TABLE OF CONTENTS

SECTION 1: BASIC CONSTANTS, UNITS, AND CONVERSION FACTORS

CODATA Recommended Values of the Fundamental Physical Constants: 2014...........ccooiiiiiint sierneeneeesesese e 1-1
SEANAAIA ALOMIC WEIGNES. ...ttt bbbt b bbbt b bbb bbbt b bbbttt e e enen 1-10
ALOMIC MaSSES ANU ADUNUANCES. ... .cviieiiiteriiteiett ettt ettt st s st e et e e eb e e es e st e s e e be b e nbes e st e s e et e s e e be s b et eb e nb b et neneenen 1-12
Electron Configuration and lonization Energy of Neutral Atoms in the Ground State...........coceiiiiiiieniiniecr e 1-16
International Temperature Scale 0f 1990 (ITS-90)........cuiiiiiiiiiire et b et bbbttt 1-17
Conversion of Temperatures from the 1948 and 1968 Scales t0 ITS-90.........ccceiiieriviiiniiiierise s 1-18
International SYSTEM OF UNIES (SI).....oouiiiiiiiie ettt b bbb bbb e et b e bt bt bt st et sb e b e 1-20
UNItS TOr IMAGNETIC PrOPEITIES. .. .. ettt ettt ettt b et be b e b e b e sb e b e b e s e e aeeh e e he e Rt eb e e b e e beebe et e beseesbe b see e e fereeeen 1-24
L0001V =T 6] o =T (] SRS 1-25
CONVEISION OF TEIMPEIALUIES. ... eiveviitiieitestesie e st ettt e e s e et testeetesbeste st e teseessens e aeseesseseaseeseaseaEeaResbesbesbeseenbesae e et enseneensansaraeneans 1-35
Conversion FACtOrs TOr ENEIGY UNITS. .. ..ottt ettt b ek e s bt bt b e b e sb e s bese et e b et eseeneeneebesneeneas 1-35
Conversion Factors for Pressure UNitS.........ccoovvveneneneieieccceeee 1-36
Conversion Factors for Thermal CONAUCTIVITY UNITS........ccoioiiriiiieieicis st e sre et s s e see e enae e ensnnens 1-36
Conversion Factors for Electrical Resistivity Units..............cc....... 1-36
Conversion Formulas for Concentration OF SOIULIONS. ...ttt st enea 1-37
Descriptive Terms for SOIUDTITY.........coiiiiiiie s 1-37
Conversion FActors for ChemMICAl KINELICS..........iiiiiiieie ettt b ettt sttt st st e re 1-38
Conversion Factors for 10niZing RAGIATION. .........cccciiiiiiiiii st re st e et be st e b et e sbe b e bese e e e e ereeneans 1-39
Values of the Gas Constant in DIfferent UNit SYSTEMS........cc.oiiiiiiiiii bt 1-41
SECTION 2: SYMBOLS, TERMINOLOGY, AND NOMENCLATURE
Symbols and Terminology for Physical and Chemical QUANTITIES...........ccovvveiireercece e 2-1
Expression of Uncertainty 0f MEASUIEMENTS. ..........ccciiiiiiieiecieise sttt te e s te st e st e s besbesbestesee s esaeseaneenearesaennens 2-13
Nomenclature for ChemiCal COMPOUNGS. ..ottt ettt b et te e be et e besbesbebeseess et e be e eneeneabesnesaeas 2-15
Nomenclature of INOIGANIC CREMISTIY. .....c..ciiiiiiiiieit bbbt bbbt bbbkttt bt nn e 2-16
Organic Substituent Groups and RING SYSIEMS.......c..ciiiiiiririe ettt re e e e s r e te e sresbestesees e eesaensesseseensanearenneans 2-22
Representation of Chemical Structures with the IUPAC International Chemical Identifier (INChl)........c.cccooevviieviivcinene, 2-26
Scientific Abbreviations, ACronyms, and SYMDOIS. .........ciiiiiiiiii s 2-28
Greek, Hebrew, and RUSSIAN AIPNEDELS. .......cc.oiiiecc ettt b et st ne e et e s eneeseeneeneerenreans 2-41
DefinitioNs OF SCIENTITIC TOIMNIS.....viiiiiiece bbbttt e et b e e ettt sesbe s e sbe e ebe e 2-42
Thermodynamic FUNCLIONS @Nd REIATIONS...........coiiiiiiiiiie et bbb etttk ebe bt bbb bbb e b e e eneas 2-67
Nobel Laureates in ChemiStry ana PRYSICS.......cuiiiiiiee et bbbttt et bbb 2-68
SECTION 3: PHYSICAL CONSTANTS OF ORGANIC COMPOUNDS
Physical Constants 0f Organic COMPOUNGS..........ccviieiuirierieieiee e et se e s se et e ste st estesaesaesseseeseaseaseesesseasessessesseseseessensessenennsanens 3-1
Synonym Index 0f Organic COMPOUNGS.........cciuiiiiieiieieie et ce e ste et e e et e sestesteerestesteabestesbe s et esbe e ensesseseeseeseetestesreses 3-554
Diamagnetic Susceptibility of Selected Organic COMPOUNGS............ccuieiiiiiiiiieiie et 3-576
SECTION 4: PROPERTIES OF THE ELEMENTS AND INORGANIC COMPOUNDS
LI =L 4T 0] (OO ST SOPRRPR 4-1
Physical Constants of INOrganic COMPOUNTS...........cc.ciuiiiiiiece sttt e e et sae et e e ste st e tesae s eseesaaseeneesessesnenreeesaens 4-36
Formula Index of INOrganic COMPOUNTS. ..ottt bbb bbbt s e et bt et e e bt e beeb e s benbeebesbebe st e bebe e e eneebeans 4-90
Physical Properties of the Rare Earth IMIELAIS...........cc.oiiiiiiii bbb 4-103
Melting, Boiling, Triple, and Critical Points 0fthe EIEMENTS..........cccooiiiiiieic e 4-110
Heat Capacity OFthe EIBMENLS At 25 OC......iiiiiieiiie ittt ettt st e st st e st et st et et e s e e se e st eseeteesesteebesbeatebesteneeaeseenes 4-113
Vapor Pressure of the Metallic EIements — EQUALIONS..........ccoiiiiiiiiiiicie e 4-114
Vapor Pressure of the Metallic EIEMENTS — DALA...........cceriiiiiiiiee e bbb 4-116
Density of Molten Elements and RepreSentative SalS.........cccociieiiieiiieeieieceee et nesreees 4-118
Magnetic Susceptibility of the Elements and Inorganic COMPOUNGS.........ccoiririiiririnie et 4-120
Index of Refraction Of INOFGaNIC LIGUITS. ..........ciiiiiiiirieiitee et bbbt bbbttt sn s 4-126
Physical and Optical Properties 0f IMINEIAIS. ..o bbb b et b et et nnas 4-127
Crystallographic Data 0n IMIINETAIS...........ccccviiiiiiiie et 4-134
SECTION 5: THERMOCHEMISTRY, ELECTROCHEMISTRY, AND SOLUTION CHEMISTRY
CODATA Key Values for TherMOUYNAIMICS..........oii ittt ettt ettt b ettt se bbbt b b e sb bt ab et ebe e ebe e ebe e ene e 5-1
Standard Thermodynamic Properties 0f ChemiCal SUDSTANCES...........coviiiiiiiiiii et 5-3
Thermodynamic Properties as a FUNCLION OF TEMPEIALUIE..........ccccviiiiriiesei ettt st s ne e e e eneens 5-42



