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pKa

hydronium H3O 
+

H2O -1,74

chlorique HClO3 ClO3
-

-1

trichloroéthanoïque CCl3COOH CCl3COO 
-

0,7

oxalique HOOCCOOH HOOCCOO 
-

1,3

sulfureux H2SO3 H2SO3
-

1,8

hydrogénosulfate HSO4
-

SO4
2-

2

phosphorique H3PO4 H2PO4
2-

2,12

chloroéthanoïque CH2ClCOOH CH2ClCOO 
-

2,86

hexaqua fer(III) Fe(H2O)6
3+

Fe(OH)(H2O)5
2+

3

fluorhydrique HF F 
-

3,17

cyanique HOCN OCN 
-

3,66

méthanoïque HCOOH HCOO 
-

3,75

lactique CH3CHOHCOOH CH3CHOHCOO 
-

3,86

benzoïque C6H5COOH C6H5COO 
-

4,2

anilinium C6H5NH3
+

C6H5NH2 4,62

éthanoïque CH3COOH CH3COO 
-

4,75

propanoïque CH3CH2COOH CH3CH2COO 
-

4,87

hexaqua aluminium(III) Al(H2O)6
3+

Al(OH)(H2O)5
2+

4,95

pyridinium C5H5NH 
+

C5H5N 5,16

hydroxylammonium NH3OH 
+

NH2OH 6

dioxyde de carbone CO2 + H2O HCO3
-

6,35

sulfhydrique H2S HS 
-

7

dihydrogénophosphate H2PO4
-

HPO4
2-

7,2

hypochloreux HClO ClO 
-

7,3

ammonium NH4
+

NH3 9,2

borique H3BO3 H2BO3
-

9,23

cyanhydrique HCN CN 
-

9,31

anilinium C6H5NH3
+

C6H5NH2 9,37

triméthylammonium (CH3)3NH
+

(CH3)3N 9,9

phénol C6H5OH C6H5O 
-

10

hydrogénocarbonate HCO3
-

CO3
2-

10,32

éthylammonium C2H5NH3
+

C2H5NH2 10,67

méthylammonium CH3NH3
+

CH3NH2 10,72

diméthylammonium (CH3)2NH2
+

(CH3)2NH 11,02

hydrogénophosphate HPO4
2-

PO4
3-

12,3

hydrogénosulfure HS 
-

S 
2-

15

eau H2O OH 
-

15,74

Buffers Conc, NTP pH

Sat NH4Cl ~0.7M ~4.5 Phenyl- H NH3
+ Cl CH3 CO2

- OCH3 OH CN CO2H COR CCH NH2 CHO NO2 C=CH2 O
-

Sat NaHCO3 ~0.9M ~8 λmax 254 254 260 261 268 269 270 271 273 276 278 280 280 280 282 287

10% KH2PO4 0.75M ~3.6 ε 204 169 190 225 560 1480 1450 1000 970 800 6500 1430 1400 1000 740 2600

Acid/Base wt % ρ (g/mL) MW mL=>1M
Conc H3PO4 : 22M 85% 1.69 98 45

Conc H2SO4 : 18M 95-98% 1.84 98 56 Grade 5016-A 507-C 504-C 504-C
Glacial AcOH : 17.5M 99.7% 1.05 60 57 Type basic neutr acid wk acid

Conc HNO3: 16M 68-70% 1.41 63 63 pH 9.5 7.5 4.5 6.0

Conc HCl : 12M 36-38% 1.18 36.5 83

Conc NaOH : 19M 50% 1.53 40 53
Conc NH4OH : 15M 28-30% 0.90 35 67
Conc KOH : 11.7M 45% 1.45 57 85

Brock Grades I (1.5% H2O), pH @5% aq susp; mesh 

150 =  0.10mm sieve, 58Å pore, 150m2g-1.

