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Foreword

The National Standard Reference Data System provides effective access to the quantitative data

of physical science, critically evaluated and compiled for convenience, and readily accessible through

a variety of distribution channels. The System was established in 1963 by action of the President’s

Office of Science and Technology and the Federal Council for Science and Technology, with responsi-

bility to administer it assigned to the National Bureau of Standards.

The System now comprises a complex of data centers and other activities, carried on in academic

institutions and other laboratories both in and out of government. The independent operational status

of existing critical data projects is maintained and encouraged. Data centers that are components of

the NSRDS produce compilations of critically evaluated data, critical reviews of the state of quantita-

tive knowledge in specialized areas, and computations of useful functions derived from standard refer-

ence data. In addition, the centers and projects establish criteria for evaluation and compilation of

data and make recommendations on needed improvements in experimental techniques. They are nor-

nally closely associated with active research in the relevant field.

The technical scope of the NSRDS is indicated by the principal categories of data compilation

projects now active or being planned: nuclear properties, atomic and molecular properties, solid state

properties, thermodynamic and transport properties, chemical kinetics, and colloid and surface

properties.

The NSDRS receives advice and planning assistance from the National Research Council of the

National Academy of Sciences-National Academy of Engineering. An overall Review Committee con-

siders the program as a whole and makes recommendations on policy, long-term planning, and inter-

national collaboration. Advisory Panels, each concerned with a single technical area, meet regularly

to examine major portions of the program, assign relative priorities, and identify specific key problems

in need of further attention. For selected specific topics, the Advisory Panels sponsor subpanels which

make detailed studies of users’ needs, the present state of knowledge, and existing data resources as a

basis for recommending one or more data compilation activities. This assembly of advisory services

contributes greatly to the guidance of NSRDS activities.

The NSRDS—NBS series of publications is intended primarily to include evaluated reference data

and critical reviews of long-term interest to the scientific and technical community.

The JANAF Thermochemical Tables Project, sponsored and monitored by agencies of the Defense

Department, has been considered an important part of the National Standard Reference Data System.

The tables have found wide utility in technical areas far removed from those for which the work was

initiated. Consequently, when plans for a Second Edition of the JANAF Thermochemical Tables were

under discussion, a suggestion was made that they be incorporated into the NSRDS-NBS publication

series. This suggestion was accepted, and the present volume, NSRDS-NBS 37, is the outcome. It is

hoped that this publication channel will lead to even wider distribution and greater use of these very

valuable tables.

Lewis M. Branscomb, Director
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PREFACE TO THE FIRST EDITION

Beginning in the mid-1950’s, when elements other than the conventional carbon, hydrogen, oxy-

gen, nitrogen, chlorine, and fluorine came into consideration as rocket propellant ingredients, for-

midable difficulties were encountered in conducting rigorous theoretical performance calculations for

these new propellants. The first major problem was calculational techniques. The second was the lack

of accurate thermodynamic data.

By the end of 1959, the calculational technique problem had been substantially resolved by apply-

ing the method of minimization of free energy to large, high-speed digital computers. At this point the

calculations became as accurate as the thermodynamic data upon which they were based. However,

serious gaps were present in the available data. For propellant ingredients, only the standard heat of

formation is required to conduct a performance calculation. However, this must be known to a high

degree of accuracy. For combustion products, the enthalpy and entropy must be known, as a function

of temperature, in addition to the standard heat of formation.

In order to resolve the problem, a substantial experimental thermodynamic research program was

initiated under the sponsorship and technical direction of Project PRINCIPIA of the Advanced Re-

search Projects Agency. Simultaneously, a project was initiated to critically evaluate and compile con-

sistent tables of thermodynamic properties of propellant combustion products for use by the aerospace

industry. This project, known as the “JANAF Thermochemical Tables,” was undertaken by the Dow
Chemical Company. Since the objective of the project was to have one single source of “best available

data” prepared for use by the entire industry, the JANAF Thermochemical Panel undertook the task

of furnishing a critical review of the Tables prior to their publication and distribution. This approach

was designed to insure that the Tables be of the highest possible quality.

G. V. Mock
Advanced Research Project Agency

Washington, D.C.

July 1964
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PREFACE TO THE SECOND EDITION

It is appropriate to call attention to some of the reasons for the phenomenal success of the JANAF
Thermochemical Tables in achieving, first, the initial limited objective of providing the standard data

for the chemical rocket propulsion industry, and later, upon publication, world-wide recognition as

thermodynamic reference data of the highest quality and timeliness.

First, and most obvious, there was the selection and continued support of a highly competent

evaluation team, themselves engaged in a broad specturm of thermodynamic research. The personnel

of the Thermal Research Laboratory of the Dow Chemical Company, under the direction of Dr. D. R.

Stull and Dr. H. Prophet, have filled this role to a degree of excellence not likely to be exceeded any-

where. Moreover, the group has heroically remained productive in spite of many battles to retain con-

tinuing support, and the actual sharp reduction of funding over the past two years to a less-than-viable

level.

A second important factor is the unusual approach to format, evaluation, and distribution of the

Tables, as it has been followed since their inception. The primary distribution is in frequently issued

loose-leaf supplements. Each previously issued table may thus be revised as often as necessary to take

account of improved data. Each loose-leaf table is accompanied on its reverse side by a complete ex-

planation of the selection of the key data, together with all references.

The third vital distinction of these Tables has been the existence of a continuing cognizant work-

ing group composed of technological users of data, thermodynamicists, and government sponsors of

both research and development. Independent prepublication review of the Tables has been an impor-

tant contribution of some of the members of this group; but its annual technical meetings have resulted

in even more far-reaching benefits. Together, the users and generators of data have been able to estab-

lish realistic priorities for the species to be included in the Tables; at the same time the course of

experimental research has been guided by the demonstration of absence or inadequacy of needed data.

