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1. Introduction

The Third Edition to the JANAF Thermochemical Ta-
bles has been assembled under the sponsorship of the U.S.
Department of Energy. It contains tables of recommended
temperature-dependent values for the standard enthalpy
(heat) of formation, Gibbs (free) energy of formation, the log-
arithm of the equilibrium constant of formation, the heat
capacity, entropy, enthalpy, and Gibbs energy function for
46 elements and many of their compounds. This publication
isa current collection of all tables issued through 31 Decem-
ber 1984 under contracts with the U.S. Department of Ener-
gy and the U.S. Air Force Office of Scientific Research. It
supersedes the Second Edition' and the four supplemental
updates published in the Journal of Physical and Chemical
Reference Data.*

Numerous new and revised thermochemical tables are
included in this collection. However, this Third Edition is
primarily a rewriting and a recalculation of all the tables; no
attempt has been made to reanalyze the data for all tables.
The rewritten tables adhere more closely to the current IU-
PAC recommendations on symbols and notation. The recal-
culated tables are all based on the current IUPAC and CO-
DATA recommendations for relative molecular masses and
fundamental constants. As a result, a comparison of a table
in this Third Edition and its previously published form (i.e.,
same revision date) will reveal differences; however, these
result from the adjustments mentioned above rather than
from a reanalysis of the data.

This procedure ensures that all thermal functions will
be calculated using the same auxiliary data. Following a sim-
ilar procedure for the formation properties has introduced
slight inconsistencies in those tables for which the formation
properties were derived from the previous thermal func-
tions.

This Third Edition is the third major U.S. compendium
on thermochemical properties to be published in SI units
with a standard-state pressure of 1 bar (0.1 MPa). The other
two publications originated with the U.S. Bureau of Stan-
dards® and the U.S. Geological Survey.”

2. History of the JANAF Thermochemical
Tables

Between 1955 and 1958, severe difficulties were en-
countered by individuals attempting to conduct rigorous
performance calculations for propellant systems that gave
multiphase combustion products characterized by complex
chemical and thermal equilibria. Several of these individuals
approached the Armed Services requesting that a group be
assembled to assess the validity of the calculation methods
and thermochemical data which were being employed at
that time.

In January 1958, the Armed Services jointly instructed
the Solid Propellant Information Agency to organize the
Joint Army-Navy-Air Force Ad Hoc Panel on Perfor-
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mance Calculation Methods and Thermodynamic Data.
This panel, which consisted of 38 representatives of military
facilities, defense contractors, and research organizations,
terminated its operations in June 1959, with a recommenda-
tion that future activities under its purview could more ap-
propriately be handled by a smaller working group. An addi-
tional recommendation included in the panel’s final report
was that this working group initiate the establishment of a
thermochemical data compilation, evaluation, and dissemi-
nation program utilizing the available personnel and facili-
ties of the Dow Chemical Company.

On 1 September 1959, the Joint Army-Navy-Air Force
Thermochemical Panel was formed under the sponsorship
of the Bureau of Naval Weapons, Department of the Navy;
Office, Chief of Ordinance, Department of the Army; Air
Research and Development Command, Department of the
Air Force; and the Advanced Research Projects Agency,
Department of Defense. The panel operated in accordance
with the Rules of Operations of Solid Propellant Panels as
adopted by representatives of the above offices on 1 Septem-
ber 1959.

The JANAF Thermochemical Panel Membership,
which consisted originally of approximately 15 individuals
with special experience in the technological subject under
panel purview, met at the Pentagon on 16 November 1959; at
which time, plans for the thermochemical compilation pro-
ject were reviewed and the project formally initiated.

Urgency required that as large a set of consistent tables
be assembled as quickly as possible. Computer programs had
to be developed, and at first it was not possible to adequately
assess the input information for every table. When the origi-
nal data were evaluated, the table was printed on white pa-
per; otherwise the table was printed on gray paper. By the
end of 1960, the first set was ready for distribution to some
1000 qualified recipients. For a number of years, at the end of
each quarter a supplement was issued which contained addi-
tional tables and revised tables. Some of the gray tables were
revised to white tables.

The distribution of quarterly supplements continued
through 31 December 1967, at which time the distribution
shifted to semiannual supplements. Simultaneously, the ta-
bles were prepared under the auspices of the Interagency
Chemical Rocket Propulsion Group, Working Group on
Thermochemistry. On 31 December 1970, the working
group became the Ad Hoc Working Group on Thermo-
chemistry. By 30 June 1971, the tables project was sponsored
by the U. S. Air Force Office of Scientific Research (AFOSR)
and prepared under the advice and assistance of a thermo-
chemistry group, referred to as reviewers. In late 1976, the
U.S. Energy Research and Development Administration
(now reorganized to be the U.S. Department of Energy)
joined in sponsoring the tables. The distribution reverted to a
quarterly schedule with an expanded list of reviewers.
AFOSR and DOE have jointly funded this activity until late
1982. Since that time, AFOSR has been the sole sponsor.

In summary, since 1967, the JANAF Thermochemical
Tables have been sponsored by the U.S. Air Force Office of
Scientific Research and the U.S. Department of Energy un-
der the following contracts:



JANAF THERMOCHEMICAL TABLES 5

Air Force Contracts
F04611-67-C-0009
F04611-70-C-0028
F44620-70-C-0104
F44620-75-C-0048
F49620-82-C-0016

In addition, there was an interagency transfer of funds, from
AFOSR to DOE, in the period 1976-1981.

In 1970 the output of the JANAF project was incorpo-
rated into the National Standard Reference Data System, a
national program on evaluated physical and chemical data
which is coordinated by the National Bureau of Standards.
Since that time the JANAF Thermochemical Tables have
been disseminated as NSRDS publications.

Department of Energy Contracts
DE AC22-76ET10637
DE AC22-81PC41514

2.1. Members of the JANAF Thermochemical Panel
(1959-1961) and the JANAF Thermochemical
Working Group (1961-1964)

T. O. Dobbins, Advanced Research Projects Agency (Past
Chairman)

W. H. Jones, Institute for Defense Analyses; Aerospace Cor-
poration (Past Chairman)

W. G. May, Institute for Defense Analyses; Esso Research
and Engineering Company (Past Chairman)

C. W. Beckett, National Bureau of Standards (Vice Chair-
man)

G. W. Avery, Chemical Propulsion Information Agency
(Past Secretary)

B. K. Farris, Chemical Propulsion Information Agency
(Past Secretary)

T. L. Reedy, Chemical Propulsion Information Agency
(Secretary)

B. J. Alley, Army Materiel Command

P. W. Bender, University of Wisconsin

W. A. Bernett, Bureau of Naval Weapons

B. Brown, Hercules Powder Company

C. L. Funk, Jet Propulsion Laboratory

J. S. Gordon, Thiokol Chemical Corporation

L. J. Gordon, Aerojet-General Corporation

A. Greene, North American Aviation

. Henderson, Atlantic Research Corporation

L. Hildenbrand, Philco Corporation

. Margrave, University of Wisconsin

. McCullough, U.S. Bureau of Mines

. Nichols, Jr., Jet Propulsion Laboratory
. Selph, Air Force Systems Command
R. Stull, Dow Chemical Company
The Thermochemical Working Group of the Intera-

gency Chemical Rocket Propulsion Group (ICRPG) has

consisted of the following at various times during its exis-

tence (1964—1969).

S.
C.B
D
J.L
1P
P.L
C.C
D

Members
J. F. Masi, Air Force Office of Scientific Research
(Chairman)
C. W. Beckett, National Bureau of Standards (Vice
Chairman)

T. O. Dobbins, Advanced Research Projects Agency

S. Gordon, National Aeronautics and Space Adminis-
tration

R. Jackel, Office of Naval Research

J. Murrin, Naval Ordnance Systems Command

R. Odom, Army Materiel Command

C. C. Selph, Air Force Rocket Propulsion Laboratory

D. Squire, Army Research Office

Participants

G. S. Bahn, Marquardt Corporation

B. Brown, Hercules, Inc.

H. F. Calcote, AeroChem Research Laboratories

J. P. Coughlin, Aerojet-General Corporation

J. S. Gordon, Atlantic Research Corporation

. R. Douslin, U.S. Bureau of Mines

. Farber, Space Sciences, Inc.
. M. Fristrom, Applied Physics Laboratory
. B. Henderson, Atlantic Research Corporation
. L. Hildenbrand, Douglas Aircraft Company
L. Margrave, Rice University

“gaomEzZU

W. G. May, Esso Research and Engineering Company
W. Mitchell, Thiokol Chemical Corporation

C. F. Robillard, Jet Propulsion Laboratory

L. Schieler, Aerospace Corporation

C. H. Shomate, Naval Weapons Center

D. R. Stull, Dow Chemical Company

M. Zimmer, Naval Ordnance Station

Secretariat (Chemical Propulsion Information Agency)
T. Gilliland
M. McCormack
T. L. Reedy

In the period 1969-1984, various scientists donated
their time to critique the loose-leaf supplements to the
JANAF Thermochemical Tables prior to their distribution.
Their efforts certainly increased the quality of the tables. As
of January 1982 the reviewers of the JANAF Thermochemi-
cal Tables were:

DOE Reviewers

Francis E. Spencer, Jr., DOE/PETC Combustion
Technical Division

Joseph W. Martin, DOE/METC, Coal Projects Man-
agement Division

Thomas C. Ehlert, Marquette University

R. Howald, Montana State University

Fred C. Fehsenfeld, NOAA Environmental Research
Laboratory

Gerd Rosenblatt, Los Alamos National Laboratory

Martin Steinberg, University of California, Santa
Barbara

C. B. Alcock, University of Toronto

J. Brian Pedley, University of Sussex

Malcolm H. Rand, AERE Harwell

AFOSR Reviewers
David White, University of Pennsylvania
W. L. Worrell, University of Pennsylvania
Stanley Abramowitz, U.S. National Bureau of
Standards
David A. Ditmars, U.S. National Bureau of Standards
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H. M. Rosenstock, U.S. National Bureau of Standards
Leonard Caveny, AFOSR/NA, Bolling AFB
John L. Haas, Jr., U.S. Geological Survey

John S. Gordon, TRW Energy Systems

Joseph F. Masi, AFOSR (retired)

Sanford Gordon, NASA Lewis Research Center
Edgar F. Westrum, Jr., University of Michigan
William D. Good, DOE/BETC

R. H. Hauge, Rice University

John L. Margrave, Rice University

Milton Farber, Space Sciences, Inc.

Curtis C. Selph, AFRPL/LKDH

Donald L. Hildenbrand, SRI International

Leo Brewer, University of California

James P. Coughlin, Aerojet Tactical Systems Co.
N. A. Gokcen, U.S. Bureau of Mines, AMRC

2.2. Project Personnel

The Tables began under the direction of Daniel R. Stull
in 1959. Major contributions in the first two years were made
by Thomas E. Dergazarian, Samuel Levine, and Louis A.
DuPlessis. In 1969 Harold Prophet succeeded Daniel R.
Stull as project director and continued in that position until
his untimely death in late 1972. Malcolm W. Chase has been
the project director since late 1972.

The following professional personnel of the Dow
Chemical Company have been involved in the preparation of
the JANAF Thermochemical Tables:

Project Director, D. R. Stull 1959-1969

Project Director, H. Prophet  1969-1972

Project Director, M. W. Chase 1972-1984

P. A. Andreozzi 1980-83
J. Chao 1961-69
J. L. Curnutt 1969-79
T. E. Dergazarian 1959-63
C. A. Davies 1980-84
J. R. Downey, Jr. 1976-84
L. A. DuPlessis 1960-61
D. J. Frurip 1983-84
S. T. Hadden 1962
A.T. Hu 1965-70
B. H. Justice 1964
G. C. Karris 1965-68
S. Levine 1960-61
R. A. McDonald 1971-84
F. L. Oetting 1961

R. S. Orehotsky 1963-64
R. V. Petrella 1961-62
E. W. Phillips 1963-66
J. A. Rizos 1962-63
G. C. Sinke 1962,65,69,70
A. C. Swanson 1962-64
A. N. Syverud 1963-84
H. K. Unger 1963-64
E. A. Valenzuela 1975-81
L. C. Walker 1971-73
D. U. Webb 1967-68
S. K. Wollert 1963-65
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We also wish to mention the valuable assistance in the
typing of these Tables of Norma Dumont, 1959-64; Viola E.
Harrington, 1964—66; Carol S. Scheffler, 1966-67; Wildene
B. Harris, 1967-68; Mary J. Walter, 1968-71; and for the
time period of 1971-78 of Joan Weldon, Cheri Snow, Bar-
bara Boman, Sheila Knoerr, Patricia Grochowski, and Lisa
Ittner.Since 1978 Betty Clark, Jan Crouch, and Rhoda Toth
have typed the tables.Isabel Carr provided valuable services
to the group in abstracting, searching and ordering docu-
ments, and proofreading the Tables for the Second Edition.
For the period since 1978 Dana Donley, Debbie Simpson,
Marge Sheets, Barbara Meier, Diana Scribner, and Anne
Schmidt have provided similar assistance. Milton D. Marks
has been very instrumental in all computer aspects of this
project for the past few years.

3. Notation and Terminology

The symbols and terminology for physicochemical
quantities and units are those recommended by IUPAC
through its Physical Chemistry Division.®® For the thermo-
dynamic notation needed but not specified by these two
sources, the recommendations of the Bulletin of Chemical
Thermodynamics'® are used. Similarly, for spectroscopic
nomenclature, the common practice of Moore'! and Herz-
berg'?>!% is followed.

3.1. Definition of the Standard State

This description of the standard state is an abbreviated
version of that given by the IUPAC Physical Chemistry Di-
vision.’

Absolute values of some thermodynamic quantities are
unknown. Only changes in values caused by changes in pa-
rameters such as temperature and pressure can be deter-
mined. It is therefore important to define a base line for sub-
stances, to which the effect of such variations may be
referred. The standard state is such a base line. The proper-
ties of these standard states are indicated by use of the sym-
bol °.

For a pure substance the concept of standard state ap-
plies to the substance in a well-defined state of aggregation at
a well-defined but arbitrarily chosen standard pressure.

Historically, the defined pressure for the standard state,
i.e., the standard-state pressure, has been one standard at-
mosphere (101 325 Pa) and most existing data use this pres-
sure. With the growing use of SI units, continued use of the
atmosphere is inconvenient. [UPAC has recommended that
the thermodynamic data should be reported for a defined
standard-state pressure of 100 000 Pa. The standard-state
pressure in general is symbolized as p°. Previously in all
JANAF thermochemical publications, p° was taken as 1
atm. In the current set of JANAF Thermochemical Tables p°
is taken as 100 000 Pa (1 bar). It should be understood that
the present change in the standard-state pressure carries no
implication for “standard pressures” used in other contexts,
e.g., the convention that “normal boiling points” refer to a
pressure of 101 325 Pa (1 atm).

The change of the customary value of p° from 1 atm
(101 325 Pa) to 1 bar (100 000 Pa) results in small alterations
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in standard values of some thermodynamic quantities for all
substances. For condensed phases the magnitude of these
alterations is nearly always negligible in comparison with
the uncertainty of current data. However, the alterations in
values of entropy and the Gibbs energy function for a pure
gaseous substance and of the Gibbs energy of reaction for a
reaction involving gaseous species may not be negligible.
This will be discussed in detail later.

Hence, in all the tables appearing in this publication the
standard state for a pure gaseous substance is that of the
substance as an (hypothetical) ideal gas at 1 bar; the standard
state for a pure liquid substance is that of the pure liquid
under a pressure of 1 bar; the standard state for a pure solid
substance is that of the pure crystalline substance under a
pressure of 1 bar.

Since an enthalpy measurement is made as a difference
between an initial and a final state, the reference temperature
for enthalpy must be arbitrarily chosen. It is taken to be
298.15 K in all tables. Refer to the discussion of types of
thermochemical tables for further details.

3.2. Symbols

States of Aggregation
The symbols and their corresponding descriptions for
the states of aggregation are exactly those given by IUPAC.°
They are rewritten here for the convenience of the reader.
Single letters are used to denote the three basic states of
aggregation, gas, liquid, and solid, while combinations of
letters are used for more subtle descriptions of states.

g gas or a vapor

4 liquid

s solid

cd condensed phase (i.e., either the solid or the liquid
state)

f fluid (i.e., either the gaseous or the liquid state)

cr crystalline solid; where polymorphism occurs, it

may be necessary to augment the symbol cr with a
descriptor for the crystal modification under dis-
cussion; the preferred descriptors are Roman nu-
merals, with textual definition of the crystallogra-
phic significance of the numerals used

am amorphous solid

vit vitreous substance (a glass)

mon  monomeric form

pol polymeric form (in many cases the monomeric or

polymeric character of the entity will be clear from
the context without the symbol and the symbol
should be used only in cases where ambiguity might
result)

sln solution; in many contexts it will be clear whether a
liquid solution or a solid solution is meant, but
where this is unclear it must be made clear by sup-
plemental notation

aq solution in which water is the solvent (an aqueous
solution); in the past this symbol has sometimes
been used to denote an infinitely dilute aqueous so-
lution, but infinite dilution should hencefoward be
denoted by the extra symbol oo.

sat saturated; the state of equilibrium between phases,
whether of a pure substance or a system of more
than one component.

Processes

The symbols and their corresponding descriptions for
11 processes are exactly those given by IUPAC.® The re-
maining six processes are denoted by the symbols recom-
mended by the Bulletin of Chemical Thermodynamics.'®
The use of special symbols to denote a process are as follows:

vap vaporization (evaporation) of a liquid

sub sublimation (evaporation) of a solid

fus melting (fusion) of a solid

trs transition of one solid phase to another

mix the mixing of fluids

sol the process of solution (dissolution)

r chemical reaction in general

c combustion reaction; also can denote critical
properties

f a reaction in which a compound is formed from its
elements (formation)

at a process in which a substance is separated into its

constituent gaseous atoms (atomization)
decm  aprocess in which a substance decomposes (not

given by IUPAC)

dso a process in which a substance dissociates (not
given by IUPAC)

dim a process in which a substance dimerizes (not
given by IUPAC)

dil the dilution of a solution

gt glass transition (not given by IUPAC)

hyd hydrolysis (not given by IUPAC)
ion ionization (not given by IUPAC)

Fundamental Constants

c speed of light in vacuum
h Planck constant

N, Avogadro constant

e elementary charge

F Faraday constant

R gas constant

T, absolute temperature of “ice point”
k Boltzmann constant

c, second radiation constant
Units

cal calorie

eV electron volt

g-atom a mole of atoms

J joule

K kelvin

kcal kilocalorie
kJ kilojoule
mol mole

L liter

Mathematical Quantities

In logarithm to the base e
log logarithm to the base 10
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Spectroscopic Quantities

The spectroscopic symbols, use, and description follow
the well-established practices of Moore!! and Herzberg.!>5
These sources provide more extensive discussion as to the
meaning and use of the various spectroscopic quantities.

The measured quantities often are reported in the litera-
ture for a specific isotopic molecule. The thermochemical
tables in this publication normally use spectroscopic infor-
mation for a natural isotopic abundance “molecule.” Care
should be exercised in noting to which molecule the spectro-
scopic data pertains.

3

A Angstrom

AP appearance potential

By, B, rotational constant

D centrifugal distortion constant

D} dissociation energy is defined as the energy of

the ground-state products relative to the low-
est existing level of the molecule;
DY =A4,H°(0K).

EA electron affinity

g quantum (or statistical) weight of the ith elec-
tronic state; quantity is the product of the spin
multiplicity and state degeneracy of the elec-
tronic level under consideration

I, 1Ig,1c principal moments of inertia of a molecule
P ionization potential

k Hooke’s law force constant

n number of potential maxima in an internal ro-

tation; also refers to principal quantum num-
ber in describing energy levels of atoms
N number of atoms in molecule
internuclear distance (for the “equilibrium”
structure of the molecule)
Vo potential barrier to internal rotation
first-order rotation—vibration interaction
constant
ith electronic energy level
symmetry number
reduced mass of the molecule
observed vibrational fundamental
vibrational fundamental for infinitesimal
amplitude
vibrational anharmonicity constants

oY

1)
o

8 xR QN

o

wexe! we ye

Thermodynamic and Other Quantities

A, relative atomic mass (atomic weight)

C, molar heat capacity at constant pressure

C, molar heat capacity at saturation

4aUu change in internal energy

AG change in Gibbs energy,
G=H-TS=U+PV—-TS

AH change in enthalpy, H= U + PV

K equilibrium constant

M, relative molecular mass (molecular weight)

P pressure

T temperature, in kelvin

t temperature, in degrees Celsius (°C)

| 4 volume

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985

4 indicates the increment in a given property for a
given process or reaction, taken as the value for
the final state (or sum for the products) less that
for the initial state (or sum for reactants).
represents the standard enthalpy of formation,
which is the increment in enthalpy associated
with the reaction of forming the given com-
pound from its elements in their reference states,
with each substance in its thermodynamic stan-
dard state at the given temperature.

AH*

Experimental Method / Techniques

dsc differential scanning calorimetry
dta differential thermal analysis
emf electromotive force

esr electron spin resonance

gle gas-liquid chromatography

gpc gel permeation chromatography
ir infrared spectroscopy

nmr nuclear magnetic resonance

tga thermogravimetric analysis
LLE liquid-liquid equilibria

VLE vapor-liquid equilibria

VP/xxxx vapor pressure/experimental technique
/ebul = ebulliometric
/Knud = Knudsen effusion
/stat = static

/Kems = Knudsen effusion-mass spectrometry

/Kete = Knudsen effusion~torsion effusion
/tran = transpiration
/Lang = Langmuir free evaporation

/Lams = Langmuir-mass spectrometry

3.3. Relative Atomic Masses and Natural Isotopic
Composition of the Elements

The Table of Atomic Weights of the Elements 1981'¢ is
reprinted below. Added to this list are the relative atomic
masses for the electron (e ~) and deuterium (D). The relative
atomic mass for the electron is given by Cohen and Taylor."”

The 1981 report on atomic weights'® includes a com-
plete review of the natural isotopic composition of the ele-
ments and also tabulates the relative atomic masses for se-
lected radioisotopes. This information is required for the
conversion of spectroscopic data from that corresponding to
specific isotopes to the naturally occurring isotopic abun-
dance.

As in the IUPAC report, values in parentheses are used
for radioactive elements whose relative masses cannot be
quoted exactly without knowledge of the origin of the ele-
ments; the value given is the atomic mass number of the
isotope of that element of longest known half life. Alterna-
tively, the relative atomic mass of the isotope with the lon-
gest known half life or that of a commonly used isotope could
be listed, since the relative atomic masses of the individual
isotopes are accurately known.
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Table of relative atomic masses of the elements, 1981
[Pure Appl. Chem. 55, 1101 (1983), alphabetical order, based on the relative atomic mass, 4, (*>C) = 12]

Relative Relative

Atomic atomic : Atomic atomic
Name Symbol number mass Name Symbol number mass
Actinium Ac 89 227.027 8 Mercury Hg 80 200.59
Aluminum Al 13 26.981 54 Molybdenum Mo 42 95.94
Americium " Am 95 (243) Neodymium Nd 60 144.24
Antimony (Stibium) . Sb 51 121.75 Neon Ne 10 20.179
Argon Ar 18 39.948 Neptunium Np 93 237.048 2
Arsenic As 33 74.921 6 Nickel Ni 28 58.69
Astatine At 85 (210) Niobium Nb 41 92.906 4
Barium Ba 56 137.33 Nitrogen N 7 14.006 7
Berkelium Bk 97 (247) Nobelium No 102 (259)
Beryllium Be 4 9.012 18 Osmium Os 76 190.2
Bismuth Bi 83 208.980 4 Oxygen o 8 15.999 4
Boron B 5 10.81 Palladium Pd 46 106.42
Bromine Br 35 79.904 Phosphorus P 15 30.973 76
Cadmium Cd 48 112.41 Platinum Pt 78 195.08
Caesium Cs 55 132.905 4 Plutonium Pu 94 (244)
Calcium Ca 20 40.08 Polonium Po 84 (209)
Californium Cf 98 (251) Potassium (Kalium) K 19 39.098 3
Carbon C 6 12.011 Praseodymium Pr 59 140.907 7
Cerium Ce 58 140.12 Promethium Pm 61 (145)
Chlorine Cl 17 35.453 Protactinium Pa 91 231.0359
Chromium Cr 24 51.996 Radium : Ra 88 226.025 4
Cobalt Co 27 58.9332 Radon Rn 86 (222)
Copper Cu 29 63.546 Rhenium Re 75 186.207
Curium Cm 96 (247) Rhodium Rh 45 102.905 5
Deuterium D 1 2.014 102 Rubidium Rb 37 85.467 8
Dysprosium Dy 66 162.50 Ruthenium Ru C 44 101.07
Einsteinium Es 99 (252) Samarium Sm 62 150.36
Electron e” 0.000 548 58 Scandium Sc 21 44.9559
Erbium Er 68 - 167.26 Selenium Se 34 78.96
Europium Eu 63 151.96 Silicon Si 14 28.085 5
Fermium Fm 100 (257) Silver Ag 47 107.868 2
Fluorine F 9 18.998 403 Sodium (Natrium) Na 11 22.989 77
Francium Fr 87 (223) Strontium Sr 38 87.62
Gadolinium Gd 64 157.25 Sulfur S 16 32.06
Gallium Ga 31 69.72 Tantalum Ta 73 180.947 9
Germanium Ge 32 72.59 Technetium Tc 43 (98)
Gold Au 79 196.966 5 Tellurium Te 52 127.60
Hafnium Hf 72 178.49 Terbium Tb 65 158.925 4
Helium He 2 4.002 60 Thallium Tl 81 . 204.383
Holmium Ho 67 164.930 4 Thorium Th 90 232.038 1
Hydrogen H 1 1.007 94 Thulium Tm 69 168.934 2
Indium In 49 114.82 Tin Sn 50 118.69
Iodine I 53 126.904 5 Titanium Ti 22 47.88
Iridium Ir 77 192.22 Tungsten (Wolfram) w 74 183.85
Iron Fe 26 55.847 (Unnilhexium) (Unh) 106 (263)
Krypton Kr 36 83.80 (Unnilpentium) (Unp) 105 (262)
Lanthanum La 57 138.905 5 (Unnilquadium) (Unq) 104 (261)
Lawrencium Lr 103 (260) Uranium U 92 238.028 9
Lead Pb 82 207.2 Vanadium A 23 50.941 5
Lithium Li 3 6.941 Xenon Xe 54 131.29
Lutetium Lu 71 174.967 Ytterbium Yb 70 173.04
Magnesium Mg 12 24.305 Yttrium Y 39 88.905 9
Manganese Mn 25 54.9380 Zinc Zn 30 65.38
Medelevium Md 101 (258) Zirconium Zr 40 91.22

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985
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3.4. Fundamental Constants and Conversion Factors

The numerical values of the fundamental constants

used in our calculations are those obtained by Cohen and
Taylor!” based on a least-squares adjustment of data existing
in 1973. These values have been adopted by CODATA.!’

Fundamental constants

Quantity Symbol Value®

Speed of light in vacuum c 299 792 458(1.2) m s ™!

Planck constant h 6.626 176(36)x 10734 J s
h/2m 1.054 588 7(57)x 10™3¢J s

Avogadro constant Na 6.022 045(31) X 10%* mol !

Elementary charge e 1.602 189 2(46)x 10~'° C

Faraday constant, N , e F 9.648 456(27)x 10* C mol !

Absolute temperature

of “ice point,” 0°C T, 273.1500K

Molar gas constant R 8.31441(26) J mol ' K~!

Boltzmann constant, RN ;! k 1.380 662(44) X 10~ JK~!

Second radiation constant,

hek ~! c, 1.438 786(45)X 10" 2m K

*Numbers in parentheses are the one standard deviation uncertainties in the last digits of the quoted value.

Conversion factors for energy-related units. 1973 CODATA constants

eV .
kJ mol~! kcal mol~! (per molecule) cm™! MH:z

1kJmol™! 1 0.239 005 7 0.010 364 35 83.593 47 2.506 069 x 10°
1 kcal mol ™! 4.184 1 0.043 364 45 349.755 1 1.048 539 107
1 eV (per 96.484 6 23.060 36 1 8065.479 2.417970x 10

molecule)
1 MHz 3.990313x 1077 9.537077x10~® 4.135701x10~° 3.335641x107° 1
lem™! 0.011 962 66 2.859 144X 1073 1.239 852 10~* 1 2.997 924 10*
1K 8.31441x 1073 1.987 191073 8.617 3491073 0.695 030 4* 2.083 649 10*

(degree)
1 hartree 2625.500 627.509 5 27.211 606 2.194 746 X 10° 6.579 684 x 10°
1 rydberg 1312.750 313.75417 13.605 803 1.097 373 x 10° 3.289 842 10°°
= This value is inverse of the second radiation constant c,; (hc/k)~"' = ¢;7 ' = 0.695 030 4.

