Ü
GM@FB�GKN3Ør@ Ô ÛQL1ÛF@F<=<�Ý.+�N3GDGDN�Ù$Ü Õ�æ Ù(@FGDL�N�H�C$ç�EQCàG(H�@�<>:=Ù(:¼G_ÛF@F<=<
ÛFN�B�GD@�BOGQCFå"GML�@FB6ÛFN�B�CàGDE Õ Û¦GmGML�@Aí�EM:=H�Ý

Ó L�@�:>B æ�Õ GzGMNiGML�@�CD@�ÛFN�B�HÖíOEDN Õ�æ N3Ø æ�Ô E Ô H�:>íOÙKCU:äCAGDL�@
Ô ?�N	ßO@Ð<=:=CàG�Ý Ó L�@�CD@ æ�Ô E Ô H�:=í�ÙKC Ô CMCDN"ÛF: Ô GD@áÛ�@�<><�ÛFN�B�GD@�BOGQCm9;:¼GML
EMN	9 Ô B�H 	 NOEaÛ�NO< Õ Ù(BeL�@ Ô H�@�EMC�ÝT)ÌØ]EDN	9 Ô B�HeÛFN�< Õ Ù(B6L�@ Ô H�@FEQC
Ô ED@ Ô ?�CD@FB�G/å]ß�:=EDG Õ�Ô <�L�@ Ô H�@FEQC Ô EM@ Ô CDCD:>íOB�@�H�Ý Ó L�:=C(EM@�× Õ :=ED@/C
CDN�Ù(@aEM@FB Õ Ùz?�@�ED:=B�í�Ý Ó L�@rÙ(N�C�GmÛ�N�Ù æ <=@�ì Ô <=í�NOED:>GDL�Ù(CëG Ô EDíO@�G
B�@/C�GM@�HIL�@ Ô H�@�EMC�Ý

Ó L�@ÐGDL�:=EQH æ�Ô E Ô H�:>íOÙ[<=@FßO@F<�@�ì"GDE Ô Û�GMC�L�:>íOL�ÜÌ<>@�ß�@F<�8&CD@FÙ Ô B�Ü
GM:=Û/Pe:>B�Ø.N�EMÙ Ô GD:=N�B Ø.EMN�ÙfGDL�@!N Õ G æ�Õ G�N�Ø$GML�@!@ Ô EM<>:=@FE æ�Ô E Ô Ü
H�:=í�ÙKC�å�> úA�/ú å2EDN	9 Ô B�HiÛ�NO< Õ Ù(BiB Õ Ùz?�@�ED@/HeL�@ Ô H�@FEQC Ô B�HiÛF@F<=<
ÛFN�B�GD@�BOGQCFÝ1)ÌGMC�N Õ G æ�Õ Ge:=CIC Õ :¼G Ô ?�<=@iØ.NOE�H�N	9;B�C�GMED@ Ô Ù Ô3æ�æ <=:>Ü
Û Ô GD:=N�B�CÐ<=:=â�@ &�� 'ëå H ò P ' P <$å �Ðð '�NOE�N�GDL�@�Eá<>NOí�:äÛ¦ÜÌ? Ô CD@�H
CMÛQL�@FÙ Ô G Ô Ý�Þ~L�:><=@áGDL�:äC;:äC;N3Ø�:>B�Û�EM@ Ô CD:=B�í(:>B�GD@�ED@/C�G/å�@�C æ @/Û�: Ô <=<>J
Ô ED:äCà:=B�í6N Õ GzN�Ø;GDL�@ & @FÙ Ô B�GM:=Û,Þ�@�?�å�GML�@FEM@,L Ô CU?�@F@�B!Ù(N�EM@
9�N�EMâKN�B�GDL�@A@ Ô EM<>:=@FE Ô C æ @�Û�GMC�Ý