Alumina: 

Brockmann #
II

V

III

IV

For Br. II-V grades, shake grade I (disintegrate 

lumps) w H2O, equilibrate in closed vessel o/n.
See Fieser and Fieser, Reagents for Organic 

Synthesis  for use in synthesis

%H2O to add to 

Br.# I
Approx water %

3 4-4.5
6 7-7.5

10 11-11.5

15 16-16.5

HI, HBr, HCl, HClO4, HNO3, H2SO4

OTS pKa, buffers, acid-base & UV tables



OTS DRY 

SOLVENT 

TABLE

Initial
3 Å MS 24 {72}h

5 (10) [20]% m/v

4Å MS 24 [72] h 

5-10% m/v

SiO2 (28-200)

22 Å, col

act. neutr

Al2O3

CaH2 24h
KOH 10%

24h
P2O5 Refs Notes

Benzene 100 0.03 0.3 0.01 0.2 d 2 15 frac dist

Toluene 225 (1) 0.01 2 1,4 31 Na / benzo

DCM 22 (0,1) 0.07 1 13 d 1,4

EtOAc 2500 128 4

THF 108 (28) [15] 6 seq 28 seq ex 1000 56 6 1 43 Na / benzo

Dioxane 2300 19 40 [30] 1300 1700 30 nd 150 nd 2, 3

Acetone 2750 150 c! iot 331 c! iot 887 c! c! 3 Base ^H2O; +B2O3: 107

MeCN 2800 50; seq 0.5 [450] 1300 1600 (6 pd) 1900 nd 2200 n/d, c 9 nd 2,1 Base degrad (K2CO3)

DMF 2860 167 {98; 1.5 seq} 134 1970 227nd, 94d 1100 p 105nd, 2d 3

DMSO 2560 448 {269; seq+} 470 [10 seq] 1900 1800 d 2130 n/d, c 1.4 c 3 260 frac dist

MeOH 1100 95 b, 10 seq3; 950p! 440 125 nd pd? 33 d1 3,1 Mg / I2 : 97, pd54, (12+)

EtOH 1500 18 p, 262 b [120]; 8 wk 400 99 nd 26 d; - nd3 1>3 Mg / I2 : 50

tBuOH 1030 428; 160 wk 406 20 d; 406 nd

Glycol 2700 1900; 360p 1900 3 1080 dist; 65 benz azeo

py 2500 117 106 (0.3 seq) 900 1300 39 nd 156 p 3

2pyMe 2500 55 84 nd 176 p 3 40 benz azeo

2,6pyMe2 2500 200 250 (128 seq) 250 nd 325 p 3

2,4,6pyMe3 2500 47 130 nd 27 p 3

NEt3 2500 33 33 451 223 68 37 p 3

iPr2NH 2500 <25 <25 150 750 p 3

1,3-diamprop 2500 <25 <25 500 1370 p! 3

Et2O

Abbreviations

Refs d distilled

1: Bradley JOC, 2010, 75 (24), pp 8351–8354 nd not distilled

2: Burfield et al., JOC 1977, 42, 3060. c contaminates even distillate

n/d distilled or not

p powder

4: Burfield et al., Journal of Applied Chemistry and Biotechnology 1978, 28, 23. b beads

pl pellet

seq sequentially dried

+ see ref for better tech

wk one week drying time

iot increases over time

ex from a different init conc

1.47wt% H2O if saturated; @ 15min, Na2SO4 1.2%, 4Å b 0.5%, K2CO3 0.4%, MgSO4 0.3%, CaCl2 0.2%,  4Å p 900ppm. Then seq 4Å: 2ppm by 96h.

3: Burfield: JOC 1981, 46, 629; JOC 1978, 43, 3966; JOC 1984, 49, 3852; JOC 1983, 48, 

2420 ; J. Chem. Educ. 1982, 59, 703.