Although the working group no longer enjoys official recognition, the members and participants have

enthusiastically volunteered to continue meeting in this important work.

Special words of appreciation are due to Dr. Charles W. Beckett, who has lined up all the techni-

cal presentations at the last six annual meetings of the working group; and to Mr. Curtis C. Selph who
has served with wisdom and insight as the Air Force project monitor for the JANAF Thermochemical

Tables contracts.

Joseph F. Masi

Air Force Office of Scientific Research

Arlington, Virginia

October, 1970



Members of the JANAF Thermochemical Panel (1959-1961) and the JANAF Thermochemical Work-

ing Group (1961-1964) were:
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CONSTANTS USED

The fundamental constants are those recommended by the International Union of Pure and A.pplied Chemistry as reported
12

by F. D. Rossini, Pure and Applied Chemistry, _9, 453 (1964). The physical scale based on the atomic mass of C = 12

reported by A. E. Cameron and E. Wichers, J. Am. Chem. Soc. JS4., 4175 (1962) is employed. The temperature scale is

nominally the 1948 International Practical Temperature Scale for measured quantities and nominally the thermodynamic

temperature scale for calculated gaseous quantities. The probable errors between these scales and the 1968 International

Practical Temperature Scale are given by T. B. Douglas, J. Research Natl. Bur. Std. 73A , 451 (1969).

Fundamental Constants

Name Symbol Value Units

Velocity of Light c 2.997925 x 10
10 -1

cm s

Planck Constant h 6.6256 x 10
-27

erg s

Avogadro Constant N 6.02252 x 10
23

mol
^

Faraday Constant J 96,487.0 C mol
-1

Absolute temperature of

the "ice point", 0°C T
o°c

273.1500 K

Molar volume of ideal gas v
o°c

22,413.6
3 I"!cm mol

( 1 atm)

Pressure-Volume product

for a mole of gas at 0°C
P=0

(PV) 2271.06 J mol
-1

and zero pressure
T oA
0 C

Electronic Charge e 1.60210 x 10" 19 C

8.3143 J deg ^ mol
^

Gas constant R
1.987165 cal deg ^ mol

^

Boltzmann Constant k 1.38054 x 10
-16 -1

erg deg molecule

Second radiation constant C
2

1 .43879 cm deg

Constant relating wave number

and energy per mole E , in Z 11.96255 J cm mol
^

the relation ( AE) = Nhc( Av ) = Z( Av

)

Defined Constants

Name Symbol Value Units

Standard gravity g 980.665
-2

cm s

Standard atmosphere atm 101 325 N m
-2

Standard millimeter of

mercury pressure mmHg 1/760 atm

Thermochemical calorie cal 4.1840 J

1



SYMBOLS AND TERMINOLOGY
Throughout these tables , the symbols used are defined as follows :

amorph

.

B

C
P

c

D

D
0

Amorphous state

The rotational constant for diatomic or

linear molecules

Molar heat capacity at constant pressure

Crystalline state

Centrifugal distortion constant

Dissociation energy required to break a bond

E

G or F

gi

()

g

GFW

gls

H

K

k

liq. or l

In

log

n

P

r

at 0°K

Internal or intrinsic energy

Gibbs energy = E + PV - TS = H - TS

Quantum weight of electronic states

Parentheses following a vibrational frequency

are used to indicate the degeneracy

Gaseous state
,
or statistical weight

Gram Formula Mass

Glassy state

Enthalpy (or heat content) = E + PV

Principal moments of inertia of a molecule

Product of the principal moments of inertia

of a molecule

Equilibrium constant

Hooke's Law force constant

Liquid state

Logarithm to the base e (e = 2.7182818)

Logarithm to the base 10

Number of potential maxima in an internal

rotation

Pressure in atmospheres

Internuclear distance

S Entropy

T Temperature in degrees Kelvin CT° = t° + 273.15°)

t Temperature in degrees Celsius

V Volume

V Potential barrier
o

x First order vibrational anharmonicity constant

y Second order vibrational anharmonicity constant

a Vibrational-rotational interaction constant

e Electronic energy level

V Reduced mass of the molecule

p Density

a Symmetry number

co Vibrational frequency

[ ] Square brackets enclose estimated quantities

Subscripts

a Atomization

b Boiling point at one atmosphere pressure

c Combustion
, or critical state

d Dissociation

e Equilibrium position

f Formation from elements in their standard states

i The i th quantity

m Melting

p Constant pressure

r Reaction

s Sublimation

t Transition

v Vaporization

In addition to the above symbols
,
the spectroscopic symbols and terminology employed by G. Herzberg, "Spectra of Diatomic

Molecules", 2nd Ed., and "Infrared and Raman Spectra", D. Van Nostrand Company, Inc., New York, are adopted.

Circular superscript, °, indicates the thermodynamic standard state.

Numerical subscript, as
-^s>

denotes temperature in Kelvins.

A 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).

AH, AG, AS, ACp equal the increment in enthalpy, Gibbs energy, entropy and heat capacity, respectively, for a process or

reaction.

AH° represents the standard enthalpy of formation, which is the increment in enthalpy associated with the reaction of forming

the given compound from its elements, with each substance in its thermodynamic standard state at the given temperature.

AH°
,,
g g -j_g

symbolizes the enthalpy of combustion of a given substance, in gaseous oxygen to completely oxidized products at

25°C. and constant pressure, with all reactants and products in their appropriate standard states.

2



SYMBOLS AND TERMINOLOGY

AH^
298 15

rePresents the enthalpy change in a given reaction at 2 5°C and constant pressure with all the reactants and

products in their appropriate standard states

.

When the reaction or process evolves heat, the sign of the change in enthalpy is negative. Conversely, when the reaction

or process absorbs heat, the sign of the change in enthalpy is positive.

or iF° denotes the standard Gibbs energy of formation, which is the increment in Gibbs energy associated with the

reaction of forming the given compound from its elements, with each substance in its thermodynamic standard state at the

given temperature.