Thermodynamic PropertieS OF AQUEOUS TONS.........cuiiiiiiiiieteieteiee sttt b et eb et b e e b ek etk sbe b e sn et b eeneseana 5-64

L L7 Ll 0] o 1o 1] Lo o T PSSP 5-66
ENEIgY CONTENE OF FUEBIS ...ttt s e et e e Re et e e te e he e b e s besee st et e see b enbe e eseeneeteereeneatenrs 5-67
10NIZALION CONSTANT OF WWALET ...ttt ettt st st b et e e et e s et st e st et e e b e e Rt et e e benbe e b e e be st e sben e et ereeneenenre e 5-68
lonization Constant 0f Normal and HEAVY WWALET ...........ccciviiiiiiiiet ettt ettt st esa e sesneetesnesnenneneennens 5-69
Electrical CONAUCTIVITY OF VWALEK ..ottt bbbt bt se e b e b e e ebeebesbenbeseen b seenseneebeane e 5-69
Electrical ConductiVity OF AQUEOUS SOTULIONS..........ciiuiiiiiitiiiiiste ettt ettt sb e nnene 5-70
Standard KC1 Solutions for Calibrating ConduCtiVity CellS..........c.ooiiiiiii e 5-71
Molar Conductivity of Aqueous HF, HCL, HBI, @nd HL.........cooiii bbb e 5-72
Equivalent Conductivity of Electrolytes in AQUEOUS SOTULION..........ooiiiiiiiiriiee s 5-73
lonic Conductivity and Diffusion at INFinite DIIULION. ..ot i et 5-74
L= [Tot o Tod g LT T Tor LT 1O OO UR PSRN 5-77
Reduction and Oxidation Potentials for Certain 10n RAGICAIS...........cccoririiiiiiiiese s e e 5-84
Dissociation Constants of INOrganic ACIAS 8NT BASES..........ciiiiiiiiiiiiieie ettt e ettt sttt besbesbesbesne 5-86
Dissociation Constants 0f Organic ACIAS QNG BaSES..........ccuiiiiiriieniienieie ettt b ettt et be e 5-87
Activity Coefficients 0f ACids, BaSeS, ANA SAILS..........ccceiiiiieiiiiicieecie s e sresbe st e aesrestesees sesbesteseetesseseeeenens 5-97
Mean Activity Coefficients of Electrolytes as a Function of CONCEeNtration............ccocooeiiieiineieicee e 5-99
Enthalpy of Dilution of ACIdS.........ccccoeriiiiiniee e 5-106
Enthalpy 0f SOIUION OF EIECITOIYEES. .....ocviiicie e e ettt e s teeae st e s besbesbesbestesresbeseeseenrenens 5-107
ENthalpy OF HYAration OF GASES.........ciiiiiiiieiiiteire sttt bbbt b etk bbb bt bbb st b et bt b et bttt 5-108
PH SCale FOr AQUEOUS SOTULIONS.....c.cviiiiiiiiitiiite ittt b bbbt bbbt b bbbt b et b st b bbbt eb ettt en et nen 5-112
Buffer Solutions Giving Round Values OF PH At 25 CC ...t e 5-116
Concentrative Properties 0f AQUEOUS SOTULIONS.........c.oiiiiiiiiirieie ettt bbbt et sn e n e 5-117
Solubility Of SEIECLEA GASES IN WWALET.......ccociciei et ste ettt st et e st et et e e e s et e seesees e et e e Reeseebesbeabeneenteseeseeneeseennens 5-133
Solubility of Carbon Dioxide in Water at VVarious Temperatures and PreSSUIES...........cccouriiiiiiiienene e seeeeees e 5-135
Aqueous Solubility and Henry's Law Constants of Organic COMPOUNGS.........ccooviiriiiiieeeieisese s ereens 5-136
Aqueous Solubility of Inorganic Compounds at Various TeMPEIAtUIES..........ccveiveeeieeirieiie e ste e e e ste e sresae e s s e seeseesseseenes 5-166
Octanol-Water Partition COBTIICIENTS. ... ..ottt ettt et bt et besbesbe b seese et e eens 5-172
Solubility Product Constants of INOIrganiC SaltS..........cciieiiiiieiiiececes et sr e eneereeneens 5-176
Solubility of Common Salts at AMDIENT TEMPEIALUIES..........ciiiiiiiie ettt bt e e b e bt st eeseenesbe e 5-178
Solubility Of HydroCarDONS IN SEAWEALET..........c..ciriiieiriei ittt ettt sb et b et b et b et b e bbbt nr bt bt ab et abe e enes 5-179
Solubility of Organic Compounds in Pressurized HOt WALEK..........ccccoviiiieiiicc e e e e e areene e 5-180
Solubility Chart fOr INOIGANIC SAITS.........oiiiiiiie ettt b e bt b e bt b e bt s b e s b et e e e e e e e e e e e e e anas 5-182