OTS

Elutropic

Series

Dielec

Const

(€)

Dipole

Moment

(Debye)

bp

1 bar

(°C)

Vap p

NTP

(mbar)

ρ

mg/mL

MW

(Da)

mp

(°C)

Sol in

100g

H2O

H2O

Sol in

100g

Water 78.3 1.85 100 32 998.2 18.012 0 - -

Acetic Acid 6.15 1.74 118 15 1049 60.052 16.5 misc misc

Methanol 33.6 1.7 65 169 791.4 32.042 -98 misc misc

Ethanol 24.3 1.69 79 79 789.3 46.068 -115 misc misc

Isopropanol 18.3 1.66 83 58 786 60.095 -88 misc misc

Pyridine 12.3 2.28 115 20 981.9 79.101 -42 misc misc

Acetonitrile 3.88 3.92 82 119 785.9 41.052 -44 misc misc

Dimethylsulfoxide 47 3.96 189 0.8 1101 78.133 18 misc misc

Ethyl acetate 6.02 0.44 77 98 900.3 88.105 -84 8.3 3.3

Dioxane 2.21 0.45 101 45 1033 88.105 12 misc misc

Acetone 20.7 2.88 56 308 784.5 58.079 -95 misc misc

Tetrahydrofuran 7.58 1.75 65 216 883.3 72.106 -108 misc misc

Dichloromethane 9.14 1.6 40 582 1327 84.933 -97 1.3 0.2

Chloroform 4.87 1.04 61 262 1479 119.378 -63 0.8 0.07

Diethyl ether 4.34 1.15 34.5 717 713.8 74.121 -116 7.5 1.3

Benzene 2.28 0 80 127 876.5 78.122 5.5 0.2 ?

Toluene 2.38 0.37 111 38 866.8 92.139 -95 0.05 ?

Carbon tetrachloride 2.2 0 77 152 1594 153.8 -23 0.08 0.01

Cyclohexane 2.02 0 81 130 773.9 84.159 6.6 <0.1 <0.1

Petroleum ether ~2 0 ~40-60 ~500 ~650 ~80 ~ -130 ? ?

n-Hexane 1.89 0 69 202 660.6 86.175 -96 0 0

n-Pentane 1.84 0 36 533 626.2 72.149 -130 ? ?

Other

Methyl t- butyl ether 2.6 1.32 55 336 735.3 88.148 -109 ? ?

Dimethylformamide 36.7 3.82 153 4 944.5 73.094 -61 misc misc

1,2-dichloroethane 10.5 1.8 84 106 1176 98.959 -97 0.87 ?

Triethylamine 0.7? 89 72 727.5 101.190 -115 13.3 ?

Dimethylacetamide 37.8 3.72 165 1.8 0.9372 87.120 -19 ? ?

t-Butanol 12.4 1.7 82 ? 0.7812 74.12 26 misc misc

ligroin:  C7
-
C11 @ 60-90°C: 55% alk, 30% cycloalk, 12% alkylbenz, 2% dicycloalk

Magic Eluants

1 - 1:10:90 NH4OH : MeOH : DCM

2 - 80:10:5:5 EtOAc : nBuOH : H2O : AcOH

Frozen Joints:

a) freeze, acetone, heat

b) 10:5:5:3 chloral hydrate, glycerine, water, conc HCl





% X1 in H2O

~homoazeo

water + X1

bp (°C)

X1

bp (°C)

~Phenol, 9 % 99.5 182

~BnOH, 9 % 100 206

HCl, 20 % 108.6 -85

HCOOH, 23 % 107.1 101

HBr, 47 % 126 -73

pyridine, 57 % 93 116

HNO3, 67 % 120.7 86

dioxane, 82 % 88 101

MeCN, 85% 76 82

iPrOH, 87 % 80.3 82.3

tBuOH, 88 % 80 83

THF, 95 % 65 66

EtOH, 96 % 78.2 78.3

H2SO4, 98 % 338 290

% X1 in H2O

heteroazeo

water + X1

bp (°C)

X1

bp (°C)