��úËù � > �-� � �Òþ¤ÿ�� � ���

)¤B6GML�@(Cà:=Ù æ <>@/C�GáÛ Ô Cà@Oå�:>G�:äC æ NOCMCà:=?�<=@UGMN�H�@FGD@FEMÙ(:>B�@UGDL�@$ÛF@F<=<
CàGDE Õ Û¦G Õ EM@ÒN3Ø]GML�@zG Ô ?�<>@ Õ Cà:=B�í æ�Õ EM@F<=Jeí�@FNOÙ(@�GDEM:äÛUÛ Õ @/CaØ.EMN�Ù
GML�@($�Ü ö ED@�B�H�@�ED:=B�í�Ý=)ÌØ(:¼Gi:äCeâ"B�N	9;BÎGDL Ô G6GDL�@ñÙ Ô ì�:=Ù Õ Ù
:=B�GDE Ô Ü¤Û�@F<=<�L�N�EM:>ó�N�B�G Ô <OC æ�Ô ÛF:>B�íÐ:=C�CàGDEM:=Û�GD<=JA<>@/CDC�GDL Ô BUGML�@tÙ(:=B�:¼Ü
Ù Õ Ù«:>B�GM@FEDÜÌÛFN�< Õ Ù(BUL�N�EM:=óFN�B�G Ô <OC æ�Ô Û�:=B�í�å Ô B�HUGDL Ô G�GML�@�Ù Ô ì"Ü
:=Ù Õ Ùq:=B�GDE Ô Ü¤Û�@�<><�ß�@FEDGD:äÛ Ô <�C æ�Ô ÛF:>B�í_:=CáCàGDEM:=Û�GD<=Je<>@/CDCrGDL Ô B6GDL�@
Ù(:=B�:>Ù Õ Ùk:=B�GD@FEDÜÌEDN	9 ß�@�EàGM:=Û Ô <áC æ�Ô Û�:=B�í�å�GML�@�G Ô ?�<>@ÖÛ Ô B+?�@
æ�Ô EMCD@�H$:=B�GDNUÛ�NO< Õ Ù$B�C Ô B�H(EMN	9aCy?"J Õ CD:=B�íAGDL�@�CD@ æ�Ô E Ô Ù(@�GM@FEQC
GMNzH�@FGD@FEMÙ(:>B�@r9;L�@FGDL�@�E Ô í�:=ß�@FBñéDí Ô�æ êáED@ æ EM@�CD@FB�GMC Ô Û�NOBOGM:>B�Ü
Õ�Ô GD:=N�BIN3Ø�GDL�@UÛ Õ EMED@�BOG;Û�@�<><�N�EmGDL�@UC�G Ô EDGmN�Ø Ô B�@�9ÎÛF@F<=<�Ý

F N�GD@�GDL Ô GÒGML�:=C æ�Ô E Ô H�:>íOÙïÛ Ô B!?�@,:=Ù æ <=@FÙ(@FB�GD@/H!:=B�H�@FÜ
æ @FB�H�@FB�GD<=JeN3Ø]GDL�@U:>B æ�Õ G�Ø.N�EMÙ Ô GrN3ØyGML�@UG Ô ?�<=@Ò?�@�Û Ô3Õ CD@U:>GÐ:äC
H�@Fç�B�@/H0:=B�GD@�EDÙKCKN�ØÐGML�@6:=BOGM@FB�H�@�H $�Ü ö EM@FB�H�@�ED:=B�íÖN3Ø�GDL�@

G Ô ? Õ < Ô E;:=B�Ø.N�EMÙ Ô GM:>NOB�ÝTNa<=<�9�@�B�@F@�H�:äC Ô B Õ B�H�@�EMCàG Ô B�H�:=B�í$N3Ø
GDL�@Ò9 Ô J_GDL�@Aç�<=@U:=CaGDN_?�@ÒEM@FB�H�@FEM@�H2å Ô 9 Ô J_GDN_:äH�@FB�GM:¼Ø.JIGDL�@
? Ô Cà:äÛÉé Õ B�:>GMê!:=B~GML�@�:=B æ�Õ G Õ B�H�@FEeC�G Õ H�J«8�> úA�/ú åaÛQL Ô E Ô Û¦GD@�E
CàGDEM:>B�í�C;:=BeGDL�@ÒÛ Ô CD@AN3Ø N & 21)�) Ô B�HIÛFN�B�B�@�Û¦GM@�H6ÛFN�Ù æ NOB�@FB�GQC
:=B,GML�@AÛ Ô CD@rN�Ø�?�:>GDÙ Ô�æ CMP�å Ô B�H Ô 9 Ô J$GDN$Ù(@ Ô C Õ EM@�H�:=CàG Ô B�Û�@/C
?�@�G�9�@F@FBIGML�@�CD@A? Ô CD:äÛ Õ B�:¼GQCFÝ