SECTION 6: FLUID PROPERTIES

Thermophysical Properties Of Water and STEAIM...........oci ittt ettt b e bt bbb eeneneas 6-1
Vapor Pressure and Other Saturation PropertieS OF WALET..........ccoiiiiiiiieces et et er e 6-5
STANAAIA DENSITY OF VWALET........cuieicieceicece et e re e st e s te s te b st e st e s e seesses e seenees e e R e e ReeReeEeaRe s e e abeneeseenbeneeneeneeneeneeneens 6-7
Fixed-Point Properties OFf H20 @nd D20.........ccooiiiiiiiie ettt bbbttt s bt be e b e s besbeeb e besbene e st en b et enbe e enenne s 6-9
Properties of Saturated LiQUIT D20...........ccoviiiiirieiiee ettt et bbbt s b bbb bt s bbb e bt bbb b et bbb 6-10
Properties of 1ce and SUPEICOOIE WALET ..........c.coi ittt sttt et e et s e e seeseese et e st e e et eneabeeteeaeeteeteseestees 6-12
WV APOE PIESSUIE OF LCB.....e ittt ittt ettt ettt e s e et e bt e E R e eh £ e b e e b A4 e b2 b e AE e s eR £ e s e e Rt eh e eb e e Rt ebeeE e be e bt ebenbe st et enbeneeneaneas 6-13
Melting Point 0f ICe @S & FUNCLION OF PrESSUIE.......c.oiuiiiiiiieie bbbttt bbbt 6-14
Permittivity (Dielectric Constant) of Water at Various FIrEQUENCIES. ........ccuoiuiriiiriiiiiinere sttt sne e 6-15
ThermophySICAl PrOPEITIES OF AT ...ttt b et bt b ekt b bt s b bt b et e bt e b e ettt ebene et e nb bt sbebeanes 6-16
Thermophysical Properties of FIUIAS. ..o e Feereet et 6-22
Thermophysical Properties of Selected FIUids at SAtUFAtION............coovi i e 6-38
Virial COETFICIENS OF SEIECIEA GASES. .. .uiiuiiieieirieie ettt r s e sttt e teebeabesbesbestesbesbesee e en et eneeneerenneans 6-47
Mean Free Path and Related Properties OF GASES........cciviiiiiiiiiiiiiieieseeseie et te ettt te st s be e st e tes e sae e esene seressessenrennes 6-64
Influence Of PreSsure 0N FreEZING POINTS. ... ..ottt b et b e bt e b e eb e b e bt sb e sbe b se et e ne e e et eb e et aneene s 6-65
Critical Constants 0f Organic COMPOUNTS..........uiiiiiiiiirietirt ettt bbbt s btk bbbt b bbbt b et eb et ne e 6-66
Critical Constants of INOrganic COMPOUNGS.........c.ciiiiiiiieiiie ettt re e e e e e e st e be st e e e b esee e estesee e aae et sbeseessenbeseeseenserannes 6-90
SUDIMELION PreSSUIE OF SOTTUS.....c..iiiiiie ettt s et e st et e s be s b e b e s besbesbesb et et en b e st e e enseneabeseeaaesbenbeanens 6-93
VAPOE PIESSUIE. ... .coeiiieeitiiiee ittt ettt ettt et h e ek s bt e e e e R e Rt e R e e s Rt e s e s Rt e s e ee e e ot e e Rt e ae e eRe e ee s b e e neen R e e s R e e e e e r e e s n e n e e s e nneenneeneenneaees 6-95
Vapor Pressure of Fluids at Temperatures DelOW 300 K.........ooiiiiiiiiiiie ettt se e e bt sbesbesbesbesee s ses 6-125
Vapor Pressure of Saturated Salt SOIULIONS...........cuiiiiiiiii e et b et b e b eb e et nr b nn b e 6-134
Recommended Data for Vapor-Pressure Calibration..............ccce i 6-135
ENtNAIPY OF VAPOTIZALION. ... ottt b bttt b e b et e e et e e e Rt e R e e h e Rt e b e e bt e b e e Rt sb e ke sbeeb e s b e st e e ene et e e beebeabenbas 6-136
ENTNAIDY OF FUSTON. ...ttt ettt bbb Rt b etk b e btk e ettt s b bt et e b ne b 6-152
Compressibility and Expansion CoeffiCients OF LIQUITS........c.oiiiiiiiiice e et et 6-162
Temperature and Pressure Dependence Of LiqUid DENSITY........ooiiiiiiiiiiiie ettt sne e 6-164
Volumetric Properties of Aqueous Sodium ChIoride SOIULIONS.. ... 6-169

Properties 0f Cry0geniC FIUIS. ..ot sttt eese e s e te e Reete b e eeebesteseessenseseesnennenseneerenneas 6-170



Properties Of LIQUIT HEIUM........o.o ittt ettt b e bt b e bt b e bt e b et e be s e et et e b e s neene s 6-171

Properties Of REfrIgErants. ..o 6-172
Properties 0f Gas Clatrate HYAIALES. ........c.oi ittt b s bbbttt s b s e e s 6-175
o] T T T T £ SRS RSPSPRSN 6-187
Density and SPeCific VOIUME OF IMIBICUIY ........ouiiiieicee et £ttt sttt b et et ae et et b et e re bt st ebe e b e 6-190
THermal PrOPEITIES OF IMIEICUIY ... ..ottt e e et et h e et h b e bt eb e e b e bt e bt eb et sb e ee e besb et et en e et et eneenes 6-191

MEITING CUIVE OF IMIEICUNY ......etiititeeiete ettt bbbtk b bbbt b b bbbt e b e Rt e bt e bt e b e st e bbbt et n e 6-192
A Lo (e ES S N =N o) Y 1T oYU 6-193
Surface Tension Of COMMON LIQUITS........coiieieiieieisie st e seesa et e teebe st e tesrestesbesae st e be e e e enseneeseaneerennn 6-194
Surface TenSION OF AQUEOUS IMIEXTUIES........c.coueiuiiiiitiie ittt sttt b b s b s e e st e s et b e e bt e b e s beee e e b e s be st e b ene e e e e ene e s enbe e 6-198
Surface Active Chemicals (SUMACTANTS).........o ittt et et e st e e ae et e b e beebesbesaesee b ee 6-199
Permittivity (Dielectric CONStaNt) OF LIGUITS. ......coiuiiriiiiiiieieiser bbb bbb 6-202
Permittivity (DieleCtric CONSLANT) OF GASES......ciiviirers reeierieeei st e sttt e e se e re et te sttt e s te e e bes e e e seesenteanearenreneesrenres 6-224
AzeotropiC Data fOr BINANY IMIIXEUIES. ......c.oiuiieiieitiieeeet sttt et st b et b ekt b e eb e b e bt b e sb e s b e e et e s e e e ene et e ebeabeebeetas 6-225

VISCOSIEY OF GASES. ...ttt ettt sttt sttt s et a bt e bt bt eh e e b e s be b e e be s e e eE e b e b e £ e m e es £ e R e e Reeb £ e b2 e Eeeb e e b e e Eeebeebenbeseebebe st ensenseneaneaneas 6-240
VISCOSTEY OF LLEQUITS. ...ttt b e bbbt bbb bbb e bbb e bbbttt b et nan s 6-242
Viscosity of Carbon Dioxide along the Saturation LiNE..........cccvciiiiiiiiiiniisire e 6-246
Viscosity and Density of Aqueous HydroXide SOIULIONS...........cccviiiiiiiiiie et nns 6-247
ViSCOSILY OF LIQUIA IMIELAIS. ...ttt bbbt bbb et s et e bt e bt bt e bt eb e s b e eb e e b e s b seese et e s 6-248
Thermal ConductiVity OF GASES.......cc.eiuiiiiiiieiere et 6-251
Thermal CoONAUCTIVILY OF LIGUITS. .......coveiieiieese e bbb bbb bbbt bbbt 6-253
DiITfUSION 1N GASES.... vt 6-258
Diffusion OF GaseS INWELET..........ccoviiiereiieieceee s 6-260
Diffusion Coefficients in Liquids at INfinite DIULION. ..........cciiiiiiiii e e 6-261

