
PERIODIC TABLE OF THE ELEMENTS 
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Selected Radioactive Isotopes 

Naturally occurring radioactive Isotopes are designated by a mass 
number In blue (although some are also manufactured). 'Letter m in­
dicates an isomer of another isotope of the same mass number. 
Half-lives follow in parentheses, where s, min, h, d, and y stand re­
spectively for seconds, minutes, hours, days, and years. The table 
includes mainly the longer-lived radioactive isotopes; many others 
have been prepared. Isotopes known to be radioactive but with 
half-lives exceeding 1011 y have not been included. Symbols de­
scribing the principal mode (or modes) of decay are as follows 
(these processes are generally accompanied by gamma radiation): . alpha particle emission 
p- beta particle (electron) emission 
p+ position emission 
EC orbital electron capture 
IT isomeric transition from upper to lower isomeric state 

VIII 

2 4.00260 

H 4.215 H ~.~~.... e .y 88 1106.6dl/J+ , Ec (2Ud)/r .. Bi 207 ,,Ar 37 (35.02 d) EC (38 y) EC 0 .1787• 0.0899' 39 (265 y) p- .. z, 93 (l..5x10' y){J- ..,,142 (19.1 h)/r 208 (3.7x10' y) EC .. CmU2 (163.2 d) a SF spontaneous fission ,,, ... -40 (1.28x10' y) EC 95 (6-4.0d)/r .. Ndl-47 (11.ld)/r 210 (5.01 d)/r, a "' (18.12y)a 
111B IVB VB VIB VIIB 1s' 

Hydrogen IIA 42(12.36h)/r .,Nb 9" (2.0x\0-y)p- .,Pml-45 (18 y) _EC 21 0 m(Jx10' y) a "' (1.55x101 y) o Helium 
95 (35 .15 d) p- "' (2.62y)/r .. Po 208 (2.90y)a 2'8 (3.5x101 y) a, Sf 

..CO -45(165d){J- .. 1112-47 (1.4x\01 y) a 
5 6 

7 14,0067 8 15.9994 9 18.998403 
3 6.941 4 9.01218 "" -46 (83.80d)P- .,Mo 99 (66.02h){J- .. Sml-46 {7d01 y)o 209 (102 y) a 10.81 12.011 10 20,179 

.,T< 97 {2.6x10• y) EC 151 (93y)/r 210 (138.38 d) a .,Cf 2-49 (351y)a 
1 2 .c, 51 (27.70d) EC 251 (900 y) (J 

3 't , 3N 2 
-2 - 1 

1615 Li 2745 Be ,.Mn 53 \2x10'y) EC 98 (OxlO-y){J- .. Eu152 (13 yjp+, EC, p- ,.At 209 (5.-4 h) EC, a 4275 B 4470* 77.35 90.18 0 84 .95 F 27.096 Ne 453 7 1560 5-4 (313.0 d) EC 99 (2.1JxJ01 y){J- ,,. (8.5 y) p- 21 0 (8.1 h) EC ..fl252 (-472d)o: 2300 4100* 63.14 50.35 53.48 24.553 
.. Ru 106 (367 d) f.r .. Gdl50 (2.hlO• y) 11 211 (7.21 h) EC, a 253 (20.-47 d) a 

0.53 1.85 56 (2.578 hl p- 2.34 2.62 1.251' 1.429• 1.696· 0 .901· 
,.f, 59 {-4-4.6 d) p- .,Rh 101 (3.3 y) EC .. Tb 158 \l.2x101 y)EC,/r ..Rn 222 (3.8Ud)a 254 (276d}a 

1s2s 1s22s2 .. co 56 (78.8d) p+,Ec ..Pd 103 (17.0 d) EC 160 {72.3 d)/r .,fr .l\2 {19.3 min) EC, a ,..Fm 255 (20.1 h) a ls 2s' p ' 1s22s2p2 1s22s2p3 1s22s2p' \52252p5 1s22s2p" 
Lithium Beryllium 57 (270 d) EC 107 (7x106 y) p- .. Ho 166 m(Ux\Ol y) p- 222 !~ ~ .;i:)inf fr 

257 (100.5d) a Boron Carbon Nit.rogen Oxygen Fluorine Neon 
58 (71.3 d) p+, EC .,A9 I08 (127 y) EC .. Tm170 (128.6d) p- 223 ,.,Md258 (55d)a 