Log^gK^ stands for the logarithm (to the base 10) of the thermodynamic equilibrium constant of formation for the reaction

of forming the given compound from its elements at the indicated temperature.

(H^,-H°
33 ^) indicates the enthalpy (or heat content) in the standard state at the temperature T less the enthalpy in the

standard state at 298.15 K.

(g*-h; • )/T or (Fl-H
T 298.15

)/T.

)/T denotes the Gibbs energy function in the standard state at temperature T, and is defined

represents the absolute entropy of the thermodynamic standard state at the absolute temperature T, omitting contributions

from nuclear spins

.

The Standard State is taken as the state at one atmosphere pressure and the temperature under consideration for the solid,

liquid, and ideal gas. Only homogeneous substances are considered here.

The Reference State applies to elements in their stable standard state. Consequently the Reference State tables presented

here are either single phase or polyphase tables

.

CHANGES IN SYMBOLS ON TABLES DATE C 5-30-65 OR LATER

The following symbols are used, without periods, to indicate units as follows:

Symbol

A

atm

cal

deg

°C

°K

eV

Unit

angstrom

atmosphere

calorie

degree (temperature)

degree Celsius

degree Kelvin

electron volt

Symbol

eu

g

J

kcal

mm

mol

gibbs

Unit

calories per degree-mole

gram

joule

kilocalorie

millimeter

mole

calories per degree

Subscripts as defined earlier are used as symbol modifiers but are placed on the same line, thus, heat capacity is abbreviated

as Cp° , enthalpy of formation as AHf ° , etc.

RELATIONSHIP TO SI UNITS

The symbols cal. mole ^ deg ^ and gibbs/mol are identical and refer to units of calories per degree-mole. These units can

be converted to SI units of joules per degree-mole by multiplying the tabulated values by 4.184. Similarly values in

kilocalories per mole can be converted to joules per mole by multiplying with the factor 4184. For further discussions of

the SI system and for conversions from other units the reader should consult Pure and Applied Chemistry, 21, 1 (1970).

3



EVALUATION OF THERMODYNAMIC DATA

A. Intercons istency

The basic aim of these thermodynamic property tables is to provide a related and consistent set of enthalpies and Gibbs

energies of formation. This allows the prediction of the enthalpy and gibbs energy changes of any reaction among the constituents

of the tables. Since the enthalpy and Gibbs energy of formation are related to each other by the entropy of formation we may

choose to make consistent any two of these quantities. The entropy, which is an absolute quantity in thermochemical calculations,

is ideal for this purpose. Since the enthalpy of reaction is the most common link between different materials, we adopt it as

the other consistent quantity. Unfortunately enthalpies are not absolute quantities and in order to achieve consistency it is

necessary to provide a consistent base. This is done by referring all enthalpies of formation to the elements in their reference

states . By convention the enthalpy of formation of an element in its reference state is zero at all temperatures

.

The reference state may be single phase or multiphase and examples of both kinds are found in this compilation. In these

tables we have generally chosen the ideal diatomic gas for the reference state of permanent gases such as 0^, N£ , Cl^ etc. For

elements which are solid at room temperature we adopt the solid state up to the melting point, then the liquid up to the boiling

point, and then the gas phase. These choices are arbitrary and vary in different compilations. Enthalpies or Gibbs energies of

formation taken from different sources should be checked to ensure that the reference states are the same.

The choice of reference states is the first step in any scheme for interconsistency, and is the relation of all quantities

to comparable bases. The next step in obtaining an interconsistent set of values, ideally, would be to take all the measured

values of enthalpies, Gibbs energies and entropies of reaction and, after adjustment to the proper reference states, to solve the

whole set simultaneously. This would provide values for enthalpies, Gibbs energies and entropies which when combined would yield

the minimum overall deviations from the measured values . We have already taken this approach in a limited sense by treating groups

of interrelated fluorides simultaneously. Hopefully with even larger memories in computers we shall be able to move towards the

ultimate goal. As an interim solution it is necessary to fix, simultaneously when possible, certain key values for common

reactants such as water, hydrochloric acid, etc., these can then be used to help fix smaller groups of interrelated compounds.

Because of the several revisions of these tables we do not claim to maintain perfect interconsistency. However, the

consistency of the tables is a prime concern and a cause for revision if the effects are of the same order of magnitude as the

stated uncertainties. As an example, over 100 fluoride tables have been revised since a new HF gas table was adopted in

December 1968.

Another type of consistency is involved in systems where properties must be estimated. For example the estimation of certain

properties of a series of halides must be done so that the proper graduation in properties occurs from fluoride to iodide and

from polyhalide to monohalide. Similarly the evaluation of experimental data must be done in a consistent manner, and this is

discussed in the next section.

B, General Evaluation Techniques

1. The Second-Law Method

Starting from the equation AG° = -TinK, by differentiation with respect to T and substitution of d(AG°)/dT = -AS°, we obtain

AH 0
= RT

2
d( taK) /dT , the well known van't Hoff equation. By substituting dT = -T

2
d(l/T) one obtains AH° = -Rd( £nK) /d ( 1/T) , thus,

the slope of a inK versus 1/T plot is -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 relationship. This

method of obtaining heats of reaction from equilibrium measurements is known as a "second-law" calculation. However, it should be

noted that for greatest accuracy the equilibrium measurements should extend over a wide range of temperature, and in this case AH°

is probably not constant. Curvature corrections can be applied by assuming a specific form for the variation of AH 0 with tempera -

ture
,
however, the effects of such corrections are of significance only with very precise measurements. It should be noted that

the second law cannot be applied to a single observation, but the third-law method, which is described below, can be used. The

second-law method can be applied when only relative values of the equilibrium constant are available, for example, from mass-

spectroscopic intensity measurements.