SECTION 7: BIOCHEMISTRY

PrOPErties OF AIMINO ACIHS. ... .o ittt h et b e bt bt be s b e b e s be e e b e s eese e R e eh e e R e eb e e bt e b e ebe e b e ebenbesbe s et e neeseeneeneenes 7-1
Structures of COMMON AMINO ACTUS. ......iiuiiiieie ettt st e et e st e s e e st s beese et e s beabe b e besbe st enbe st eneensebeeseeneabeneeees 7-3
Properties of Purine and PYrimiding BaSES.........ccccuiieieiiiieeiresi i ses e sesie et eseesaese e ese s e esessestessessesteseesaeseesseseensessaseensasens 7-5
LR T L] Lol oo OO ST ST T ORRP 7-6
Properties of Fatty Acids and Their MENYT ESTEIS........cuoiiiieiiee sttt bbb bbb b b 7-7
Properties of Fatty Acid Methyl and Ethyl Esters Related t0 BIOTUEIS..........ccooi i 7-9
Composition and Properties of CommON OilS aNd FalS.........covuiiiiiiiiiiis e 7-13
Carbohydrate Names and SYMDIOIS..........cooiiiiiiiiie et e e reete e s te st e tesaesbeseesae e eneeresseanenrenrenrens 7-20
Standard Transformed Gibbs Energies of Formation for Biochemical REaCtants...........cc.ccccevereiirieiieieie s se s ee e 7-22
Apparent Equilibrium Constants for Enzyme-Catalyzed REACTIONS...........coi it 7-24
Apparent Equilibrium Thermodynamics of Protein-Ligand Binding REACLIONS...........c..covreiereiiniiniieierceee e 7-27
Thermodynamic Quantities for the lonization Reactions of Buffers in Water..........cco.covveviiciciin e 7-36
o] (oo TTors LIS Ui TSRS 7-39
Typical pH Values of Biological Materials and FOOUS...........oiiiiiiiiiie et s ene 7-40
Properties and FUNCiONS OF COMMON DIFUGS. ... .c.oiuiiiiiiiiii ettt ettt st s bt st esbesbesbesee e ebenee e e sbnseaneeneas 7-41
Chemical Constituents Of HUMAN BIOOU...........ccciiiieieiiiceie sttt st et st s tens e e e eneesae e eneenennes 7-62
Chemical Composition 0f the HUMAN BOGY.........c.cciiiiiiiiiie sttt se e e ne e e erenreanennens 7-64
NULFIENT WVAIUES OF FOOUS. ...ttt ettt b bt bbbt bt bbb e b e eb et e b e e R e e Rt eb e e b e e bt e b e eb e s beebeebe b nee e 7-65

SECTION 8: ANALYTICAL CHEMISTRY

Abbreviations and Symbols Used in Analytical ChemiStry....... ...t e 8-1

Basic Instrumental Techniques of ANalytiCal CheMISIIY ........c.coiiiiiii bbb e 8-6
Analytical Standardization and CaliDratioN. ..o 8-10
10 =) 1Y T | TSR 8-16
Mass- and Volume-Based COoNCENLration UNITS..........ccvririiinieiis e 8-17
Detection OF OULIIErS iN IMEASUIBIMENTS. .........iiiiiiieiieier et bbbt b bbbt bbbt et 8-18
Properties of Carrier Gases for Gas Chromatography.........coo i ottt se e 8-19

Common Symbols Used in Gas and Liquid Chromatographic Schematic Diagrams..........c.cooooverrieneieneiineiesene e 8-20
Stationary Phases for Porous-Layer Open TUBUIAr COIUMNS..........ccoviiiiiieiiie et era e ens 8-21
LOoTo] F a1 e (0] GO {01 1o 011 T TSRS 8-22
Properties of Common Cross-Linked Silicone Stationary PRaSES...........coeiiiiiiiiiiiiieeseeeee et s 8-23
Detectors for Gas ChromMatOGIrAPRY . ..........cuiiiiiiiiiie ekt b et b et b et bbbt bbbt 8-24
Varieties of Hyphenated Gas Chromatography with Mass SPECIrOMELrY..........coveiiiiiiinie e 8-26
S0lid-Phase MiCroeXtraCtion SOMDENTS.........iiiiieeeiiie e n et 8-28
Gas ChromatographiC RELENTION INAICES. .......o.eiiiiie ettt ettt bt e b e b b et se b beese e e eneas 8-31
Eluotropic Values of Solvents on Octadecylsilane and OCtYISHANE...........ccooviiiiiiii s 8-33

INSTADITITY OF HPLC SOIVENTS. ......citiiiteiiteieetet ettt bbbt bbb bbbt bbb bbbt bbb bt bbbt et 8-34



Detectors for Liquid ChromMatOgrapRiy..... ...ttt b et b e b e b et sb e e e st et et e s b et e s besbeebeabesbens 8-35