11 22.98977 12 24,305 60 (5.212 y) tr 110 (252d)fr 171 p .92r1 1r .. Ro 226 (1.60x10' y) a ,.,No 259 (58 min) a 1326.98154 1428.0855 1530.97376 16 32.06 17 35.453 18 39.948 
.,Ni 57 (36.0 h) p+, EC 111 (7 .-45 d) p- ,.Ybl69 (32.0 d) EC .. Ac 227 (21.77 y)p- .... 260 (3.0 mirl)a :!: 2,4,6 1 2 3 4 !: 3,5,4 'cl 1156 Na 1363 Mg .59 [8•10• y) EC .. Cd 109 (-453 d) EC 175 {4.19d)/r .. Th 228 (1.913y)n 104 261 (65s)a 2793 Al 3540 Si 550 p 717.75 s 2391 87 .30 Ar 371.0 922 63 (92 y) p- .. ln ll-4("9.51d)IT ,,Lu 176 (?hlO'Oy)/J- 230 (7.7•10-0y)a 105 262 (-40 s) a 933.25 1685 317.30 388.36 172.16 83.81 
..Cu 6-4 (12.70 h) p-, p+ , EC .. Snl21 (76y)/r ,,Ta182 (115.0d) p- 232 (1.-40x 10'0 y) a 106 263 (0.9 s) a 

0.97 1.74 2.70 2.33 1.82 2.07 3.17' 1.784° 

1Nel3s ' 1Ne l3s2 IIIA IVA VA VIA VIIA ,--VIIIA---, 1B 11B [Ne]3s' p' [Ne )Js2p2 1Nel3s2p3 1Ne l3s2p• \Ne1Js2p5 1Ne l3s2p6 

Sodium Magnesium Aluminum Sllicnn Phosphorus Sulfur Chlorine Argon 

1939.0983 20 40,08 21 44.9559 22 47,90 23 50.9415 24 51 ,996 25 54.9380 26 55.847 27 58.9332 28 58.70 29 63.546 30 65.38 31 69.72 32 72,59 33 74.9216 34 78.96 35 79.904 36 83,80 
1 2 3 4,3 5,4 ,3,2 6,3,2 7.6.4,2.3 Fe 2.3 

Ni 
2,1 2 3 4 :!: 3 ,5 -2,4,6 :!: 1.5 

119.80 1032 K 1757 Ca 3104 Sc 3562 Ti 3682 V 2945 Cr 2335 M 3135 3201 C 3167 2836 Cu 1180 Zn 2478 Ga 3107 G 876•-· A 958 Se 332.25 Br Kr 336.35 1112 1812 1943 2175 2130 1517 n 1809 1768 0 1726 1357.6 692.73 30290 1210.4 e •M'""'"" s 494 265.90 115.78 

0.86 1.55 3.0 4.50 5.8 7.19 7.43 7.86 8.90 8.90 8.96 7.14 5.91 5.32 5.72 4.80 3.12 3.74• 

[Ar] 4s 1Ar 14s2 [Ar)3d '4s' f Ar]3cJ24s2 1Ar]Jd34s2 (Ar]3d' 4s' [Ar]JdS452 [Arl3d64s2 1Ar)3cP4s2 [Ar]Jd84s2 [ArJ3d10451 IAr]Jd 10452 [Arl3d104s2p' (Ar]Jd'o4szpz 1Ar]3d'0452pl 1Ar]Jd'04s2p• 1Arl3d'o452p~ 1Ar\3d'o452pfi 
Potassium Calcium Scandium itanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton 

37 85.4678 38 87.62 39 88.9059 40 91.22 41 92,9064 42 95.94 43 (98) 44 101,07 45 102,9055 46 106,4 47 107.868 48 112.41 49 114,82 50 118,69 51 121.75 52 127,60 53126.9045 54 131 .30 
1 2 3 4 5,3 6.5,4.3,2 7 2.3,4.6,8 2,3,4 2,4 1 2 3 4.2 :!: 3 .5 -2 .4 .6 d.5,7 

961 Rb 1650 Sr 3611 y 4682 Zr 5017 Nb 4912 Mo 4538 

urn 
4423 Ru 3970 Rh 3237 Pd 2436 Ag 1040 Cd 2346 In 2876 Sn 1860 Sb 1261 Te 458.4 1 "503 xe 312 64 1041 1799 2125 2740 2890 2473 2523 2236 1825 1234 594 .18 42976 50506 904 72265 386.7 161 36 