% X1 in

(upper, lower)

m-Xylene, 60 % 95 140 99.9 ; 0.05 Organic Azeotropes, components < 90%

toluene, 80 % 84 110 99.95 ; 0.06 MeOH: hex, EtOAc, benz, tol, cy, hex, CHCl3, CCl4, MeCN, acetone, iPrOH, THF

Benzene, 91 % 69 80 99.9 ; 0.07 MeOH has ~20:35:45 ternery azeo, MeOH/acetone/CHCl3-or-cy

EtOAc, 92 % 70 77 97 ; 9 EtOH: EtOAc, benz, cy, tol, hex, CCl4 

Cyclohex, 92 % 70 81 99.99 ; 0.01 iPrOH: EtOAc, benz, tol, cy, CCl4

AcOH:  toluene, pyridine

Benzene: Cy, MeCN

Acetone: CHCl3, cy

Water Zeotropes : MeOH, AcOH, acetone.

Water barely-heteroazeotropes (>96%) : CH2Cl2, Et2O, pentane, CHCl3, iPr2O, CCl4



Oliver Thorn-Seshold
Chemical Hardness



 Acetylenic compounds can be explosive in mixtures of 2.5 to 80% with air. At pressures of 2 or more atmospheres, acetylene (C2H2) subjected to an 
electrical discharge or high temperature decomposes with explosive violence. Dry acetylides detonate on receiving the slightest shock. Acetylene must be 
handled in acetone solution and never stored alone in a cylinder. 

 Aluminum chloride (AlCl3) should be considered potentially dangerous. If moisture is present, there may be sufficient decomposition to form hydrogen 
chloride (HCl) and build up considerable pressure. If a bottle is to be opened after long storage, it should first be completely enclosed in a heavy towel. 

 Ammonia (NH3) reacts with iodine to give nitrogen triiodide, which detonates on touch. Ammonia reacts with hypochlorites to give chlorine. Mixtures of NH3 
and organic halides sometimes react violently when heated under pressure. Ammonia is combustible. Inhalation of concentrated fumes can be fatal. 

 Azides, both organic and inorganic, and some azo compounds can be heat- and shock-sensitive. Azides such as sodium azide can displace halide from 
chlorinated hydrocarbons such as dichloromethane to form highly explosive organic polyazides; this substitution reaction is facilitated in solvents such as 
dimethyl sulfoxide (DMSO). 

 Carbon disulfide (CS2) is both very toxic and very flammable; mixed with air, its vapors can be ignited by a steam bath or pipe, a hot plate, or a light bulb. 

 Chlorine (Cl2) is toxic and may react violently with hydrogen (H2) or with hydrocarbons when exposed to sunlight. 

 Chromium trioxide—pyridine complex (CrO3 C5H5N) may explode if CrO3 concentration is too high. Complex is prepared by addition of CrO3 to excess C5H5N. 

 Diazomethane (CH2N2) and related diazo compounds should be treated with extreme caution. They are very toxic, and the pure gases and liquids explode 
readily even from contact with sharp edges of glass. Solutions in ether are safer from this standpoint. An ether solution of diazomethane is rendered 
harmless by drop wise addition of acetic acid. 

 Diethyl, diisopropyl, and other ethers, including tetrahydrofuran and 1,4-dioxane and particularly the branched-chain type of ethers, sometimes explode 
during heating or refluxing because the presence of peroxides has developed from air oxidation. Ferrous salts or sodium bisulfite can be used to decompose 
these peroxides, and passage over basic active alumina can remove most of the peroxidic material. In general, however, old samples of ethers should be 
disposed of after testing, following procedures for disposal of peroxides. 

 Dimethyl sulfoxide (DMSO), (CH3)2SO, decomposes violently on contact with a wide variety of active halogen compounds, such as acyl chlorides. Explosions 
from contact with active metal hydrides have been reported. Dimethyl sulfoxide does penetrate and carry dissolved substances through the skin membrane. 