3.5. Temperature Scale To facilitate temperature adjustments, the article by

Since the JANAF Thermochemical Tables deal with
properties that vary with temperature, the temperature scale
is of significance. The International Temperature Scales are
devised to approximate, as closely as possible, the absolute
thermodynamic (kelvin) temperature suggested by W.
Thomson (Lord Kelvin) in 1854. The International Tem-
perature Scale is established by the Comité International des
Poids et Mesures (International Committee of Weights and
Measures).

There have been three international temperature scales:
The International Temperature Scale of 1927,'° The Inter-
national Temperature Scale of 1948 which was renamed the
International Practical Temperature Scale of 1948 (IPTS-48)
in 1960,2%2! and The International Practical Temperature
Scale of 1968 (IPTS-68).2

Our concern in the preparation of the JANAF Thermo-
chemical Tables is to adjust any experimental measurements
to the thermodynamic scale.In practice, this means convert-
ing to the IPTS-68 scale since it is the currently accepted
closest approximation to the thermodynamic scale.

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985

Corruccini®® is used for the 1927 to 1948 conversions and the
article by Douglas®® for the 1948 to 1968 conversion.
Guildner and Edsinger® included a plot showing the devi-
ation of IPTS-68 from the thermodynamic temperatures
from 273.16 to 730 K.

Ideal-gas tables of thermodynamic properties derived
from statistical mechanics are based on the thermodynamic
temperatures (as well as on the values of the physical con-
stants used) and are hence independent of any practical tem-
perature scale. The enthalpy of formation, Gibbs energy of
formation, and logarithm of the equilibrium constant might
depend on temperature-adjusted data.

For condensed phase tables, the temperature scale con-
version is often not made, since the correction would be
small compared to the uncertainty in the data.

4. Reference States and Conversions

There are three types of tables included in this publica-
tion: single-phase, multiphase, and reference state tables.
The tables are clearly labeled asto the type at the top of each
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page and by the state designations associated with the chemi-

cal formula. The reference state can involve a single phase or

multiphases. The major difference between a multiphase ta-

ble and a single-phase table is the existence of a discontinuity
in each function (or in its first derivative) at a first-order
transition temperature.

4.1. Reference State

A related set of thermodynamic property tables re-
quires that there be a reference table of the thermodynamic
properties for each element to which all other forms of that
element or any compound involving that element may be
referred. If the temperature range of interest (0—6000 K here-
in) can be represented by a single phase for that material (say
hydrogen) the tabulated values in the reference table will be
smooth and regular. If the temperature range of interest in-
cludes more than one phase (say magnesium), there will be a
solid phase (from O to 923 K, the melting point), a liquid
phase (923 to 1378 K, where the vapor pressure reaches 1
bar), and a gas phase (1378 to 6000 K), and the tabulated
values in the reference table will be discontinuous at these
temperatures or phase boundaries. Practical usage dictates
that in so far as possible the phase most stable at 1 bar pres-
sure be selected. This practice is followed in these tables, and
does lead to discontinuities in the thermodynamic functions.
Attention is called to these discontinuities in the reference
state tables by insertion of a comment as to the type of transi-
tion at the temperature of the phase transition.

Since these tables deal with ideal gases, the pressure is
really the fugacity. Calculating a boiling point as the tem-
perature at which 4,,, G ° = 0 for the process Mg(¢)—Mg(g)
corresponds to an (ideal) fugacity of 1 bar. This will differ
from the real (observed) boiling point at 1 bar which is also
different from the real (observed) boiling point at 1 atm. Each
of these “three boiling points” corresponds to a different
4,,,G° value.

With the use of f and °, as in 4 (H °, the implication is
that both the compound in question and its constituent ele-
ments are in standard states and that the elements, more-
over, are in their reference states; for any given temperature
the reference states of the elements will normally be those
that are stable at the chosen standard-state pressure and at
that temperature. A resulting feature of tabulations of 4 ( H °
and 4 ;G ° as functions of temperature for compounds is that
discontinuous changes are sometimes to be seen; these corre-
spond to changes in the stable reference states of the ele-
ments, as phase-transition temperatures are passed. Thus,
values of 4.H"° (SO,Cl,,g) would show discontinuous
changes at three temperatures corresponding to the transi-
tions S(cr,I)—S(cr,II), S(cr,II}>S(¢), and S(£)—1/2 S,(g),
where I refers to rhombic and I to monoclinic crystal forms.

4.2. Single-Phase and Multiphase Tables

A multiphase table contains the data for two or more
phases of a pure substance. Each phase is limited to the tem-
perature range in which it is more stable (i.e., has a lower
4 ;G°)than the other phases in the table. There are discontin-

o

uities in the properties C ,, S°, and H° at the temperatures
where each phase transforms (AG° = 0) to the next phase.
Alternatively, the properties of a pure substance can be given
in a series of tables where each table is devoted to a single
phase. Single-phase tables do not have discontinuities in the
properties C ,, S°, and H ° at transition temperatures. More-
over, the properties are extrapolated beyond the transition
temperatures into regions where that phase is less stable than
its other phases. These characteristics of continuity and ex-
trapolation of properties lead directly to the advantages and
problems of single-phase tables. The enthalpy of formation
and Gibbs energy of formation may have discontinuities,
even in single-phase tables, corresponding to transitions in
the reference states.

Single-phase tables are more convenient than multi-
phase tables in certain computer applications. Interpolation
and approximation (curve fitting) apply directly to the con-
tinuous properties in a single-phase table. Multiphase tables
must first be divided into segments using the stored values of
the transition temperatures; then interpolation and approxi-
mation must be limited to the temperatures in the pertinent
segment.

Single-phase tables are essential in uses that involve un-
stable phases. This includes phases that persist in a metasta-
ble region or those that are unstable at all temperatures. The
real world abounds in such cases. Single-phase tables are
often applied to solid—solid or solid-liquid equilibrium in
mixtures, where an unstable phase is “stabilized” in the pres-
ence of other components. Analysis of such equilibria often
requires liquid or solid properties that are many hundreds of
degrees into the metastable region of each pure phase. Sin-
gle-phase tables are designed to supply these properties, but
their preparation is not trivial.

The JANAF Thermochemical Tables often include es-
timated glass transitions in the liquid tables. The glass tem-
perature is usually assumed to be ~0.7 times the melting
temperature. The heat capacity of the glass is usually as-
sumed to be equal to that of the stable crystalline phase, since
existing glass data show a decrease in C , to values near those
of the crystal. Such tables are, in fact, not single-phase tables
but two-phase glass-liquid tables.

The glass transition is of practical concern when ther-
mochemical tables are used near the glass temperature of
any of the pure liquids. Although the ratio of the glass tem-
perature to the melting temperature can vary from perhaps
0.35to > 0.8, it often is ~0.7. Temperatures this low are not
uncommon when liquid tables are used in the analysis of
binary or multicomponent phase diagrams.

It is important to ask whether glass transitions should
be included in liquid tables intended for such use. Estimated
glass transitions are included for two reasons: the transition
is usually observed in supercooled liquids and its inclusion
avoids an entropy paradox. The first reason presumes that
glass transitions do occur but cannot be observed in liquids
that readily crystallize. The more compelling reason is the
avoidance of the paradox in which the entropy of the super-
cooled liquid (a disordered state) becomes Jess than that of
the stable crystalline state.

The choice remains as to what temperature and what

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985
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phase should be used as the reference point for enthalpy in
the extrapolated single-phase tables. Since 298.15 K was
adopted as the reference temperature for multiphase and ref-
erence state tables, there is strong incentive for retention of
that temperature in single-phase tables. The choice has been
made to have the reference at the same arbitrary point in
each phase. Thus, the JANAF Thermochemical Tables use a
reference temperature of 298.15 K in the table for the high-
temperature phase even when that phase is not stable at
298.15 K.

Enthalpies at all temperatures depend on the arbitrary
extrapolations needed to relate the observed data to the ref-
erence temperature. Each single-phase table has a different
reference A (H ° dependent on an arbitrary extrapolation of
enthalpy.

For the reference temperature of 298.15 K, the en-
thalpy at 0 K is always negative. This means that the func-
tion — (G° — H °)/T approaches positive infinity at 0 K and
is therefore difficult to interpolate near 0 K.

4.3. Conversion to S| Units and the Standard-State
Pressure

In all previous JANAF Thermochemical Tables, the
standard-state pressure was one atmosphere (101 325 Pa)
and the unit of energy was the thermochemical calorie
(4.184 J). For this publication, the standard-state pressure is
changed to one bar (100 000 Pa) and the energy unit to the
joule. The values from previous JANAF tabulations have
been converted as described below. This information is pro-
vided not only to make clear the correspondence between
this publication and previous JANAF Thermochemical Ta-
bles but also to assist the reader in making comparisons with
other tables. This information is the same as that provided in
“The NBS Tables of Chemical Thermodynamic Proper-
ties.”®

Conversion of Values in Calories to Joules

For the energy units the defined conversion factor of
4.184 3 cal ™' is used.

Conversion for Change in Pressure

The following expressions define the effect of pressure
on the properties of all substances.

(OH /3p)y = V — T(3V /3T ), = V(1 —aT),
(3C,/dp)r = — T(&*V /3T?),

(38 /3p)y = — Va = —(IV/3T),,

(@G /p)r =V,

a=(1/V )3V /3T),.

For the small pressure change from 1 atm to 1 bar, the pres-
sure coefficients may be taken as constants for condensed
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phases. There are no condensed phase cases in this publica-
tion for which the pressure coefficients are large enough to
affect the tabulated values. Typical values of a for solids are
1075 t0 2X107* K~ ! and ¥ <1073 m>® mol~'. For ideal
gases, V= RT /panda = R /pV = 1/T. The pressure coeffi-
cients for gases are large enough to affect high-accuracy
data. In practice the only properties tabulated here that are
affected are S°(T') and — (G °-H °[298.15 K])/T for all gas-
es,and4 ;G °(T)andlog K ; for any substance whenever gases
are involved.

The conversion equations used for the change in stan-
dard-state pressure are listed below together with some that
apply to thermal functions. Superscript ° and * denote values
at 1 bar and 1 atm, respectively. These equations apply to the
small change in pressure from 1 atm to 1 bar.

For all substances, exactly for ideal gases and within the
limit of experimental inaccuracy for all other phases:
AH(T)—AH*T)=0,
(H(T)—HT\)] = [H¥T)—-H*T,)] =0,
C(T)—CXT)=0,
where T is a reference temperature.

For condensed phases, within the limit of experimental
inaccuracy:

S°(T)—S*T)=0,

G°(T)— G*T)=0.

For substances that are gaseous:
ST)—S*T)=RInp*/p°

101 325
100 000

=RIn =0.109442J K~ ' mol "

For substances that are gaseous at 7 but may or may
not be gaseous at 77:
— [G(T)— H(T))/T+ [GXT)— H%T,)/T
=R Inp*/p° as for S.
[G(T)— G(T))] — [GHT) — G*T)]
= —R(T—T;)lnp*/p",
where T'> T, >T, and T; is the temperature at which the
function begins to apply to the ideal gas, usually the boiling

point at 1 bar.
For each substance with gases in its formation reaction:

4:G(T)—-4,G*T)
= —S8RTIn1.01325
= —0.032 63 § kJ mol " at 298.15 K,

where § is the net increase in the number of moles of gas in
the formation reaction.
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Conversions for Entropies of Gases

To convert from: s (gf).l Mlia)
JK ' mol™!
To: Use
S1g0.1 MPa) =5
JK 'mol!
t
_S'(g1 atm)_ =5°—0.109 442
JK 'mol™!
S (g,0.1 MPa) =5°/4.184
cal K 'mol™!
*,
cjl((g+:::;)—f =(S°—0.109 442)/4.184

cal K~ ! mol™! JK ' mol™!
4.184(S* + 0.026 157) ST +0.109 442
4184 S* St

S* +0.026 157 (St + 0.109 442)/4.184

S* St/4.184

S°—entropy for a gas at 0.1 MPain J K=" mol~".
S *—entropy for a gas at 1 atm in cal K~ ! mol~".
St —entropy for a gasat 1 atmin J K~' mol~".

4.4. Boiling Point and the Standard-State Pressure

In these tables, the defined pressure for the standard
state is 1 bar (100 000 Pa). As stated by IUPAC,® the present
recommended change in the standard-state pressure carries
no implication for “standard pressures” used in other con-
texts, e.g., the convention that “normal boiling points” refer
to a pressure of 1 atm (101 325 Pa). Instances may occur
where it is desirable to adopt yet other values for p° and so all
authors must clearly state the value adopted.

In these tables, the temperature at which 4,G° = 0 for
the process liquid to gas, refers to a fugacity of 1 bar. Typical-
ly the real (i.e., observed) boiling point (corresponding to a
nonideal gas) is slightly higher. In many cases the experi-
mental uncertainties in measuring a boiling point (at 1 bar)
and the uncertainties in the calculated value due to uncer-
tainties in the thermal functions make this difference mean-
ingless. Such a situation exists whether the standard-state
pressure is 1 bar or 1 atm.

The phrase “boiling point” must be used carefully for
other reasons. Care must be exercised such that the boiling
process is indeed defined. Two examples which illustrate this
point are MgO and LiF. Magnesium oxide does not vaporize
congruently (so that the total vapor pressure depends on the
ambient oxygen potential), whereas LiF vaporizes congru-
ently but monomer, dimer, and trimer species exist in the
vapor.

5. Evaluation of Thermodynamic Data

Interconsistency

The basic aim of these thermodynamic property tables
is to provide a related and consistent set of enthalpies of
formation and Gibbs energies of formation. This allows the
prediction of the enthalpy and Gibbs energy changes and the
equilibrium constants for any reaction among the constitu-
ents of the tables.

The enthalpy of formation and Gibbs energy of forma-
tion are related to each other through the entropy of forma-
tion of the substance. Self-consistency can be assured by use
of this constraint to derive any one property from selected

values of the other two. The entropy, which is an absolute
quantity in thermochemical calculations, is suitable for one
of the selected properties. The enthalpy of formation is con-
venient for the other, since enthalpy of reaction is the most
commonly measured link between different substances.

Enthalpy changes are relative quantities, so it is impor-
tant to relate each substance to an interconsistent base. This
is done by referring each enthalpy of formation to the chemi-
cal elements in their standard reference states. By conven-
tion, the enthalpy of formation of an element in its standard
reference state is zero at all temperatures.

The reference state table may involve a single phase or
several phases and examples of both kinds are found in this
compilation. For elements which are solid at room tempera-
ture, the reference state is normally the stable solid state(s)
up to the melting point, the liquid up to the boiling point at 1
bar, and thereafter the gas phase which may be monatomic
or diatomic. For other elements, the choices for the reference
states are:

(1) the ideal monatomic gas for the inert gases and the
electron gas—He, Ne, Ar, Kr, Xe, Rn, and e™. The
classical statistical mechanical values are assumed for
H*(T) — H°(0) for the electron.
(2) the ideal diatomic gas for the gases—H,, D,, N,, O,,
F,, and Cl,.
(3) crystalline white phosphorus and the ideal diatomic
gas, 1/2 P,(g). Use of white phosphorus is a change from
our previous publication in which red phosphorus was
the reference state. Although red phosphorus is the
more stable form, it is less well characterized and its
properties are less reproducible.

(4) the ideal diatomic gas combined with the appropri-

ate condensed phases for Br,, I,, and S; for sulfur, the

gaseous portion of the reference state is 1/2 S,(g).

(5) graphite (Acheson-spectroscopic grade) for carbon

at all temperatures.

These choices are arbitrary and vary in different compi-
lations. Enthalpies or Gibbs energies of formation taken
from different sources should be converted to common refer-
ence states before use.

The establishment of reference states is the first step in
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any scheme for interconsistency. The next step, ideally,
would be to solve simultaneously foralld {H°, 4 ;G °,and S°
using all the suitabledataforA, H°,4,G°,4,5°,and S °. This
would provide values for enthalpies, Gibbs energies, and en-
tropies which, when combined, would yield the minimum
overall deviations from the measured values. Simultaneous
solution is limited in practice to small groups of interrelated
substances.

We have used this simultaneous approach in a limited
way for treating groups of interrelated fluorides. Dr. John L.
Haas, Jr. (U.S. Geological Survey) has treated, simulta-
neously, the data for some geologically important systems as
afunction of temperature and pressure.?® Dr. J. Brian Pedley
(University of Sussex) has treated 4, H ° data for several sys-
tems, the most pertinent involving all the diatomic oxides.?¢
Dr. Vivian Parker and Dr. David Garvin (NBS) have refined
the latter method and applied it to some species that were
adopted by CODATA.?’ JANAF policy is to use the results
of these treatments.

Since simultaneous solution has not been attempted for
all substances it is necessary to fix, simultaneously when pos-
sible, certain key values for common substances. These are
then used in the usual sequential way to help fix other sub-

stances. JANAF policy is to adopt the key values recom-

mended by the CODATA Task Group for Key Values in
Chemical Thermodynamics.?® Exceptions to this policy only
occur when additional recent data are available.

Because of the many revisions of these tables, perfect
interconsistency is not always attained. However, any incon-
sistency of the tables is a prime concern and is a cause for
revision if the effects are of the same order of magnitude as
the stated uncertainties.

An approximate type of consistency relates to trends in
properties within families in the periodic table. Expected
trends can aid both in estimation of missing data and in eva-
luation of observed data, for example, in a series from flu-
oride to iodide or from polyhalide to monohalide.

General Evaluation Technigues
Heat Capacities and Enthalpy Difference

The evaluation of reported values is a judgmental pro-
cess, but the analysis should be as objective as possible and
therefore certain ground rules must be established. The first
step involves the examination of a plot of all information so
that a general idea of the agreement can be visually obtained.
If certain data sets differ from the majority, they are exam-
ined for possible causes of the difference. Calibration data,
sample purity, and experimental scatter are checked. If the
source of error can be located, the data are given appropri-
ately less weight. Otherwise all data of equal reliability are
considered equal, even if they disagree. Such data are then
smoothed by a weighted least-squares curve fit. Enthalpy
data are smoothed similarly and heat capacities are derived
directly from the differentiated polynomial. The smoothing
of enthalpy data often requires constraining the fit so that it
passes through zero at the reference temperature. Addi-
tional constraints are often used to fix the heat capacity at
298.15 K or to join enthalpy data smoothly with low-tem-
perature heat capacities.
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Transitions

The evaluation of solid-state transitions involves first
the recognition of the type of transition, which may not al-
ways be obvious. A first-order transition such as fusion in-
volves a discontinuous change of enthalpy and entropy at the
transition point, whereas second-order transitions involve
only discontinuities in heat capacity. Because of impurities
and other factors, first-order transitions often do not occur
sharply at one temperature; instead, they spread a little on
either side and are sometimes difficult to distinguish from A-
type second-order transitions.

Many enthalpies of fusion and enthalpies of solid-state
transitions are obtained from enthalpy measurements. Here
the enthalpies are given directly by the difference in enthalpy
at the transition temperature. Normally, the enthalpy above
and below can be smoothly extended to the temperature of
transition, although the transition temperature may not be
clearly obtainable from the enthalpy data.

The enthalpies of the transitions involving vaporization
and sublimation are evaluated from equilibrum data by the
second- and third-law methods. When reliable calorimetric
measurements are available, the adopted enthalpy of transi-
tion is usually based on them.

Equilibrium

Perhaps the most significant facts to be established in
evaluating equilibrium data are whether equilibrium was at-
tained and whether the process was properly described. For
example, in a sublimation process the most accurate mea-
surements are valueless if the vapor phase is not uniquely
defined. If polymerization or breakdown might have oc-
curred, it is important to establish the exact reaction first.
Because mass spectroscopy has shown that vapor phases are
often extremely complex, it is almost a requirement that the
vapor composition be established by a mass spectrometer
before equilibrium data can be accepted. Some methods of
measurement are less accurate than others and should be
given less weight. For example, equilibria determined in a
mass spectrometer may have significant uncertainty because
of the approximations involved in obtaining absolute pres-
sures. On the other hand, measurements of the electromotive
force of reversible cells can have great accuracy. Mass spec-
tra provide identification of the vapor species while a very
precise emf measurement tells nothing as to the reaction
which is occurring. Each method has inherent limitations;
these may be more critical in some uses than in other uses.
Clues to the existence of these limitations often appear in the
second- and third-law analyses.

The Second-Law Method

Starting from the equation AG° = — RT In X, by dif-
ferentiation with respect to T and substitution of
d(AG°)/dT = — AS"°, we obtain AH° = RT?d(In K)/dT,
the well-known van’t Hoff equation. By substituting dT°

= — T?d(1/T), one obtains AH°= — Rd(InK)/d(1/T);
thus, the slope of aln K versus 1/T plotis — AH°/R.If AH*®
is constant, then the slope is constant and the plot is a
straight line. Since the variation of AH ° with temperature is
often quite small, it is customary to assume a straight-line



JANAF THERMOCHEMICAL TABLES 15

relationship. This method of obtaining heats of reaction
from equilibrium measurements is known as a “‘second-law”
calculation. For greatest accuracy the equilibrium measure-
ments should extend over a wide range of temperature, and
in this case AH ° is usually not constant.

Curvature corrections can be applied by assuming a
specific form for the variation of AH ° with temperature. In
this manner we can calculate 4, H °(298.15K)from 4, H°(T').
The effects of such corrections may be of significance. It
should be noted that the second law cannot be applied to a
single observation, but the third-law method, which is de-
scribed below, can be so used. The second-law method also
can be applied when only relative values of the equilibrium
constant are available, for example, from mass-spectroscop-
ic intensity measurements.

The Third-Law Method

The “third-law” method is based on a knowledge of the
absolute entropy of the reactants and products. It allows the
calculation of a reaction enthalpy from each data point when
the change in the Gibbs energy function for the reaction is
known. The Gibbs energy function used here is defined as

gefiT)=[G°(T) — H°(298.15 K))/T
and is easily calculated from the relation

S(T)= — [G(T)—HT))/T
= [HT)— H"(298.15K)]/T
— [G(T) — H"(298.15 K)1/T,
thus,
geflT)= —S°(T)+ [H(T)— H*(298.15 K)}/T.

From the definition we can write for the change in a reaction
AG°/T =geflT)+ AH*298.15K)/T= —RInKk,
thus,
AH°(298.15K)/T= — RIn K — Agef(T),

where 4 signifies = products — = reactants.

In the JANAF Thermochemical Tables, Gibbs energy
functions are based on an enthalpy reference temperature of
298.15 K and thus yield enthalpy changes at 298.15 K re-
gardless of the temperature of the reaction. It should be not-
ed that the Gibbs energy function in a single-phase table is
based on the enthalpy of that phase at 298.15 K even though
the phase may not be stable at 298.15 K. This differs from the
usual convention of combining all condensed phases into one
multiphase table such that the enthalpy of reaction refers to
the phase stable at the reference temperature. In the JANAF
tables the functions always refer to the designated phase for
298.15 K regardless of its stability. For example, if the vapor
pressure over liquid copper is analyzed using Cu(¢) Gibbs
energy functions, the result is the enthalpy of vaporization of
the liquid at 298.15 K. To calculate the enthalpy of sublima-
tion of Cu(cr) it is necessary to add the enthalpy of fusion at
298.15 K, which is the difference in the enthalpy of forma-
tion of Cu(¢) and Cu(cr) at 298.15 K. It should also be noted
that Gibbs energy functions are always negative, thus the
negative of the function is usually tabulated and the proper
sign must be remembered when using these functions.

The analysis of data by the third-law is generally con-
sidered superior to the second-law analysis. It is definitely
superior if the Gibbs energy functions are accurately known
because each equilibrium point yields one value for the enth-
alpy change. These values will often reveal trends that indi-
cate nonequilibrium or erroneous values in the equilibrium
constants of a set of data. If the data are good, the second-law
value should agree. When the Gibbs energy functions are
estimated, the third-law values derived from them must be
handled carefully. Values that are constant and that agree
with the second-law enthalpy indicate that the Gibbs energy
functions and equilibrium data are mutually consistent. A
drift with temperature of the third-law values indicates er-
rors in either the data or the functions. The magnitude of
such drifts is often given in the table write-up and represents
the entropy change required to bring the second- and third-
law values into agreement. If the drift is within the uncer-
tainty of the experimental entropy, then the data are accep-
table. Drifts that are much larger than reasonable entropy
errors generally indicate failure to attain equilibrium or im-
properly estimated Gibbs energy functions.

We have found a combination of the two methods to be
so valuable that a third-law calculation is always accompa-
nied by a second-law treatment of the same data. The calcu-
lation is done in ascending temperature order to give
A, H*298.15 K) and its deviation from the mean along with
the calculated log K and its deviation from the least-square
line. Third-law analysis enables bad points to be seen as de-
viations from the general trend of the differences; thus the
method can be used even when the Gibbs energy functions
are estimated. If these bad points are located on the ends of
the data set, the second-law line often fits them quite well
and by itself does not arouse suspicion. But the dropping of
such points can bring widely discordant AH° values into
agreement with each other and often with the third-law val-
ues.

In our analysis of equilibrium data, tabulations for both
the second- and third-law results are normally given. In ad-
dition, we often list values for the drift of 45, as defined by

— drift = 65 = 4,.5°2nd law, 298.15 K)
— A,.5°3rd law, 298.15 K).

&S, previously called a drift (in 4, H°), gives a direct
commf the deviation of the calculated second-law
entropies from our adopted functions.The current policy is
to use 55 rather-than drift. 4.5 (2nd law, 298.15 K) is not
calculated, however, via the usual second-law method or the
3 method.?®?' It is instead derived from the slope of the
assumed linear temperature dependence of the deviations
from the mean of the third-law enthalpies of reaction. Our
experience indicates that this method agrees closely, but not
exactly, with the Z method.

6. Construction of the Tables

The JANAF Thermochemical Tables consist of ther-
mal functions and formation functions, both of which are
temperature dependent. The thermal functions consist of
heat capacity, enthalpy increments, entropy, and Gibbs en-
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ergy function. The normal relationships hold between the
thermal functions:

HYT)= L C:(T)dT,

ST) = J; C(T)/TdT,

[G*(T) — H°298.15K)1/T
= —S°T)+ [H(T) — H(298.15K)]/T.

The formation functions consist of enthalpy of forma-
tion, Gibbs energy of formation, and the logarithm of the
equilibrium constant of formation. Enthalpies of formation
at temperatures other than 298.15 K require a knowledge of
the enthalpies of the reference elements:

AH(T)=A4 ,H(298.15K)
+ [HYT) — H*(298.15 K)]

compound
— Z [HT)— H°(298.15 K)] sjements -

The Gibbs energy of formation is readily calculated
from the enthalpy of formation when the entropies of the
elements are known. Thus

AGY(T) = AH(T)

-T {SQ(T)compound_ 2 SD(T)elemems }

The logarithm of the equilibrium constant of formation is
then found from the relation 4,G°(T) = — RTIn K ;.

Solid Phase Thermal Functions

The solid phase thermal functions are derived from rec-
ommended heat capacity and/or enthalpy increment values.
Although the JANAF Thermochemical Tables place more
emphasis on high temperatures (7> 298.15 K), it is desirable
to have data in the temperature range 0of 0t0 298.15 K. There
is no basic difference in evaluating low-temperature data,
but many more heat capacity points are needed to describe
fully the large curvature in the temperature dependence of
the heat capacity. In order to evaluate enthalpy increment it
is necessary to start with the temperature 7= 0 and inte-
grate up to 298.15 K; then the value at 298.15 K is subtracted
from the intermediate values, giving negative values for the
enthalpy below 298.15 K.

The tables extend to well above the normal melting
point to provide data in a metastable region which in this
caseis a superheated region. Explanations are inserted in the
tabulations to indicate the end of the phase stability and any
solid-state transitions.

Liquid Phase Thermal Functions

The construction of the liquid single-phase thermal
functions is identical with that used for the solid phase; how-
ever, the required data at 298.15 K are not usually readily
available. The data are obtained by calculating a preliminary
table using the chosen heat capacities with zero values for
A H°(298.15 K)and §°(298.15 K). The correct starting val-
ues are then determined by comparing the values from the
tables of crystal and liquid, using the following equations:
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AfusHo =4 fHo(TfuM/) - Ach(Tfuvcr)’
AfusSo = Afuch/Tfus = So( Tfus ’/) - So(Tfus ,cr).