2 . 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 calculaticn

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 is defined as gef
T = (G^,-H^

ef
)/T and is easily calculated from the relation

thus
,

ge f
T = S

T + (H
t

H
ref )/T.

From the definition we can write for the change in a reaction

thus
,

AG°/T = Agef
T + AH^

ef/T
= -R£nKp

AH°ef/ T = -RinKp - Agef
T

where A signifies Z products -Z reactants.

In the JANAF Thermochemical Tables, Gibbs-energy functions are based on 298 K and, thus, yield enthalpies at 298 K regardless

of the temperature of the reaction. It should be noted that, since most of these tables are single phase tables, the Gibbs-energy

functions of liquids are based on liquid at 298 K even though it may not exist at 298 K. This differs from the usual convention

of combining all condensed phases into one table ; in this case the enthalpy of reaction refers to the state stable at the base

temperature. In these tables the functions always refer to the state of the table at 298 K regardless of its stability. For

4



exarole , if the vapor pressure over liquid copper is analysed using Cu( I) Gibbs-er.ergy functions the enthalpy of vaporization at

298 X will result. To calculate the enthalpy of sublimation of Cu it is necessary to add the heat of selling at 238 X, which is

the difference in the heat of foisation of Cu(t) and Cu(c) at 298 X. It should also be noted that Gibbs -energy functions are

always negative, thus the function -(G^-Kp/T is usually tabulated and the proper sign sust be resesbered when using these

functions

.

The analysis of data by the third law is generally considered superior to the second-law analysis. It is definitely superior

if the Gibbs-energy functions are measured, because each data point is independent of the others. Thus, third-law analysis will

often reveal trends in the equilibrium constants of a set of data that indicate nonequilibriua or erroneous values . <fe have found

a combination of the two methods to be so valuable that a third-law calculation is always accompanied by a second-law treatment

of the same data. The calculation is done in ascending temperature order to give IHjgg and its deviation from the naan, c, and

the calculated log K
q

and its deviation from the least-squares line. Third-law analyses enables bad points to be seen as

deviations 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 quite well through them

and by itself does not arouse suspicion. Moreover, the dropping of such points can bring widely discordant slopes into agreement

with each other and often with the third-law values. The data sets given in Table 1 illustrate these comments. The first set

of data contains all the reported points and is in disagreement with earlier values around 54 kcal/mole. The third-law analysis

indicates the first two points are poor, and the effect of dropping these two is shown in the second set of data. This latter

second-law slope has changed considerably; the heat is in good agreement with the earlier data and with the third law. The size

of the third-law deviations in the second set indicates that the data are not very reproducible. A deviation of C.5 kcal at

1000°X represents an uncertainty of 30% in the measured equilibrium constants.

If measured Gibbs-energy functions are available, third-law analysis is preferred; however, 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 errors 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 experimental entropy uncertainty then the

data are acceptable. Drifts which are much larger than reasonable entropy errors generally indicate failure to attain

equilibrium.

Table 1. Analysis of Equilibrium Data

PbFgCc) -* PbF
2
(g) , data of Nesceyanov and lofa, Russ. J. Inorg. Chem. j+, 219 (1959)

Analysis I .Analysis II

Third law Second Law Third law Second Law

T°K ^298 6

Observed

Log K
P

Calculated

Log X
p

Difference T°K ah
29 8

6

Observed

Log X
?

Calculated

Log K
p

Difference

792.0* 54.276 -1.105 -5.959 -6 .016 0.057 852.0 54.980 -0.592 -S.222 -5.344 0.122

805.0* 54.004 -1.377 -5.653 -5.816 0.163 884.0 55.552 -0.020 -4.925 -4.900 -0.025

852.0 54. 980 -0.401 -5.222 -5.207 -0.015 884.0 55.700 0.128 -4.962 -4.900 -0.061

884.0 55.552 0.171 -4.925 -4.820 -0.105 900.0 55.720 0.148 -4.754 -4.691 -0.063

884.0 55.700 0.319 -4.962 -4.820 -0.142 907.0 55.561 -0.011 -4.621 -4.601 -0.020

900.0 55.720 0.339 -4.754 -4.637 -0.117 911.0 55.824 0.253 -4.630 -4.551 -0.080

907.0 55. 561 0.180 -4.521 -4.559 -0.062 921.0 54.998 -0.574 -4.301 -4.426 0.125

911.0 55. 824 0.444 -4.630 -4.515 -0.115 936.0 55.988 0.416 -4.339 -4.24S -0.094

921.0 54.998 -0.383 -4.301 -4.407 0.106 941.0 55.757 0.185 -4.221 -4.186 -0.035

936.0 5S. 988 0.607 -4.339 -4.248 -0.091 950.0 54.957 -0.614 -3.923 -4.081 0.158

941.0 55.757 0.376 -4.221 -4.197 -0.024 958.0 56.122 0.550 -4.090 -3.989 -0.101

950.0 54.957 -0.423 -3.923 -4.1C5 0.182 984.0 55.661 0.089 -3.671 -3.701 0.030

958.0 56.122 0.741 -4.090 -4.025 -0.065 938.0 55.611 0.039 -3.614 -3.658 0.045

984.0 55.661 0.280 -3.671 -3.774 0.103 Average = 55.572 Standard deviation = 0.025

988.0 55.611 0.230 -3.614 -3.737 0.123 ^298 = 55.57 ^298 = 53.79

Average =: 55.381 Standard deviation = 0.029

in
298

=: 55.38 ^2 9 8
= 47.29 * Deleted in Analvs is II

3. Heat Capacities

The evaluation of reported values is a relatively subjective procedure, but the analysis should be as objective as possible

and therefore certain ground rules must be laid. The first step is the fitting by orthogonal polynoniaIs and the computer-

generated plotting 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 examined for possible causes icf the difference

.