Ó L�:äC æ�Ô E Ô H�:>íOÙ :=C$GMN�NñCD:>Ù æ <=@6?"J!:>GMCD@F<>ØrGDN!C Õ�S Û�@IØ.NOE
Ù Ô B"JÉG Ô ?�<=@�C�åa? Õ G6GDL�@ñB�N�GD:=N�B N3Ø$GDL�ED@/CàL�NO<=H�CIGDL Ô G Ô <=<>N	9
Ù(@FEMí�:=B�íá:>B�GME Ô ÜÌÛF@F<=<�Û�N�B�C�GM:¼G Õ @FB�GMCy9;:>GDL�N Õ GëÙ(@FEMí�:=B�í�GDL�@aÛ�N�B�Ü
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H�:=í�ÙKC;?�@F<=N	9AÝ
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)¤B�H�@ æ @�B�H�@�BOGUN�Ø�L�N	9�GDL�@$G Ô ?�<=@z:äCAC�GMN�EM@�H N�E�ED@�B�H�@FEM@�H�å
9�@�Û Ô BzÛ Ô3æ G Õ EM@ëGDL�@tG Ô ?�<=@�:=B Ô BÒNOBOGMN�<=N�íOJrGML Ô G�Ø.N�EMÙ Ô <=<>JAH�@FÜ
CMÛ�EM:>?�@�C]GDL�@aNO?�CD@FEMß Ô ?�<=@�:=B æ�Õ G�Ý � :=í Õ ED@,8áCDL�N	9aC Ô BKNOB�GDN�<=N�íOJ
H�@/CDÛFED:=?�:=B�íeGDL�@,N�?�Cà@�EDß Ô ?�<>@K:=B æ�Õ GzØ.N�EAGML�@_G Ô ?�<=@,H�@/CDÛFED:=?�@�H
?"JÎGDL�@7N & 21)�)iÛQL Ô E Ô Û�GD@FE�Cà@/× Õ @FB�ÛF@ Ô ?�N	ß�@OÝ )¤B � :>í Õ EM@ 8
GML�@ ��� -q�]� - ü�ÿ6CDÿ � þQ� C N�? 5 @�Û¦GeCà@FGIÛFN�B�CD:=CàGMC�N3Ø Ô <>< N & 21)�)
ÛQL Ô E Ô Û¦GM@FEQCFÝ Ó L�@ - ü�ÿ;CMÿ � þQ� C ��@ �¦þ¤ÿ @ � � N�? 5 @/Û¦G_Cà@FG(ÛFN�B�CD:äC�GQC
N�Ø�N�? 5 @�Û¦GU:äH�@�BOGM:¼ç�@FEQCFå2NOB�@$Ø.N�EA@ Ô ÛQL�:=B�CàG Ô B�Û�@(N3Ø Ô BJN & 21)�)
ÛQL Ô E Ô Û¦GM@FEU:=B Ô G Ô ?�<=@ Ô G Ô æ�Ô EDGD:äÛ Õ < Ô E æ N�Cà:>GD:=N�B�Ý Ó L Õ C�å�9�@
Û Ô B�Û Ô3æ G Õ EM@Ð@ Ô ÛQLIN & 21)�)mÛQL Ô E Ô Û�GD@�EÐ8.:=B�ÛF< Õ H�:>B�í(@ Ô ÛQL,C æ�Ô ÛF@
Ô B�HKÛ Ô EDEM: Ô í�@FÜ±EM@�G Õ EDBzÛQL Ô E Ô Û�GD@FE¦P Ô B�H(:>GMC æ N�Cà:>GD:=N�BK:=B(GDL�@ÐCà@FÜ
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