Solvents for Ultraviolet SPECIrOPNOTOMELIY ..ottt bbbt bbbt e et e e 8-36
Correlation Table for Ultraviolet Active FUNCHIONAITIES...........coiiiiiieiieee e 8-37
Middle-Range Infrared Absorption Correlation CRAITS. .. ..ottt bbb e e 8-40
Common Spurious Infrared ADSOrPLION BANUS..........ccciviiiiiiiiiece s e et be e et e be e e e esseseenseneenesrennens 8-46
Nuclear Spins, Moments, and Other Data Related t0 NMR SPECIIOSCOPY........cerveiiririeierieiirieieiieesie sttt 8-47
Properties of IMPOrtant NIMR NUCIEI.........c.ooiiiiiccc et e s be st e st et et e st e e eseeseeseeneeteetesaearenrs 8-50
Proton NMR Absorption of Major Chemical FamIilIES............ccuciiiiiiiiiiiiie e 8-51
Proton NMR Correlation Chart for Major Organic FUNCLIONAl GIOUPS...........ccoviiriiirieinieisiee sttt 8-56
Proton NMR Shifts of Common OrganiC LIQUITS. .........cc.ciiiiiiiiiicie ettt sttt sttt sr e ra e eneereere e 8-57
Proton Chemical Shifts of Contaminants in Deuterated SOIVENTS. ..........ccoiiiiiiiieniie e 8-63
13C-NMR Absorptions of Major FUNCHIONAT GrOUPS.......c.cieiiiiiitiiitiiieetsiete ettt st se bbb b et nn s are e anes 8-64
13C-NMR Chemical Shifts of CommOon OrganiC SOIVENTS..........ccccoiiiiiiiiiicie e eenees 8-65
15N-NMR Chemical Shifts of Major Chemical Families. ..o 8-66
Natural Abundance Of IMPOITANT ISOTOPES. .........eiiiiieiet ittt b bbbt et e st et eb e et e be bt ebe st e 8-68
Common Mass Spectral Fragmentation Patterns of Organic Compound Famili€s...........ccccevveriiiiicinniesie s 8-69
CommOon Mass SPECLrAl FrAGIMENTS LLOST..........ciiiiiiieirieeiieest ettt ettt b bbbt b e bbb e bbb bbb n e b 8-71
Major Reference Masses in the Spectrum of Heptacosafluorotributylamine (Perfluorotributylamine)...........ccoccocevvienneee. 8-72
Mass Spectral Peaks of COmMmMON OrganiC LIQUIAS.........ccoiviiiiiiiiieie i sei et ettt st sr e e sae e saeresneenesresnnnnens 8-73
Common Spurious Signals Observed in IMass SPECITOMELEIS..........ccuiuiiiiirieiresiese bbbttt 8-80
Chlorine-Bromine Combination Isotope Intensities in Mass Spectral Patterns.........ccccocveiiiieiincicieeieccies e 8-81
Reduction 0f Weighings IN AN 10 VACUO........cuiiiiiiiie ittt b et ettt ne et bbbttt se bt sb et e sb et e b e ebe e ebe e 8-82
Standards fOr LabOratory VWEIGNTS. ... .ottt bt e bbbt e b bt bt e b e e Rt bt eb e s b et eb e beseeen b neenes 8-83
INAICALOrS TOr ACIUS BNA BASES..... e eitiiiitirieerieteeie sttt ettt st sttt b bt b e st eb et ebe e ek et ekt s e ebesb e b e s b e bt eeebeab et e abe e abe e ebeeebe e 8-85
Preparation of Special ANAIYIICAl REAGENTS. .......c.couiiiiiiiiiitee bbbt b ettt n e 8-86
Organic Analytical Reagents for the Determination of INOrganic TONS...........ccociiiiiiiiiiie e 8-91

PreCipitation OF SUIFIAES. ........oiiiiec bbb b bbbt bt b e ekt s e et e s et st ebe st et e se et e saeresbene et 8-104
pH Range for Precipitation of Metal HydroxXides and OXIUES. ........ccoouiiiiiiiiiiie et e 8-105

SECTION 9: MOLECULAR STRUCTURE AND SPECTROSCOPY

Bond Lengths in Crystalling Organic COMPOUNGS........c.couciiiieiiiiierie e seste et st se et te e stestessesaesbestesaessesseseesaensenseseennanens 9-1

Bond Lengths in Organometallic COMPOUNGS..........cuiiiiiiieiieieei ettt bbbttt bbbt nr e 9-17

Structure of Free MoIecules in the GaS PRASE... ..ot bt cabe bbb bbb e sr e e s 9-19
Characteristic Bond Lengths in Free MOIECUIES..........cccoiiiiii ettt neste e srenrenrenrens 9-55
ALOMIC RaAil OF the EIEMENTS.......uiiiieiiee ettt ettt e st e st et e e seebe et e st e stesaesaesaesbeseenteseeneeneeneaneaneas 9-56
D] T L= o] 4 T-T | (TSRS 9-58
[ T aTe C=T g=To o) CoT g aT= LN o) - L1 o] T TSRS 9-67
BoNd DiSSOCIAtION ENEIGIES......cc.oiiiiitiiteitirieiieiee ettt sttt st et sbe e sne 9-72
[ Tot 0 LT F= LY/ YRS 9-102
Force Constants fOr BONG STIETCNING...........oiiiiiiiiiie bbbtttk b bbbt bbbt b et 9-103
Fundamental Vibrational Frequencies of Small MOIECUIES...........coo i 9-104
Spectroscopic Constants Of DIatomMiC MOIECUIES..........ccooi i st eseer e e e e e e e 9-106

SECTION 10: ATOMIC, MOLECULAR, AND OPTICAL PHYSICS

Line SPECtra OF the BIBMENTS. ........ooeiie ettt et b et et e e bt e b e Rt e bt b e e beeb e e b e e beeeeebesbeeee et et seeneeneereane e 10-1
ALOMIC TranSItioN ProDaDilIIES. .........viveiieeiis ettt b et nner e nnen s e 10-93
[ 1= (o g1 i 1T LTSS 10-147
PIOTON ATTINITIES. ...ttt r et E e b E bR st b e e R e R e R E bR Rt b et b bt er et r et r et r s 10-173
Polarizabilities 0f AtOMS @Nd IMOIECUIES.........c.ooviiiic et 10-191
lonization Energies 0f ATOMS and ALOMIC TONS.........oiiiiiiiiie bbbttt bbbt 10-208
lonization Energies 0f Gas-Phase MOIECUIES.............ciciiiiiii ettt eere et e e beeaesbestesresre e es 10-211
X-Ray ALOMIC ENEIGY LEVEIS. ... ..o bbbt b bbb bbbt bbbt b et bt ekt ettt 10-228
Electron Binding Energies 0f the EIBMENTS...........cooiiiiiii e 10-232
NALUral WIdth OF X-RaY LINES......ceiiiiiiiie ittt e ettt sttt et et et e st e se e s e e seessebeebesbeebeatebeseeabebesae s esteseeseensensanes 10-238
Photon AttenUatioN COBTIICIENTS. .........iiii e er et et s et s e se et e s tesaesaesbeneesteseeseesaeneenennes 10-239
Classification of Electromagnetic Radiation............ccccocviviiniiiiiie i 10-245
Sensitivity of the Human Eye to Light of Different Wavelengths..... ..o 10-247
2] FoTod oo YA = Vo [ =LA o] o OO OO 10-248
CharacteriStiCs Of INTIrare€d DETECTONS..........ccviiiiiriieec bbbttt e bt r e bbb enes 10-250
Index of Refraction Of INOFGANIC CrYSTAIS.........ciiiiiiiiiec bbb bbbt bbbt 10-251
Refractive Index and Transmittance of Representative GIaSSES....... ..o 10-255
INAEX OF RETTACTION OF WWALET ........ciivieiicecc ettt 10-256

Index of Refraction of Liquids for Calibration PUIPOSES...........ccccoiiriinnenciense e 10-257