Calibration data, sample purity. and

experimental scatter are checked. If the source of error can be located. the data are given appropriateely less weight. Gtheiwi;

all data of equal reliabi:Lity are considered equal ,
even if they disagree . Such data are then smoothed by a weighted orthogonal

polynomial curvefit. Enthalpy data are smoothed similarly and heat capacities are derived directly from the differentiated

polynomial. The smoothing of enthalpy data requires constraining the fit so that it passes through zero at the reference

temperature. Additional constraints are often used to fix the heat capacity at 298 X, or to join enthalpy data smoothly with

low-temperature heat capacities

.
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4 . Transitions

The evaluation of solid state transitions involves first the recognition of the type of transition, which may not always be

obvious. A first-order transition such as fusion involves a 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, all first-order

transitions do not occur at one temperature; rather, they spread a little on either side and are sometimes difficult to distin-

guish from X-type second-order transitions. In order to evaluate the enthalpy of a first-order transition from heat-capacity

data, an enthalpy change (H - H„ ) from T, to T,°K must be reported on either side of the transition. The normal heat-capacity
2 1

curve is extended forward and backward to the temperature of the transition-heat-capacity maximum to form a base line. If T^' and

T
2

' are the temperatures at which the transitional heat capacity curve leaves and rejoins the base line, and ubl and obi designate

under and over the base line
,
the heat of transition given by

AH
t

= (V - V " (H
T, - Vubl + (H

Tl ,
- Vobl + (H

T,
- H

T >obl

Figures 1 and 2 show two possible cases. The shaded areas represent the enthalpy over the base line and cross-hatched areas the

enthalpy under the base line

.

EVALUATION OF TRANSITIONAL ENTHALPIES

FIGURE 1

EVALUATION OF TRANSITIONAL ENTHALPIES

FIGURE 2

Many enthalpies of fusion and enthalpies of solid-state transitions are obtained from enthalpy measurements and therefore

require different treatment. Here the heats 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 tempera-

ture may not be clearly obtainable from the enthalpy data.

The heats of the remaining transitions, vaporization and sublimation, are evaluated from equilibrium data by the second- and

third- law methods just described except when calorimetric measurements are available.

5 . Equilibrium

Perhaps the most significant factors to be established in evaluating equilibrium data are that equilibrium was attained and

that the process was properly described. For example, in a sublimation process the most accurate measurements are valueless if

the vapor phase is not uniquely defined. If polymerization or breakdown might have occurred, the first order of business is to

establish the exact reaction. Because mass spectroscopy has shown that vapor phases are often extremely complex, it is almost a

requirement that before equilibrium data can be accepted the vapor phases must be examined by a mass spectrometer to ensure their

composition. Some methods of measurement are less accurate than others and should be given less weight. For example, equilibria

determined in a mass spectrometer are usually quite rough because many approximations and uncertainties are involved in obtaining

an absolute pressure measurement. On the other hand, measurements of the electromotive force of reversible cells can have great

accuracy. Once the system is defined and equilibrium data are available, the data are analyzed by the second- and third-law

methods

.

CONSTRUCTION OF THE TABLES

1 . Solid Phase

To produce a final table after all of the data have been evaluated or estimated, the enthalpy of formation, the entropy at

298 K, and the heat capacity at reasonable intervals through the temperature range of interest are needed. The enthalpy is ob-

r
T

tamed from the heat capacity by evaluating / C dT. The entropy is similarly obtained from the heat capacity by evaluating
r T J298 p

J
(Cp/T)dT. The Gibbs energy function is then obtained from the relation (G^,-H^

e
.p)/T =

~^T
+ ^ H

T
_
^ref Enthalpies of
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formation at temperatures other than 298 K require a knowledge of the enthalpies of the reference elements:

AHf
T

AHf
298

+ (H
T

H
298 5 compd

Z(H
T

H
298

5 elements

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

AGf° = AHf° - T[S_(compd) - ZS_( elements )

]

The logarithm of the equilibrium constant of formation is then found from the relation AGf^, = -4.5756T log .

Until now, we have only considered the calculation of values above 298 K; however, it is desirable to have data all the way

to absolute zero. The temperature 0 K is a natural base for measurements involving gases in their lowest energy state, and values

are needed in order to convert to the thermochemical reference temperature of 298 K. There is no basic difference in evaluating

low-temperature data, but many more heat-capacity points are needed because of the large curvature. It is also necessary to

evaluate the starting entropy at some temperature above 0 K because data rarely extend to below 5 K. In order to evaluate

enthalpy it is necessary to start with a value above zero and integrate up to 298 K; then the value at 298 K is subtracted from

the intermediate values, giving negative values below 298 K.

The tables extend to well above the normal melting point to facilitate the use of the tables by computers which can then

interpolate values accurately right at the melting point. Dotted and solid lines indicate the end of the phase stability and

solid-state transitions respectively.

2

.

Liquid Phase

The construction is identical with that used for the solid phase; however, the required data at 298 K are not usually readily

available. The data are obtained by calculating a preliminary table using the chosen heat capacities with zero values for AHf°g
g

and S°g
g

. The correct starting values are then determined by comparing the values from the tables of crystal and liquid, using

the following equations

:

AHm° = AHf° U) - AHfiCc)
Tm Tm

ASm°
AHm°
Tm U) Cc)

The correct values at 298 K may be obtained from the above relations. A typical liquid table is extrapolated both below the

melting point and above the boiling point to facilitate interpolation near the phase boundaries

.

3 . Gas Phase

The data required for the various types of molecules are summarized below. The equations used are given in the section on

Calculational Methods. All molecules require the gram formula mass and enthalpy of formation at 298 K.