 Dry benzoyl peroxide (C6H5CO2)2 is easily ignited and sensitive to shock. It decomposes spontaneously at temperatures above 50 °C. It is reported to be 
desensitized by addition of 20% water. 

 Dry ice should not be kept in a container that is not designed to withstand pressure. Containers of other substances stored over dry ice for extended periods 
generally absorb carbon dioxide (CO2) unless they have been sealed with care. When such containers are removed from storage and allowed to come rapidly 
to room temperature, the CO2 may develop sufficient pressure to burst the container with explosive violence. 

 Drying agents, such as Ascarite® (sodium hydroxide-coated silica), should not be mixed with phosphorus pentoxide (P2O5) because the mixture may explode 
if it is warmed with a trace of water. Because the cobalt salts used as moisture indicators in some drying agents may be extracted by some organic solvents, 
the use of these drying agents should be restricted to drying gases. 

 Dusts that are suspensions of oxidizable particles (e.g., magnesium powder, zinc dust, carbon powder, and flowers of sulfur) in the air can constitute 
powerful explosive mixtures. These materials should be used with adequate ventilation and should not be exposed to ignition sources. When finely divided, 
some solids, including zirconium, titanium, Raney nickel, lead (such as prepared by pyrolysis of lead tartrate), and catalysts (such as activated carbon 
containing active metals and hydrogen), can combust spontaneously if allowed to dry while exposed to air and should be handled wet. 

 Ethylene oxide (C2H4O) has been known to explode when heated in a closed vessel. Experiments using ethylene oxide under pressure should be carried out 
behind suitable barricades. 

 Halogenated compounds, such as chloroform (CHCl3), carbon tetrachloride (CCl4), and other halogenated solvents, should not be dried with sodium, 
potassium, or other active metal; violent explosions usually result. Many halogenated compounds are toxic. Oxidized halogen compounds—chlorates, 
chlorites, bromates, and iodates—and the corresponding peroxy compounds may be explosive at high temperatures. 

 Hydrogen peroxide (H2O2) stronger than 3% can be dangerous; in contact with the skin, it can cause severe burns. Thirty percent H2O2 may decompose 
violently if contaminated with iron, copper, chromium, or other metals or their salts. Stirring bars may inadvertently bring metal into a reaction and should 
be used with caution. 

 Liquid nitrogen-cooled traps open to the atmosphere condense liquid air rapidly. Then, when the coolant is removed, an explosive pressure buildup occurs, 
usually with enough force to shatter glass equipment if the system has been closed. 

 Lithium aluminum hydride (LiAlH4) should not be used to dry methyl ethers or tetrahydrofuran; fires from reaction with damp ethers are often observed. 
The reaction of LiAlH4 with carbon dioxide has reportedly generated explosive products. Carbon dioxide or bicarbonate extinguishers should not be used for 
LiAlH4 fires; instead such fires should be smothered with sand or some other inert substance. 

 Nitrates, nitro and nitroso compounds may be explosive, especially if more than one nitro group is present. Alcohols and polyols can form highly explosive 
nitrate esters (e.g., nitroglycerine) from reaction with nitric acid. 

 Organometallics are hazardous because some organometallic compounds burn vigorously on contact with air or moisture. For example, solutions of t-butyl 
lithium can cause ignition of some organic solvents on exposure to air. 

 Oxygen tanks should be handled with care because serious explosions have resulted from contact between oil and high-pressure oxygen. Oil or grease 
should not be used on connections to an O2 cylinder or gas line carrying O2. 

 Ozone (O3) is a highly reactive and toxic gas. It is formed by the action of ultraviolet light on oxygen (air), and, therefore, certain ultraviolet sources may 
require venting to the exhaust hood. Ozonides can be explosive. 

 Palladium (Pd) or platinum (Pt) on carbon, platinum oxide, Raney nickel, and other catalysts present the danger of explosion if additional catalyst is added 
to a flask in which an air-flammable vapor mixture and/ or hydrogen is present. The use of flammable filter paper should be avoided. 