1.53 2.6 4.5 6.49 8.55 10.2 11 .5 12.2 12.4 12.0 10.5 8.65 7.31 7.30 6.68 6.24 • .92 5 .89° 
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[Kr)4d65s' [Kr]4d10 [Kr)4d' 05s" [Kr)4d10552 [Kr]4d '05s' p ' 1KrJ4d105s2p2 1Kr\4d'05s2pl 1Krl4d'oSs2p• iKri4d105s2p~ 1Kr l4d 'o552pfi 
Rubidium Strontium Yttrium trcomum lobium Molybdenum Technetium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium Iodine Xenon 

55132.9054 56 137,33 57138.9055 72 178,49 73 180.9479 74 183.85 75 186,207 76 190,2 77 192.22 78 195.09 79196.9665 80 200.59 81 204,37 82 207.2 83 208.9804 84 (209) 85 (210) 86 (222) 
1 2 3 4 5 6.5.4.3.2 7.6,4.2,- 1 

04s 2.3,4.6 

Pt 
3,1 

630 H2
·
1 

3,1 4,2 3.5 4.2 • 1.3.5.7 
944 Cs 2171 Ba 3730 L * 4876 Hf 5731 Ta 5828 w 5869 Re 5285 4701 Ir 4100 3130 A 1746 Tl 2023 Pb 1837 Bi 1235 Po 610 At 211 Rn 301.55 1002 1193 a 2500 3287 3680 3453 3300 2716 2045 1337.58 u 234 .28 g 577 6006 54452 527 575 202 
1.87 3.5 6.7 13.1 16.6 19.3 21 .0 22.4 22.5 21.4 19.3 13.53 11 .85 11 .4 9.8 9.4 - 9 .91° 

[Xe]6s 1Xe16s2 

Li~8t~~n6~ m 
(Xel4f'"5cF6s2 [XeJ41"5d36s2 1Xe]41'"5d"6s2 {Xe)4t' •5d~s2 !Xe]41'45d66s2 1Xe]41'"5d76s2 

[Xp/;;;~i:s • 
[Xe] 4t" 5d'06s ' IXeJ41145d'oSs2 [Xel41 " 5d ' 6s' p' 1XeJ41'"5d'oSs2p2 [Xe141' 45d'oSs2pJ 1Xe141'"5d'o6s2p• 1Xe141'"5d'oSs2p~ \Xe\411•5d•o552pti 

Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon 

87 (223) 88 226.0254 89227.0~78 104 (261) 105 (262) 106 (263) 

Fr 
2 

= Wm~ 
t The names and symbols of elements 104 - 106 are those recommended by IUPAC The A & B subgroup designations, applicable to elements in 

950 1809 R ,.,, A** = OOw~ OOw~ 300 
: 73 a 1323 C as systematk alternatives to those suggested by the purported diKoverers. Berke- rows 4, 5 , 6 , and 7, are those recommended by the lnterna-

- 10.07 ley (USA) researchers have proposed Rutherfordium, Rf, for element 104 and Hoh- tional Union of Pure and Applied Chemistry. It should be not-

[An]7s 1Rn]7si }:nl6~ 7s (J~~1r~·~:dr:~) [Rn]51' 46dl7s2 t t nJ51" 6d'7s t nium, Ha, for element 105. Oubna (USSR) researchen, who also claim the discov- ed that some authors and organizations use the opposite con-
Francium Radium ctmtum (Unnilpentium) Unnilhexium) ery of these elements hove proposed different names (and symbols). vention in distinguishing these subgroups. 

ATO MIC ATOM IC * 58 140.12 59140.9077 60 144,24 61 (145) 62 150,4 63 151,96 64 157,25 65 158.9254 66 162,50 67164.9304 68 167,26 69 168.9342 70 173,04 71 174.967 

BOl~l~:

8

E\R W/EIG HT : ~ IDATION !~} Ce !~~ pr ;:~ N 3d ! ;!;5 ~[ill ;: s m ;: Eu ;~: G cl [~ Tb!:~ D3y 1::1 HO ;;!~ Er ;!~~ Tm i:; vb ;:: L3u 
POINT, ~ KEY (Bolds~~!Es~able) [Xc1:~·it~s' Pra~~e:d;~ium N~~1;~t~m Pr~x~ i:r~r~m s~~:~i:n E~~6~7i~~ d~~~;~;~~ +~~~:~: D~;;:~:~m ~~"~~~~ (~~~;~~2 lfhC,'i::% ~~::~;~~ (XLL:!·;ti~s 