Additionally, monatomic species require: . . . E
n

and g^ , g^. . . g^
Diatomic species require: B

e ,
a, x

g , ,
a
g , , g^ (i = 0,... n)

Linear polyatomic species require: B
g ,

ct, (i = 1,... 3N-5),
, g^ (i = 0,... n)

Nonlinear polyatomic species require: a, log I^Igl^,, (i = 1,... 3N-6), , g^ (i = 0,... n)

is the energy of the i th electronic level

g^ is the statistical weight of the i th electronic level

B is the rotational constant
e

a is the symmetry number

x is the anharmonicity correction = a x /u
e e e e

is the fundamental frequency of a diatomic molecule

ok is a fundamental frequency of a polyatomic molecule

a is the rotational vibrational interaction constant
e

N is the number of atoms in the molecule

I^Igl^, is the product of the moments of inertia

Monatomic species often have a large number of electronic levels; it is usual to average the higher levels taking account of the

individual multiplicities. Diatomic and polyatomic species sometimes have several excited states which are low enough to make

appreciable contributions. These states are treated by direct summation over the individual partition functions using anharmonic-

oscillator approximations for each state. If vibrational and rotational constants for the higher states are not available the

calculations are simplified by assuming the ground state values for each state.

4. Multiphase Tables

Tables which show only values for the real phases at one atmosphere pressure are multiphase tables. In this compilation they

are generally reference state tables, though some solid phase tables include more than one phase. Multiphase tables can always be

recognized by the presence of solid lines, indicating phase transitions, on the table. They are prepared in a manner similar

to tables for condensed phases. The functions are evaluated in the same manner as for a solid up to the first transition point;

then the heat and entropy of transition are added and the integration is continued using the second-phase heat capacities. At

each phase boundary the above process is repeated.
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USE OF TABLES

The rapid proliferation of thermodynamic tabulations in recent years brings with it the possibility of serious abuse of the

information in them. First, as we explained earlier, not all tabulations are based on the same reference states. To avoid this

pitfall it is helpful to write down the reaction and check the value and state of each component. It is even better to utilize

only a single compilation whenever possible, because values from different compilations may not be consistent or compatible.

Second, the base temperatures of compilations differ between 0 and 298 K. Only enthalpies and Gibbs-energy functions are

affected, but they can result in serious errors if used indiscriminately.

A different type of error is caused by misunderstanding the significance of negative Gibbs-energy changes. For example, many

species in the JANAF Thermochemical Tables have large negative Gibbs energies of formation at 6000 K. This does not necessarily

imply that the species are stable, but only that the Gibbs-energy change from the elemental reference state is negative. In fact,

nearly all the elements are monatomic gases at 6000 K, and the reference states are generally unstable with respect to the atoms.

Similarly, a negative Gibbs-energy change does not mean a reaction will occur, but means only that the reaction is favorable as

written. For example, at 298 K

C + 0
2

-*• CO + 1/2 0j A

G

2 g g
r -32.8 kcal/mole

However, at normal pressures this reaction would generally be recognized as unlikely in view of

C + 0
2

-* C0
2

AG
2gg

r -9^-3 kcal/mole

Similarly, in combining free energies of reaction, one should be careful not to combine impossible reactions with possible

ones to obtain an over-all favorability

:

4C + H
2

+ 0
2

C
2
H
2

+ 2C0 AG = -15.6 kcal/mole

This equation is impossible because we cannot combine the reactions

2C + H
2

-< C
2
H
2

AG = +50.0 kcal/mole

and

2C + 0
2

-* 2C0 AG = -65.5 kcal/mole

by simple addition. Both reactions must be written so that they are possible. They then become

C
2
H
2

* 2C + H
2

AG = -50.0 kcal/mole

2C + 0
2

-+ 2C0 AG = -65.6 kcal/mole

Then by simple addition

C
2
H
2

+ °2 * 2C0 + H
2

AG = -115.6 kcal/mole

Although these tables have been continuously revised it is not possible to keep all the tables fully revised with the latest data.

Thus, each table indicates the dates of each revision at the foot of the tabular values. The latest date is most important since

information generated after that date has not been incorporated. The frequency of revisions often indicates the level of research

activity on the compound and may indicate further changes in the future.



CALCULATI ONAL METHODS

The presentation of Mayer and Mayer "Statistical Mechanics", John Wiley § Sons, Inc., New York, (1940) forms

the basis for the expressions given below for the ideal gas state. The calculations have been carried out by a

Burroughs B5500 electronic computer.

I. Ideal Monatomic gas

(a) Translation

(H°-H°)/T = C
p

° = 4.967913 cal deg
-1

mol
-1

.

-(G°-H°)/T = 6.863426 log M + 11.439043 log T - 7.282868 cal deg
-1

mol
-1

.

S' = 6.863426 log M + 11.439043 log T - 2.314954 cal deg
-1

mol
-1

.

(b) Electronic

1.438790 e.

2
1.438790 e.

2 e iSi 6

1.438790 e
i

1.438790 £.

\Ai<

1.438790 e.

2 -

1.438790 e.

-(G°-H!)/T = 4 .575617 log 2g,.

2 E
i g i

e
~

1.438790 e.

1.438790 e.

2 -a— E.e

1.438790 e.
+ 4.575617 log i^g.e2 g- <

1.438790 e.

II. Ideal Diatomic Gas

(a) Translation and Rotation

C
p

° = 6.955079 + 0.0914148 (B/T) 2 cal deg
-1

mol
-1

.

(H°-H')/T = 6.955079 - 0.953038 (B/T) - 0.0914148 (B/T) 2
cal deg

-1
mol

-1
.

-(G°-H°)/T = 6.863426 log M + 11.439043 log T - 4.575617 log (Bct/T) + 0.953038 (B/T)

+ 0.0457074 (B/T)
2 - 8.005804 cal deg

-1
mol

-1
.