The correct values at 298.15 K may be obtained from
the above relations. A typical liquid table is extrapolated
both below the melting point (if the melting point is above
298.15 K) and above the boiling point to facilitate interpola-
tion and to provide data in the metastable regions, both in
the supercooled and superheated regions. A glass transition
may be included, in which case the tabulation becomes a
multiphase table.

Gas Phase Thermal Functions

The gas phase thermal functions are generated using
statistical mechanical relationships. Minimal data required
for the various types of molecules are summarized below.
Some of the equations used are given in Sec. 6.1 on Calcula-
tional Methods. The relative molecular mass is required for
all molecules. Minimum information required is:

Monatomic species: .
Low-lying atomic energy levels and their statistical
weights.

Diatomic species:
Spectroscopic parameters such as the vibrational-rota-
tional constants, symmetry number, and low-lying elec-
tronic energy levels.

Linear polyatomic species:
Rotational constant, symmetry number, vibrational
frequencies, and low-lying electronic levels.

Nonlinear polyatomic species:
Principal moments of inertia, symmetry number, vibra-
tional frequencies and low-lying electronic levels.

Multiphase Tables

Tables which show only values for the stable phases at 1
bar pressure are multiphase tables. Multiphase tables can
always be recognized by the presence of solid lines, indicat-
ing phase transitions, on the table. They are prepared in a
manner similar to tables for condensed phases. The func-
tions are evaluated in the same manner as for a solid up to the
first transition point; then the enthalpy and entropy of tran-
sition are added and the integration is continued using the
heat capacities of the next phase. At each transition, the
above process is repeated.

6.1. Calculational Methods

The calculation of the temperature-dependent values of
the thermal function is performed using a variety of proce-
dures. Some of these procedures were developed internally
while others were developed at other locations. A general
description of the traditional equations used in the JANAF
project follows. Numerous higher order calculational
schemes are used whenever the data are sufficient. These
procedures are detailed on the appropriate tables.

In gas phase calculations, all thermodynamic variables
are calculated in dimensionless form, e.g., C, /R, to at least
seven significant figures. This is an arbitrary choice since
most data do not warrant this accuracy. This has been done
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to permit the calculation of the crossover temperatures and
enthalpies between single-phase tables accurately and to per-
mit conversion to the desired units without loss of accura-
cy.The printed tables, however, will only contain three deci-
mal places. Condensed phase tables do not depend directly
on R (the gas constant) and they are not calculated in dimen-
sionless form, but are calculated to five decimal places for
units conversion.

Condensed Phase Species

Thermodynamic data for condensed states are derived
from either measured or estimated information. The ther-
mochemical table is obtained normally by the appropriate
integration of heat capacity data. At the appropriate tem-
peratures, transition enthalpies are added to the enthalpy
total, while the quotient of the transition enthalpy divided by
the thermodynamic temperature is added to the entropy to-
tal.

Gaseous Species

Calculation of the contributions of rotation and transla-
tion involves the use of quantum statistics, but to obtain a
numerical solution the quantum statistics are usually re-
placed by classical statistics at temperatures above about 10
K; below 10 K this classical approximation no longer holds.
For this reason the equations presented here fail in the vicini-
ty of 0 K. In agreement with the third-law concept, C , and
S°are zeroat 0 K. For areference element, log K ; is zero at 0
K, while for compounds the absolute values of the Gibbs
energy function and log K ; become infinite at 0 K, for the
choice of the enthalpy reference temperature of 298.15 K.

In addition, classical statistics can sometimes lead to
erroneous results at high temperatures. For example, the
classical approximation could give abnormally high C, val-
ues for a diatomic molecule having a shallow potential ener-
gy curve.

The functions calculated for gases are obtained, in gen-
eral, from molecular constants that have been adjusted to the
natural isotopic abundance. Normally, the approximation of
adjusting the molecular parameters by a weighting accord-
ing to a weighted natural isotopic abundance can be made.
The proper correction (which is used for all reference states)
is based on a weighted isotopic average of the tabulations.

An electronic term of unit statistical weight lying at
30000 cm ™! and above contributes a negligible amount to
the thermodynamic functions at temperatures of 6000 K and
below. On the other hand, a number of such terms cannot be
neglected. In these cases, the number of terms and their val-
ues have been summed and their contribution included.

Some fundamental vibrational frequencies have been

estimated by analogy with related molecules. Occasionally,
two or more fundamentals are estimated at the same value.
This is not to be confused with a true degeneracy which is
indicated by placing the degeneracy value in parentheses fol-
lowing the frequency. However, when the information has
been taken from another compilation, the degeneracies indi-
cated by the compiler have been retained.

The method used in generating the thermal functions

depends not only on the quality/quantity of information
available but also on the specifics of the nature of the infor-

mation (e.g., split ground state, shallow potential wells, etc.).
The gas phase tables are generated using the following rela-
tionships unless stated otherwise. These relationships are
given in Mayer and Mayer*° and Pitzer and Brewer.>! Use of
a more sophisticated approach will always be noted and de-
tails given on the appropriate tables. The more common al-
ternative approaches are given by McBride and Gordon>?
and McDowell.*

1. Ideal Monatomic Gas
(a) Translation

C:/R =572,
[HYT)— HOK)]/RT =5/2,
S°/R =3/2InM, +5/2InT
k (2mk 32
+5/2 ln—( ) ,
+ P’ \Nh?
— [GT)— HOK)]/RT=3/21n M,

372
+5/2In T+1n£°(2”k) .
P

Nh?
(b) Electronic

o d’mlnQ dinQ
C°/R=T? 2T
? arz ar ’

[HYT)— H*0K)]/RT=T2122
dTr

op__dInQ
S/R=T i +InQ,
— [GT)—H°(0OK)]/RT=1nQ,

where

— kT

0= Y ge ",
i

where €; is in cm ™! and the electronic levels to be in-

cluded are discussed on the appropriate gas phase table.

1II. Ideal Diatomic Gas
(a) Translation

Same as in I(a).

(b) Rotation
C,/R =1+ (c,B/T)/45,
[HAT)— H°(0K)]/RT
=1—(c,B/T)/3 — (c,B/T)*/45.
S°/R =1 —In(c,Ba/T) — (c,B /T)/90.
—[G(T)— H(0K)]/RT
= —In(c,Bo/T) + (c,B/T)/3 + (c,B /T)*/90,
where
B=(B, —a./2);
in cm ™! when spectroscopic constants are available, or
B = h /8%l =2.799 320X 10~3%/I;
in cm™!

gem™2

when calculated from molecular model, I in
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(c) Vibration
C,/R=u’e""/(1 —e ),
[H(T)—H*OK)]/RT=ue~"/(1 —e™"),
S°/R=ue */(1—e % —In(l —e™ ¥,
—[G(T)—H°(0OK)]/RT= —In(l1 —e™"),
where
u=cjfw, —20.x.)/T;
when spectroscopic constants (in cm ') are available, or
u=cw/T,

where @ (in cm™!) is the fundamental frequency of a har-
monic oscillator.

(d) Corrections for anharmonic vibrations

cir =16 v
u (e“—1)
+ u’e“(28e* — 4Xu — 8x) | 12Xue’u
(e — 1)} (e — 1)’
[HT)— H°0K)]/RT
_Br 4 u(de* — 2X) 4Xu%e"
u (e — 12 (e — 1)*

o/p _ 16y [ Sue* 4Xu%e"
STR=—~ (e — 1) +(e"—l)2 (€ —17%
— [GY(T)— HOK)]/RT

_ By " 8 2Xu ’
u € —1  (e—1)p

where ¥ = (0, — 20.x.)(c,/T), X = 0 .x. /0., 6 = a./B,,

and y = B, /0, ; 0., @ X., B, and @, areincm™ .

(e) Electronic

Same as I(b) when the ith-state vibrational partition
function, Q! , and the ith-state rotational partition function,
Q:, are equal to the respective ground-state partition func-
tions. In this case the partition function

0=0.00.0.,

otherwise all the thermodynamic functions are derived from
where Q, is the translational partition function and

Q. =g exp(—c,6,/T).
III. Linear Polyatomic Molecule
(a) Translation
Same as in I(a).
(b) Rotation
Same as in I1(b).

(c) Vibration :
Same as in II(c) for 3N — 5 vibrational degrees of free-
dom.

(d) Corrections for anharmonic vibrations.
This contribution is normally neglected.
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(e) Electronic
Same as II(e) where levels and quantum weights are
known.

IV. Nonlinear Polyatomic Molecule (Rigid Rotator,
Harmonic Oscillator)
(a) Translation
Same as in I(a).

(b) Rotation
C,/R =3/2,
[H(T)— H°(0K)]/RT = 3/2,
S°/R =3/2 + (12)In(mo/I,Igl),
— [G(T)— H*OK)]/RT = (1/2)In(mo /1, Iz1.).

(c) Vibration
Same as II(c) for 3N — 6 vibrational degree of freedom.

(d) Corrections for anharmonic vibrations
This contribution is normally neglected.

(e) Electronic
Same as II(e) where levels and quantum weight are
known.

6.2. Dates

At the bottom of the tabulation side of each table, there
are one or two dates. These dates refer to the approximate
time at which the evaluation for these tables was completed.
The data for the most recent and the preceding evaluation
are given. These dates will be at the bottom of the page at the
right-hand side and left-hand side, respectively. Previously,
all revision dates had been listed. Current practice will limit
the dates to two. For the gas phase tables, the standard-state
pressure is given in parenthesis after the date(s). If the dates
are identical, then the difference in this current table and its
predecessor lies in the changes due to the standard-state
pressure. Contrary to previous practice, the latest issue date
of each table is not given in either of the two indices in this
publication.
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9. Indices to Tables

There are two indices provided with this publication.
Both indices are alphabetical, one by chemical name and one
by chemical formula. In both cases the state of the com-
pound is given in parentheses after the chemical formula.
The tables and discussions are arranged in the same order as
given in the chemical formula index.

9.1. Description of the Chemical Name Index to the
JANAF Thermochemical Tables

The nomenclature for the chemical species included in
this publication does not fully correspond to the current
Chemical Abstracts practice. The attempt has been made to
use names as easily understandable as possible while not de-
viating far from the Chemical Abstracts system. Cited are

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985
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two examples where the Chemical Abstracts nomenclature
is followed, AlBr,(g) and BBr;(g) are listed as aluminum bro-
mide and tribromoborane, respectively. For historical rea-
sons, we would have preferred to name BBr;(g) as boron
bromide. However, Chemical Abstracts refers to most boron
halides as borane derivatives. On the other hand, whereas
Al,Bry is called di-u-bromotetrabromoaluminum in Chemi-
cal Abstracts, this publication uses aluminum bromide.

Other general comments on the nomenclature are:

(1) The carbon and silicon neutral species follow the
Chemical Abstracts organic-type nomenclature in which the
name reflects the type of bonding.

(2) The “-ium” suffix that denotes positive ions is not
used. CH* (g) is named “methylidyne, ion” whereas Chemi-
cal Abstracts uses “methyliumylidene.”

(3) Salts are not named as an ‘““acid, metal salt of.” For
example, BaSO, is barium sulfate, not sulfuric acid, barium
salt.

(4) Many mineral names used.

(5) The sometimes confusing nomenclature for bridged
structures in dimers is not used. Normally the monomer
name is used.

In adopting this modified Chemical Abstracts nomen-
clature, there are numerous species for which the name will
be significantly different from earlier JANAF publications.
It is impractical to list all name changes, but in the more
severe cases, a comment is made on the tables as to the pre-
viously used name.

9.2. Description of the Chemical Formula index to the
JANAF Thermochemical Tables

The tables included in this publication are ordered as
given by the Chemical Formula Index. The modified Hill

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985

indexing system [J. Am. Chem. Soc. 22, 478 (1900)] for
chemical compounds as used by Chemical Abstracts is em-
ployed here to order the tables.

The Hill empirical formula is obtained for a particular
compound by placing the elements in their alphabetical or-
der unless C is present, in which case C is placed first, H
second, and the remaining elements in alphabetical order.
Substances with the same Hill formula are ordered alpha-
betically by their name. However, tables representing differ-
ent states of the same species are in the order crystal, liquid,
crystal-liquid, and ideal gas.

As examples, BeCl(g) would appear as written, whereas
NacCl(g) would be filed under CINa(g). To expand on the
ordering of carbon compounds, the C always comes first,
followed immediately by H if hydrogen is present, and then
followed by any other elments present in their normal alpha-
betical order. The number of atoms of the element indexed
first also influences the order of indexing the compound,;
e.g., all formulas with C (one carbon atom only) come before
those with C, (two carbon atoms), followed by C com-
pounds, and so on. Thus: CHBF,O (formyl fluoride, com-
pound with BF;), CHCI, (chloroform), CH,F,P (trifluor-
methylphosphine), CH;NO; (methyl nitrate)) CH,CL,Si
(dichloromethylsilane), CH,,N,O; (hydrazine carbonate),
CO (carbon monoxide), CO, (carbon dioxide), CO5Zn (zinc
carbonate), CZr (zirconium carbide), C,Ba (barium acety-
lide), C,BrCIF, (bromochlorodifluoroethylene), C,Ca (cal-
cium carbide), and so on. See any formula index of Chemical
Abstracts for further details and examples.

The electron gas, e~ (ref st), is inserted in the filing or-
der after the deuterium species. Nonstoichiometric com-
pounds are inserted just prior to or just after the correspond-
ing stoichiometric order.
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Aluminum
Aluminum
Aluminum
Aluminum
Aluminum

Aluminum

(A1)
(Al)
(A1)
(AL)
(A1)

(Alp)

Aluminum, ion (A1")

Aluminum,

Aluminum
Aluminum
Aluninum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum

Aluminum

Aluminum

ion (Al7)
borate (Almz)
bromide (AlBr)
branide (AlBrs)
bromide (AlBra)
bromide (AlBrs)
bromide (AlBr3)
bromide ((AlBra)z)
carbide (AlC)
carbide (Al 4C3)
chloride (AlCl)
chloride (A1C12)
chloride (AlCla)
chloride (A1C13)
chloride (AlCls)
chloride (AlCla)
chloride ((AIClz),)

chloride, ion (A1C1+)

chloride, ion (AlC1,")
chloride, ion (A1c12‘)
chloride fluoride (AlCl1F)
chloride fluoride (A1C1F2)
chloride fluoride (A1C12F)
chloride fluoride, ion (AICIF')
chloride oxide (OAlLCl)
chloride oxide (0A1Cl)

fluoride (AlF)

fluox"ide (Ale)

fluoride (A1F3)

fluoride (A1F3)

fluoride (A1F3)

fluoride (A1F3)

fiuoride ((AL¥;),)

fluoride, ion (AIF')

fluoride, ion (AIF,")

fluoride, ion (A1F2')

fluoride oxide (OAlF)

fluoride oxide (GAle)

fluoride oxide, ion (OAIFZ_)
hydride (Alk)

hydride oxide (OAll{)
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9.3. Chemical Name Index

FORMULA PAGE
AL (ref) 61~
All(cr) 62 -
AL (1) 63 -
AL (er,1) 64 -
Al, (g) 65 °
Al () 140
a1t e 66
AL, (8) 67 -
AL;B,0,(g) 68
Al Br, (g) ’ 69
Al Br,(cr) 70
A1, Bry(1) 71
AllBra(cr,l) 72
Al Bra(g) 73
AlBry(g) 144
C,AL (8) 539
C4AL (cr) 672
AL,CL,(8) 74
AL,CL,(g) 81
AL,Cl (cr) 85
AL,Cl (1) 86
AL Cly(er,1) 87
A1,Cl (8) 88
ALC1(8) 145
ac e 75
A11012+(Z) 82
A1,CL, (g) 83
AL,CL;F, (g) 76
AL,C1 Fo(g) 78
AL CL,F, (g) 84
A11011F1*(g) 77
AL,C1,0, (er) 79
A1,C1,0,(8) 80
ALF (8) v 93~
AL Fo(g) v 96
A1 Fa(cr) 101 ~
AL Fa(1) 102—
A11F3(cr,l) 103 ~
AL Fo(8) 104 -
ALF(8) 147 -
aF e %4 -
AL F,"(8) 97 ~
A11F2-(g) 98~
AL;F,0, (&) 95
ALF,0,(g) 99
A1,F,0, (&) 100
AL H, (8) 116
A1,H,0, () 117
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Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluninum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum

Amidogen

hydroxide (A10H)
hydroxide, ion (AlOH)
hydroxide, ion (AlOH )
hydroxide oxide (OA1OH)
iodide (AlI)

iodide (Allg)
iodide (All,)
iodide (Ally)
iodide (Ally)
iodide ((Ally),)
nitride (ALN)
nitride (ALN)
oxide (A10)
oxide (AlOz)
oxide (A120)
oxide ((AL0),)
oxide (A1203)

oxide (A1203)

oxide, alpha (Al,0,)

oxide, delta (Al,05)

oxide, gamma (A1203)

oxide, ion (A10%)

oxide, ion -(Al0 )

oxide, ion (A10,)

oxide, ion (A1,0")

oxide, ion (A1,0,")

oxide, kappa (Alzos)

silicate, andalusite (Alzsios)
silicate, kyanite (A1,Si05)
silicate, mullite (A16312013)
silicate, sillimnite (AL,Si0;)
sulfide (AlS)

sulfide (Alzsa)

(M)

Amidogen—D2 ( NDZ)

Ammonia ( NH3)
Ammnia-[)3 ( ND3 )

Ammonium
Ammonium
Ammonium

Ammonium

bromide (NH 4Br)
chloride (NH 401)
iodide (NH 41 )

perchlorate (Nl 4ClO 4)

Argon (Ar)
Argon, ion (Arh)
Azide (Ny)

Barium (Ba)

Barium (Ba)

Barium (Ba)

FORMULA
A1,H,0,(8)
a1,,0, " (g)
Alllllol-(g)
AL H,0,(g)
AL I (”)
Allls(cr)
AL 15(1)

Al I (cr,1)
AL I(8)
ALl (g)
AllNl(cr)
ALN, (8)
AL,0,(e)
A1,0,(g)
AL, (8)
AL0,(®)
AL,0,(1)
AL,0 (cr,1)
A1,04(cr)
A1203(cr)
Al,04(cr)
M0, @)
M0, (®)
A1102-(g)
41,0, ")
41,0,"(®)
A1,04(cr)
AL, S1, (er)
AL,0.51, (cr)
A16013812(cr)
AL,0,S, (cr)
ALS)(8) -
A1283(cr)
HN, (8)
DN, (8)
HaN, (8)
DN, (8)
Brlﬂ4Nl(cr)
Clllléﬂl(cr)
LI N (cr)

411
C1,H,N,0,(cr)
A!‘l(ref)
ar e

N3(8)
&l(ref)

&il(cr)

B, (1)

‘21

118
119
120
121
123
124
125
126
127
148
131
132
134 -
137 ~
152
154«
160 -
161
156

157

138 -
153 -
155 <
159
162
163
172
164
139
165
1270
1005

1009
432
746

1299
747
173
174

315
316
317
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Barium (Ba)
Barium (Ba)
Barium, ion (Ba+)
Bariuwn bromide (BaBr)
barium bromide (BaBr,)
Barium bromide (BaBrz)
Barium bromide (BaBrz)
Barium bromide (BaBrz)
Barium chloride (BaCl)
Barium chloride (BaClz)
Barium chloride (BaClz)
Barium chloride (BnClz)
Barium chloride (BaCl,))
Barium fluoride (BaF)
Barium fluoride (b‘an)
Barium fluoride (HaPz)
Bariun fluoride (Bal"z)

Bariun fluoride (Bal"z)

Barium fluoride, ion (BaF')

Barium hydroxide (BaOH)

Barium hydroxide (Ba(OH),)
Barium hydroxide (Ba(OH)z)
Barium hydroxide (Ba(OH),)
Barium hydroxide, alpha (Ba(Uﬂ)z)

Barium hydroxide, ion (Baot')

Barium iodide (bal)
Barium iodide (Balz)
Bariun iodide (Bulz)
Barium iodide (Balz)
Barium iodide (Ba.Iz)
Barium oxide (BaQ)
Barium oxide (BaO)
Barium oxide (BaO)
Barium oxide (BaO)
Barium sulfide (BaS)
Barium sulfide (BaS)
Beryllium (Be)
Beryllium (Be)
Beryllium (Be)
Beryllium (Be)
Beryllium (Be)
Beryllium (Bez)
Beryllium, ion (Be')

Beryllium aluminum oxide (BeAl
Beryllium aluminum oxide (BeAl
Beryllium aluminum oxide (BeAlz
Beryllium aluminum oxide (BeAl
Beryllium aluminum oxide (BeAlGOw)
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FORMULA
Bal(cr, 1)
Ba, (g)

Ba, ()
Ba,Br, (g)
lhlﬂr2(cr)
BalBrz( 1)
Balsrz(cr, 1)
mlBrz(g)
Lh‘ilCll(g)
MIClz(cr)
BalC12( 1)
Ithlz(cr, 1)
Ba,CL,(g)
Ba F,(g)
Bale(cr)
Bale(l)
Belf"z(cr, 1)
Ba,F,(g)
Ba,F, *(8)
BalHIOl(g)
B“1“2°2(1)
Balﬂzoz(cr,l)
BaleOz(g)
Bnlklzoz(cr)
ba,H,0,*(8)
Ba,I,(8)
81112(cr)
&llz(l)
Ba,I,(cr,1)
Ba,I,(8)
&101(cr)
&1101(1)
Ba,0, (cr,1)
Ba,0, (8)
mlsl(cr)
Ba,S, (8)
Bel(ref)
Be, (cr)

Be, (1)
Bel(cr,l)
Be, (8)
Bey(8)

Be, " (g)
A128e104(cr)

AlzBelo 4( 1)

Al_Be, O, (cr,l)

214
AIGBeIOw(cr)
AlgBe,0; (1)
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Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
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Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
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Beryllium
Beryllium

Beryllium
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aluminum oxide (BeAlGOIO)
borate (BeBOZ)
borate (Be(mz)z)
borate (Be3B,0,)
bromide (BeBr)
bromide (BeBrz)
bromide (BeBrz)
carbide (302C)
carbide (BezC)
carbide (Be2C)
carbide (UeC2)
chloride (BeCl)
chloride (L'.eClz)
chloride (BeClz)
chloride (BeC12)
chloride ((BeC12)2)
chloride, alpha (DeClz)
chloride, beta (BeClz)
chloride, ion (BeCl*)
chloride fluoride (BeClF)
fluoride (BeF)

fluoride (Ber)

fluoride (Ber)

fluoride (Ber)

fluoride (Ber)

fluoride oxide (O(Bel-‘)z)
hydride (BeH)

hydride (Bell,)

hydride, ion (BeH')
hydroxide (BeOH)
hydroxide (Be(OH),)
hydroxide, alpha (Be(al)z)
hydroxide, beta (Be(OH)z)
hydroxide, ion (BeOil")
iodide (Bel)

iodide (BeIz)

iodide (Bel,)

iodide (Bel,)

iodide (BeIz)

nitride (BeN)

nitride (BegN,)

nitride (BegN,)

nitride, alpha (BeaNz)
oxide (BeO)

oxide (BeO)

oxide (BeO)

oxide (Be,0)

oxide ((Be0),)

FORMULA
“69"1010(“"' 1)
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B28e104(g)
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Be,Br, (g)
Belnrz(cr)
BelBrz(g)
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ClBez( 1)
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DeICIZ(l)
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(cr,1)

BelCI2(cr)
Be,C1, "(8)
Be,CL;F, (g)
Ee,F, (g)
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Bele(l)
Bele(cr, 1)
Be,F,(g)
BeZFZOl(g)
Be,H, (2)
Be, H,(8)
Be, H, *(8)
Be,H,0,(8)
Be, 1,0, (8)
Bell{202(cr)
Belﬂzoz(cr)
Be,H,0,* (&)
Be;I,(g)
Bellz(cr)
Bellz(l)
Bellz(cr, 1)
Be,I1,(g)
Be,N, (g)
ksNz(l)
BesNz(cr,l)
Be3N2(cr)
Belol(l)
Bel()l(cr, 1)
Be,0, (8)
Be,0, (8)

Be,0,(8)
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361
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544
545
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409
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367
364
365
371
372
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374
375
410
383
387
384
385
390

393
394

415

. 416

414

401
411
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beryllium oxide ((Be0)3)

Beryllium oxide ((Be0)4)

Beryllium oxide ((BeO)b)

Beryllium oxide ((Be())e)

Beryllium oxide, alpha (BeO)

Beryllium oxide, beta (8eO)

Berylliwa silicate (BeZSqu)

Beryllium sulfate, alpha (Be.904)

Beryllium sulfate, beta (B&'>04)

Beryllium sulfate, gamma (b‘e&)4)

Beryllium sulfide (BeS)

Berylliun sulfide (Bed)

Beryllium tungsten oxide (Bew()4)

LBorane (Btl)

Borane (th.)