 Parr bombs used for hydrogenations should be handled with care behind a shield, and the operator should wear goggles and a face shield. 

 Perchlorates should be avoided insofar as possible. Perchlorate salts of organic, organometallic, and inorganic cations are potentially explosive and have 
been set off either by heating or by shock. Perchlorates should not be used as drying agents if there is a possibility of contact with organic compounds or of 
proximity to a dehydrating acid strong enough to concentrate the perchloric acid (HClO4) (e.g., in a drying train that has a bubble counter containing sulfuric 
acid). Seventy percent HClO4 can be boiled safely at approximately 200 °C, but contact of the boiling undiluted acid or the hot vapor with organic matter, 
or even easily oxidized inorganic matter, will lead to serious explosions. Oxidizable substances must never be allowed to contact HClO4. This includes 
wooden benchtops or hood enclosures, which may become highly flammable after absorbing HClO4 liquid or vapors. Beaker tongs, rather than rubber gloves, 
should be used when handling fuming HClO4.  

 Permanganates are explosive when treated with sulfuric acid. If both compounds are used in an absorption train, an empty trap should be between them. 

 Peroxides (inorganic) : when mixed with combustibles, barium, sodium, and potassium peroxides form explosives that ignite easily. 

 Phosphorus (P) (red and white) forms explosive mixtures with oxidizing agents. White phosphorus should be stored under water because it ignites 
spontaneously in air. The reaction of phosphorus with aqueous hydroxides gives phosphine, which may either ignite spontaneously or explode in air. 

 Phosphorus trichloride (PCl3) reacts with water to form phosphorous acid with HCl evolution; the phosphorous acid decomposes on heating to form 
phosphine, which may either ignite spontaneously or explode. Care should be taken in opening containers of PCl3, and samples that have been exposed to 
moisture should not be heated without adequate shielding to protect the operator. 

 Potassium (K) is much more reactive than sodium; it ignites quickly on exposure to humid air and, therefore, should be handled under the surface of a 
hydrocarbon solvent such as mineral oil or toluene (see Sodium). Potassium can form explosive peroxides on contact with air. If this happens, the act of 
cutting a surface crust off the metal can cause a severe explosion. 

 Residues from vacuum distillations have been known to explode when the still was vented suddenly to the air before the residue was cool.  Such 
explosions can be avoided by venting the still pot with nitrogen, by cooling it before venting, or by restoring the pressure slowly. Sudden venting may 
produce a shockwave that can detonate sensitive materials. 

 Sodium (Na) should be stored in a closed container under kerosene, toluene, or mineral oil. Scraps of sodium or potassium should be destroyed by reaction 
with n-butyl alcohol. Contact with water should be avoided because sodium reacts violently with water to form hydrogen (H2) with evolution of sufficient 
heat to cause ignition. Carbon dioxide, bicarbonate, and carbon tetrachloride fire extinguishers should not be used on alkali metal fires. Metals like sodium 
become more reactive as the surface area of the particles increases. Prudence dictates using the largest particle size consistent with the task at hand. For 
example, use of sodium ''balls" or cubes is preferable to use of sodium "sand" for drying solvents. 

 Sodium amide (NaNH2) can undergo oxidation on exposure to air to give sodium nitrite in a mixture that is unstable and may explode. 

 Sulfuric acid (H2SO4) should be avoided, if possible, as a drying agent in desiccators. If it must be used, glass beads should be placed in it to help prevent 
splashing when the desiccator is moved. To dilute H2SO4, the acid should be added slowly to cold water. Addition of water to the denser H2SO4 can cause 
localized surface boiling and spattering on the operator. 

 Trichloroethylene (Cl2CCHCl) reacts under a variety of conditions with potassium or sodium hydroxide to form dichloroacetylene, which ignites 
spontaneously in air and detonates readily even at dry ice temperatures. The compound itself is highly toxic, and suitable precautions should be taken when 
it is used. 