S' = 6.863426 log M + 11.439043 log T - 4.575617 log (Bct/T) - 0.0457074 (B/T)
2

- 1.050725

cal deg
1

mol
1

.

where B = (B -a /2) when spectroscopic constants are available.
e e - 39

9 7qqn7fi Y 10 7
B = — j when calculated from a molecular model, (I in g cm )

(b) Vibration

C
p

° = 1.987165 u
2
e
-U

/ ( l-e
-u

)
2

cal deg
-1

mol
-1

.

(H-H°)/T = 1.987165 ue
-U

/(l-e -U ) cal deg
-1

mol
-1

.

-( G'-H' ) /T = -4.575617 log (l-e
-U

) cal deg
-1

mol
-1

.

S' = 1.987165 ue
-U/(l-e-U ) - 4.575617 log (l-e

-u
) cal deg

-1
mol

-1
.

where u = (1.438790/T) • (oj
e
-2u

e
x
e

) when spectroscopic constants are available.

u = ( 1 . 4 38790/T) to where u> is the fundamental wave number of a harmonic oscillator.
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(c) Electronic

Same as 1(b) when the i th-state vibrational partition function, and the i th-state rotational partition

function, Q*, are equal to the respective ground state partition functions. In this case the partition function Q =

QtQvQr X Qg» otherwise all the thermodynamic functions are derived from Q = Qt X Q^Q^Q^, where Qt
is the translational

partition function and = g^exp( eKkT) .

(d) Anharmonicity Corrections

C ° = 1.987615
P

16
u , u

2u 2 u, „ . u
e u e ( 2<5e

(e“ - l)
2

(

e

u
- 1)

6u e u e (26e - 4Xu - 8X) x 12Xu e'
2

(e“ - 1)
cal deg

1
mol ^

.

(H°-H°)/T = 1.987165

-(G°-H°)/T = 1.987165

BX +
u(6e - 2X) + 4Xu e

u , u

iX + 6
+ 2Xu

u , u , , , u . , 2
(e - 1) (e - 1)

S° = 1.987165 /U , U \ , U
(e - 1) (e - 1) (e - 1)

III. Linear Polyatomic Molecule

(a) Translation and rotation same as for II (a).

(b) Vibration same as II (b) for 3N-5 vibrational degrees of freedom.

(c) Electronic same as II (c) where levels and quantum weight are known.

(d) Anharmonic corrections neglected.

IV. Nonlinear Polyatomic Molecule (Rigid Rotator, Harmonic Oscillator).

(a) Translation and Rotation

C
0

= 7.948662 cal deg' 1 mol' 1
.

P

(H°-H”)/T = 7.948662 cal deg"
1

mol' 1
.

„ o 117
-( G -Hq) /T = 6.863426 log M + 18.302469 log T - 4.575617 log cr + 2.287809 log I I

B
I
C

x 10

- 10.297926 cal deg"
1

mol' 1
.

S° = 6.863426 log M + 18.302469 log T - 4.575617 log a + 2.287809 log I
A
I
B
I
C

x 10
117

- 2.349265 cal deg
1

mol
1

(b) Vibration same as II (b) for 3N-6 vibrational degrees of freedom.

(c) Electronic same as II (c) where levels and quantum weight are known.

(d) Anharmonic corrections neglected.

V. Condensed States

Evaluation of thermodynamic data for condensed states rests upon either measured or estimated information.

Heat-capacity data are plotted, smoothed, and data for calculations read back at regular temperature intervals.

Integration of this smoothed heat capacity data is carried out with the relations

by machine, three points at a time. The computer calculates the constants for a parabolic equation through the

three points, and employs the constants to integrate the first temperature interval. The lowest point is discarded;

the next higher point is combined with the two retained points
;
and a new set of parabolic constants calculated

and used for integrating the next higher temperature interval. This recurrent procedure is well suited to this

type of calculation. At the appropriate temperatures, transition enthalpies are added to the enthalpy total, while

the quotient of the transition enthalpy divided by the absolute temperature is added to the entropy total.
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NOTES

1 . Indexing

The modified Hill indexing system, J. Am. Chem. Soc. 2_2, 478-94 (1900), for Chemical Compounds as used by Chemical

Abstracts and the Classification Division of the U. S. Patent Office is used to index the chemical compounds in this data

collection. The arrangement of atomic symbols in chemical formulas is alphabetical except for carbon compounds. Thus, the

indexing of chemical compounds is as follows: Ac (actinium compounds), Ag (silver compounds), A1 (aluminum compounds),

Am (americium compounds), Ar (argon), As (arsenic compounds), Au (gold compounds), B (boron compounds), Ba (barium compounds),

Be (beryllium compounds), and so on throughout the alphabet. Once the correct order of the elements in the formula is

deduced, the location of a compound within the group is easily accomplished. This obviates the need for pagination, and

the index page indicates the correct order.

Organic (carbon) compounds represent a gigantic group, so that for convenience this one class of compounds presents the

exceptions to the alphabetical rule. In carbon compounds the C always comes first, followed immediately by H if hydrogen is

present, and then followed by any other elements present in their normal alphabetical 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
2

(two carbon atoms), followed by C
3

compounds, and so on. Thus: CHBF^O (formyl fluoride, compound

with BF
3
)) CHC1

3
(chloroform), CH,,F

3
P ( trifluoromethylphosphine) , CH

3
N0

3
(methyl nitrate), CH

4
Cl

2
Si ( dichloromethylsilane )

,

CH
10

N
4
O
3

(hydrazine carbonate), CO (carbon monoxide), C0
2

(carbon dioxide), COjZn (zinc carbonate), CZr (zirconium carbide),

C
2
Ba (barium acetylide)

, C
2
BrClF

2
(bromochlorodifluoroethylene ) , C

2
Ca (calcium carbide), and so on. See any formula index

of Chemical Abstracts for further details and examples

.