Borane (Bua)

Borazine ( BSHGNB)

Boric
Boric
Boric
Boric
Boric
Boron

Boron

- Boron
+ Boron
Boron
Boron
Boron
Boron
Boron
+ Boron
¢ Boron
Boron
Boron
Boron
- Boron
“ Boron
“Boron
!Boron

« Boron

acid (sz)
acid (sz)
acid (113303)
acid (1%903)
acid ((ILK)Z)B)
(B)

(B)

(B)

(B)

(B,)
beta-rhombohedral (B)

, ion (8%)

, don (B))

bromide oxide (OBBr)
carbide (BC)

carbide (B4C)

carbide (B4C)

carbide (B,C)

chloride oxide (OBCl1)
fluoride oxide (OBF)
fluoride oxide (Oqu)
hydride oxide (1BO)
hydride oxide, ion (HBO')
hydride oxide, ion (HBO )

hydride sulfide (HBS)

hydride sulfide, ion (HBS')

nitride (BN)
nitride (BN)
oxide (BO)

oxide (302)
oxide (520)
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Be0;5(8)
Be,0,(g)
Be 0, (&)
BeOg(8)
Belol(cr)
Be, 0, (cr)
Be,0,81, (er)
&10481(cr)
Be,0,8, (cr)
Be10481(cr)
Belsl(cr)
Be;S, (8)
Bel()4vl(cr)
B,H, (8)

B, 1, (£)

Bl (8)
Byl (&)

B H,0,(cr)
B)H 0,(8)
B1H303(cr)
B, 303(e)
BSH0(8)
B, (ref)

B, (1)
Bl(cr, 1)

B, (g)

By(8)
Bl(cl‘)
B,"(e)

B, ()
B,Br,0, ()
C,B,(8)
C,By(cr)
C,B,(1)
ClB4(cr, 1)
B,C1,0, (&)
B,F,0, (8)
B,F,0, (8)
B, H,0, (8)
B,H,0," (&)
B,H, 0, (8)
B H, S, (8)
B8, " (8)
BlNl(cr)
BN, ()
B,0; (&)
B,0,(8)
B30, (8)

PAGE
417
418
419
420
397
398
413
402
403

407
405
219
227

288
223
224

. 230

287
175
177
178
179
257
176
180
181
188

541

199

213
220
221
222
225
226
246
247
252

TABLE TITLE
Boron oxide ((K))z)
Boron oxide (B,0;)
Boron oxide (B203)
Boron oxide (8203)
Boron oxide (8203)
Boron oxide, ion (B)z—)
Boron sulfide (BS)
Boroxin (83H303)
Boroxin (13311303)
Bromine (Br)

Bramine (Br2)

Bromine (Br2)

Bromine (Br2)

Bromine, ion (Br')
Emine, ion (Br )
Bromine chloride (BrCl)
Bromine fluoride (BrF)
Bromine fluoride (BrFa)
Bramine fluoride (BrFs)
Bromoborane (BBr)
Bramochloroborane (BBrCl)

Bramodichloroborane (BBrCl

Bramodifluoroborane (BBrF
Bramofluoroborane (BBrF)
Bromoimidogen (NBr)
Bromomethylidyne (CBr)
Bramosilane (SiHaBr)
Bromosilylidyne (SiBr)

Bromotrifluoromethane (CBrPS)

2-Butynedinitrile (C, 4N2)

Calcium (Ca)

Calcium (Ca)

Calcium (Ca)

Calcium (Ca)

Calcium (Caz)

Calcium, alpha (Ca)
Calcium, beta (Ca)
Calcium, ion (Ca*)
Calcium bromide (CaBr)
Calcium bromide (Q.Brz)
Calcium bromide (CaBr,)
Calcium bromide (CaBry)
Calcium bromide (&Brz)
Calcium chloride (CaCl)
Calcium chloride (Q;Clz)
Calcium chloride (QClz)
Calcium chloride (&012)

2)

FORMULA
B,0,(8)
3203( cr)
B,04(1)

B,0 (cr,1)
By05(8)
B0, (8)
B;S, ()
Byi;0y(cr)
B, 0,(8)
Br, (e)

Brz( ref)
Br,(cr,1)
Bry(g)

br " (®)
Br, (g)
Br,Cl, (8)
Br,F, (8)

Br F,(8)
BrF.(g)
BlBrl(g)
BlBrlCl1 (8)
B, Br,Cl,(g)
BIBrII-‘z(g)
B BrF, (g)
Br,N, ()
ClBr1 (8)
BrH,S1, (8)
Br,Si, (8)
C,Br,Fo(8)

CyN,(8)

011 (ref)

Ca, (1)
Ca,(cr,l)
G, (8)
Ca,(8)
Ca,(cr)

Ca, (cr)
a,'®
Br,Ca, (8)
Br2(h1 (cr)
Br,Ca, (1)
Br,Ca, (cr,1)
Br,Ca, (8)
(lthl1 (®)
011012(cr)
(hIClz( 1)
(thlz(cr 1)
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184

187

186

547
431
453
548

689

77
686
687
691
424
461
462
463
464
692
693
694
695
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Calcium chloride (ChClz)
Calcium fluoride (CaF)
Calcium fluoride (Mz)
Calcium fluoride ((».Fz)
Calcium fluoride (Ca.l'-‘z)
Calcium fluoride (&Fz)
Calcium hydroxide (CaOh)
Calcium hydroxide ((h(OH)z)
Calcium hydroxide (Ca(OH),)

Calcium hydroxide, ion (CaOH")

Calcium iodide (Cal)
Calcium iodide (&12)
Calcium iodide (Cal,)
Calcium iodide (Ca.12)
Calcium iodide ((hlz)
Calcium oxide (CaO)
Calcium oxide (CaO)
Calcium oxide (CaO)
Calcium oxide (CaO)
Calcium sulfide (CaS)
Calcium sulfide (CaS)
Carbon (C)

Carbon (C)

Carbon (Cz)

Carbon (C3)

Carbon (C4)

Carbon (C5)

Carbon, ion (Ch)

Carbon, ion (C)

Carbon, ion (C,)

Carbon dioxide ((X)z)
Carbon dioxide, ion (C0,)
Carbon disulfide (CSz)
Carbon monoxide (00)
Carbon oxide sulfide (CQOS)
Carbon phosphide (CP)
Carbon suboxide (0302)
Carbon sulfide (CS)

Carbonic chloride fluoride (OOC1F)

Carbonic dichloride (CXX:lz)
Carbonic difluoride (Q)Fz)
Carbonyl chloride (OOCl)
Carbonyl fluoride (COF)
{000 radical (C,0)

Cesium (Cs)

Cesium (Cs)

Cesium (Cs)

Cesium (Cs)
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FORMULA
CalC12(g)
Ca;F, (8)
Cthz(cr)
Ca, Fo(1)
Oa.le(cr ,1)
Ca,Fy(8)
Ca,H,0,(8)
Calllzoz(cr)
Ca,H,0,(g)
Ca, 1,0, (8)
a1, ()
011 12 (cr)
Ca I,(1)
Ca, I (cr,1)
Ca, I,(e)
2,0, (cr)
€2,0,(1)
Ca,0, (cr,1)
Ca,0, (8)
Ca;8, (cr)
Ca,, (8)
C, (ref)
C,(®

Co(®)

C4(®)

Cy(8)

C5(8)
T

¢ ®

C, (®
C,0,(8)
C,0,7(8)
C;5,(8)
€,0,(8)
C,0,8,(8)
C,P, (&)
C30,(8)
C,S,(e)
C,C1,F,0,(8)
€,C1,0, (8)
C,F,0, (&)
€,C1,0,(®)
C,F,0; (&)
C0,(8)

Cs, (ref)
Cbl(cr)
Cs; (1)

&1( cr,1)
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PAGE
696
697
698
699
700
701
702
704
705
703
706
707
708
709
710
711
712
713
714
715
716
535
536

626
627
630
675
631

TABLE TITLE
Cesium (Cs)
Cesium (Cs,)
Cesium, ion (Cs")
Cesium, ion (Cs")
Cesium chloride (CsCl)
Cesium chloride (CsCl)
Cesium chloride (CsCl)
Cesium chloride (CsCl)
Cesium chloride ((CsCl),)
Cesium fluoride (CsF)
Cesium fluoride (CsF)
Cesium fluoride (CsF)
Cesium fluoride (CsF)
Cesium fluoride ((CsF),)
Cesium hydroxide (CsOH)
Cesium hydroxide (CsOH)
Cesium hydroxide (CsOH)
Cesium hydroxide (CsOH)
Cesium hydroxide ((CsOH),)

Cesium hydroxide, ion (CsOH')

Cesium oxide (CsO)

Cesium oxide (Os20)
Cesium sulfate (Cs,S0,)
Cesim sulfate (Os2804)
Cesium sulfate (Céz&)4)
Cesium sulfate, I (CsySO,)
Cesium sulfate, II (Cs,S0,)
Chiolite (NagAlF,,)
Chiolite (NagAl,F,,)
Chiolite (Na5A13F14)
Chlorine (Cl)

Chlorine (012)

nlorine, ion (C1%)
Chlorine, ion (C17)
(hlorine fluoride (C1F)
Chlorine fluoride (CIF;)
Chlorine fluoride (ClF5)
Chlorine oxide (C10)
leofine oxide (0102)
Chlorine oxide (0120)
Chloroborane (BCl)
Chloroborane, ion (BC1*)
Chlorodifluoroborane (ml?z)

Chlorodifluoromethane (GiCle)

Chloroethyne (Czﬂcl)
Chlorofluoroborane (BC1F)
Chlorofluoromethane (01201?)
Chloromethane (CH,Cl)

FORMULA
Cs, ()
Cs,(8)
cs,*(e)

Cs, (&)
C1,Cs, (cr)
CIICsl(l)
CIICsl(cr,l)
C).lel(g)
Cl,Cs,(8)
Olel(cl‘)
(blFl(l)
051F1<cr,1)
Cs,F; (&)
Cs,Fo(8)
(SIH 0, (cr)

171
(blﬂlol(l)
Cslﬂlol(cr,l)
(blﬂlol(g)
Cs,H,0,(8)
Cs;H,0,"(8)
Cs,0, ()
Cs,0,(8)
C8204SI(1)
Cszo4sl(cr, 1)
Cs204sl(g)
0820481(cr)
(320481(01')

A13F1 4Na5(cr-)

A13F14Na5(1)
Al_F. Nas(cr,l)

314
c1,
C12( ref)
a1,
c1, (@
CllFI(g)
C11F3(g)
CIIFS(S)
01101(5)
01102<g)
C1201(3)
BlC].l(g)
B,c1, ")
81C11F2(g)

CIHICIIFz(g)

G, (®)
BICllFl(g)
C1H201 1F1 (g)
C1l1301 1(3)

PAGE

947

948
949
722
723
724
725
795
950
951
952
953
961
954
955
956
957

958
959

167
168
718

719
720
732

740
776
778

195
196
198
579

197
591
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TABLE TITLE FORMULA
Chloramethylene (CHC1) C,H,C1,(8)
Chloramethylidyne (CC1) C,C1,(®)
Qilorosilane (SiHC) C1,H;81,(8)
@ilorotrifluoramethane (CC1F,) CC1,Fy(8)
Qulorotrifluorosilane (S1C1F,) C1,F81, (&)
Chramium (Cr) Q'l(ref)
Chramium (Cr) &'l(cr)
Quramium (Cr) Cr (D)
Ghranium (Cr) Q'l(cr,l)
Quromiun (Cr) cry(8)
Caromium, o (Cr') o @
Chramium, ion (Cr ) cr, (8
Quromiun carbide (Cr,C,) C,Cry(er)
Ghranium carbide (01'7(:3) 030r7(cr)
CGaranium carbide (01‘23C6) CGst(cr)
Curomium nitride (CrN) CrN, (er)
Guramiun nitride (CrN) cr N, ()
Chramium nitride (Cr,N) CrN, (er)
Qiranium oxide (CrO) Cr0,(8)
CGoranium oxide (Cr0,) Cr,0,(8)
Coramium oxide (Cr0;) Cr,0,(8)
CGhranium oxide (01'203) 0'203(cr)
Coromium oxide (Cr,05) Cr0.(1)
Ghramium oxide (01'203) Q'zos(cr,l)
Clorosilylidyne (SiCl) 011811(3)

/ OXC radical (C,N) C,N (8)

v QN radical (CNN) C,Ny(8)
Cobalt (Co) G0, (ref)
Cobalt (o) o, (cr)
Cobalt (Co) 0o, (1)
Cobalt (Co) ®,(er,1)
Cobalt (Co) G, (8)
Oobalt, ion (Co') o,"@®
Cobalt, ion (Co") 0, (8)

) Cobalt chloride (CoCl) Cll(bl(g)
Cobalt chloride (Q)Clz) Clz(bl(cr)
Oobalt chloride ((bClz) Clz(bl(l)
Cobalt chloride ((bCl.z) Clz(bl(cr,l)
Cobalt chloride ((bClz)' Clz(bl(g)
Cobalt chloride (CoClg) C1 400, (8)
Cobalt chloride ( ((bClz)z) C1 40)2(3)
Cobalt fluoride (Oon) (bll’z(cr)
Cobalt fluoride (CoF,) 0o, F(1)
Cobalt fluoride (Q)Fz) Q)le(cr,l)
Cobalt fluoride (O.)Fz) (bll"z(g)
Cobalt fluoride ((bl’a) (b1F3(cr)
Cobalt oxide (Qo0) ,0, (cr)

Cobalt oxide ((b304) (b304(cr)

|

{

PAGE

578
561
745
563
739

928

931
932

785
666
621
912
913
914

915

916
917
918
721
791
792
793

219
920
921

923

TABLE TITLE
Cobalt sulfate ((bm4)
Copper (Cu)
Copper (Cu)
Copper (Cu)
Copper (Cu)
Copper (Cu)
Copper (0.12)
Copper, ion (Qx+)
Copper, ion (Cu )
Oopper chloride (CuCl)
Copper chloride (CuCl)
Copper chloride (CuCl)
Copper chloride (CuCl)
Copper chloride (CuC12)
Copper chloride ((CuCl)
Copper cyanide (CuCN)
Copper fluoride (CuF)

3)

Oopper fluoride (CuF)
Copper fluoride (on?z)
Copper fluoride (Qﬂ’z)
Copper fluoride (01172)
Copper fluoride (Cqu)
Copper hydroxide (Cu(OH),)
Copper oxide (CuO)
Copper oxide (CuO)
Oopper oxide (0120)
Copper oxide (0:20)
Copper oxide (0120)
Copper oxide sulfate (010-01&)4)
Copper sulfate (Qx&)4)
Cryolite (NagAlFg)
Cryolite (NagAlFg)
Cryolite, alpha (NaAlFy)
Cryolite, beta (NagAlFg)
Cyanide (QV)

Cyanogen (?‘)

Cyanogen, ion (ON))
Cyanogen bramide (BrCN)
Cyanogen chloride (C1CN)
Cyanogen fluoride (FCN)
Cyanogen iodide (CNI)

Decaborane “’10“14)
Decaborane (Bmﬂm)
Decaborane (B, H, )
Decaborane (Bmﬂm)
Deuterium (D)

Deuterium (Dz)

FORMULA
00,8, (cr)
011( ref)
Cu,(cr)
Qu,(1)
Qxl(cr ,1)
Cu,(8)
Cu,(8)

o, @

Cuy (8)

(o} IQll(cr)
C1,0u,(1)
Cl 1011( cr,l)
C1,Cu, (8)
€10 (er)
ClCus(8)
Clmlﬂl(cr)
0111"1( cr)
Cu,F, (8)
Cu, Fo(cr)
011F2( 1)
0111’2( cr,l)
Cu;Fo(8)
Qu,H,0,(cr)
Qxlol(cr)
Cu,0, (8)
szol(cr)
Quy0, (1)
leol(cr ,1)
Cu 0.8, (cr)
0110481 (cr)
Al 11"6&3( 1)
Al 1l’slh.a( cr,1)
Al 1l’gﬂla(m‘)
Al lrsma( cr)
C)N, (®)
C)N,(®)
LR
C,BrN, (&)
C,C1,N, (8)
C,F\N,(8)
C,I,N, (8

Byoth4(er)
Byot14(1)
Byofleler 1)
Biotha(®
Dy(e)
Dy(ref)

25

114 -
115.
112~
113~
615
613
614

601

310
311
312
313
991

1002
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TABLE TITLE FORMULA PAGE TABLE TITLE FORMULA PAGE
Deuteriun, ion (DV) 0, "® 9292 Ditodosilylene (Sil,) 151, (8) 1371
Deuteriun, ion (D) D, (&) 993
Deuteriun, ion (D) LN) 1003 Electron gas (e ) e, (ref) 1010
Deuterium, 1o (D, ) D, (® 1004 Ethanedinitrile ((QN),) N (@) 667
Diazene, cis (HNNH) HN,(8) 1271 V' Ethene (C,,) CH,(8) 661
Diazene-D,, cis (DNND) D N,(8) 1006 " Ethyne (CJ,) C(8) 660
Diborase (Byig) B,1g(8) 25 ', Ethyayl (CD) CHy(@® a5
Dibramoborane (BEr,) B,Bry(8) 189
Dibramoborane (BHBr,) B,Br.H (8) 192 Fluorine (F) F,(8) 1011
Dibramochloroborane (BBr,Cl) B,Br.Cl, (&) 190 Fluworine (F,) Fy(ref) 1058
Dibramotluoroborane (BBroF) B,Br,F, (€) 191 Fluorine, ion (F") 7@ 1012
Dibramosilane (SiH,Br.) Br H,81, (&) 469 Fluorine, ion (F) F(® 1013
Dibramosilylene (SiBr,) Br,S1, (8) 489 Fluorine nitrate (FONO,) F,N,0,(8) 1036
Dichloroborane (ECl,) B,C1,(8) 200 Fluoroborane (BF) B,F, (&) 206
Dichloroborane (BHCI,) B,C1,H, (g) 204 Fluoroboroxin (BgH,0,F) B,F H,0,(8) 281
Dichloroborane ((ECl,),) B,C1,(8) 260 Fluoroethyne (C/HF) CH,F, (8) 650
Dichloroborane, ion (BCL,") BCL, (8) 201 Fluoroimidogen (NF) PN (8) 1033
Dichloroborane, ion (BCL, ) B,CL, (8) 202 Fluoramethane (GF) C,HF, (&) 598
Dichlorodifluorcnethane (CCL,F,) C,CLF,(®) 557 Fluoramethylene (CHF) CHF(8) 582
Dichloroethyne (C,CL,) C,Cl,(8) 649 Fluoramethylidyne (CF) C,Fy(®) 563
Dichlorofluoroborane (BCl,F) B,CL,F, (8) 203 Fluoromethylidyne, ion (CF') ClF1+(g) 564
Dichlorofluorcmethane (CHCL,F) C,H,CLF, (8) 580 Fluorosilane (SLHF) FyHS1, (8) 1018
Dichloramethane (CH,CL,) C;H,C1,(8) 592 Fluorosilylidyne (SiF) P,S1,(2) 1052
Dichloranethylene (CC1,) C,Cly(®) 556 Fluorosul furic acid (HSO.F) F,H 0.8, (B) 1017
Dichlorosilane (S1H,Cl,) C1H,81, (8) 802 Formaldehyde (H,00) €,H,0, () 504
Dichlorosilylene (SiCl,) C1,81,(8) 835 Formyl (HCO) C,H,0,(8) 587
Difluoroamidogen (NF2) qul(g) 1083 Formyl, unipositive ion (H(D+) CIH101+(8) 588
Difluoroborane (BP2) Ble(g) 208 Formyl fluoride (HOOF) CIHIFIOI(B) 583
Difluoroborane (BHF,) B,F,H, (8) 211
Difluoroborane ((BF,),) B,F, (8) 261 Gallium (Ga) Ga, (ret) 1204
Difluworoborane, ion (BF,") B,F," () 209 Gallium (Ga) G, (er) 1206
Difluoroborane, ion (BF, ) B,F, (8) 210 Gallium (Ga) Ga (1) 1206

‘ Difluoroborane oxide (O(BF,),) BF,0,(8) 262 Gallium (Ga) Ga,(er,1) 1207
Difluoroboroxin (BHOF,) ByF,H,0,(8) 282 Gallium (Ga) Ga,(8) 1208
Difluorodisul fane (FSSF) F,5,(8) 1104 Gallium, ion (Gah) G, (e 1209
Diflworoethyne (CyF,) CF,(8) 653 Gallium, fon (Ga’) Ga, (8) 1210
Difluorohydroxyborane (BF,0H) B,F,H,0, (&) 212
Difluoramethane (CHF,) C,H P, (8) 593 Hafnium (HE) Bt (ref) 1310
Difluoramethylene (CF,) C,Fo(8) 567 Hafnium (Hf) e, (1) 1313
Difluoramethylene, ion (CF,") C\Fy ® 568 Hafoiun (HE) Ht, (er,1) 1314
Di fluorooxosilane (OS1F,) P,0,51,(8) 1090 Hafnium (HE) e (8) 1315
Difluorosilane (S1H,F,) P81, (8) 1067 Hafnium, alpha (Hf) B, (cr) 1311
Difluorosilylene (SiFy) F,S1,(8) 1106 Hafnium, beta (Hf) Hf, (er) 1312
Dihydraxyborane (B(OH),) B,H,0,(8) 228 Hafnium, ion (HE') t, " (e) 1316
Dihydroxyborane ((B(OH)),) ByH,0, (cr) 263 Hafnium, ion (B ) ut,7(8) 1317
Dihydraxyborane ((B(OH),),) B,H,0,(8) 264 Heliun (He) Be  (ref) 1308
Ditodoborane (BI,) B,1,(8) 236 Helium, ion (He") e, " (&) 1309
Diiodosilane (Siki,lI,) HyI81,(8) 1263 Hexachloroethane (C,Clg) CClg(®) 651
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TABLE TITLE
Hexafluoroethane (Cst)
Hydrazine (N2H4)
Hydrazine (NJH,)
Hydrochloric acid-D (DC1)
Hydrofluoric acid-D (DF)
Hydrogen (H)

Hydrogen (i)

Hydrogen, ion (i%)
liydrogen, ion (H)
Hydrogen, ion (i,")
Hydrogen, ion ("2_)
Hydrogen bromide (lBr)
Hydrogen chloride (HCl)
Hydrogen cyanide (HCN)
tydrogen-D, (HD)
Hydrogen-Dl, ion (kﬂf)
Hydrogen-D, , ion (HD)
Hydrogen fluoride (IF)
Hydrogen fluoride ((HF)Z)
Hydrogen fluoride (l‘3F3)
Hydrogen fluoride (il4F4)
Hydrogen fluoride (115F5)
liydrogen fluoride (HgFg)
liydrogen fluoride (H,F,)
Hydrogen iodide (HI)
liydrogen isocyanate (HNOO)
Hydrogen peroxide (HOOt)
Hydrogen sulfide (HzS)
Hydrogen sulﬁ.dt':—l)2 (DZS)
Hydronium, ion (uao")
Hydroperoxo (HOO)
Hydroxyl (OH)

Hydroxyl, ion (on*)
Hydroxyl, ion (OH )
Hydmxyl-Dl (0D)
Hypochlorous acid (HOCL)
Hypochlorous acid-D (DOC1)

Hypofluorous acid (HOF)

Imidogen (Ni)
Imi.dngen-D1 (ND)
Iodine (I)
Iodine (12)
Iodine (12)
Iodine (I,)
Iodine (12)
Iodine (I,)

Iodine, ion (I*)

JANAF THERMOCHEMICAL TABLES

CHEMICAL NAME INDEX - CONTINUED

FORMULA
CoFg(8)
HN,(1)
HN,(8)
C1,D;(g)
D;F; (&)
H,(g)
112( ref)
1" @
H,7(8)
1, (&)
Hy, (2)
Brllll(g)
Cl 1"1(3)
C N, (8)
D, H, ()
0yH; (8
Dlul-(g)
FyH, (8)
Fyliy(8)
Fylis(g)
F, 411 4(g)
Fglis(g)
Fgllg(8)
FH(8)

1,
C,H, N0, (8)
450, (8)
1,8, (8)
D,S, (8)
1,0, " (&)
H,0,(8)
H,0,(8)
1,0, *(e)
1,0, 7(8)
D,0,(8)

Cl 1!1101 (€3]
C1,D,0, (&)

FiH,0,(8)

1N, (8)
DN, (8)
1,()
Iz(ref)
Iz(cr)
1(1)
Iz(cr,l)
1,(8)
1,%@e)

PAGE
656
1300
1301
730

1211
1260
1212 —
1213
1261 —
1262 ~
430
743
585 vV~
995

1015
1066
1119
1135
1153
1160
1167

1215

1280
1290
1008
1294
1253
1248
1249
1250
1000

744

731

1016

1236

1358
1333

TABLE TITLE
Iodine, ion (1)
Iodine bromide (IBr)
Iodine chloride (ICl)
Iodine chloride (ICl)
Iodine chloride (ICl)
Iodine chloride (ICl)
Iodine fluoride (IF)
Iodine fluoride (IFS)
Iodine fluoride (IF7)
Iodoborane (BI)
Iodosilane (Sillsl)
Iodosilylidyne (SiI)
Iron (Fe)

Iron (Fe)

Iron (Fe)

Iron (Fe)

Iron, alpha-delta (Fe)
Iron, gamma (Fe)

Iron, ion (Fe*)

Iron, ion (Fe)

Iron bromide (FeBrz)
Iron bromide (FeBrz)
Iron bromide (FeBrz)
Iron bromide (FeBrz)
Iron bromide ((FeBrz)z)
Iron carbonyl (Fe((X))5)
Iron carbonyl (Fe(CO)s)
Iron chloride (FeCl)
Iron chloride (FeClz)
Iron chloride (FeClz)
Iron chloride (FeClz)
Iron chloride (FeCl,)
Iron chloride (FeCls)
Iron chloride (FeCla)
Iron chloride (FeC13)
Iron chloride (FeC13)
Iron chloride ((FeClz)z)
Iron chloride ((FeC13)2)
Iron fluoride (FeF)
Iron fluoride (Fer)
Iron fluoride (Per)
Iron fluoride (Fer)
Iron fluoride (Fer)
Iron fluoride (FeFa)
Iron fluoride (Fer)
Iron hydroxide (Fe(Oll)z)
Iron hydroxide (Fe(OH)z)
Iron hydroxide (Fe(OH)a)

FORMULA

I, 7(e)
Br,I,(g)
Cllll(cr)
Cl 1Il( 1)
Cllll(cr,l)
CLI,(8)
FiI(®
Fg1,(8)
F.1,(8)
B,I,(8)
II311811(g)
11811(g)
Fel(x'ef)
Fel(l)
Fel(cr,l)
Fe, (8)
l'bl(cr)
Fel(cr)

Fe, ()

Fe, (g)
Brzl"el(cr)
BrzFel(l)
BryFe, (cr,1)
Br,Fe, (8)
Br4Fe2(g)
CgFe,05(1)
CsFel()s(g)
CllFel(g)
C12Fe1(cr)
Cleel(l)
Cleel(cr, 1)
Cl,Fe, (8)
C13Fe1(cr)
ClgFe, (1)
ClsFel(cr, 1)
ClgFe, (8)
Cl4Fe2(g)
ClgFe,(8)
F,Fe, (g)
FzFel(cr)
FZFel(l)
FzFel(cr,l)
FyFe, (8)
F3Fe1(cr)
F3Fe1(g)
Felﬂzoz(cr)
klllzoz(g)

Fe1H303(cr)

27

PAGE
1334
434
749
750
751
752
1020
1154
1168
235
1292

1174
1177
1178
1179
1175
1176
1180
1181

465

467

511

742
798
799

801
851

1061
1062
1116
1117
1182
1183
1184
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TABLE TITLE
Iron iodide (Felz)
Iron iodide (Felz)
Iron iodide (Felz)
Iron iodide (Fe12)
Iron iodide ((Felz)z)

Iron oxide (FeO)

Iron oxide (FeO)

Iron oxide (FeO)

Iron oxide (FeO)

Iron oxide, hematite (Fe203)
Iron oxide, magnetite (Fe304)
Iron oxide, wustite (Fe0_9470)

Iron sulfate (Fe&)4)

Iron sulfate (Fey(50,)5)

Iron sulfide (FeS)

Iron sulfide (FeS)

Iron sulfide, marcasite (F&Sz)

Iron sulfide, pyrite (F&?z)

Iron sulfide, pyrrhotite (Fe0.877s)
Iron sulfide, troilite (FeS)

Iron sulfide, troilite (FeS)

Krypton (Kr)
Krypton, ion (Kr')

Lead (Pb)

Lead (Pb)

Lead (Pb)

Lead (Pb)

Lead (Pb)

Lead (Pb,)

Lead, ion (Pb")
Lead, ion (Pb)
Lead borate (Pbiy0,)
Lead borate (PbB,0,)
Lead borate (PbBGOIO)
Lead borate (Pb,B,0;-)
Lead bromide (PbBr)
Lead bromide (PbBr,)
Lead bromide (PbBr,)
Lead bromide (PbBr,)
Lead bromide (PbBrz)
Lead bromide (PbBr4)
Lead chloride (PbCl)
Lead chloride (PbCl,)
Lead chloride (PbCl,)
Lead chloride (PbClz)
Lead chloride (PbClz)

CHASE ET AL.

CHEMICAL NAME INDEX - CONTINUED

FORMULA

Fbl Iz(cr)
Fellz( 1)
Fbl 12 (cr,l)
l“el 12 (8)
Feyl, (&)
F‘elo1 (cr)
Fe;0,(1)
Fe101 (er,l)
I"elo1 ()
Fezoa(cr)
F9304(cr)
Fey.947% (0
Felo 481 (cr)
Fezolzsa(cr)
Felsl 1)
Felsl(g)
Felsz(cr)
Felsz(cr)
Feo.g7751(e0)
l’e:lS:l (cr)

Felsl(cr,l)

Krl(ref)

kr,"(®)

Pbl (ref)
P'bl(cr)

Pbl( 1)

Pbl (cr,1)
P, (8)
Pb,(g)

P, " ()
P, " (8)
82041%1 (cr)
B 4071>b1 (cr)
E36<)10Pb1 (cr)
310017%2(cr)
Br,Pb, (g)
BI'ZPb:l (cr)
BrgPby (1)
BryPb, (cr,1)
Br,Pb, (g)
Br,Pb, (g)

Cl lel(g)
Clszl(cr)
Clszl( 1)
Clszl (cer,l)
Cl,Pb,; (8)
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PAGE
1185
1186
1187
1188
1200
1189
1190
1191

1192

1203
1172
1193
1202
1195
1197
1198
1199
1173
1194
1196

1426
1427

1752
1753
1754
1755
1756
1763
1757
1758

273

314
452

515
780
825

TABLE TITLE
chloride (PbCl 4)
chloride, ion (PpC1h)
chloride, ion (PbCL,")
fluoride (PbF)
fluoride (PbFz)
fluoride (PbFz)
fluoride (PbFz)
fluoride (PbF,)
fluoride, alpha (PbFz)
fluoride, beta (PbF,)
hydride (PbH)

iodide (PbI)

iodide (PbIz)

iodide (Pblz)

iodide (PbIz)

iodide (PbIz)

iodide (Pbl 4)

oxide (PbO)

oxide (PbO)

oxide (PbO)

oxide (PI:OZ)

oxide (Pb304)

oxide, red (PbO)
oxide, yellow (PbO)
silicate (PbSiOs)
silicate (Pb28104)
sulfide (PbS)
sulfide (PbS)

sulfide (PbS)

PR R R R B R RRERRREREREREEERERRERIE

sulfide (PbS)

Lithium (Li)

Lithium (Li)

Lithium (Li)

Lithium (Li)

Lithium (Li)

Lithium (Liz)

Lithium, ion (Li")

Lithium, ion (Li")

Lithium aluninum oxide (L1A102)
Lithium aluminum oxide (L1A102)
Lithium aluminum oxide (Lunoz)
Lithium borate (Limz)

Lithium borate (L‘lmz)

Lithium borate (Limz)

Lithium borate (uaoz)

Lithium borate (L128407)
Lithium borate (Li,B,0,)
Lithium borate (L128407)

FORMULA PAGE
Cl 4Pb1 (®) 876
c1,Pb, *(g) 781
CL,Pb, *(8) 829
F. 1Pbl(g) 1048
szbl( 1) 1098
Pszl(cr ,1) 1099
Fszl (g) 1100
F 4Pb1 (8) 1144
Fszl (cr) 1096
F2Pb1 (cr) 1097
Hlel (g) 1255
I lel ®) 1349
Izpb1 (cr) 1367
Izpbl( 1) 1368
IZPbl(cr, 1) 1369
12Pb1(8) 1370
I 4P‘b]_(g) 1391
Olpbl( 1) 1645
Olel (er,l) 1646
Olll‘b:l () 1647
02}"b1 (cr) 1671
04Pb3(cr) 1709
01“’1 (cr) 1643
Olel(cr) 1644

03Pb1811 (cr) 1696
04Pb2811( cr) 1708

Pblsl(cr) 1759
Pb,S, (1) 1760
Pb, S, (cr,1) 1761
Pb,; S, () 1762
L1, (ref) 1428
ul(cr) 1429
Li (1) 1430
Lll (er,1) 1431
Li, () 1432
Liy(8) 1440
L, e 1433
L, "(8) 1434
A1,L1,0,(cr) 128
A1,11,0,(1) 129

AllL:llOZ(cr,l) 130

BlLi 102(cr) 242
BlLi 102( 1) 243

Bll.iloz(cr,l) 244

BlLiloz(g) 245
B4L1207(cr) 292
B, 41.1207( 1) 293

B4L1207(cr,1) 294



TABLE TITLE
Lithium borate (L12B6010)
Lithium borate (L12B8013)
Lithium bromide (LiBr)
Lithium bromide (LiBr)
Lithium bromide (LiBr)
Lithium bromide (LiBr)
Lithium bromide ((Libr),)
Lithium carbide (Li,C,)
Lithium carbonate (Liz(ng)
Lithium carbonate (Liz(l)a)
Lithium carbonate (Liz(l)a)
Lithium chloride (LiCl)
Lithium chloride (LiCl)
Lithium chloride (LiCl)
Lithiun chloride (LiCl)
Lithium chloride ((LiCl)z)

Lithium chloride ((LiCl)S)

Lithium chloride fluoride (LiZCIF)

Lithium fluoride (LiF)
Lithium fluoride (LiF)
Lithium fluoride (LiF)
Lithium fluoride (LiF)
Lithium fluoride ((LiF)z)
Lithium fluoride ((LiF);s)

Lithium fluoride, ion (Lin.)