L0 (e o) RN (ot (1o AT oY AN 1 R 10-258

INAEX OF RETFIACHION OF GASES. ... ettt et e et a bt ae bt Ee bt b et e s e e b e ke s e e e e n e e e e e bt e be et e s beabeneas 10-259
ChharaCteriStICS OF LASEI SOUICES... ... oreeies ertieteeieeteeteste e et te e st st e st e st e e e st e te et sbeebesbeabeabesbeseesbenbeseeseenbes e et aneesenbeanesbesbenbennens 10-260
LN o =To I T T =T o U T=T o] TSRS 10-266
Infrared and Far-Infrared Absorption FreqUenCy StANTANTS...........ccoeiiiiiiiiiinee e s 10-273

SECTION 11: NUCLEAR AND PARTICLE PHYSICS

Summary Tables Of PArtiCIe PrOPEITIES. ......co.o ittt ettt e et et e e et es e st e st ebeebeeaeabesaesreseens 11-1
TADIE OF TN ISOTOPES. ...ttt ettt ekttt e ekt b e bt b e bt e b e Rt e b e Rt e bt e b e st ekt ekt benb e b e b e b e e b e b e s b e r e s b ne sttt 11-2
Neutron Scattering and ADSOIPLION PrOPEITIES. ......ciiiiieiieieieeet e ie st e st ss e e e e e e e re e e saestestesresreseeseeseenseseenes 11-138
LOfa 1] 4o Tl = To [T [0 FO OO URTEUTRRRTR 11-151

SECTION 12: PROPERTIES OF SOLIDS

Techniques for Materials CharaCtEriZATION. ..........o.ioiiiiiiee bbbttt et es b et ne b s 12-1

Y0 0T (Aol O Y21 - | S 12-6
o)1 To o T [ O V] = LTS OTTTSUSO TP RSP URURPRPRPN 12-12
Polarizabilities 0f AtomS and T0NS IN SOTIAS. ........ciiiii et b et ee st st e e e et e b s et eneereaneeneas 12-14

Crystal Structures and Lattice Parameters of Allotropes of the EIEMENTS.........ccccoiiiiiniinnier e 12-16

Phase Transitions in the Solid Elements at AtMOSPNEIIC PrESSUIE.........cvcviiiiiiie st 12-20
[ Lol T o 1= TSSOSO USRS PRSP 12-22
The Madelung Constant and Crystal LattiCe ENEIGY........cccoiiiiiiiiiiiiccee et bbb 12-35
Elastic Constants 0f SINQIE CryStalS.........cvciiiiiiii it se e eteare s feesessesteseestesseseeseensenenres 12-36
Electrical ReSIStIVILY OF PUIE IMBLAIS.........cociiiie ettt sttt e e e e esa et e e neebeetesbearestenrenrens 12-41
Electrical ReSiStIVIty OF SEIECIEA ATIOYS. ... ..ottt sttt st se et e st e e et ebeebees b esses e e e anenseeneanea 12-43
Electrical Resistivity 0f Graphite MAterialS..........cceieiiiiieici et e s e e e neene e e 12-45
Permittivity (Dielectric Constant) 0f INOrganic SOIIAS. ..o e re e e 12-46

Curie Temperature of Selected FErrOelectric CrySTalS. ... ..o bbb e 12-55
Properties Of ANtIferrORIECIITC CrySTalS.......c..oiiiiiic bbb bbbt sr et b et eb e anes 12-56
DiIeleCtriC CONSTANTS OF GIASSES. .. .. v evieiirieieiiririereies sttt r et e Rt n e eb et e rer bt e e eneree e nnranes 12-56
Properties of SUPErCONAUCLONS.........cciveieieice e 12-57
High-Temperature SUPEICONUUCTOS. ........couiiiiitiieeieieete sttt etttk bbbkt b bbb bt b e bt e bt s b st bbbt b 12-72
OrganiC SUPEICONTUCTOLS. ... ..ttt ettt sttt ettt b bt b st b e st e b et eb e e e he e bt eb e e e b e b e bt e b e bt e b e bt e b e bt e b e st e b et et et ettt 12-74
Properties 0f SEMICONAUCTONS. ........c.cviiiieiiie ettt sttt st eereens 12-76
Selected Properties of Semiconductor SOlIA SOIULIONS. ........c.oiiiiiiii bbb e 12-90
Properties Of Organic SEMICONUUCTONS. ..........cuiitiiiiriee ettt sttt ettt ne bt et b e bt ab et e b et eb et ek e e et e nb et e seebenrebeanereanas 12-92
Diffusion Data for SEMICONTUCTOTS. ..........cueiiiireieeri ettt n et r e bt r e 12-96
Properties of Magnetic Materials..........c.cccoovviiiieiiiiini e 12-104
OrganiC Magnets. ........couiiiiiireiieiee e e 12-112
Electron Inelastic Mean Free PathS.........ccciiviiiiieiciee ettt 12-115
S T=Tot (o g IS (o] o] oL 0T [ 1LY =T T 12-117
Electron Work FUNCEION 0Fthe EIEMENTS.........coiiiei e ren et ar e sr e e enennne srenes 12-119
SeCONdAry EIECIION EMISSION. ......ciitiiitiiiteiite et bbb b et b e bbbt b et bbbttt 12-120
Optical Properties of Selected Elements................. SO STSO T SOTRTTRT 12-121

Optical Properties of Selected Inorganic and OrganiC SOIIAS.........c.coiiiiiiiiiii e 12-146

Elasto-Optic, Electro-Optic, and Magneto-OptiC CONSTANTS.........coiiiiit ittt ee e 12-165

Nonlinear Optical Constants...........c.ccocevnue. 12-178
Phase Diagrams........c.cccceveevererveseevereenes 12-181
Properties of Selected Materials at Cry0geniC TeMPEIALUIES..........ccueireririreie ittt sttt sb i b e e e 12-195

Heat Capacity of Selected Solids...........c.ccovvinenicennn. 12-202
Thermal and Physical Properties 0f PUIe IMELAIS............ccviiiiiiiie i e e se e ene s 12-203
Thermophysical Properties of Stainless Steel 310........c.cceveiiirieieiiiie e 12-205
Thermal Conductivity of Metals and Semiconductors as a Function of Temperature............ccccooeeviiiieiene e e 12-206
Thermal Conductivity of Alloys as a FUNCEION Of TEMPEIATUIE. ...........oiiiiiiiiicee s 12-208
Thermal Conductivity of Crystalling DIIECIIICS.........cviiiiiiiiiie et sr et st e e e e enee e eneanens 12-209
Thermal Conductivity of Ceramics and Other Insulating Materials............ccccooiiiiiiiiiin e 12-211