1 12 44
Ca 2.086% 62

Ni 3.63% 36 98
Mo 24.13% 115

In 95.71% 131
Xe 21.18% 62 68 183

W 14.31% 202
Hg 29.9%

1
H 99.9885% 24

Mg 78.99% 46
Ca 0.004% 64

Ni 0.92% 78
Kr 0.35% 44 50 132

Xe 26.89% 144
Sm 3.07% 162

Er 0.14% 184
W 30.64% 204

Hg 6.87%

2
H 0.0115% 25

Mg 10% 48
Ca 0.187% 29 80

Kr 2.28% 100
Ru 12.6% 112

Sn 0.97% 134
Xe 10.44% 147

Sm 15.0% 164
Er 1.61% 186

W 28.43% 81

2 26
Mg 11.01% 21 63

Cu 69.17% 82
Kr 11.58% 101

Ru 17.06% 114
Sn 0.66% 136

Xe 8.87% 148
Sm 11.2% 166

Er 33.61% 75 203
Tl 29.5%

3
He 0.000137% 13 45

Sc 100% 65
Cu 30.83% 83

Kr 11.49% 102
Ru 31.55% 115

Sn 0.34% 55 149
Sm 13.8% 167

Er 22.93% 185
Re 37.4% 205

Tl 70.5%

4
He 99.999863% 27

Al 100% 22 30 84
Kr 57% 104

Ru 18.62% 116
Sn 14.54% 133

Cs 100% 150
Sm 7.38% 168

Er 26.78% 187
Re 62.6% 82

3 14 46
Ti 8.25% 64

Zn 48.63% 86
Kr 17.3% 96

Ru 5.54% 117
Sn 7.68% 56 152

Sm 26.8% 170
Er 14.93% 76 204

Pb 1.4%

6
Li 7.59% 28

Si 92.23% 47
Ti 7.44% 66

Zn 27.9% 37 98
Ru 1.87% 118

Sn 24.22% 130
Ba 0.106% 154

Sm 22.8% 69 184
Os 0.02% 206

Pb 24.1%

7
Li 92.41% 29

Si 4.68% 48
Ti 73.72% 67

Zn 4.1% 85
Rb 72.17% 99

Ru 12.76% 119
Sn 8.59% 132

Ba 0.101% 63 169
Tm 100% 186

Os 1.59% 207
Pb 22.1%

4 30
Si 3.09% 49

Ti 5.41% 68
Zn 18.75% 87

Rb 27.83% 45 120
Sn 32.58% 134

Ba 2.42% 151
Eu 47.8% 70 187

Os 1.96% 208
Pb 52.4%

9
Be 100% 15 50

Ti 5.18% 70
Zn 0.62% 38 103

Rh 100% 122
Sn 4.63% 135

Ba 6.59% 153
Eu 52.2% 168

Yb 0.13% 188
Os 13.24% 83

5 31
P 100% 23 31 84

Sr 0.56% 46 124
Sn 5.79% 136

Ba 7.85% 64 170
Yb 3.04% 189

Os 16.15% 209
Bi 100%

10
B 19.9% 16 50

V 0.25% 69
Ga 60.11% 86

Sr 9.86% 102
Pd 1.02% 51 137

Ba 11.23% 152
Gd 0.2% 171

Yb 14.28% 190
Os 26.26% 90

11
B 80.1% 32

S 94.93% 51
V 99.75% 71

Ga 39.89% 87
Sr 7% 104

Pd 11.14% 121
Sb 57.21% 138

Ba 71.70% 154
Gd 2.18% 172

Yb 21.83% 192
Os 40.78% 232

Th 100%

6 33
S 0.76% 24 32 88

Sr 82.58% 105
Pd 22.33% 123

Sb 42.79% 57 155
Gd 14.8% 173

Yb 16.13% 77 92

12
C 98.93% 34

S 4.29% 50
Cr 4.345% 70

Ge 20.84% 39 106
Pd 27.33% 52 138

La 0.09% 156
Gd 20.5% 174