Lithium hexafluoroaluminate (L13A1P6)
Lithium hexafluorcaluminate (L13A1F6)

Lithium hexafluorocaluminate (L13A1F6)

Lithium hydride (LiH)
Lithium hydride (LiH)
Lithium hydride (LiH)
Lithium hydride (LiH)
Lithium hydroxide (LiOH)
Lithium hydroxide (LiOii)
Lithium hydroxide (LiOH)
Lithium hydroxide (LiOh)
Lithium hydroxide ((L:I.Oll)z)

Lithiun hydroxide, ion (LioOH")

Lithium hypochlorite (LiOCl)
Lithium hypofluorite (LiOF)
Lithium iodide (Lil)
Lithium iodide (LiI)
Lithium iodide (LiI)

Lithiun iodide (LiI)
Lithiun iodide ((LiI),)
Lithium nitride (LiN)
Lithiun nitride (LiN)
Lithiun oxide (LiO)

JANAF THERMOCHEMICAL TABLES

CHEMICAL NAME INDEX - CONTINUED
TABLE TITLE

FORMULA
BGLi.zow(cr)
Bglip0)5(cr)
BrlLil(cr)
BrlL.il( 1)
BrlLil(cr, 1)
BrlLil(g)
broLi,(g)
C2L12(cr)
C1L1203(cr)
ClLizoa( 1)
C1L1203(cr,l)
Cl 1l..il((:r')
Cl,Li, (1)
CllLil(cr, 1)
ClyLi, (e)
C12L12(g)
ClgLig(e)
Clll"lLiz(g)
FlLil(ct)
FyLi; (1)
Flbil(cr, 1)
FiLi, ()
Foli,y(g)
F3L13(g)
Fpli,"(e)
AllFGLiS(cr)
Al Fglia(1)
A11F6Li3(cr' 1)
Hll..il(cr)
Ly (1)
HlLil(cr, 1)
HyLi, (8)
H,Li,0, (er)
1111.1101( 1)
lilLi.lOl(cr,l)
HLi,0, ()
Hyliz0,(8)
1,L4,0, " (8)
CllLiIOI(g)
FLi,0,(g)
Ill.il(cr)
IlLil( 1)
Ill..il(cr,l)
1,14, (8
1,Li,(8)
Li,N, (&)
L13N1(cr)

14,0, (8)

PAGE
303
309
439
440
441
442

476

610
611
758
759
760
761
809

1120

1075
109 =-
110
111 ~

1224

1225

1226

1227

1228

1229

1230

1231

1265

1232
762

1029

1339

1340

1342
1360
1435
1461

1438

Lithium
Lithium
Lithium
Lithium
Lithium
Lithium
Lithium
Lithiun
Lithium
Lithiuw
Lithium
Lithium
Lithiwna
Lithiun
Lithium
Lithium
Lithiwa
Lithium
Lithium
Lithium
Lithium
Lithium
Lithiun
Lithium
Lithium
Lithium
Lithium
Lithium
Lithium
Lithium
Lithium
Lithium
Lithium
Lithium
Lithium

Lithium

oxide (L120)

oxide (LiZO)

oxide (L120)

oxide (L120)

oxide ((Li())z)
oxide, ion (Li0 )
oxynitride (LiON)
perchlorate (Li(,‘l()4)
perchilorate (LiC104)
perchlorate (LiClO -l)
peroxide (Li202)
silicate (Lizsios)
silicate (LiZSiOB)
silicate (LiZSi()3)
silicate (L1281205)
silicate (LiZSiZOS)
281205)

sodium oxide (LiONa)

silicate (Li

sulfate (Li2804)

sulfate (Lizsoq)

sulfate (L12$04)

sulfate, alpha (Li,S0,)
sulfate, beta (Lizsr)4)
tetrafluoroaluninate (LiAl F4)
tetrafluoroberyllate (LizﬂeF 4)
tetrafluoroberyllate (LiZBeF 4)
tetrafluoroberyllate (Lizl!el-‘ 4)
tetrahydroaluminate (LiAlIl4)
tetrahydroborate (LiBH 4)
titanium oxide (Liz'l‘iOa)
titanium oxide (L12Ti.03)
titanium oxide ( L12T103)
trifluoroberyllate (LiBeFS)
trifluoroberyllate (LiBeFB)
trifluoroberyllate (L.iBer)

trifluoroberyllate (LiBer)

Magnesium (Mg)
Magnesium (bg)
Magnesium (Mg)
Magnesium (Mg)
Magnesium (Mg)
Magnesium (Mg,)

Magnesium, ion (h!g+)
Magnesium aluminum oxide (M(',Alz()4)

Magnesium aluminum oxide (lgA1204)

Magnesium aluminum oxide (MgA1204)

Magnesium boride (I:UBZ)

FORMULA
Lizol(cr)

Li 0, (1)
LiZOI(cr, 1)
LiZOl(g)
Lizoz(g)
L1,0,7(g)

Li 1"101(‘*)
CllLil()q(cr)
CllLi 104( 1)

Cl 1L.il(),’(c.:x{,l)
Lizo,lz(cr)
LiZOBSi‘(cr)
L'1203Sil( 1)
Lizogsi] (cr,l)
Li205812(cr)
L‘i;ouSiz(l)
L.izossiz(cr, 1)
LilNalol(g)
Liz()481( 1)
Lig0,8, (er,1)
L1204Sl(3)
Li204Sl(cr)
Lig0,8, (er)
A11F4Lil(g)
BelF4L12(cr)
Be,F,Lig(1)
Bell"4l_.12(cr,l)
A11H4Li.l(cr)
Blll4l..11(cr)
Li,0.Ti, (er)
L1203T11(1)
Li,05Ti, (er, 1)
BelFsLil(cr)
BelFsLil(l)
ﬂe1F3L.11(cr, 1)
DelFsL.il(g)
Mg, (ref)

Mg, (cr)

Mg, (1)

Mg, (er, 1)

Mg, (8)

ve,(e)

e, " (e)
A12Mg104(cr)
Al Mg 0,(1)
A12M3104(cr, 1)

Bzwl(cr)

PAGE
1441

1442

765
1445
1447
1148
1449
1458
1459
1460
1437
1455
1456
1457
1453
1454

106

381
382
122
233
1450
1451
1452
376
377
378

379

1462
1463
1464
1465
1466
1488
1467
149
150
151
266
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TABLE TITLE FORMULA PAGE TABLE TITLE FORMULA PAGE
Magnesium boride (MgB4) B4Mg1(cr) 295 Magnesium silicate (1@8103) lg103811(l) 1474
Magnesium bromide (MgBr) Br, Mg, (g) 443 Magnesium silicate (¥gSiOy) Mg 0,51, (cr,1) 1475
Magnesium bromide (hgBr,) Br, Mg, (cr) 477 Magnesium silicate (Mg,Si0,) ¥g,0,51, (cr) 1489
Magnesium bromide (HgBrz) Brzugl(l) 478 Magnesium silicate (ugzs1o4) I.l;204811( 1) 1490
Magnesium bromide (MgBrz) Brzldgl(cr,l) 479 Magnesium silicate (M328104) &204Sil(cr,l) 1491
Magnesium bromide (MgBr,) Br Mg, (8) 480 Magnesium silicide (Mg,Si) ¥ Si, (cr) 1495
Magnesium bromide ((MgBrz)z) Br 45@2(g) 512 Magnesium silicide (MgZS:l) btz.Sil(l) 1496
Magnesium bromide, ion (MgBr2+) Brzmgl"(g) 481 Magnesium silicide (Mg,Si) lk;il(cr,l) 1497
Magnesium carbide (Mng) Czhgl(cr) 665 Magnesium sulfate (12304) &10481(01') 1479
Magnesium carbide (MgZCS) C3hg2(cr) 674 Magnesium sulfate (m;SO‘}) w10431(1) 1480
Magnesium carbonate (Mg(X)B) Cllglos(cr) 612 Magnesium sulfate (lgSO4) &10481(01',1) 1481
Magnesium chloride (MgCl) C1,Mg, (8) 766 Magnesium sulfide (MgS) NS, (cr) 1486
Magnesium chloride (m;c12) Clzlgl(cr) 810 Magnesium sulfide (MgS) wlsl(g) 1487
Magnesium chloride (MgClz) Clzml( 1 811 Magnesium titanium oxide (Mioa) lkl()s'l‘il(cr) 1476
Magnesium chloride (lgClz) Clzhgl(cr,l) 812 Magnesium titanium oxide (I%Ti()a) lgloaTil( 1) 1477
Magnesium chloride (l@Clz) Clzltl(g) 813 Magnesium titanium oxide (Mg’l'iOa) lkIOSTil(cr,l) 1478
Magnesium chloride ((MgCl,),) Cl Mg, (&) 867 Magnesium titanium oxide (MgTi 0,) Mg, 0. Tiy(cr) 1483
Mognesium chloride, ion (MgCl") a1, *(e) 767 Magnesium titanium oxide (MgTi,0g) ¥g, 0:Ti,(1) 1484
Magnesium chloride fluoride (MgClF) CIIFI&I(g) 734 Magnesium titanium oxide (MgTizos) lglOsTiz(cr.l) 1485
Magnesium fluoride (MgF) Flml(g) 1030 Magnesium titanium oxide (Iszi04) l%204T11(cr) 1492
Magnesium fluoride (MgF,) Fo Mg, (cr) 1077 Magnesium titanium oxide (Mg,TiO,) Mg,0,T1, (1) 1493
Magnesium fluoride (MgF,) Fg, (1) 1078 Magnesium titanium oxide (Mg,TiO,) Mg,0,Ti (er,1) 1494
Magnesium fluoride (Mng) szgl(cr,l) 1079 Magnesium tungsten oxide (lk'04) mlo4w1(cr) 1482
Magnesium fluoride (MgF,) Fz&l(g) 1080 Manganese (Mn) Mn, (ref) 1502
Magnesium fluoride ((MgFy),) F Mg, (8) 1136 Manganese (Mn) M, (cr) 1503
Magnesium fluoride, ion (MgF') Flaagl+(g) 1031 Manganese (Mn) ) Mn, (1) 1504
Magnesiun fluoride, ion (MgF,') Fie, " (8) 1081 Manganese (Mn) Un, (cr,1) 1505
Magnesium hydride (Mgil) H, Mg, (8) 1233 Manganese (Mn) M, (g) 1506
Magnesium hydride (Mgily) I Mg, (cr) 1266 Manganese, ion (Mn') " (g) 1507
Magnesium hydroxide (MgOif) Hll@IOl(g) 1234 Mercapto (HS) HlSl(g) 1256
Magnesium hydroxide (Mg(()ll)z) HZMgIOZ(cr) 1267 Mercapto—D1 (SD) Dlsl(g) 1001
Magnesium hydroxide (Mg(Oﬂ)z) qugloz(g) 1268 Mercury (lig) l‘gl(ref) 1318
Magnesium hydroxide, ion (Mgoi') uluglol*(g) 1235 Mercury (Hg) tig, (cr, 1) 1319
Magnesium iodide (MgI) I,Mg,(8) 1343 Mercury (Hg) tig, (8) 1320
Magnesium iodide (Mgly) IMg, (cr) 1361 Mercury, ion (Hg') l'l;1+(g) 1321
Magnesium iodide (lﬁg[z) Izlkgl(l) 1362 Mercury bromide (HgBr) Brllkl(G) 433
Magnesium iodide (l@[z) Izjul(cr,ls 1363 Mercury bromide (HgBrz) Brzllgl(cr) 470
Magnesium iodide (MgIz) 12381(8) 1364 Mercury bromide (HgBrz) Brzllgl(l) 471
Magnesium nitride (MgH) l%lNl(s) 1468 Mercury bromide (l@Brz) Brzlkl(cr,l) 472
Magnesium nitride (MggN,) Mg N, (cr) 1498 Mercury bromide (HgBr,) Br,lig, (8) 473
Magnesium oxide (MgO) Idglol(cr) 1469 Mercury bromide (ngBrz) Brzllgz(cr) 474
Magnesium oxide (MgO) &101(1) 1470 Mercury chloride (HgCl) Clll-kl(g) 748
Magnesium oxide (MgO) l@lol(cr,l) 1471 Mercury chloride (ikClz) Clzﬂgl(cr) 803
Magnesium oxide (MgO) &lol(g) 147'2 Mercury chloride (HgClz) Clzﬂgl(l) 804
Magnesium phosphate (ltstOs) l@aospz(cr) 1499 Mercury chloride (l'kClz) Clzl-lgl(c!',l) 805
Magnesium phosphate (M33P208) lgaost(l) 1500 Mercury chloride (HgClz) Clzﬂgl(g) 806
Magnesium phosphate (AQ;SPZOB) &308P2(cr,1) 1501 Mercury chloride (Hg2C12) Clzﬂgz(cr) 807
Magnesium silicate (I@Sioa) Iglossil(cr) 1473 Mercury fluoride (HgF) Flﬂgl(g) 1019
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TABLE TITLE
Mercury fluoride (l‘kl’z)
Mercury fluoride (&Fz)
Mercury fluoride (Mz)
Mercury fluworide (HgF,)
Mercury fluoride (Ekze)
Mercury hydride (HgH)
Mercury iodide (HgI)
Mercury iodide (Bglz)
Mercury iodide (HgIz)

Mercury iodide (Hgl,)
Mercury iodide (l‘klz)
Mercury lodide (Hg,l,)
Mercury iodide (l‘hzlz)
Mercury iodide (E&ZIZ)
Mercury oxide (HgO)
Mercury oxide (HgO)
Methane (014)
Methinophosphide (CHP)
Mothyl (Cty)

 Methylene (CH,)

, Methylidyne (CH)
Methylidyne, ion (")
Molybdenum (Mo)

Aolybdenum (Mo)

lblybdenum (Mo)

Molybdenun (Mo)

lolybdenum (Mo)

Molybdenum, ion (Mo')
Molybdenum, ion (Mo )
lblybdenun branide (MoBr)
Molybdenum bromide (lk)Brz)
lbolybdenum bramide (I)Brz)
lblybdenum bramide (l)Bra)
Molybdenum bromide (lbﬂrs)
Molybdenun bromide (MoBr 4)
Nolybdenum bromide (MoBr 4)
Molybdenun chloride (MoCl 4)
Molybdenum chloride (IbC14)
Molybdenum chloride (MoCl 4)
lblybdenun chloride (MoCl 4)
Molybdenum chloride (IJCIS)
lolybdenum chloride (IloC15)
lolybdenun chloride (MoCly)
lolybdenun chloride (IbCls)
Molybdenum chloride (IbCle)
Molybdenumn chloride (IbCle)
Molybdenum chloride oxide (Ib02C12)
Nolybdenum fluoride (MoF)

JANAF THERMOCHEMICAL TABLES

CHEMICAL NAME INDEX - CONTINUED

FORMULA PAGE
F g, (cr) 1068
Folig, (1) 1069
P fig, (cr,1) 1070
F g, (8) 1071
F g (cr) 1072
H, Hg, (8) 1214
Bg,I,(8) 1322
g, Ly(cr) 1323
g, 1(1) 1324
g, I,(cr,1) 1325
He,Ie) 1326
g, I, (cr) 1329
He,Ty(1) 1330
&zlz(cr ,1) 1331
Hg,0, (cr) 1327
8,0, (&) 1328
Cyl,y(8) 600
C,H,P; (8) 589
C,Hy(B) 505
CyHy(8) 500
C,H, (8) 576
C1H1+(g) 577
Mo, (ref) 1508
Wo, (er) 1509
Mo, (1) 1510
Mo, (cr,1) 1511
¥, (2) 1512
w, @) 1513
N CY) 1514
Br o, (8) 444
Br Mo, (cr) 482
Br o, (&) 483
Br Mo, (cr) 501
Brgho, () 502
Br o, (cr) 513
Br 40, (8) 514
C1 Mo, (er) 868
CLMo, (1) 869
C1L Mo, (cr,1) 870
Cl Mo, (8) 871
Clho, (cr) 886
Cl 0, (1) 887
Cl Mo, (er,1) 888
Clslbl(g) 889
Cl Mo, (cr) 904
Clgo, () 905
€140, 0,(8) 814
Flo, (8) 1032

TABLE TITLE
Molybdenum fluoride (l)Fz)
Molybdenum fluoride (ibFs)
Molybdemm fluoride (IbF4)
Molybdenum fluoride (bl’s)
Molybdenum fluoride (Ibl’s)
Molybdenum fluoride (les)
Molybdenum fluoride ((Ibl’s)z)
Molybdenum fluoride ((les)a)
Molybdenum fluoride oxide (le40)
Molybdenum iodide (MoI)
Molybdenum iodide (blz)
Molybdenum iodide (lbls)
Molybdenum iodide (MoIy)
Molybdenum iodide (Mol 4)
Molybdenum iodide (Mol 4)
Molybdenum iodide, alpha (l)Iz)
Molybdenum oxide (MoO)
Molybdenum oxide (IbOz)
Molybdenum oxide (IbOz)
Molybdenum oxide (MoO,

2.750)
Molybdenum oxide (MoO,

2.875)
Molybdenum oxide (m2.889)
Molybdenum oxide (IbOa)
Molybdenum oxide (Ibos)
Molybdenum oxide (lb03)
Molybdenum oxide (IbOs)
Molybdenun sulfide (lbsz)
Kolybdenun sulfide (Mo,S,)
Molybdenun sulfide (Ibzss)
Molybdenum sulfide (Lbzss)

Molybdic acid (Ozlb(Oﬂ)z)

~ NCN radical (NCN)

NCO radical (NOO)

Neon (Ne)

Neon, ion (Ne')

Nickel (Ni)

Nickel (Ni)

Nickel (Ni)

Nickel (Ni)

Nickel (Ni)

Nickel, ion (M)

Mickel, ion (Ni )

Nickel carbonyl (NL(00),)
Nickel carboayl (Ni(C0),)
Nickel chloride (NiCl)
Nickel chloride (MCly)
Nickel chloride (NiCl,)

FORMULA

F o, (8)
P o, ()

F o (8)
Fglo, (8)
Fgho, (1)
Follo, ()
F1oMoq(®)

P, Mo,(8)

F Mo, 0, (8)
1,40, (8)
Lo, (8)

I o, (er)
1Mo, (8)
Moy (er)
140, (8)

Ip¥o, (er)
.0, (8)
¥o,0,(cr)

1 ,0,(8)
0,0, 750(°T)
10,0, g75(T)
¥0,0, ggg(cr)
b103(cr)
1o,0,(1)
¥o,0,(cr,1)
¥o,04(8)
blsz(cr)
lbzsa(cr)
Wo,5,(1)

l)zss(cr,l)

0,0, ()

CN,(®)
C,N,0, (G)

17171
Nel(ref)
re,*(&)
Nil(ref)
M, (er)

M (1)

M (cr,1)
M, (&)
M, )
M, ()
CM,0,(1)
C4NilO4($)
C1,M, (8)
a1, (o)
a1,(1)

31

1082
1121
1137
1155
1161
1162
1169
171
1138
1344
1366
1382
1383
1389

1365
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528

1619
1620
1621

1622
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Nickel chloride (NiCl,) Cl M, (er,1) 818 Nitrogen fluoride, cis (FNNF) F N, (8) 1084
Mickel chloride (NiCl,) C1M, (8) 819 Nitrogen fluoride, trans (FNNF) FN,(8) 1085
Nickel sulfide (NiS) Mi;§, (er) 1628 Nitrogen fluoride oxide (NF40) FaN,0, (8) 1123
MNickel sulfide (NiS) M S (D) 1629 V' Hitrogen oxide (NO) N,0,(8) 1533
MNickel sulfide (NiS) Mi 8, (er,1) 1630 /' Nitrogen oxide (NO,) N,0,(8) 1535
Nickel sulfide (NiS) M8, (8) 1631 . Nitrogen oxide (NOg) N,0,(8) 1537
Nickel sulfide (Nisz) Nilsz(cr) 1632 i Nitrogen oxide ("20) Nzol(g) 1554 -
Nickel sulfide (NiSp) Ni 5,(1) 1633 . Nitrogen oxide (N,0p) N,0,(8) 1556
Nickel sulfide (NiS,) ML Sy(er,1) 1634 ' Nitrogen oxide (N,0,) N0, (cr) 1557
Nickel sulfide (NigS,) MgS,(cr) 1635 Nitrogen oxide (N,0,) N,0,(1) 1558
Mickel sulfide (NijS,) Nig8,(1) 1636 * Nitrogen oxide (N,0,) Ny0,(cr,1) 1559
Nickel sulfide (NigS,) NigS,(cr,1) 1637 Nitrogen oxide (N,0.) N0,(®) 1560
Mickel sulfide (NigS,) Ni,S,(cr) 1638 . Ritrogen oxide (N,05) N0.(8) 1561
Niobium (Nb) Mo, (ref) 1601 Nitrogen oxide, ion (NO') 5,0, 1534
MNobiun (Nb) No, (cr) 1602 Nitrogen oxide, ion (ONO ) Nloz_(g) 1536
Niobiun (Nb) Nb, (1) 1603 Nitrogen oxide, on (N,0') N201+(g) 1555
Niobium (Nb) Nb, (er,1) 1604 Nitrogen sulfide (NS) N;S,(8) 1539
Nobiun (Nb) Nb, (8) 1605 Nitrosyl bramide (ONBr) Br,N, 0, (g) 446
Niobium, ion (Nb") Nb1+(8) 1606 Nitrosyl chloride (ONC1) C1,N,0,(8) 768
Nobium, ion (Nb-) Nbl_(g) 1607 Nitrosyl fluoride (ONF) FINIOI(E) 1034
Niobiun bramide (NbBr) Br b, (cr) 524 '4 Nitrosyl hydride (HNO) H.N0, (8) 1237
Niobiun bromide (NbBr) BrNb, (1) 525 Nitrosyl iodide (ONI) I,N.0; (8) 1345
Niobiun bramide (NbBrg) Br No, (cr,1) 526 Nitrous acid, cis (HONO) H,N,0,(8) 1238
Niobiun bramide (NbBrg) Br b, (g) 527 Nitrous acid, trans (HONO) : H\N,0,(8) 1239
Niobium carbide (Nbco.es) CO.98Nb1(cr) 534 Nitryl chloride (Nozcl) CllNloz(g) 769
Niobiun chloride (NbClg) ClNb, (er) 890 Nitryl fluoride (NOF) FN,0,(g) 1035
Niobium chloride (NbCls) C15Nb1(1) 891
Mobium chloride (NbCl.) Cl Mo, (cr,1) 892 \/ Oxirane (C,H,0) C,H,0, (8) 662
Miobium chloride (NbClg) ClL b, (8) 893 ., Oxygen (0) 0,(& 1639
Niobium oxide (NbO) Nblol(cr) 1608 + Oxygen (02) 02(ref) ‘1667
Miobiun oxide (NbO) Nb,0, (1) 1609 Oxygen, ion (0% 0;(3) 1640
Niobium oxide (NbO) Nblol(cr,l) 1610 Oxygen, ion (0_) 01-(3) 1641
Nobium oxide (NbO) No, 0, (&) 1611 Oxygen, ion (02+) 02+(s) -~ 1668
Niobium oxide (NbO,) Nb,0,(cr) 1612 Ozygen, ion (02') oz‘(g) . 1669 -
Niobiun oxide (NbO,) Nb,0,(1) 1613 Oxygen fluoride (OF) F,0,(8) 1041
Miobiun oxide (NbO,) Mo, Oy(cr,1) 1614 Oxygen fluoride (OF) F,0,(8) 1043
Niobium oxide (NbO,) No,0,(g) 1615 Oxygen fluoride (OF,) F,0,(8) 1088
Niobium oxide (Nb,Og) Nb,O(cr) 1616 }, Ozone (Og) 05(8) 1695
Niobium oxide (Nb,0;) Nb,0.(1) 1617
Niobiun oxide (NbyO;) Mb,0 (cr,1) 1618 Pentaborane (BgHg) BgHy(1) 300
Nitric acid (HONO,) H,N,0,(g) 1240 Pentaborane (BgH) B Hy(8) 301
Nitrogen (N) N, (8) 1530 Pentafluoro( trifluoramethyl)sultur (CF,SFg)  C;FgS, (8) 575

', Nitrogen (N,) Ny(ref) 1551 Perchloryl fluoride (ClOgF) C1,F;04(8) 736
Mitrogen, ion (NV) Nf(z) 1531 Phosphine (PHg) HaP, (8) 1298
Nitrogen, ion (N ) N, (® 1532 Phosphinidene (PH) H,P, () 1254
Mitrogen, o (N,") N'@® 1552 Prosphino (PHy) H,P; (8) 1280
Nitrogen, ion (N,) N, (&) 1553 Phosphoric acid (HyPO,) HLOP, (cr) 1295
Nitrogen fluoride (NFj) ‘ FoN, (8) 1122 Phosphoric acid (HgPO,) HLO,P, (1) 1296
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TABLE TITLE

Phosphoric acid (H3P0 4)

Phosphorus (P)
Phosphorus (P)
Phosphorus (P)
Phosphorus (P)
Phosphorus (P2)
Phosphorus (P 4)

Phosphorus,
Phosphorus,
Phosphorus,
Phosphorus,
Phosphorus,
Phosphorus,
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus’
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphorus
Phosphoryl
Phosphoryl
Phosphoryl
Phosphoryl
Phosphoryl
Potassium (
Potassium (
Potassium (
Potassium (

Potassium (

black (P)

ion (P")

ion (P)

red, IV (P)
red, V (P)
white (P)
bromide (PBr)
bromide (PBra)
chloride (PCl)
chloride (PCIS)
chloride (I»’Cls)
fluoride (PF)
fluoride (PF2)
fluoride (PF3)

fluoride (PF5)

fluoride, ion (PF+)
fluoride, ion (PF )
fluoride, ion (PF2+)

fluoride, ion (PFz_)

nitride (PN)
nitride (P3N5)
oxide (PO)
oxide (P02)
oxide ( (P203) 2)
oxide ( (P205) 2)

oxide ((P205)2) .

sulfide (PS)
sulfide (P433)
sulfide (P4S3)
sulfide (P4s3)
sulfide (P,S3)
bromide (POBra)
chloride (0P013)

chloride fluoride (P(X:le)
chloride fluoride (P(X:le)

fluoride (POF,)
K)
K)
K)
K)

K)