Thermal CONAUCTIVITY OF GIASSES.........cuiiiiiieiiieee ettt bbbt b et b et b et b et b et b e e ekt et e sb et s b b e nrereanas 12-213
Thermoelectric Properties of Metals and SEMICONAUCTONS...........ccvieieriericice s sre e sre e enees 12-217
Fermi Energy and Related Properties OF IMIBLAIS...........ccccviiiiiiiiie ettt sttt e e eresresrenne s 12-219

Properties of Commercial Metals and ATTOYS. ........oo ettt bbb bbb st b e e e 12-221

Hardness of Minerals and CEramiCS. ..ottt ns 12-222

SECTION 13: POLYMER PROPERTIES
Abbreviations Used in Polymer Science and TECANOIOQY.........civiieierieieiiiiieees et e sttt sae e essa e e ssessesnesreseees 13-1



Physical Properties 0f SEIECIEA POIYIMETS. ... ..co bbbttt e b ettt bebe e 13-3

Nomenclature fOr OrganiC POIYIMETS. .......ccvciiiiiiii et = eeiteitet sttt e e s te et st e be e eses £esbebestessebesseseesansereeteasesrerearens 13-5
SOIVENLS TOr COMMON POIYMETS.......iiiitiiiitiiii ettt bbbt bbbt bbb bbb bbb st b bt e bese bt nb et nrene 13-9
Glass Transition Temperature for SEIECtEA POIYMEIS. .......ccvciiieiiiiciiiieits w et s e ste st ess et e naeseere e e e e nreers 13-10
Dielectric Constant 0f SEIECIEA POIYMETS........coiiiiiie et ettt ettt sb ettt be st sb et e b e e ebeesesbesbeeben 13-17
Second Virial Coefficients 0f POIYMEr SOIULIONS..........cccci it sttt s r et resae st e s e sneneeneas 13-18
Pressure-VVolume-Temperature Relationships for POlymer MEIES..........cccoo. v 13-21
Upper Critical (UCST) and Lower Critical (LCST) Solution Temperatures of Binary Polymer Solutions.............cc.cceevevnne. 13-26
Vapor Pressures (Solvent Activities) for Binary POIYMEr SOIULIONS..........cc.oiiiiiiiiii e e eee s 13-40
Specific Enthalpies of Solution of Polymers and COPOIYMES. ..ottt 13-45
Solubility Parameters 0f SEIECIEA POIYIMEIS........c.oiiiiiicieee ettt sttt st et s e eeneeneetes eensenseseens 13-69

SECTION 14: GEOPHYSICS, ASTRONOMY, AND ACOUSTICS

PN (o] glo] g1 Tor VI @0 g1y e | £SO 14-1
Properties 0F the SOIAI SYSTEIM........c.oii it e ettt ettt b e bt s bt b e bt e b e s be e b e s b e sbe b e be e e st ene et e ene s bt arents 14-2
SALEIILES OF TN PIANELS.......i ittt bbbt b et et s bt b e bt e b e b bbb b et st e et ne sttt 14-4
INtErstellar MOIECUIES........c..o ettt be b se e 14-7
Mass, Dimensions, and Other Parameters 0f the Earth............coo it 14-11
GeologiCal TIME SCAIE........coiiiiiie e e et e 14-12
ACCEIEIAtION DUE 10 GIAVILY ... .cvieitiiitiieitiitet sttt bbb bbbt bbb st e bbb e b et e b b ekt et e bbbt 14-13
Density, Pressure, and Gravity as a Function of Depth within the Earth.............cccocoov i 14-13
Ocean Pressure as a Function of Depth and LatitUde............c.cocoiiiiiiiienie e et 14-14
Properties of Seawater........c..cccocvvvviviencievcienne, 14-15
Abundance of Elements in the Earth's Crust and iN the SEa..........cccciiiiiiiiie i 14-17
SOlar IrradianCe At Tthe EArTN.........coiiiiiiice bbbkttt b e bbbt nr e 14-18
U.S. Standard Atmosphere (1976)..........ccccouenee. 14-19
Geographical and Seasonal Variations in Solar RaIation...........cccoueiiiiiiiiiieie e 14-25
Major World Earthquakes...........ccooeiiiiiininciineneee, 14-26
Weather-Related Scales.........ccovviiiiiiiiese e 14-30
Infrared Absorption by the Earth’s AtMOSPREIE. ..ottt b bbb bbb sae e eneas 14-32
Atmospheric Concentration of Carbon DioXide, 1959-2016.........c.ccuiiiiiiiiriirieririrereereeeereee e ettt saeseeseesaeseeneeseenes 14-33
Global Temperature Trend, 1880-2016.........c.ccocevereienrieineneeesese e 14-35
Global Warming Potential Of GreENNOUSE GASES..........eiiruiiriiiitiiiieieti ettt et bes et sbesene beseaeesenbe e anensasenes 14-36
AtMOSPhEriC EIECLHCITY. ..o 14-38
Speed 0f SOUNT IN VArIOUS IMIEAIA. .......ccueiiieiiiecte ettt e b bbb st bbbt b et eb ettt et 14-44
Attenuation and Speed of Sound in Air as a Function of Humidity and FreqUENCY..........ccovvvreiiniencieerice e 14-46
SPEEA OF SOUNT 1N DIFY AT ...ttt bbbt b et b e e bt s e e b £ eh e s e eb e ne e b e A e eh e e eb e se e bt sb ek e b eb e eb et s b e b e bt e ane e b 14-47
IMIUSTCAI SCAIES. ...ttt ettt e et b et b et e b e eb e st e b s e eb e e ekt s e eb e e e e bt e b b e e e e s e ebeE e e b et e b e Rt e be st et e st ebe st et et ebeneeseneas 14-48
Characteristics 0Of HUMAN HEANNG.......ccooviiiiiiieeee e 14-49