Yb 31.83% 191
Ir 37.3% 238

U 99.3%

13
C 1.07% 36

S 0.02% 52
Cr 83.789% 72

Ge 27.54% 89
Y 100% 108

Pd 26.46% 120
Te 0.09% 139

La 99.91% 157
Gd 15.7% 176

Yb 12.76% 193
Ir 62.7%

7 17 53
Cr 9.501% 73

Ge 7.73% 40 110
Pd 11.72% 122

Te 2.55% 58 158
Gd 24.8% 71 78

14
N 99.632% 35

Cl 75.78% 54
Cr 2.365% 74

Ge 36.28% 90
Zr 51.45% 47 123

Te 0.89% 136
Ce 0.185% 160

Gd 21.9% 175
Lu 97.41% 190

Pt 0.014%

15
N 0.368% 37

Cl 24.22% 25 76
Ge 7.61% 91

Zr 11.22% 107
Ag 51.84% 124

Te 4.74% 138
Ce 0.251% 65 176

Lu 2.59% 192
Pt 0.782%

8 18 55
Mn 100% 33 92

Zr 17.15% 109
Ag 48.16% 125

Te 7.07% 140
Ce 88.45% 159

Tb 100% 72 194
Pt 32.97%

16
O 99.757% 36

Ar 0.337% 26 75
As 100% 94

Zr 17.38% 48 126
Te 18.84% 142

Ce 11.11% 66 174
Hf 0.16% 195

Pt 33.83%

17
O 0.038% 38

Ar 0.063% 54
Fe 5.845% 34 96

Zr 2.8% 106
Cd 1.25% 128

Te 31.74% 59 156
Dy 0.06% 176

Hf 5.26% 196
Pt 25.24%

18
O 0.205% 40

Ar 99.60% 56
Fe 91.754% 74

Se 0.89% 41 108
Cd 0.89% 130

Te 34.08% 141
Pr 100% 158

Dy 0.1% 177
Hf 18.6% 198

Pt 7.16%

9 19 57
Fe 2.119% 76

Se 9.37% 93
Nb 100% 110

Cd 12.49% 53 60 160
Dy 2.34% 178

Hf 27.28% 79

19
F 100% 39

K 93.26% 58
Fe 0.282% 77

Se 7.63% 42 111
Cd 12.8% 127

I 100% 142
Nd 27.2% 161

Dy 18.9% 179
Hf 13.62% 197

Au 100%

10 40
K 0.012% 27 78

Se 23.77% 100
Mo 9.63% 112

Cd 24.13% 54 143
Nd 12.2% 162

Dy 25.5% 180
Hf 35.08% 80

20
Ne 90.48% 41

K 6.73% 59
Co 100% 80

Se 49.61% 92
Mo 14.84% 113

Cd 12.22% 124
Xe 0.09% 144

Nd 23.8% 163
Dy 24.9% 73 196

Hg 0.15%

21
Ne 0.27% 20 28 82

Se 8.73% 94
Mo 9.25% 114

Cd 28.73% 126
Xe 0.09% 145

Nd 8.3% 164
Dy 28.2% 181

Ta 99.99% 198
Hg 9.97%

22
Ne 9.25% 40

Ca 96.9% 58
Ni 68.077% 35 95

Mo 15.92% 116
Cd 7.49% 128

Xe 1.92% 146
Nd 17.2% 67 74 199

Hg 16.87%

11 42
Ca 0.647% 60

Ni 26.223% 79
Br 50.69% 96

Mo 16.68% 49 129
Xe 26.44% 148

Nd 5.7% 165
Ho 100% 180

W 0.12% 200
Hg 23.1%

23
Na 100% 43

Ca 0.135% 61
Ni 1.140% 81

Br 49.31% 97
Mo 9.55% 113

In 4.29% 130
Xe 4.08% 150

Nd 5.6% 182
W 26.5% 201

Hg 13.18%
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