MELTING\ 30 65.38 r ** 90232,0381 91 231,0359 92 238.029 93 237.0482 94 (244) 95 (243) 96 (247) 97 (247) 98 (251) 99 (252) 100 (257) 101 (258) 102 (259) 103 (260) 

POINT K~ ~~~o,, z'n ~SYMBOL(
1

) ~~ Th ~. Pa i:: 6u :: ~ili ~1!3 ~m :r1 &rrn :!~,, @fuJ rn~ ~ ©u = ~~ = ~IT]] um~= [R]® = [~ 
I 1Ar]3d'o451 [Rnl6d27s2 1Rn l5f26d'7s2 [Rn )5fl6d'7s2 [Rn]5t'6d'7s2 [An )5!E7s2 \Rn]5P7s2 1Rn\5176d'7s2 1Rn)5197s2 [Rn]51' 0752 [Rn l51"7s2 [Rn ]5t121s• [An J5fH7s2 1Rnl51'"7s2 (Rn]51"6d'7s' 

Zmc Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium 

DEN S ITY a1300K (3) \ ELECTRON NOTES • WERNER MEYER AG HERGISWIL 
(g/cm 3) CONFIGURATION (l) Black _ solid. (2) :t~~~: ir~s~~:;~1~~~~;~icates most s 49 

NAME Red -gas. 99StraSS9 
~ 1~t~;;; ~~yd~thetically prepared. (:,) :~::::::;:~\~·~h7;

5t!~~ ;e:~~
10
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TABLE OF PERIODIC PROPERTIES OF THE ELEMENTS 

GROUP 
IA 

Percent Ionic Character of a Single Chemical Bond 

Difference in electronegativity 0.1 0.2 0.3 0.4 0.5 0.6 0 .7 0.8 0.9 1.0 1. 1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 

Percent ionic character % O.S 1 2 4 6 9 12 15 19 22 26 30 34 39 43 47 51 55 59 63 67 70 74 76 79 82 84 86 88 89 91 92 

DATA CONCERNING THE MORE STAal.E ELEMENTARY (SUBATOMIC) PARTICLES 
111B 

• The positron (e+) hos propertiH similar to those of the (nev-
Syrnbol • (e·J alive) electron or beta porticle e11:cept that its charge ho1 opposite 

t---------+---::+---::+----,,-t-----,f-----1 1ign {+) . The ontineuhino (ii) hos properti11 similar to those of 
Rest mon (kg) 1.674951110"11 l .67265x10'27 9 .1095xl0 ·11 - o the neutrino except that ih spin !or rotation) i1 opposite in rela-

1-,-.. -.,-;.-,-.,---.-m-.-.. -l-"C---,,-l+--,.oo-, .. -,-+-,-.oo-72-76-+-5-.4-as-,o.-,o-·•-+-_O--+----I tion l~ ~~t1~::~ii:: :~::::::~:!0;~leo1e of on electron in rodioac• 

Chof9e (C) l.60219x10"" -l.60219x10"" five // (particle) decCJy, whereo1 Cl neutrino CJccompCJnie1 the re-
,----------+-----+-----+----+---,>----< lease of o po1itron in fl+ decay. 

Proton 

B fl C 
0.82 0" 

'" 489.70 '" ,., l0.20 4 . .se 

RCJdiu1 (m) a.10·1• a.10·1• < h1c · 1• - o 
l-5-p-;•-••-•-••-•m-••-m-.. -, ---+---11- 2--+--11- 2--+---11-2--+-, 1- 2---,f-----l tµ 8 = &ohr mogneton ond µ N::Nudeor magneton. 

MCJgnelic Momentt -1.913 µ N 2.793 µN 0 

0.12· 0.23 ' 

IVB 

© 
2.S.S 0.7.S 

J.s.S .80 "' 

4.m 21.3 11 .30 21.23 

0.3.Sl 0.12 0.0717 

VIII 

10.748 

0.0845 

6.447 

1.111 

9029 

1.631 

1640 

2.190 

0.0 11· 0.09' 0.00003b( 

Yb ~ Lu @ 
'" '" 2" 12890 l.2S 3.SS90 , . .., 17.71 IUO 

S.43 
0.1.S 0.161 

~Ii' 

{4) At boiling point 

(S) At melting point 

(7) Quantum mechanical value 

for free atom 

and solid elements; values for gaseous elements 

refer to liquid state at boiling point 
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