JANAF THERMOCHEMICAL TABLES

CHEMICAL NAME INDEX - CONTINUED

FORMULA
l1304P1(cr,1)
Pl(ref)
P (1)
Pl(cr,l)
P, (g)
Py()
LAY
Pl(cr).
p@®
P (&)
Pl(cr)
Pl(cr)
Pl(cr)
Brlpl(g)
BrgP, (g)
Clll’l(g)
CLP, (8)
CLP, ()
FyP,(8)
FoP, (8)
FaP, (8)
F.P ()
ENOME
Fipy ()
P (e
FP, (8)
K,P (&)
N5P3(cr)
0,P, (8)
0P, (®)
OgP4(8)
010P4(cr)
O10P4(8)
P8, (8)
P483(cr)
P4SS(1)
P483(cr,1)
P,Si(8)
BraolPl(g)
C1,0,P, (g)

3711

C1,F,0,P; (&)

C12F101P1(g)
F30,P, (g)
Kl(ref)
l{l(cr)

K, (1)
Kl(cr.l)

K,(e)

PAGE
1297
1735
1740
1741
1742
1746
1747
1736
1743
1744
1737
1738
1739

451

779

858

894
1044
1093
1125
1156
1045
1046
1094

1538
1564
1642
1670
1725
1732
1733
1745
1748
1749
1750
1751

503

857

737

797
1124
1402
1403
1404
1405

1406

TABLE
Potassium
Potassium,
Potassiun,
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassiun
Potassium
Potassiua-
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassiun
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium
Potassium

Potassium

Potassium
Potassium
Potassium

Potassium

TITLE
Ky
ion (k%)

ion (K)

aluminum chloride (K3A12C19)

borate ( sz )
borate (KBOZ)
borate (KBO,)
borate (le)z)
borate (K2B 407)
borate (KZB 407)
borate (KZB 4O7 )
borate (K2B6010)
borate (K238013)
borate (K28801 3)
borate (K2J§8013 )
bromide (KBr)
bromide (KBr)
bromide (KBr)
bromide (KkBr)

bromide ((K:Br)z)

carbonate (K, 00,)
carbonate (K2(I)3)

carbonate ( K2(1)3 )

chloride (KC1)
chloride (KCl)
chloride (KCl)

chloride (KCl)

chloride ((KC1)2)

cyanide (KCN)
cyanide (KCN)
cyanide (KCN)
cyanide (KCN)
cyanide ((KCN),)
fluoride (KF)
fluoride (KF)
fluoride (KF)

fluoride (KF)

fluoride (K(lle))
fluoride (K(HI-‘Z))
fluoride (K(HFZ))

fluoride ((KF)Z)

fluoride, ion (xrz')
hexachloroaluminate (K3A1C16)

Potassium hexafluoraluminate (KSMFG)

hydride (KH)
hydride (KH)
hydroxide (KOH)

hydroxide (KOH)

FORMULA

Ky(8)

Kl+(g)

K, (®)
A12C19K3(cr)

BlKloz(cr)

BIKIO2( 1)

BIK102(cr’ 1)

BlKloz(E)
B4K207(cr)
B,K,0,(1)

B4K207(cr,1)
B‘)J(zom(cr)
88K2013(cr)

Bgky0y3(1)

ByK,0,5(cr,1)
BrlKl(cr)
BrlKl(l)
BrlKl(cr,l)
BrlKl(g)

Br K, ()
ClK203(cr)
C K,04(1)
C,K,04(cr, 1)
Cl K, (cr)
CLiK, (1)
CllKl(cr,l)
Clll(l(g)

Cl K, (&)
C,K;N, (cr)
C,K, N (1)
17171

CiKN; (8)

szzﬂz(g)
FlKl(cr)

C,K,N,(er,1)

FIKI( 1)
FiK,(er,1)
F K, (®
FzﬂlKl(cr)
FH K, (1)

FZHlKl(cr’ 1)

F Ko (8)
FK, 7 (8)

A1 C1 Ko (cr)
AL FeKo(cr)
HlK1 (cr)

H.K, (8)
Hll(lo1 (cr)

1,K,0, (1)

33

PAGE
1412
1407
1408
146
238

239

308
435
436
437
438

475

753
754
755
756
808
602
603

1021
1022
1023
1024
1063
1064
1065
1074
1073
91
108
1217
1218
1219

1220
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TABLE TITLE FORMULA PAGE TABLE TITLE ’ FORMULA PAGE
Potassium hydroxide (KOH) lilh'l()l(cr,l) 1221 Silicon (8i) S:ll(cr,l) 1798
Potassium hydroxide (KOH) “1K1°1('>') 1222 Silicon (Si) Sil(g) 1799
Potassium hydroxide ((KOH)Z) li2l(202(g) 1264 Silicon (812) ,Siz(g) 1802
Potassium hydroxide, ion (KDII+) 1(1K101+(g) 1223 Silicon (Sia) Sis(g) 1803
Potassiua iodide (KI) 1K, (cr) 1335 Silicon, ion (Si") s1, (@) 1800
Putassiun iodide (K1) Ilh'l(l) 1336 Silicon, ion (Si—) Sil—(g) 1801
Potussiua iodide (KI) IIKl(cr,l) 1337 Silicon carbide (SiC) CISil(g) 635
Potassiunm iodide (KI) llKl(g) 1338 Silicon carbide (512C) CISiz(g) 636
Potassiun iodide ((Kl)z) lsz(g) 1359 Silicon carbide (SiC2) C2311(g) 670
Potassiun oxide (KO) chl(g) 1409 Silicon carbide, alpha (SiC) . CISil(cr) 633
Potassium oxide (K2\)) I\'zol(cr) 1413 Silicon carbide, beta (SiC) CISil(cr) 634
Potassium oxide, ion (RU”) Klol-(g) 1410 Silicon nitride (SiN) /-N1811(g) 1540
Potassium perchlorate (I\'CLO4) C11K104(cr) 757 Silicon nitride (SizN) N1812(g) 1541
Potassium peroxide (1\202) K.zoz(cr) . 1414 Silicon nitridg, alpha (SisN4) N4513(cr) 1563
Potassiun silicate (KzSiUB) A\‘2038'11(cr) 1415 Silicon oxide (SiO) OISil(g) 1650
Potassium silicate (I\'zsmg) K'AOBSil“) 1416 Silicon oxide (SiOz) 02811(1) 1676
Potassium silicate (l(.zSiO:’) Kz():jSil(cr,l) 1417 Silicon oxide (8102) 02811(cr,1) 1677
Potassiun sulfate (K2804) &20481(1) 1420 Silicon oxide (SiOz) 02311(3) 1678
Potassium sulfate (82&)4) K20481(cr,1) 1421 Silicon oxide, cristobalite, high (8102) 02811(cr) 1673
Potassium sulfate (biU4) }420481(1;) 1422 Silicon oxide, cristobalite, low (8102) 02811(cr) 1674
Potassium sulfate, alpha (Kza)‘;) h'20481(cr) 1418 Silicon oxide, quartz (8102) 02811(cr) 1675
Potassium sulfate, beta (bi‘()4) K204§1(cr) 1419 Silicon sulfide (SiS) SISiI(g) 1782
Potassium sulfide (I\ZS) Kzsl(cr) 1423 Silicon sulfide (S:LSZ) 82811<cr) 1786
Potassium sulfide (K,5) K;8,(1) 1424 Silicon sulfide (SiS,) 8,81,(1) 1787
Potassium sulfide (K2S) Kzsl(cr,l) 1425 Silicon sulfide (SiSz) 82511(01‘,1) 1788
Potassium superoxide (K(')z) K102(cr) 1411 . Silylidyne (Sili) HISil(g) 1257
Potassium tetrachloroaluminate (KA1Cl 4) AIICI;Kl(cr) 89 Silylidyne, ion (SiH*) lllsll+(g) 1258
Potassium tetrafluoroborate (KBF4) BlF4K1(cr) 215 Sodium (Na) Nal(ref) 1565
Potassium tetrafluoroborate (KBF4) BIF4K1(I) 216 Sodium (Na) Nal(cr) 1566
Potassium tetrafluoroborate (KBFq) BquKl(cr,l) 217 Sodium (Na) Nal(l) 1567
Potassium tetrafluoroborate (KBF4) BIF4K1(3) 218 Sodium (Na) Nal(cr,l) 1568
Potassium tetrahydroborate (Kii,) 91*’4“1(“’) 232 Sodium (Na) Na, (g) 1569

Sodium (Na,) Na,(8) 1575
Radon (Hn) Rn, (ret) 1772 Sodium, ion (Na*) Ne, (&) 1570
Radon, ion (Ra') kn, " () 1773 Sodium, ion (Na) Na, ™ (8) 1571
Rubidium (Rb) Rb, (ref) 1764 Sodium aluminum oxide (NaAlO,) Al,Na, 0y(cr) 133
Rubidium (Rb) Rb, (cr) 1765 Sodium borate (NaBO,) B Na,0,(cr) 248
Rubidium (Rb) Rb; (1) 1766 Sodium borate (NaBO,) B Na, 0,(1) 249
Rubidium (Rb) Rbl(cr,l) 1767 Sodium borate (NaK)z) BlNaloz(cr.l) 250
Rubidium (Rb) Rbl(g) 1768 Sodium borate (Namz) Blﬂaloz(g) 251
Rubidiumn (Rb2) sz(g) 1771 Sodium borate (Na28407) B4Na207(cr) 296
Rubidium, ion (Rb") Rb,*(8) 1769 Sodium borate (Na,B,0,) BNa,0,(1) 207
Rubidium, ion (Rb-) Rbl_(g) 1770 Sodium borate (1&23407) 84N2207(cr,l) 298

Sodium borate (NazBsolo) . BGNa.zolo(cr) 304
Silane (SitH4) H4Sil(g) 1303 Sodium bromide (NaBr) BrlNal(cr) 447
Silicon (Si) Si, (ref) 1795 Sodium bromide (NaBr) Br Na, (1) 448
Silicon (8i) 8i,(cr) 1796 Sodium bromide (NaBr) Br Na, (cr,1) 449
Silicon (Si) Sil(l) 1797 Sodium bromide (NaBr) BrlNal(g) 450
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TABLE TITLE

Sodium bromide ((Na.Br)z)
Sodium carbonate (Nazwa)
Sodium carbonate (Naza)a)
Sodium carbonate (Nama)
Sodium chloride (NaCl)
Sodium chloride (NaCl)
Sodium chloride (NaCl)
Sodium chloride (NaCl)
Sodium chloride ((NaCl),)
Sodium cyanide (NaCN)
Sodium cyanide (NaCN)
Sodium cyanide (NaCN)
Sodium cyanide (NaCN)
Sodium cyanide ((NaCN),)
Sodium fluoride (NaF)
Sodium fluoride (NaF)
Sodium fluoride (NaF)
Sodium fluoride (NaF)
Sodium fluoride ((Na.F)z)

Sodium fluoride, ioa (NaF, )
Sodium hexachloroaluminate (NasAlCIG)

Sodium hydride (NaH)
Sodium hydride (NaH)
Sodium hydroxide (NaOH)
Sodium hydroxide (NaOH)
Sodium hydroxide (NaOk)
Sodium hydroxide (NaOH)
Sodium hydroxide ((NaOH),)

Sodium hydroxide, ion (NaLH')

Sodium iodide (Nal)
Sodium iodide (Nal)
Sodium iodide (Nal)
Sodium oxide (NaO)

Sodium oxide (Na20)
Sodium oxide (Na20)
Sodium oxide (Na.20)
Sodium oxide, ion (NaO )
Sodium perchlorate (NaClO 4)
Sodium peroxide (Nazoz)
Sodium silicate (Na,Si0,)

. Sodium silicate (Na,Si0;)
Sodium silicate (NaZSios)
Sodium silicate (NaZSizos)

Sodium silicate (Na281205)

Sodium silicate (Ns.281205)

Sodium sulfate (Na,S0,)

Sodium sulfate (Nazml;)

Sodium sulfate (Na2&)4)

JANAF THERMOCHEMICAL TABLES
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FORMULA

BroNa,(g)
C,Na, 0 (cr)
CIN&203( 1)
C,Na, 0 (cr,1)
Cl,Na, (cr)

Cl lﬂal (1)
Cl;Na, (cr,1)
Cl,Na, (g)
Cl,Na,(8)
C;N,Na, (cr)
ClNlNa,l( 1)
C,N,Na, (cr,1)
C,N;Na, ()
CoNoNa, (8)
FNa, (cr)
FlNal( 1)
F,Na,(cr,1)
F)Na, (&)

F Na,(g)
FoNa, ()

Al 1C16Na3(cr)
H;Na, (cr)

;) Na, (8)
HlNalol(cr)
H,Na,0,(1)
HlNalol(cr, 1)
HlNalol(g)
HyNa,,0,(g)
HyNa,0, " (e)
I,Na,(cr)
Ill‘la1 (1)

1 INa1 (cr,1)
Na, 0, (&)
Na,0; (cr)
Ney0; (1)
Nazol(cr ,1)
Na,0,7(8)

Cl lNalo 4(cr)
Na202(c!')

Na 0,51, (cr)
Na, 0,51, (1)
NazOsSil(cr, 1)
Na,0,81,(cr)
Na 0 8i,(1)
Na205812(cr ,1)
Na,0,8, (1)
N11204$l (cr,1)
Na 0,8, (g)

PAGE
484
623
624
625

770

772
773
815

616 °

617
618
619

1037
1038
1039
1040

1086

92
1241
1242

1244
1245
1246
1272
1247
1346
1347
1348
1572
1576
1577
1578
1573

774
1579
1580
1581
1582
1592
1593
1594
1588
1589
1590

TABLE TITLE

Sodium sulfate, delta (Na23)4)

Sodium sulfate, I (Na23)4)

Sodium sulfate, III (Na,S0,)

Sodium sulfate, IV (Ns.2804)
Sodium sulfate, V (NayS0,)
Sodium sulfide (Nazs)
Sodium sulfide (NaZS)
Sodium sulfide (Nazs)
Sodium sulfide (Na.zsz)
Sodium sulfide (Na.zsz)

Sodium sulfide, beta (Na,S,)

Sodium superoxide (Na.Oz)

Sodium tetrachloroaluminate (NaAlClq)
Sodiur; tetrafluoroaluminate (NaA1F4)
Sodium tetrahydroborate (Na.BH4)
Sodium tungsten oxide (Na2m4)

Stronium oxide (SrO)
Strontium (Sr)

Strontium (Sr)

Strontium (Sr)

Strontium (Sr)

Strontium, alpha (Sr)
Strontium, beta (Sr)
Strontium, ion (Sr')
Strontium bromide (SrBr)
Strontium bromide (SrBrz)
Strontium bromide (SrBrz)
Strontium bromide (SrBrz)
Strontium bromide (SrBrz)
Strontium chloride (SrCl)
Strontium chloride (SxClz)
Strontium chloride (chxz)
Strontium chloride (SrClz)
Strontium chloride (SxClz)
Strontium fluoride (SrF)
Strontium fluoride (Ser)
Strontium fluoride (Ser)
Strontium fluoride (Ser)

Strontium fluoride (Ser)

Strontium fluoride, ion (SrF')

Strontium hydroxide (SroOi)

Strontium hydroxide (Sr(Oll)z)
Strontium hydroxide (Sr(a-l)z)
Strontium hydroxide (S\r(Oll)z)
Strontium hydroxide (Sr((ll)z)
Strontium hydroxide, ion (Sroi*)

Strontium iodide (SrI)

Strontium iodide (SrIz)

FORMULA
Na204sl(cr)
Na204sl(cr)
Na20481(cr)
lh20481(cr)
Na 50,5, (er)
Na,§, (cr)
P8y (1)
Nazsl (cr,l)
NeyS,(1)
Nazsz( cr,l)
Nazsz(cr)
Na102(cr)
Al 1Cl 4Na1 (cr)
AllF 4Na, (8)
BIH 4Na1(cr)
Na204wl(cr)
OISrl(cr, 1)
Srl(ref )
Sr,(1)
Sry(cr,1)
Sr, (g)
Srl(cr)
Srl(cr)

sr. (e
BI'ISr1 (®)
BrZSrl(cr)
Brzsrl( 1)
BrZSrl(cr, 1)
Br,Sr, (8)
Cl 18r1 (g)
ClZSrl(cr)
CIZSrI( 1)
Clzsrl (er,l)
Clz,Sr1 (€3]
FISrl(g) .
FZSrl(cr)
F2$r1 (1)
Fzsrl (er,1)
FSr, (&)
R AC)
HIOISrl(g)
HZOZSrl(cr)
H202$r1 (1)
H2028r1( cr,l)
H,0,5r, (8)
H,0,5r,* (&)
1,5r;(e)
Izsr1 (cr)

35

PAGE
1583
1584
1585
1586
1587
1595
1596
1597
1599
1600
1598
1574

107

234
1591
1653
1804
1807
1808
1809
1805
1806
1810

491
492
493
786

837
838

1053
1107
1108
1109
1110
1054
1251
1281
1282
1283
1284
1252
1351
1372
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Strontium iodide (Srl,)
Strontium iodide (Srl,)
Strontium iodide (Srl,)
Strontium oxide (Sr0)

Strontium oxide (SrO)

Strontium oxide (SrO)

Strontium sulfide (SrS)
Strontium sulfide (SrS)

Sulfur (8)

Sulfur (S)

Sulfur (S)

Sulfur (S)

Sulfur (S,)

Sulfur (35)

Sulfur (S,)

Sulfur (S,)

Sulfur (Sg)

Sulfur (S,)

Sulfur (Sg)

Sulfur, ion (%)

Sulfur, ion (S")

Sulfur, monoclinic (S)

Sulfur, orthorhombic (S)

Sulfur bromide fluoride (SBrF)
Sulfur chloride (SCl)

Sulfur chloride (SZCI)

Sulfur chloride (SClz)

Sulfur chloride (SCl,)

Sulfur chloride (CLSSCl)

Sulfur chloride (C1SSC1)

Sulfur chloride, ion (SC1%)
Sulfur chloride, ion (SCL,")
Sulfur chloride fluoride (SClFs)
Sulfur dioxide (SO,)

Sultur fluoride (SF)

Sulfur fluoride (SF,)

Sulfur fluoride (SFy)

Sulfur fluoride (SF,)

Sulfur fluoride (SFg)

Sulfur fluoride (SFg)

Sulfur fluoride (SzFlo)
Sulfur fluoride, ion (SF)
Sulfur fluoride, iom (SF")
Sulfur fluoride, ion (SF,")
Sulfur fluoride, ion (SF, )
Sulfur fluoride, ion (srs")
Sulfur fluoride, ion (srs')

Sulfur fluoride, ion (SF,")

CHASE ET AL.
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FORMULA

IpSr (1)
IZSI'1 (er,1)
LSr, (8)
OISrl(cr)
0,5r; (1)
0,5r, (&)
SXSrl(cr)
8, 8r, (&)
Sl(ref )
8, (1)

Sl( cr,l)
S,(8)
Sy(e)
838
S,(8)
85(®)
Sg(®)
S,(®)
S3(®)

s, ®
CC))
Sl(cr)
Sl( cr)

Br F,S, (8)
Cl,8, (=)
C1,5,(8)
18, (1)
CL,8,(8)
cxzsz( 1)
C1,8,(8)
cLs, '@
€18, "(8)
CL,F,3, ()
0,8, (8)
Fy5,(8)
F,5,(8)
F38,(®)
F,8,(8)
F;5,(8)
Fg5, ()
F105:(®
P8 @
F,5,7@®)
)
F)8, (8)
Ps '@
F,5,7(®)
s @
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PAGE
1373
1374
1375
1651
1652
1654
1783
1784
1774
1777
1778
1779
1785
1789
1790
1791
1792
1793
1794
1780
1781
1775
1776

429

782

784

831

783

832

741
1672
1049
1101
1127
1145
1157
1163
1170
1050
1051
1102
1103
1128
1129
1146

TABLE TITLE

Sulfur fluoride, ion (SF,")
Sulfur fluoride, ion (SFy")
Sulfur fluoride, ion (SFy)
Sulfur fluoride, ion (SFg")
. Sulfur oxide (SO)

Sulfur oxide (SS0)
Sulfur trioxide (&)3)
Sulfuric acid (0,S(OH),)
Sulfuric acid (0,S(0H),)

Sulfuric acid, dihydrate (H2m4'2!!20)
Sulfuric acid, hemihexahydrate (Hz&)4°6.5H20)
Sulfuric acid, monohydrate (sz4°ll20)
Sulfuric acid, tetrahydrate (H23)4-4H20)
Sulfuric acid, trihydrate (52304-3920)

Sulfuryl chloride (sozcl

Sulfuryl fluoride (wze)

Tentalun (Ta)
Tantalum (Ta)
Tantalum (Ta)
Tantalum (Ta)
Tantalum (Ta)
Tantalum, ion (Ta)
Tantalun, ion (T8 )
Tantalum carbide (TaC)
Tantalum carbide (TaC)
Tantalum carbide (TaC)

Tantalum chloride (Ta.Cls)
Tantalum chloride ('l‘aC15)
Tantalum chloride (TaClg)
Tantalum chloride (TaClg)

Tantalum oxide (TaO)

Tantalum oxide ('I‘aOz)
Tantalum oxide (Ta,05)
Tantalum oxide (Ta,05)
Tantalum oxide (Ta,0p)
Tetrabromomethane (CBr,)
Tetrabromosilane (SiBr,)
Tetrabromosilane (SiBr,)
Tetrachloroethene (C,Cl

Tetrachlorosilane (SiCl 4)
Tetrafluorceluminate, ion (ur{)

Tetrafluoroethene (CZF4)

Tetrafluorohydrazine (N2P4)

Tetrafluoromethane (CP4)

Tetrafluorosilane (SiF, 4)

2)
Sulfuryl chloride fluoride (&)2011?)

4)
Tetrachloramethane (CCl 4)

FORMULA

F 8, (8)
FsS,"®
FgS, (®)
FgS; (8)
0,5,(8)
0,5,(8)

0,8, (8)
H204sl(cr,1)
1,0,8, (8)
Heossl(cr,l)
1501055 (e. 1)
H40531(cr,1)
nmossl (er,l)
H80781(cr,1)
c120231(g)
Cl1,F.0, Sl(g)

1172

'l‘al(ref )
'lhl(cr)

Ta, (1)
Ta,(cr,1)
Ta,(8)
" (@)

Ta, (8)
Cl'l‘nl(cr)
Cl'l‘al( 1)
Cl'lhl(cr, 1)
Cls'l‘al(cr)
Clsl‘a.l( 1)
Cl e, (cr,1)
Cl e, (8)
0;Ta,(e)
0,Ta, (8)
OgTey(er)
05ey(1)
05'1‘8.2(01', 1)
C,Br,(e)
Br,Si,(1)
&4311(3)
CCL,(8)
C,C1,(8)

Cl 4Sil(g)
ALF, (8)
CoFy(8)
F,N,(g)
CyFy(®)

E L)

PAGE
1147
1158
1159
1164
1648
1649
1697
1285
1286
1304
1307
1302
1306
1305

735
1092

1811
1812
1813
1814
1815
1816

1817

1655
1679
1715
1716
17117

516
517

561
877 -
105

1139
573
1148



TABLE TITLE
Tetraiodosilane (Sil 4)
Tetraiodosilane (Sil 4)
Tetraiodosilane (Sil 4)
Tetraiodosilane (Sil 4)
Tetramethylsilane (Si(CHa) 4)
Thionyl fluoride ((BFZ)
Thiophosphoryl bromide (PSBra)
Thiophosphoryl chloride (SPCl3)
Thiophosphoryl fluoride (PSF)
Thiophosphoryl fluoride (PSFs)
Thiothionyl fluoride (SSFZ)
Titanium (Ti)

Titanium (Ti)

Titanium (Ti)

Titanium (Ti)

Titanium, alpha (Ti)

Titanium, beta (Ti)

Titanium, ion (Ti%)

Titanium, ion (Ti )

Titanium boride (TiB)

Titanium boride (TiBz)
Titanium boride (TiBz)

Titanium boride (TiBz)

Titanium bromide (TiBr)
Titanium bromide (TiBrz)
Titanium bromide (TiBrz)
Titanium bromide (TiBra)
Titanium bromide (TiBrg)
Titanium bromide (TiBr,)
Titanium bromide (TiBr,)
Titanium bromide (TiBr,)
Titaniun bromide (TiBr,)
Titanium carbide (TiC)
Titanium carbide (TiC)
Titanium carbide (TiC)
Titanium chloride (TiCl)
Titanium chloride (TiCl,)
Titanium chloride (TiClz)
Titanium chloride (’I‘iCls)
Titanium chloride (TiCly)
Titanium chloride (TiCl 4)
Titanium chloride (TiCl 4)
Titanium chloride (TiCl,)
Titanium chloride (TiCl,)
Titanium chloride oxide (OTiCl)
Titanium chloride oxide (TiOClz)
Titanium fluoride (TiF)

Titanium fluoride (TiFy)

JANAF THERMOCHEMICAL TABLES

CHEMICAL NAME INDEX ~ CONTINUED

FORMULA
I4Sil(cr)
1,81,(1)
1,81, (er,1)
1,81, (g)
C,H, 81, (8)
F,0,8,(8)
Br3PlS1(g)
CLyP; S, (1)
FIPISI(g)
F4P; S, (8)
FS,(8)
Til(ref)
Til(l)
Til(cr, 1)
Ti,(8)
Til(cr)
Til(cr)

i, ()

Ti; (8)
B,Ti, (cr)
Bz'l‘il(cr)
Bz'l‘il(l)
BzTil(cx', 1)
BrlTil(g)
Brz’l‘il(cr)
BrzTil(g)
BrSTil(cr)
BraTil(g)
Br4'l‘11(cr)
Br,Ti, (1)
Br4'ril(cr,l)
Br4Til(g)
ClTil(cr)
C,Ti; (1)
Cl'l‘il(cr,l)
Cll'l‘il(g)
C12T11(cr)
CL,Ti, (8)
C13T11(cr)
C1,Ti, (8)
C14Til(cr)
Cl4’l‘11(l)
Cl,Ti, (er,1)
C14Til(g)
CL,0,Ti, (8)
C1201T11(g)
FiTi, (g)

P2Til(g)

PAGE
1392
1393
1394
1395

677
1089

1126
1105
1818
1821
1822
1823
1819
1820
1824
1825

256

274

275

518
519

521
640
641
642
787
840
841
861
862
878
879
880
881

821
1055
1111

TABLE TITLE
Titanium fluoride (TiFa)
Titanium fluoride (TiFa)
Titanium fluoride (TiF4)
Titanium fluoride (T1F4)
Titanium fluoride oxide (OTiF)
Titanium fluoride oxide ((71‘1!-‘2)
Titanium hydride (Tillz)
Titanium iodide (Til)
Titanium iodide (Ti[z)
Titanium iodide ('1‘112)
Titaniun iodide (TiIS)
Titanium iodide (Tily)
Titanium iodide (TiI4)
Titanium iodide (TiI4)
Titanium iodide (Til,)
Titanium iodide (TiI4)
Titanium nitride (TiN)
Titaniuwn nitride (TiN)
Titanium nitride (TiN)
Titanium oxide (TiO)
Titaniun oxide (TiO)
Titanium oxide (TiO)
Titanium oxide (Ti02)
Titanium oxide (TiOz)
Titanium oxide (TiOz)
Titanium oxide (T1203)
Titanium oxide (Ti203)
Titanium oxide (T1203)
Titanium oxide (T1305)
Titanium oxide ('I'1305)
Titanium oxide (Ti 4()7)
Titanium oxide (Ti 407)
Titanium oxide (Ti407)
Titanium oxide, alpha (TiO)
Titanium oxide, alpha (T1305)
Titanium oxide, anatase (TiOz)
Titanium oxide, beta (TiO)
Titanium oxide, beta (Tiaos)
Titanium oxide, rutile (Tioz)
Tribromoborane (BBrs)
Tribromoborane (BBr3)
Tribromosilane (SiHBrs)
Tribromosilyl (SiBry)
Trichloroborane (BCla)
Trichloroboroxin (5303C13)
Trichlorofluorosilane (SiClsF)
Trichloromethane (CHC13)
Trichloramethyl (CClz)

FORMULA
F3T11(cr)
FaTi, (8)
F,Ti, (cr)
F4Til(g)
F1°1T11(g)
onlTil(g)
Hz’l‘il(cr)
IlTil(g)
I2Ti1(cr)
IzTil(g)
ISTil(cr)
1T, (8)
14'l‘il(cr)
141‘11( 1)
I4Til(cr,l)
I4Ti1(g)
N;Ti, (er)
NlTil(l)
NlTil(cr, 1)
01’“1(1)
OlTil(cr, 1)
01, (6)
02'1‘)'.1(1)
02Til(cr,l)
02Til(g)
03T12(cr)
03T)'.2(1)
03Ti2(cr,l)
O,Tiq (1)
05T13(cr, 1)
07Ti4(cr)
07Ti4( 1)
O7Ti4(cr,l)
OlTil(cr)
05T13(cr)
02Til(cr)
OlTil(cr)
05Ti3(cr)
02Til(cr)
BIBrS(l)
B,Bra(g)
BrH, 81, (g)
BrSSil(g)
BIC13(g)
33C1303(g)
CL,F, 51, (8)
C,H,Cl,(8)

C{Cly(8)

37

PAGE
1131
1132

1149

1386
1396
1397
1398
1399
1542

1543

1658
1659
1660
1682
1683
1684
1698
1699
1700
1720
1721
1727
1728
1729
1656
1718

1680

1719
1681
193
194

559
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TABLE TITLE
Trichlorouethylsilane (SiCllacls)
Trichlorosilane (SillCls)
Trichlorosilyl (SiC13)

Triclorof luormethane ((X,‘IBF)
Trifluoriodomethane (CIF.J)
Trifluoroacetonitrile (Cl-‘s()l)
Trifluoroborane (BFs)
Trifluoroboroxin (153031"3)
Trifluoroboroxin (83031"3)
I'rifluoraiiethane (Cill“s)
Trifluoranethyl (CF;S)
Trifluoromethyl, ion (CF,")
Trifluoromethyl hypofluorite (CFaoF)
Tritluoromethylsilane (SiClisl-‘S)
Trifluorosilane (SiHFS)
Trifluorosilyl (Sil"a)
Triiodoborane (Blii)
Triiodosilane (Sillla)
Triiodosilyl (Sil3)
Tungsten (W)

Tungsten (W)

Tungsten (W)

Tungsten (W)

Tungsten (W)

Tungsten, ion (V+)
Tungsten, ion (W)
Tungsten bramide (WBr)
Tungsten bronide (wurs)
Tungsten bromide (Vurs)
Tungsten bromide (WBrs)
Tungsten bromide (WBrs)
Tungsten bromide (WBrb.)
Tungsten bromide (VIBrﬁ)
Tungsten chloride (WCl)
Tungsten chloride (HClz)
Tungsten chloride (WCl,)
Tungsten chloride (WC14)
Tungsten chloride (WCl 4)
Tungsten chloride (VCls)
Tungsten chloride (¥Clg)
Tungsten chloride (WC15)
Tungsten chloride (WCly)
Tungsten chloride (WClg)
Tungsten chloride (WClg)
Tungsten chloride (WClg)
Tungsten chloride ((¥Cly),)
Tungsten chloride, alpha (WClg)
Tungsten chloride, beta (¥Clg)

CHASE ET AL.