SECTION 15: PRACTICAL LABORATORY DATA

Standard 1TS-90 Thermocouple TabIs. ... s 15-1
Reference Points on the 1TS-90 TEMPEIEtUIE SCAIE.......coiiiiiiiiies e bbb 15-10
Relative Sensitivity of Bayard-Alpert lonization Gauges t0 VarioUS GaSES..........coeurerieiirerenisesiesiesie e sieee s seeeeieesesesneas 15-12
Laboratory Solvents and Other LiQUid REAGENTS..........coiiiriirieiiee ettt bbb bbb 15-13
MISCIDIItY OF OrganIC SOIVENTS.......ccuiiiiiie ittt e e s e e b e teebe e aeebesbe s be st e bese et e bes e e s eneeseeneanearereans 15-23
Density of Solvents as @ FUNCEION OF TEMPEIATUIE...........couiiiiiiiiiei bbb bbb 15-27
Dependence 0f BOIHNG POINT ON PrESSUIE.........civiicieiiieiesesie st esteste st e st ste e saeseesseseetesseasessesseatestesteseesseseeseensessaseeneeneasessens 15-28
Ebullioscopic Constants for Calculation of Boiling POiNt EIEVALION...........ccciiiiiiieiee e 15-29
Cryoscopic Constants for Calculation of Freezing POIiNt DEPreSSION........ccviireiieiieeieeise s ste et sneereses 15-30
Freezing Point Lowering by Electrolytes in AQUEOUS SOIULION..........coiiiiiiiiiiiiiie it s 15-31
Correction of Barometer Readings t0 0 °C TEMPEIALUIE.........ccvvieieiererierieseseeseetereeeereese e e seesres e seesressesaeseesseseesessssessessessens 15-32
Determination of Relative Humidity from DeW POINT.........ccoiiiiiiii s ettt 15-33
Determination of Relative Humidity from Wet and Dry Bulb TeMPEratures..........coccoierierieinense e 15-34
Constant HUMIAITY SOIULIONS.........cciiiiieiiiiesise sttt e et se e s e st e e ese et e e seebeebestesse st e stente e enseeeseeneeneas 15-35
Standard Salt Solutions for Humidity CaliDration..............ccoiiiiiiii e e 15-36
Low-Temperature Baths for Maintaining Constant TEMPEIAtUIE...........c.ccviviiierereie ettt neens 15-36
Metals and Alloys With LOW MEelting TeMPEIATUIE. .........cvi it 15-37
WVITE TADIES. ...ttt ettt nbne 15-38
Standard Fittings for ComMpPressed Gas CYIINUEIS. .......cc. ittt bbbt s bbb e e e e e b bt 15-39
Plug and Outlet Configurations for Common Laboratory DEVICES.........ccciueieieiiiieiisesesesesieseseessesiesseseessesaese e ssessessesseses 15-41
Characteristics of Particles and Particle DISPErSOIUS. ... ....cii ittt ettt sttt sb et sbe e b e 15-42

Density of Various Solids.................... 15-43



DENSILY OF SUITUIIC ACTH. ... ettt bt e bt et s et et e h e e R e eb e e H e e b £ e bt e b S b e e b e sbeebenb e s e e e enseh b e e eneebeesenbenbe 15-44

Density OF ETNANOI-WWALET IMIIXEUIES.......cviiiiieiiitciiiteite ettt b bbbt b bbbt b s bbb bbbttt n et 15-46
Dielectric Strength of INSUIAtING IMALEIIAIS..........cviiiiiece e ettt e e e e reere e e s resteeresresrenees 15-47
(O0 L ol =T o1 ) il Tor o o OSSR US USSR 15-52
T LT = 4T oT=T = 0TSSR 15-53
Allocation of Frequencies in the RAdI0 SPECIIUM........co.iiiiiiiie et bbb bt b ettt sbenes 15-54

SECTION 16: HEALTH AND SAFETY INFORMATION

Abbreviations Used in the Assessment and Presentation of Laboratory Hazards............coceoveriinnenninnicnnecee e 16-1
INCOMPALIDIE CREIMICAIS..... .ottt bt e b bt h e e b e b £ e Rt b e e b £ e b sb e eb et nb e e b e s b e b et e bt e b e et e e beeb et e 16-3
EXPIOSION (SNOCK) HAZAITS..... etttk b bbb bbb bbb bbbt b et bt ettt 16-5
Water-REACIVE CREMUECAIS. ..ottt e et e R bRt s e e Rt e R bt n e er e r et 16-6
Testing Requirements for PeroXidizable COMPOUNGS... ..ottt bbb bbb bbbt en et e ens 16-6
TeStS TOr the PreSENCE OF PEIOXIAES. .......cvcieiieieese ettt et sttt e te s te st e e see st e teste st e e e eseeneeseeseeneaneeseneeseenneneeneens 16-7
Pyrophoric Compounds - Compounds That Are ReactiVe WIth AT ...........ccv i 16-7
Flammability Hazards 0f COMMON SOIVENTS. .........c.oiiiieee ettt bbbt b e b et b e b e b e et e b e e e e e 16-8
SElECtioN OF LADOTATOINY GIOVES........ceitiiiitiiiitiitet ettt bbb bbb et h bbbtk b ettt bbb 16-10
Selection of Protective Laboratory GarmMENTS........cccociieieiireieire et e se e s et e e s e stestesaesresteseenaeteseeeeneesenneens 16-10
Selection of Respirator Cartridges and FIILEIS..........ccvoiiiiiiiicices ettt st e e st e st e st e e et e e et e e neenearente e 16-11
Materials Compatible with and Resistant to 72 Percent Perchloric ACId..........ccooiriiiiiiiiiieeses e 16-12
ProteCtiVe ClOThING LEVEIS........c.oiiieiiiee ettt e e te st et e s be et et e s b e st e st es s e s e ene e R e eReeseebesbesbesbesbeseenteteneenes 16-13
Chemical Fume Hoods and Biological Safety CabiNets...... ..o st 16-14
Gas Cylinder Safety and StamPed IMAIKINGS. .....c.vouiiiiiite et b bbbttt bttt b bbbt b et 16-16
Flammability 0f ChemiCal SUDSTANCES...........cuiiiieiie ettt st s e et e e e ess e s e e e e ae e s e s tesreebestesae st e nbeseenee s eneenes 16-17
Nanomaterial SAfEtY GUITRTINES........coui ittt b ettt b b e b s a e b s et et b e et e st eb e b e bt b e nbesbe e nas 16-32
Threshold Limits for Airborne CONAMINANTS..........ccoiiie ettt se e et e e ese e ee e eneatesresresreneenes 16-34
Laser Hazards in the LabOratory ...ttt ettt e s e e teansese et e s aeetesbestesbesbeseesteneeseeseeneeneas 16-47
General Characteristics of lonizing Radiation for the Purpose of Practical Application of Radiation Protection................ 16-49
RAIALION SAFELY UNITS......cuiitiiitiiitee etttk b et b b bt e ekt e b b e b e b e b e e bR e e bt e b At eb e e ekt e b eb e et et e s b et e ab et sbebeanas 16-50
Relative Dose Ranges from 10NIZiNg RAGIATION. ........c..cuciiiiiiiieiiiee ettt st sa s e e e e e e s e testesresresnenrenes 16-52
Annual Limits on INtakes 0f RAGIONUCTIAES. ... ..ottt bbbt e st en e e e eneens 16-54
CREMICAI CAICINOGENS. ... ettt ettt h b h bbbt b e b s bbb e bRt e b €4 e s £ £ oAb e h bbbt e e b e bbbt e b e bt b et b et eb et ettt n s 16-57
APPENDIX A: SOURCES OF PHYSICAL AND CHEMICAL DATA ..ot A-l