CHEMICAL NAME INDEX - CONTINUED
TABLE TITLE

FORMULA
C1l13CI.3Si.1 (8)
C13l{1811 ()
Clasil(g)
CICIBFl(g)
C,Fal,(8)
C,F,N, (8)
B, F3(8)
53F303(cr) .
B4404(8)
Clllll-‘a(g)
CyF4(e)

C ¥ (®)
C,¥,0,(8)
C].“ISFSSil(g)
1"311181'.1(3)
Fijsj‘l(g)

B I:(8)
I11[3811(g)
ISSil ()
Wl(ref)
ul(cr)

Wi (1)
Hl(cr, 1)

W (8)
)
W)
Brlwl(g)
Br5wl(cr)
Brswl(l)
Brswl(cr, 1)
Br5wl(g)
Bx'ﬁwl(cr)
Brswl(g)
c11w1(g)
Clzwl(cr)
c12w1(g)
C14‘ﬂ1(cr)
Cl4Vll(g)
Clswl(cr)
C15W1( 1)
Clswl(cr,l)
015w1(g)
CIGWI( 1)
Clswl(cr,l)
Clswl(g)
Cllowz(g)
Clefil(cr)
Clewl(cr)

J. Phys. Chem. Ref. Data, Vol. 14, Suppi. 1, 1985

PAGE
597
855

283
284

584

571

599
1118
1130

237
1216
1384

1833

843
882

910
911

Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungsten
Tungstic

Tungstic

Vanadium
Vanadium
Vanadium
Vanadium

Vanadium

Vanadium, ion (V*)
Vanadium, ion (V")
Vanadium nitride (VN,

Vanadium
Vanadium
Vanadium
Vanadium
Vanadium
Vanadium
Vanadium
Vanadium
Vanadium

chloride
chloride
chloride
chloride
chloride
chloride
fluoride
fluoride
fluoride
fluoride
fluoride
fluoride

fluoride

oxide (WO,Cl,)
oxide (KO2C12)
oxide (OWC1 4)
oxide (OWCl 4)
oxide (OWCl 4)
oxide (OWCl 4)
(WF)

(WFg)

(WFg)

oxide (VF,0)
oxide (WF40)
oxide (WF4O)

oxide (WF, 40)

oxide (WO)

oxide (WO,

o)

oxide (Vt02)

oxide (WO,
oxide (W()2

oxide (WO,

2.72)
.90’
.96

oxide (\03)

oxide (\1!03)

oxide (WO.

3)

oxide (WO3)

oxide ((wos)z)

oxide (\'-'308)

oxide ((W03)3)

oxide ((WO,

3)4)

acid (OZW((II)2 )

acid (0,W(0if),)

)
()
)
)
W)

0.465

nitride (VN)

nitride (VN)

oxide (VO)

oxide (VO)

oxide (VO)

oxide (VO)

oxide (V02)

oxide (V203)

oxide (V.

203)

Vanadium oxide (V203)

FORMULA
C1202W1 (cr)
C1202W1(g)

Cl 4Olwl(cr)
Cl 4olw1( 1)
Cl401W1(cr 1)
Cl 401W1(g)
FiW,(®

PGWI( 1)

Fg¥, (8)
F401W1(cr)

F 401\11 (1)
F401W1(cr, 1)
F 401W1(g)
0¥, (8)
Ozwl(cr)

O,¥, ()

0. 72%1 (M)
0.90"1 (e
0.96"1 (P
Oswl(cr)
03w1 (1)
03w1 (cr,l)
Og¥, (8)
Og¥y(8)
Ogh3(6)
Og(8)
01.,(8)
1120 4W1(cr)
Hy0,¥, ()

Vl(ref)
Vl(cr)

v, (D)
Vl(cr,l)
vi®
v,'®

v, (@
No.465"1(cF)
val(cr)
NV ()
Olvl(cr)
Olvl(l)
Olvl(cr, 1)
o,v,(®
AN
03V2(cr)
03V2(l)
OgVy(er,1)

PAGE

872

873

874

875
1056
1165
1166
1140
1141
1142
1143
1665
1686
1687
1688
1689
1690
1704
1705
1706
1707
1726
1730
1731
1734
1287
1288

1826
1827
1828
1829
1830
1831



TABLE TITLE
Vanadium oxide (V204)
Vamadium oxide (V204)
Vanadium oxide (V204)
Vanadium oxide (V205)
Vanadium oxide (V205)
Vanadium oxide (V205)

Vater (H,0)
Vater (H,0)

Vater, 1 bar (H,0)
Vater, 10 bar (H,0)
Vater, 100 bar (H0)
Water, 500 bar (4,0)
Vater, 5000 bar (H,0)
Vater-D, (HDO)

Water-D, (D,0)

Xenon (Xe)

Xenon, ion (Xe')

Zinc (Zn)
Zinc (Zn)

Zinc (Zn)

Zinc (Zn)

Zinc (Zn)

Zinc, ion (Znh)

Zinc, ion (Zn )

Zinc sulfate (In&)4)
Zirconium (Zr)

Zirconium (Zr)

Zirconium (Zr)

Zirconium (Zr)

Zirconium, alpha (Zr)
Zirconium, beta (Zr)
Zirconiun, ion (Zr')
Zirconium, ion (Zr )
Zirconium boride (ZrB,)
Zirconium boride (ZrB,)
Zirconiun boride (ZrB,)
Zirconium bromide (ZrBr)
Zirconium bromide (ZrBr,)
Zirconiun bramide (ZrBr,)
Zirconiun bramide (ZrBr,)
Zirconiun bromide (ZrBr,)

Zirconium bramide (ZrBra)

JANAF THERMOCHEMICAL TABLES

CHEMICAL NAME INDEX - CONTINUED

FORMULA
0,V (cr)

0 Vo(1)
OgVy(er,1)
05V2(cr)
Og5Vo(1)
OgVy(er,1)

1,0, (1)
1,0,(e)
0, (1,8)
0, (1,8)
0, (1,8)
H201(ﬂ)
H,0, (£1)

D0, (&)

Xel(ref)

xe ' (®

an(ref)
Za,(cr)
Za,(1)
ml(cr.l)
Zn)(8)
" (g)
=, (g)
0,8,2n, (cr)
Zrl(ref)

Zr (1)
Zrl(cr,l)
zr ()

Zr, (cr)
Zr,(cr)

zr, (&
)
B,Zr, (cr)
ByZry (1)
BZZrl(cr,l)
Br,Zr,(8)
Br2Zr1(cr)
Br,Zr,(1)
BrZZrl(cr,l)
BryZr, (8)
Br3Zr1(cr)

PAGE
1712
1713
1714
1722
1723
1724

1274
1275
1276
1277
1278
1279

1007

1840
1841

1842
1843
1844
1845
1846
1847
1848
1710
1849

1853
1854
1850
1851
1855
1856

277

278

457

498

499
509

TABLE
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium

Zirconium

+ Zirconium

* Zirconium

Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium
Zirconium

Zirconium

TITLE

bromide (ZrEBrj)
bramide (ZrBr,)
bramide (ZrBr,)
carbide (ZrC)
carbide (ZrC)
carbide (ZrC)
chloride (ZrCl)
chloride (ZrClz)
chloride ( ZrC12)
chloride (ZrClz)
chloride (ZrC12)
chloride (ZrC13)
chloride (2rCly)
chloride (2rCl,)
chloride (2rCl 4)
fluoride (ZrF)
fluoride (Zer)
fluoride (Zer)
fluoride (Zer)
fluoride (Zer)
fluoride (ZrFa)
fluoride (ZrFs)
fluoride (ZrF4)
fluoride (ZrF4)
hydride (ZrH)
iodide (ZrI)
iodide (2rl,)
iodide (2Zrl,)
iodide (ZrIz)
iodide (Zrl,)
iodide (Zrly)
iodide (ZrIs)
iodide (2rly)
iodide (ZrI 4)
nitride (ZrN)
nitride (ZrN)
nitride (ZrN)
nitride (ZrN)
oxide (2rO)
oxide (21'02)
oxide (Zr02)
oxide (Zr02)
oxide (Zr02)
silicate (ZrSi0,)

FORMULA
Br,Zr,(g)
Br4Zr1(cr)
Br,Zr,(8)
CIZrl(cr)
CIZrl( 1)
CIZrl(cr,l)
Cl,7r,(8)
Cl,2r, (cr)
Clzr (1)
CIZZrl(cr,l)
Cl,Zr,(g)
Cl3Zr1(cr)
Cl,Zr,(8)
C14Zr1(cr)
Cl ,2r, (&)
FyZr,(e)
FoZr, (cr)
o2y (1)
FZZrl(cr'l)
FyZr,(g)
Fgir, (cr)
Fa2r, ()
F4Zr1(cr)
FyZr,(8)
H,Zr,(g)
1,2r,(8)
Izzrl(cr)
Izz"1(1)
IZZrl(cr,l)
1,Zr,(8)
Iszrl(cr)
152r,(8)
I4Zr1(cr)
1,2r (e)
lerl(cr)
lerl( 1)
lerl(cr’l)
N,Zr,(8)-
0,2r,(g)*
OZZrl(cr)
Ozzrl(l) N
Ozzrl(cr,l)
0,7r, (8)
04811Zr1(cr)

PAGE
510
522
523

1057
1112
1113
1114
1115
1133
1134
1151
1152
1259
1353
1378
1379
1380
1381
1387
1388
1400

1547
1548
1549
1550
1666

1692
1693
1694
1711
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FURMULA

® AL (ref) -

@ All(cr) N

tanQ) e
All(cr,l)
Aly(8) -
AL (®)
AL (e)
AL;B,0,(g)
AllBrl(g)
AllBra(cr)
AL;Bro(1)
A11Br3(cr,1)
AllBra(g)
ALC1(8)
A11011+(g)
AL,CLF, (g)
ey F e
ALCL Fo(g)
A11C1101(cr)
A1,C1,0, ()
AL CLy(g)
AL CL ()
A11012'<g)
ALCL,F, ()
A11C13(cr)
AL Cl5(1)
AL Cl (er,1)
AL Cly(g)
AL CLK, (cr)
AL,CL Na, (cr)
Allclsxs(cr)
AL, ClNa(cr) -
AL F, (B)
ALF @)
AL F,0,(8)
AL Fo(8)
Allrz*(g)
A11F2'(g)
AL,F,0, (8)
A11F201_(g)
AllFa(cr)
AL F5(1)
AL Fy(er,1)
AL F (g)
ALF, ()
ALF L4, (8)
AL F Na, (g)
AllFsKs(cr)

JANAF THERMOCHEMICAL TABLES

9.4. Chemical Formula Index

TABLE TITLE
Aluminum (Al)
Aluminum (Al)
Aluninum (Al)
Aluminum (Al)
Aluminum (Al)
Aluminum, ion (Al%)
Aluminum, ion (Al7)
Aluminum borate (AlR)z)
Aluminum bromide (AlBr)
Aluminum bromide (AlBr3)
Aluminum bromide (AlBra)
Aluminum bromide (AlBra)
Aluminum bromide (AlBra)
Aluminum chloride (AICl)
Aluminum chloride, ion (AlCl+)
Aluminum chloride fluoride (A1Cl1F)

Aluminum chloride fluoride, ion (AICIF’)

Aluminum chloride fluoride (AlCle)
Aluminum chloride oxide (OA1Cl)
Aluminum chloride oxide (OA1Cl)
Aluminum chloride (A1C12)

Alumimm chloride, ion (AICL,")
Aluminum chloride, ion (AICl,")

Aluminum chloride fluoride (A1Cl,F)

2
Aluminum chloride (AlCl3)
Aluminum chloride (A1C13)
Aluminum chloride (A1C13)

Aluminum chloride (AlCls)

Potassium tetrachloroaluminate (KA1Cl 4)
Sodium tetrachloroaluminate (NaAlCl 4)
Potassium hexachloroaluminate (K.JAICIG)
Sodium hexachloroaluminate (N33A1C16)
Aluminum fluoride (AlF)

Aluninum fluoride, ion (AIFY)

Aluminum fluoride oxide (OALF)
Aluminum fluoride (Ale)

Alumimm fluoride, ion (AIF,")
Aluninum fluoride, ion (ALF, )
Aluminum fluoride oxide (0A1F2)
Alunimm fluoride oxide, ion (OALF,)
Aluminum fluoride (AIFS)

Aluminum fluoride (A1F3)

Aluminum fluoride (A1F3)

Aluminum fluoride (A1F3)
Tetrafluoroaluminate, ion (ALF,)
Lithium tetrafluorcaluminate (L1A1F4)
Sodium tetrafluoroaluminate (NaAlF4)

Potassium hexafluoraluminate (K3A1F6)

PAGE
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
7
80
81
82
83
84
85
86
87
88

91
92
93
94
95

& S

100
101
102
103
104
105
106
107
108

[ 4

FORMULA

AL Fgli(er)
A11F6u'3(1)
A11F6L13(cr, 1)
AllFeNa.a(cr)
A11F6Na3(cr)
A11F6N33(1)
AllFGNa.a(cr, 1)
Allﬂl(g) ’
A11H101(g) 4
AL{H 0, (8)
A1,1,0,%(e)
A11H101_(g)
Allﬂloz(g)
A11H4Lil(cr)
Allll(g)
Allla(cr)
Allla(l)
Allls(cr, 1)

AL L (8)

Al 1L1102(«':r)
A11L1102(1)
A11L1102(cr, 1)

AL N, (cr) ®

. AllNl(g) u

Al 1Naloz(cx')
ALO, ()«
a1,0,%(g)
AL,0,7(g)
A1,0,(e)
A1,0,(g)
ALS, (8)

Al (g)
AlBe,0,(cr)
Al,Be,0,(1)
Al,Be 0 (cr,1)
AlzBrG(g)
ALl (8)
ALCLK (cr)
AL Fys(8)

AL I (g)

AL Mg, 0,(cr)
AlLMg 0,(1)
Al Mg 0, (cr,1)
AL, (8)
41,0, (8)
A1L0,(8)
AL,0,"(8)

L 3 A1203(cr)

TABLE TITLE
Lithium hexafluorcaluminate (L13A1F6)
Lithium hexafluorcaluminate (L13A1F6)
Lithium hexafluoroaluminate (Li3A1F6)
Cryolite, alpha (Na3A1F6)
Cryolite, beta (NagAlFy)
Cryolite (NasAlFs)
Cryolite (NasAlFe)
Aluminum hydride (AlH)
Aluminum hydride oxide (OAlH)
Aluminum hydroxide (A10H)
Aluminum hydroxide, ion (AIOH")
Aluminum hydroxide, ion (A1OH )
Aluminum hydroxide oxide (OAlOH)
Lithium tetrahydroaluminate (L1A1H4)
Aluminum iodide (AlI)
Aluminum iodide (Alla)
Aluminum iodide (AIIS)
Aluminum iodide (Alla)
Aluminum iodide (Alls)
Lithium aluminum oxide (LiAlOz)
Lithium aluminum oxide (LiAlOz)
Lithium aluminum oxide (LiAlOz)
Aluminum nitride (AIN)
Aluminum nitride (AIN)
Sodium aluminum oxide (NaAlOz)
Aluminum oxide (AlO)
Aluminum oxide, ion (A10%)
Aluminum oxide, ion (A10")
Aluminum oxide (A102)
Aluminum oxide, ion (Al0,")
Aluminum sulfide (AlS)
Aluminum (Alz)
Beryllium aluminum oxide (BeA1204)
Beryllium aluminum oxide (BeA1204)
Beryllium aluminum oxide (BeA1204)
Aluminum bromide ((AlBr3)2)
Aluminum chloride ((AlCls)z)
Potassiun aluminum chloride (K3A12019)
Aluninun fluoride ((AlFg),)
Aluminum iodide ((AIIS)Z)
Magnesium aluminum oxide (IﬂgA1204)
Magnesium aluminum oxide (M1204)
Magnesium aluminum oxide (I&A1204)
Aluminum oxide (A120)
Alunimum oxide, ion (ALO")
Aluminum oxide ((AlO)z)
Aluminum oxide, ion (AL,0,")
Aluminum oxide, alpha (A1203)

41

PAGE
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

147
148
149
150
151
152
153
154
155
156
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FORMULA
A1203(cr)
A1203(cr)
Alzoa(cr)
AL0,(1)

~ ALO.(er,1)
AL,0.81, (cr)
A1205811(cr)
A1205811(cr)
Alzsa(cr)

A13F1 4Na5(cr)
A13F1 4Nn.5( 1)
A13F14N35(cr, 1)
Alel!elom(cr)
AlgBe,0,,(1)
A168e1010(cr, 1)
Aleolssiz(cr)
Ar, (ref)

ar, (@)

B, (ref)
B1 (cr)
By(1)

B, (er,1)

B (&)

B, (e)

B, 7(8)

B, Be,0,(g)
B,Br, (8)
ByBr,CL, (8)
B,Br,CL,(g)
B,Br F, (8)
B,Br F,(g)
B,Br,0, (8)
B, By (8)
B,sr,Cl, (&)
B, Biry¥y (8)
ByBr M, (8)
B,br(1)
B,Bry(e)
B,CL, (&)
RO )
B,CL,F, (8)
B,CL, ¥, (8)
B,C1,0, (&)
B,CLy(8)
B,CL,"(8)
B,CL, (g)

CHASE ET AL

QUEMICAL FORMULA INDEX - CONTINUED

TABLE TITLE PAGE FORMULA
Aluminum oxide, delta (A1203) 157 81012F1(g)
Aluminum oxide, gamma (Al,0,) 158 B,CLyM, (g)
Aluminum oxide, kappa (Alzoa) 159 81C13(g)
Aluminum oxide (A1203) 160 BlFl(g)
Aluminum oxide (A1203) 161 “1F1°1(8)
Aluminum silicate, andalusite (Alzsios) . 162 Ble(g)
Aluninum silicate, kyanite (A1,810;) 163 Blrz*(g)
Aluninun silicate, sillimanite (AL,Si0;) 164 B,F, (&)
Aluninum sulfide (AL,S,) 165 B F H, (g)
Chiolite (NagALSF, ) 166 B,F,l1,0, (8)
Chiolite (NagAL,F,,) 167 B,F,0, (8)
Chiolite (NagAL,F,,) 168 B,Fa(e)
Beryllium aluminum oxide (BeAIGOm) 169 B1F4K1(cr)
Beryllium aluminum oxide (BeAlGOm) 170 BlF4Kl(l)
Beryllium aluminum oxide (BeAlsow) 171 BlF4K1(cr,l)
Aluminum silicate, mullite (AlgSi,0,,) 172 B,F K, (8)
ByH, (&)
Argon (Ar) 173 B,H,0, (&)
Argon, ion (ar') 174 B,1,0, (&)
Bllllol-(g)
Boron (B) 175 (’T{ﬁloz(cr)
Boron, beta-rhombohedral (B) 176 @)
Boron (B) 177 BJH,S, (8)
Boron (B) 178 B,1;S, " (&)
Boron (B) 179 B,ly(g)
Boron, ion (B") 180 B, 1,0,(8)
Boron, ion (B7) 181 B, H,(8)
Berylliun borate (BeBO,) 182 Fl“soa(c')
Bramoborane (BBr) 183 \ B,H,0,(8)
Bramochloroborane (BBrCl) 184 BIH4K1(cr)
Bromodichloroborane (BBrCl,) 185 B,H,Li, (cr)
Bramof luoroborane (BBrF) 186 EBIH‘lNaI(cr)
Bromodifluoroborane (BErF,) 187 B,1,(8)
Boron bromide oxide (OEBr) 188 B,L,(g)
Dibromoborane (BBr,) 189 B,1,(g)
Dibromochloroborane (BBr,C1) 190 B K,0,(cr)
Dibromofluoroborane (BEr,F) 191 B,K;0,(1)
Dibramoborane (BHBr,) 192 A B,K,0,(cr,1)
Tribromoborane (BBr,) 193 B,K,0,(8)
Tribromoborane (BBry) 194 ]f"BlLilOz(cr)
Chloroborane (BC1) 185 B L1,0,(1)
Chloroborane, ion (BC1) 196 | ByLi,0(cr,1)
Chlorofluoroborane (BCIF) 197 B,L1,0,(g)
Chlorodifluoroborane (ECLF,) 198 B,N, (er)
Boron chloride oxide (OBCl) 199 BN, (8)
Dichloroborane (BCL,) 200 é/’ B,Na, 0,(cr)
Dichloroborane, ion (ac12*) 201 L B Na,0,(1)
Dichloroborane, ion (BCl, ) 202 B,Na,0,(cr,1)
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TABLE TITLE
Dichlorof luoroborane (ac12F)
Dichloroborane (BIiCL,)
Trichloroborane (K:ls)
Fluoroborane (BF)
Boron fluoride oxide (OBF)
Difluoroborane (BF2)
Difluoroborane, ion (BF2+)
Difluoroborane, ion (BF2-)
Difluoroborane (BHFZ)
Di fluorohydroxyborane (BFZOH)
Boron fluoride oxide (OBFZ)
Trifluoroborane (BF3)
Potassium tetrafluoroborate (l\’BF4)
Potassium tetrafluoroborate (KB!-‘q)
Potassium tetrafluoroborate (KBI-‘4)
Potassium tetrafluoroborate (KBF4)
Borane (Bi)
Boron hydride oxide (HBO)
Boron hydride oxide, ion (HB)")
Boron hydride oxide, ion (IBO )
Boric acid (HBO,)
Boric acid (llmz)
Boron hydride sulfide (HBS)
Boron hydride sulfide, ion (HBS*)
Borane (BH2)
Dihydroxyborane (B(Oﬂ)z)
Borane (Blis)
Boric acid (l{awa)
Boric acid (uanos)
Potassium tetrahydroborate (K.BH4)
Lithium tetrahydroborate (L.iBH4)
Sodium tetrahydroborate (NaBH4)
Iodoborane (BI)
Diiodoborane (BI,)
Triiodoborane (BI;)
Potassium borate (sz)
Potassium borate (KBO,)
Potassium borate (l@z)
Potassium borate (I\'K)z)
Lithium borate (U.B)z)
Lithium borate (Limz)
Lithium borate (LiBO,)
Lithium borate (Li&)z)
Boron nitride (BN)
Boron nitride (BN)
Sodium borate (Namz)
Sodium borate (Namz)

Sodium borate (NaBO,)

PAGE
203
204

205

210
211
212
213
214
215
216
217
218
219
220

222

223

224

226

227

228

229

231

232

233
234

241

243

245

247

249



PORULA
l}llluluz (8)
B,0,(8)
5U,(8)
8,0,7(8)
B3, (&)
UlTi 1 (cr)
B,(g)
B,Be,0,(8)
BZBeBOb.(cr)
UZC 1 4( g)
B,F,(8)
B,F 0, (8)
UZH 41.)4( cr)
let 40 2\ (8)
lela(g)
BZMg 1 (cr)
8,0, (&)
B,0,(8)
3203(cr)
8203( 1)
8203 (er,l)
B,0,(8)

B, £04Pb1(cr)
Bz’l‘i 1 (cr)
BZTi 1 (1)
62'1‘11 (er,1)
uzzrl (cr)
8221‘1( 1)
DZZrl(cr, 1)
B,C1,504(&)
B3F)H,03(8)
BJF H,0,(8)
83F303(cr)
B,F0.(g)
B;H.0, (cr)
Bi03(e)
B3t305(8)
Bighy ()
8414207(0:')
Byky0r(1)
BK,0,(cr,1)

| Byly0y(er)
. B,L1,0-(1)

47277

: Byl4;0;(cr,1)

_B4Msl(cr)

50 (c)

| Be0r(1)

B4Na207(cr,1)

TABLE TITLE
Sodium borate (N'a.ll)z)\1
Boron oxide (BO)
Boron oxide (BOy)
Boron oxide, ion (80,”)
Boron sulfide (BS)
Titanium boride (TiB)
Boron (Bz)
Beryllium borate (Be(}.l)z)z)
Beryllium borate (8038206)
Dichloroborane ((w12)2)

Difluoroborane ((BF,),)

Difluoroborane oxide (O( BF2 ) 2 )

Dihydroxyborane ((B(OiD),),,)

Dihydroxyborane ((B(OH),),)
Diborane (BZHG)
Magnesium boride (Mng)
Boron oxide (B,0)

Boron oxide ((BO),)
Boron oxide (3203)

Boron oxide (8203)

Boron oxide (15203)

Boron oxide (3203)

Lead borate (PbB,0,)
Titanium boride (TiBz)
Titaniwa boride ('l‘iBZ)
Titanium boride (TiBz)
Z4irconium boride (ZrBz)
Zirconium boride (ZrBz)
Zirconium boride (ZrBz)
Trichloroboroxin (3303013)
Fluoroboroxin (B3M203F)
Difluoroboroxin (B3l¥)3!"2)
Trifluoroboroxin (B;05F3)
Trifluoroboroxin (8303F3)
Boroxin (83H303)

Boroxin (BSH303)

Boric acid ((Hm2)3)

Borazine (B3H6N3)
Potassium borate (K28407)
Potassium borate (K28407)
Potassium borate (K28407)
Lithium borate (L125407)
Lithium borate (Li,B,0,)
Lithium borate (1.123407)
Magnesium boride (l@B‘l)
Sodium borate (Na23407)
Sodiun borate (Na,B,0,)
Sodium borate (Na2!3407)
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PAGE

253
254
255

256

260
261
262

263

267
268
269
270
271
272

273

275
276
277
278
279
280

282

283
284

288
289

291

292

293

295

298

FORMULA

B4O7Pb1(cx‘)
Bng(l)
B lo(8)
861(2010(cr)

/Bgli0;(er)

¢

{
!
§

Bgha,0;(cr)

B0, oPb; ()

381(2013(01')

I

i

i
i
H

Bgka013(1)
Bg,0y5(er, 1)

{ Bgli,0,4(cr)

BygHy4(er)
Biot1q(D

By ofy4(cr, 1)
Both4(®)

B0, 7Py (er)

Ba.l(ref)
Bil(cr)

Ba, (1)
Bal(cr, 1)
Ba, (&)

Ba, " (8)
Ba,Br, (g)
BalBrz(cr)
BalBrz(l)
lhlBr2(cr, 1)
B!.lBrz(g)
Ba,Cl, (8)
mICIZ(cr)
BaIClz( 1)
Ba1C12(cr, 1)
Ba,CL,(g)
Ba,F,(8)
Be,F, " (8)
Ba.le(cr)
Ball"z(l)
Bale(cr, 1)
Ba,F,(g)

Ba H,0, (8)
Ba H,0,*(g)
lh.lllzoz(cr)
&111202(1)
Ba,H,0,(cr,1)
Ba,H,0,(8)
Ba,I,(®)
Ba,I,(cr)
Ba,I,(1)

TABLE TITLE

Lead borate (PbB,0,)
Pentaborane (1351-19)
Pentaborane (Bsﬂg)
Potassium borate (KzBGOIO)
Lithium borate (L1286010)
Sodium borate (NazBsom)
Lead borate (PbBG()lo)

Potassium borate (KZBBOII})

Potassium borate (KyBg0,4)
Potassium borate (KZBSOIS)
Lithium borate (LizBsom)
Decaborane (BmHl 4)
Decaborane (Bmll1 4)
Decaborane (BIOHIA})
Decaborane (810“14)

Lead borate (szBIOOn)

Barium (Ba)

Barium (Ba)

Bariwn (Ba)

Barium (Ba)

Barium (Ba)

Barium, ion (Ba')
Barium bromide (BaBr)
Barium bromide (Ea.Brz)
Barium bromide (Ba.Brz)
Barium bromide (Ba.Brz)
Barium bromide (BaBry)
Barium chloride (BaCl)
Barium chloride (BnClz)
Barium chloride (BaClz)
Barium chloride (BaClz)
Barium chloride (BnClz)
Barium fluoride (BaF)
Barium fluoride, ion (BaF')
Barium fluoride (Mz)
Barium fluoride (B&Fz)
Barium fluoride (Ban)
Barium fluoride (Ba.Fz)
Barium hydroxide (BaOH)

Barium hydroxide, ion (BaOH')

Barium hydroxide, alpha (Ba((!!)z)

Barium hydroxide (Ba(Gl)z)
Barium hydroxide (Ba(al)z)
Barium hydroxide (Ba(OH),)
Barium iodide (Bal)
Barium iodide (BaIz)

Barium iodide (Bal,)

43

PAGE

301
302

303

310
311
312
313
314

315
316
317
318
319

321
322
323

325
326
327
328
329
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FORMULA
Ba,I,(cr,1)
Ba, 1,(g)
Hlel(cr)
Ba,0,(1)
Balol(cr,l.)
5a,0, ()
Balsl(cr)

Ba;S, (8)

Be, (ref)
Bel(cr)

Be, (1)

Be, (cr,1)
Be, (8)
)

Be, Br, (g)
BelBrz(cr)
Be;Br(&)
Be;Cl, (&)
Be;Cl, " (&)
Be,CL, F; (8)
Be,CL,(cr)
BeIClz(cr)
Be;Cl,(1)
BeICIZ(cr, 1)
Be,Cl,(g)
Be,F) ()
Bele(cr)
Be,Fy(1)
Be, Fy(cr, 1)
Be,F, (&)

/ Be, F,Li, (cr)
Be, Fyld, (1)

BengLil(cr, 1)
BelFSLil(g)

Be,F Li, (cr)

1742
Bell"qLiz( 1)
Be1F4L12(cr, 1)
Be,H, (g)
Be,H, * (&)
Be H, 0, (8)
Be;H,0," (&)
Be, Hy(8)
Be1H202(cr)
Be1H202(cr)
Be, H,0,(&)
BeI,(®)
Be1 Iz(cr)

TABLE TITLE
Barium iodide (Bal,)
Barium iodide (Bal,)
Barium oxide (BaO)
Barium oxide (BaO)
Barium oxide (BaO)
Barium oxide (BaO)
Barium sulfide (BaS)
Barium sulfide (BaS)

Beryllium (Be)

Beryllium (Be)

Beryllium (Be)

Beryllium (Be)

Beryllium (Be)

Beryllium, ion (Be')

Berylliun bromide (BeBr)

Beryllium bromide (BeBr,)
Beryllium bromide (BeBr,)
Beryllium chloride (BeCl)
Beryllium chloride, ion (BeCl)
Beryllium chloride fluoride (BeClF)
Beryllium chloride, alpha (BeClz)
Beryllium chloride, beta (BeClz)
Beryllium chloride (BeClz)
Beryllium chloride (BeClz)
Beryllium chloride (BeClz)
Beryllium fluoride (BeF)

Beryllium fluoride (Ber)
Beryllium fluoride (Ber)
Beryllium fluoride (Ber)
Beryllium fluoride (Ber)

Lithium trifluoroberyllate (LiBeF3)
Lithium trifluoroberyllate (LiBer)
Lithium trifluoroberyllate ( LiBeFa)
Lithium trifluoroberyllate (LiBer)
Lithium tetrafluoroberyllate (LizBeF4)
Lithium tetrafluoroberyllate (LiZBeF4)
Lithium tetrafluoroberyllate (Liznef-‘4)
Beryllium hydride (BeH)

Beryllium hydride, ion (Be")
Beryllium hydroxide (BeOll)

Beryllium hydroxide, ion (BeOH')
Beryllium hydride (Bellz)

Beryllium hydroxide, alpha (Be(ai)z)
Beryllium hydroxide, beta (Be(Oll)z)
Beryllium hydroxide (Be(OH),)
Beryllium iodide (Bel) .

Beryllium iodide (Belz)
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PAGE
346
347
348
349
350
351
352
353

354

356
357

359

368

370
371
372
373
374
375
376
377
378
379

381

382

391

FORMULA
Bellz( 1)
Nllz(cr,l)
Be,1,(8)
Be;N, (8)
Be, 0, (cr)
Belol(cr)
Be,0,(1)
Belol(cr, 1)
Be,0,(8)
Be,0,8, (cr)
Be10481(cr)
Be10481(cr)
Be104w1(cr)
Belsl(cr)
Be,; S, (8)
Be,(8)
Be2014(g)
BegF01(8)
Bey0, ()
Be,0,(8)
Be204811(cr)
Be3N2(cr)
Beghy(1)
Be3N2(cr, 1)
Bej05(8)
Be,0,(g)

Be O (8)
BegOg(8)

Br,(g)
Brl*(z)

Br, (8)
Br,Ca, (e)
B!'1Cll(g)
Br,F,(e)
Br,Fa(g)
Br;Fg(g)
Br,FS, (8)
Brllll(g)
Br,H,S1, (g)
Br H,N, (cr)
Br,Hg, (8)
Br,1,(g)
Brll(l(cr)
Brll(l(l)
Br,K, (cr,1)
Br K, (g)
Br,Li, (cr)

TABLE
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium
Beryllium

Beryllium

TITLE

iodide (BeIz)

iodide (BeIz)

iodide (Bel,)

nitride (BeN)

oxide, alpha (BeO)
oxide, beta (BeO)
oxide (BeO)

oxide (BeO)

oxide (BeO)

sulfate, alpha (Be&)4)
sulfate, beta (Be&)4)
sulfate, gamma (BeSO,)
tungsten oxide (BeWO4)
sulfide (BeS)
sulfide (BeS)
(Bey)

chloride ((BeClz)z)
fluoride oxide (O(BeF)z)
oxide (Be20)

oxide ((BeO)z)

silicate (Be23104)
nitride, alpha (Be3N2)
nitride (BeaNz)

nitride (Be3N2)

oxide ((BeO)a)

oxide ((BeO) 4)

oxide ((M)S)
oxide ((Be0)6)

Bramine (Br)

Bromine, ion (Br+)

Bromine, ion (Br )

Calcium bromide (CaBr)

Bromine chloride (BrCl)

Bromine fluoride (BrF)

Bromine fluoride (BrFs)

Bromine fluoride (BrFS)

Sulfur bromide fluoride (SBrF5)

Hydrogen bromide (HBr)
Bromosilane (Si}[3Br)
Ammonium bromide (NH,Br)
Mercury bromide (HgBr)
Iodine bromide (IBr)

Potassium
Potassium
Potassium

Potassium

bromide (KBr)
bromide (KBr)
bromide (KBr)
bromide (KBr)

Lithium bromide (LiBr)

401

402

410
411
412
413
414
415
416
417
418
419

435

436

439



FORMULA
BtlLil (1)
Br,Li, (cr,1)
BriL4, ()
Br, Mg, (8)
Br, Mo, (g)
BryN, (8)
Br;N, 0, (8)
BrINal(cr)
BrNa, (1)
BrINal (cr,l)
Br,Na, (g)
Br,P, (8)
Brlel(g)
Br,S1, (8)
BrISrl(g)
Brl'l'il(g)
Br ¥, (8)
Brlzrl(g)
Br2(ret )
Brz(cr ,1)
Br,(g)
Brz(‘.‘al(cr)
Brz(hl( 1)
Brz(hl(cr, 1)
BryCa, (8)
BrzFel (cr)
Brzl’el( 1)
BrzFel(cr ,1)
Brzl?e1 (8)
Brzl-l2811 (8)
Brzhgl (cr)
BryHg, (1)
Brzﬂgl(cr, 1)
Brlig, (8)
Brzllgz(cr)
BroKo(8)
Broli,(8)
Brzﬂgl(cr)
Brzlcl (1)
Brzkl (cr,1)
Br,Mg, (8)
br g, * (&)
Brzl)l (cr)
Brylo, (8)
BroNa, (g)
BrZPbl(cr)
Bry2y (1)
Brszl (cr,1)

TABLE TITLE
Lithium bromide (LiBr)
Lithium bromide (LiBr)
Lithium bromide (LiBr)
Magnesium bromide (MgBr)
Molybdenum bromide (MoBr)
Bramoimidogen (NBr)
Nitrosyl bromide (ONBr)
Sodium bromide (NaBr)
Sodium bromide (NaBr)
Sodium bromide (NaBr)
Sodium bromide (NaBr)
Phosphorus bromide (PBr)
Lead bromide (PbBr)
Bromosilylidyne (SiBr)
Strontium bromide (SrBr)
Titanium bromide (TiBr)
Tungsten bromide (WBr)
Zirconium bromide (ZrBr)
Bromine (Brz)
Bromine (Brz)
Bromine (Brz)
Calcium bromide (&Brz)
Calcium bromide (CaBr,)
Calcium bramide (CaBr,)
Calcium bromide (GaBrz)
Iron bromide (FeBrz)
Iron bromide (PeBrz)
Iron bromide (FeBrz)
Iron bromide (FeBrz)
Dibromosilane (Sillzbrz)
Mercury bromide (HgBrz)
Mercury bromide (HgBrz)
Mercury bramide (HgBrz)
Mercury bromide (HgBrz)
Mercury bromide (ngBrz)
Potassium bromide ((KBr),)
Lithium bromide ((LiBr),)
Magnesium bromide (I&Brz)
Magnesium bramide (MgBr,)
Magnesium bromide (MgBr,)
Magnesium bromide (MgBr,)
Magnesium bromide, ion (I@Br;)
Molybdenum bromide (MoBr,)
Molybdenum bromide (MoBr,)
Sodium bromide ((NaBr),)
Lead bromide (PbBrz)
Lead bromide (PbBrz)
Lead bromide (PbBr,)
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PAGE
440
41
442

453
454

457

459

461

463

465

467

469
470
471
472
473
474
475
476
477
478
479

481
482

487

FORMULA
Br,Pb, (g)
Br,Si, (g)
BrZSrl(cr)
Brzsrl(l)
BrZSrl(cr, 1)
Br,Sr, (8)
Brz'l‘il(cr)
Br,Ti, (g)
Brzzrl(cx‘)
Brzzrl( 1)
Br2Zrl(cr, 1)
BryZr, (g)
Br3HISil(g)
Br Mo, (cr)
BrgMo, (g)
Br 0P, (g)
BrsP) (8)
BraPlsl(g)
BrSi, (g)
Bra'l‘il(cr)
BraTil(g)
BrSZrl(cr)
Brazrl(g)
quFez(g)
Br Mg, (g)
Br Mo, (cr)
Br Mo, (g)
Br,Pb, (g)
Br4811(1)
Br,Si, (g)
Br4Til(cr)
Br,Ti, (1)
Br4T11(cr, 1)
Br4T11(g)
Br4Zr1(cr)
Br4Zr1(g)
BrgNb, (cr)
Brghb, (1)
BrsNbl(cr,l)
BrNb, (g)
Brswl(cr)
Brswl(l)
Brswl(cl‘, 1)
BrgW, ()
BrGVll(cr)

Brgh; (&)

Co.98"P1 (e1)

TABLE TITLE
Lead bramide (PbBry)
Dibromosilylene (SiBrz)
Strontium bromide (SrBrz)
Strontium bromide (SrBrz)
Strontium bromide (SrBrz)
Strontium bromide (SrBrz)
Titanium bromide (TiBrz)
Titanium bromide (TiBrZ)
Zirconium bromide (ZrBrz)
Zirconium bromide (ZrBrz)
Zirconium bromide (ZrBrz)
Zirconium bromide (ZrBr2)
Tribromosilane (Sil{Brs)
Molybdenum bromide (MoBrs)
Molybdenum bromide (MoBr3)
Phosphoryl bromide (P(Br3)
Phosphorus bromide (PBra)
Thiophosphoryl bromide (PSBra)
Tribromosilyl (SiBrs)
Titanium bromide (TiBry)
Titanium bromide (TiBr,)
Zirconium bromide (ZrBra)
Zirconium bromide (ZrBr3)
Iron bromide ((FeBr2)2)
Magnesium bromide ((MgBr,),)
Molybdenum bromide (MoBr4)
Molybdenum bromide (MoBr 4)
Lead bromide (PbBr,)
Tetrabromosilane (SiBr4)
Tetrabromosilane (SiBr4)
Titanium bromide (TiBr4)
Titanium bromide (T18r4)
Titanium bromide (TiBr4)
Titanium bromide (TiBr4)
Zirconium bromide (ZrBr4)
Zirconium bromide (ZrBr4)
Niobium bromide (NbBrs)
Niobium bromide (NWrs)
Niobium bromide (NbBrs)
Niobium bromide (NbBrs)
Tungsten bromide (WBrs)
Tungsten bromide (WBrs)
Tungsten bromide (WBrg)
Tungsten bromide (WBrs)
Tungsten bromide (WBrG)
Tungsten bromide (WBrg)

Niobium carbide (NbC0.98)
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490
491
492
493
494
495
496
497
498

499

502

503

510
511
512
513
514
515
516
517
518

520
521
522
523
524
525
526
527
528
529

531

533

534
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FORMULA

/¢y (ret)

- Cy(8)
Cf(c)
C, (8
CyAl,(8)
CB,(®
CIB4(cr)
C’_B4(1)
CyBy(er,1)
C;Bey(cr)
Clbz(l)
C,Bey(cr,1)
C,Br; (&)
C,Br F(8)
C,Br;N, (8)
C,Br (8)
C,C14(8)

0101 11?101 ®)

€€, F3(®)
C,CL N, (8)
€,C1,0,(8)
€,Cly(®)
C,C1,F5(8)
Clm 201 ®)
€ Cl3(8)
€,C1(8)
€108, (er)
C,Fy(8)
oF @
C,FyN ()
C,Fy(®)
CFy @
C,F0,(8)
C,By(®)
RN
C,Rsl; (8
CFy(®)
CyF40, (8)
CIFSSI (8)
C,H, (&)
T
CyHiCly(8)
€, 8,CLyFa®)
G, CloF (8)
Ol Cly(®)

Ci,Fy(8)

J. Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985

TABLE TIﬁE
Carbon (C)
Carbon (C)
Carbon, on (")
Qarbon, ion (C)
Aluninun carbide (A1C)
Boron carbide (BC)
Boron carbide (B,C)
Boron carbide (B4C)
Boron carbide (B4C)
Beryllium carbide (BBZC)
Beryllium carbide (BeZC)
Beryllium carbide (Be,C)
Branamethylidyne (CBr)
Bramotrifluoromethane (CBrP3)
Cyanogen bramide (Br(N)
Tetrabramomethane (CBr,)
(hloramethylidyne (CC1)

Carbonic chloride fluoride (COOC1F)

(nlorotrifluoramethane (CC1F;)
Cyanogen chloride (C1CN)
Carbonyl chloride (OOCl)
Dichloramethylene ((1312)
Dichlorodifluoramethane (CCL,F,)
Carbonic dichloride ((XX')IZ)
Trichloraethyl (CCL,)
Triclorofluormethane ((12131?)
Tetrachloramethane (CCl 4)
Oopper cyanide (CuCN)
Fluoromethylidyne (CF)
Fluorcmethylidyne, ion (CF')
Cyanogen fluoride (FCN)
Carbonyl fluoride (COF)
Difluoramethylene (Cl?z)
Difluoromethylene, ion (CF;)
Carbonic difluoride ((1)?2)
Trifluoramethyl (CF,)
Trifluoramethyl, ion (cra")
Trifluoriodomethane (CIFa)
Tetrafluoramethane (CP4)

Trifluoromethyl hypofluorite (CP3@)

CHASE ET AL.
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PAGE
5§35
536
537
538
539
540
541

570
571
572
573

574

Pentafluoro( trifluoramethyl)sul fur (CPsSF5) 575

Mothylidyne (CH)

Methylidyne, ion (CH')
Ghloramethylene (CHCL)
Ghlorodifluoramethane (0!21?2)
Dichlorotiuorcamethane (CHCL,F)
Trichloramethae (CHCl,)
Fluoramethylene (QHF)

576
577
578
579

581

FORMULA
CHyF10,(8)
C,H,F3(8)

. CHN,(8)

/ CH;N10,(8)
© C;H,0,(8)

+
C,H,0, ()

C,H,P (8)

v CiHy(8)

C4H,CL,F, (8)
C,H,Cl,(8)
C,H Fo(8)
Cyz0,(®)

C Hy(®)
C,H,CL(8)
C,H5C1451, (8)
CyH5F (&)
Cyl5F381,4 (8)

C,I,N,(8)
ClxlNl(cr)
CyK,Ny (1)
CyK N, (er, 1)
CyK, N (®)
C,Kx05(er)
C1Kz05(1)
C,K;05(er 1)
C,Li,0,(cr)
C,L4,0,(1)
C,La,0(er, 1)
C,¥e,03(cr)

RN

C)N, (®
C,N;Na, (cr)
C,N; M, (1)
Clﬂlrhl(cr,l)
C,N,Na, (&)
C,N,0,(G)
Cy,()
€Ny
C;Na0,(cr)
CyNag03(1)
C,Na,05(cr,1)
€,0,(8)
C,0;8,(8)
C;05(8)

€0, (8
C,Py(®)

TABLE TITLE
Formyl fluoride (HOOF)
Trifluoramethane (Gﬂ?a)
Hydrogen cyanide (HCN)
Hydrogen isocyanate (HNCO)
Formyl (HOO)
Formyl, unipositive ion (HCO')
Methinophosphide (CHP)
Methylene (0!2)
(hlorofluoromethane (012011’)
Dichloramethane (012012)
Difluoromethane ((1'121’2)
Formaldehyde (Hz(D)
Methyl (Giy)
Chloramethane (CdaCl)
Trichloromethylsilane (81013(.'13)
Fluoramethane (0131’)
Trifluoramethylsilane (Sia-lsl’s)
Methane (CH,)
Cyanogen iodide (CNI)
Potassium cyanide (KCN)
Potassium cyanide (KCN)
Potassium cyanide (KCN)
Potassium cyanide (KCN)
Potassium carbonate (szs)
Potassiun carbonate (K,00,)
Potassium carbonate (K2CD3)
Lithiun carbonate (mzooa)
Lithium carbonate (1.12003)
Lithiun carbonate (1.12(103)
Magnesium carbonate (Mg00;)
Cyanogen (CN)
Cyanogen, 1on (QN')
Cyanide (QY)
Sodium cyanide (NaCN)
Sodium cyanide (NaCN)
Sodium cyanide (NaCN)
Sodium cyanide (NaCN)
NCO radical (NOO)
ONN radical (CNN)
NCN radical (NCN)
Sodium carbonate (anooa)
Sodium carbonate (hzms)
Sodiun carbonate (NaCO)
Carbon monoxide (C0)
Carbon oxide sulfide (COS)
Carbon dioxide ((I)z)
Carbon dioxide, ioa (C0,)
Carbon phosphide (CP)

610
611
612
613
614
615
616
617
618
619

621



FURMULA
€318
Cy8,(8)
C,51, (er)
€81, (cr)
€81, (8)
¢,81,(8)
Cl'l‘al(cr)
Cl’l‘al(l.)
ClTal(cr,l)
¢, (cr)
¢
€T (er,1)
CIZrl(cr)
Cyér (1)
Cl’z;rl(cr,l)
C,(8)

¢, (@
C,Be, ()
CyCLy(8)
C,C1(8)
C,CL;(8)
C,Cry(er)
CFy(8)
CyFaN, (&)
C,Fa(8)
CoFg(8)

" CyHy ()
CZHICll(g)
C,H,F) (8)
Clly(8)
C,Hy(8)
1,0, (8)
CKoN,(8)
C.‘Liz(cr)
Czltl(cr)

» CgNy (8)
CN,(8)

C N Na, (8)
C0,(®)
C81, ()

+ Cy(8)
C3A14(cr)
03m7(cr)
CoMey(cr)
C40,(%)

- C4(8)

Cgli 251, (8)

« CyNo(8)

TABLE TITLE
Carbon sulfide (CS)
Carbon disulfide (csz)
Silicon carbide, alpha (SiC)
Silicon carbide, beta (SiC)
Silicon carbide (SiC)
Silicon carbide (812C)
Tantalum carbide (TaC)
Tantalum carbide (TaC)
Tantalum carbide (TaC)
Titanium carbide (TiC)
Titaniwn carbide (TiC)
Titaniwn carbide (TiC)
Zirconium carbide (2rC)
Zirconium carbide (2rC)
Zirconium carbide (2rC)
Carbon (C2)
Carbon, ion (C,)
Beryllium carbide (BeCz)
Dichloroethyne (02012)
‘Tetrachloroethene (C2C1 4)
Hexachloroethane (C2C16)
Chromium carbide (Cr3C2)
Difluoroethyne (CZFZ)
Trifluoroacetonitrile (cram)
Tetrafluoroethene (CZF4)
Hexafluoroethane (C2F5)
Ethynyl (CoH)
Chloroethyne (CZHCL)

Fluoroethyne (CZHF)

A Ethyne (Czﬂz)
Ethene (C2H4)

Oxirane (C2H4O)

Potassium cyanide ((KCN),)
Lithium carbide (Li,C,)
Magnesiun carbide (MgCp)
CNC radical (C2N)
Ethanedinitrile ((Q),) .
Sodium cyanide ((NaCW),)
00 radical (020)

Silicon carbide (SiC,)
Carbon (Cj)

Aluminum carbide (A1403)
Chromiun carbide (Cr7C3)
Magnesium carbide (Ikzca)
Carbon suboxide (C302)
Carbon (CA)
Tetramethylsilane (81(013)4)
2-Butynedinitrile (C4N2)

JANAF THERMOCHEMICAL TABLES
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PAGE
631
632
633
634
635
636
G37

653

654

-

FURMULA
C4N1104(1)
C4N1104(g)
C5(8)
C5Fe105(1)
C5F9105(g)

CGCrzs(cr)

Ca, (ref)
(hl(cr)
Qil(cr)

Ca, (1)
(hl(cr, 1)
Ca, (8)
0a1+(g)
Ca,CL, (8)
&1C12(cr)
(hIClz(l)
Ca,Cl,(er,1)
&1C12(s)
Ca,F, (8)
&le(cr)
(hll“z(l)
ule(cr, 1)
Ca,Fy(8)
Ca, 1,0, ()
,H,0,% ()
ChIHzOz(cr)
Ca,H,0,(8)
1, (8)
01112(01‘)
01112(1)
&112(01‘, 1)
Ca,1,(8)
Ca,0, (cr)
(hlol(l)
Ca,0, (cr,1)
Ca,0, (8)
8, (cr)
Ca; S, (8)

Cay(e)

C1,(e)
@
c1,7(8)
C1,00, ()
C1,Cs, (cr)
C1,Cs, (1)
Cllcsl(cr,l)

TABLE TITLE
Nickel carbonyl (Ni(00),)
Nickel carbonyl (Ni(m)4)
Carbon (CS)
Iron carbonyl (Fe(C0)g)
Iron carbonyl (Fe(Q0)g)

Chromium carbide (Cr2306)

Calcium (Ca)

Calcium, alpha (Ca)
Calcium, beta (Ca)
Calcium (Ca)

Calcium (Ca)

Calcium (Ca)

Calcium, ion (Ca’)
Calcium chloride (CaCl)
Calcium chloride (CaClz)
Calcium chloride (&012)
Calcium chloride ((hClz)
Calcium chloride (CaClz)
Calcium fluoride (CaF)
Calcium fluoride (Can)
Calcium fluoride (CaF,)
Calcium fluoride. (CaF,)
Calcium fluoride (CaF,)
Calcium hydroxide (CaOH)

Calcium hydroxide, ion (CaOH")

Calcium hydroxide ((h((li)z)
Calcium hydroxide (&(Gl)z)
Calcium iodide (Cal)
Calcium iodide (Cal,)
Calcium iodide (Cal,)
Calcium iodide (Cal,)
Calcium iodide (le)
Calcium oxide (CaO)
Calcium oxide (CaO)
Calcium oxide (CaO)
Calcium oxide (CaO)
Calcium sulfide (CaS)
Calcium sulfide (CaS)

Calcium ((hz)

Cnlorine (C1)
Chlorine, ion (C1%)

Chlorine, ion (C17)

Cobalt chloride (CoCl)
Cesium chloride (CsCl)
Cesium chloride (CsCl)
Cesium chloride (CsCl)
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679

681
682

691
692
693

695

700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
17

718
719
720
721
722
723
724
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FORMULA
€1,Cs, ()
Cllc‘ul(cr)
C1,Cu, (1)
Cllcul(cr,l)
€1,Cuy (&)
Cl,b; (8)
C1,D,0, ()
CL4F; (®)
Cl,F Li,(g)
Cl,F Mg, ()
C1,F,0,8,(8)
CllFloa(g)
C1,Fo0,P, (8)
CllFa(g)
C1,F;81, (8)
C14F5(8)
Cl,FgS, ()
CllFel(g)
Cl,H,(e)

C1, 4,0, (8)
Cl,H 51, (8)
011H4N1(cr)
Cllﬂ4N104( cr)
Cl,hg, (8)
Cllll(cr) . .
CL,1,(1)
ClyIy(er,1)
€L, 1,(e)
Clll(l(cr)
C1,K; (1)
Clll(l(cr, 1)
CllKl(g)

Cl.K,0,(cr)

1%1%
Clll..il(cr)
C1,Li, (1)
CLLd, (er,1)
Cl,14,(e)
C1,Li,0; (8)
C1,L4,0,(cr)
Clll..1104(1)
C1,L4,0,(er,1)
Cl,Mg, (8)

cLy ke, *(e)
CL,N0, (g)
011N102(g)
CllNal(cr)
CllNal(l)
Cllthl(cr, 1)

TABLE TITLE
Cesium chloride (CsCl)
Copper chloride (CuCl)
Copper chloride (CuCl)
Copper chloride (CuCl)
Copper chloride (CuCl)
Hydrochloric acid-D (DCl)
Hypochlorous acid-D (DOCl)
Chlorine fluoride (CI1F)
Lithium chloride fluoride (LiZCIF)
Magnesium chloride fluoride (MgClF)
Sulfuryl chloride fluoride (SOZCIF)
Perchloryl fluoride (C103F)
Phosphoryl chloride fluoride (PCX:le)
Chlorine fluoride (ClFs)
Chlorotrifluorosilane ( SiClFa)
Chlorine fluoride (ClFs)
Sulfur chloride fluoride (SCIFS)
Iron chloride (FeCl)
Hydrogen chloride (HCl)
Hypochlorous acid (HOC1)
Chlorosilane (8111301)
Ammonium chloride (NH,Cl)
Ammonium perchlorate (NH40104)
Mercury chloride (HgCl)
Iodine chloride (ICl)
Iodine chloride (ICl)
Iodine chloride (ICl)
Iodine chloride (ICl)
Potassium chloride (KCl1)
Potassium chloride (KCl