2 . Selection of Enthalpy Reference Temperature

Since no enthalpy measurements can be made in the sense of an absolute quantity, and since all enthalpy measurements

are made as a difference between an initial and a final state, it is necessary to select the thermodynamic state to which all

other thermodynamic states will be referred. For these tables, the thermodynamic state selected is chosen as the state at

one atmosphere total pressure tabulated at 298.15 K. Note that the temperature 298 K listed in the table actually refers to

298.15 K.
, but decimals have been omitted in the temperature column. Usage in theoretical work indicates the selection of

the state existing at absolute zero, which is a hypothetical state that is even approached by relatively few measurements.

Values of the difference in heat between 298.15 and 0 K will permit theoretical workers to use these tables, so it was

decided to tabulate values at 0 K. Modern usage of thermodynamic data sometimes requires application to conditions below

ambient, so the decision was made to tabulate values at 0 , 100 , and 200 K where the information is available.

Limitations of Calculated Quantities

Calculation of the contributions of rotation and translation involves the use of quantum statistics ,
but to obtain a

numerical solution the quantum statistics are usually replaced by classical statistics at temperatures above about 100 K.

Attempts to employ these methods below 100 K lead into a temperature range where the approximation afforded by classical

statistics no longer holds . For this reason the equations presented under "Calculational Methods" fail in the vicinity of

OK. In agreement with the third law concept, and S° are zero at 0 K. For a reference element, log is zero at 0 K

,

while for compounds the absolute values of the free energy function and log become infinite at 0 K.

4. Reference State of an Element

A related set of thermodynamic property tables requires 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 (6000 K here) 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 includes more than

one phase (say magnesium) there will be a solid phase (from 0 to 922 K, the melting point), a liquid phase (922 to 1378 K,

where the vapor pressure reaches one atmosphere)
,
and a gas phase (1378 to 6000 K)

,
the tabulated values in the reference

table will be discontinuous at these phase boundaries. Practical usage dictates that in so far as possible the phase most

stable at one atmosphere pressure (that is ,
the form most easily worked with) 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 polyphase reference-state tables by insertion of a solid line at the temperature of a phase transition. The phase

transitions considered are: first-order solid-state transformations from one crystal type to some other, solid to liquid,

and solid or liquid to gas at one atmosphere.

5 . Single-Phase Table

It is expected that these tables will be employed on various problems solved by automatic machine computation. Such

calculations are carried out in numerous ways, and vary from one installation to another. Programs to perform these

calculations are simplified if the thermodynamic functions are smooth and extend beyond the actual range of use permitting

a wide latitude in iterative procedures. For this reason, most tables other than elemental reference states are tabulated

as single-phase tables. Thus, tables for the solid state are extrapolated well past the melting point; those for the

liquid state are extrapolated below the melting point (into the supercooled-liquid range to 298.15 K) and well above the

atmospheric boiling point, while gas tables are tabulated from 0 K to 6000 K. Care has been taken to preserve the correct

free energy relationships between the extrapolated-phase functions and the functions of the real phase. Attention is called

to these extrapolations by insertion of a dotted line at the temperature where the indicated phase meets an adjacent more

stable phase, but for reasons mentioned above the indicated phase is extrapolated into a temperature range where it is

thermodynamically unstable.
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NOTES

6. Mole

With each table and text there is listed either the atomic, molecular, or gram formula mass. It is generally

understood that this mass in grams refers to Avogadro's number of atoms or molecules, and will be referred to simply as a

"mole"

.

7. Point Groups and Ground-State Configurations

Throughout these tables the nomenclature and definition of the ground-state configurations and point groups are those

in use by C. E. Moore, U. S. National Bureau of Standards Circular 467 , (1949), and G. Herzberg, "Molecular Spectra and

Molecular Structure, I. Spectra of Diatomic Molecules", D. Van Nostrand Co., New York, (1950), and "Molecular Spectra and

Molecular Structure, II. Infrared and Raman Spectra", D. Van Nostrand Co., New York, (1945).

8. Decimal Places

Three decimal places have been arbitrarily carried in the tables even though in numerous cases the data do not warrant

this accuracy. This has been done to preserve the proper relationship of the thermodynamic functions, and to facilitate

machine interpolation of these values.

9 . Higher Electronic Terms

A single electronic term of 30,000 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 values have been summed and their contribution included.

10. Estimated Vibrational Frequencies

Some vibrational frequencies have been estimated by analogy with related molecules. Occasionally, more than one

frequency has been averaged at the same value. This is not to be confused with a true degeneracy which is indicated by

placing the degeneracy value in parentheses following the frequency. However, when the information has been taken from

another compilation, the degeneracies indicated by the compiler have been retained.

11. Quantum Weight

The term quantum weight is also referred to as statistical weight by many authors. The quantity is the product of

the spin multiplicity and state degeneracy of the electronic level under consideration.

12 . Isotope Effects

The functions calculated for gases from molecular constants are, in general, obtained from constants which have been

corrected to the natural isotopic abundance.
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INDEX TO TAB L E S

Filing Filing
Order Table Title Order Table Title

A1 Aluminum (ref. st.) Aii
3

Aluminum Triiodide ( £)

A1 Aluminum (c) A1I
3

Aluminum Triiodide (g)

A1 Aluminum ( l ) AlLi0
2

Lithium Aluminate (c)

A1 Aluminum, Monatomic (g) AlLi0
2

Lithium Aluminate ( £)

Al
+

Aluminum Unipositive Ion (g) AIN Aluminum Nitride (c)

aibo
2

Aluminum Boron Dioxide (g) AIN Aluminum Nitride (g)

AlBr Aluminum Monobromide (g) AlNa0
2

Sodium Aluminate (c)

AlBr
3

Aluminum Tribromide (c) A10 Aluminum Monoxide (g)

AlBr
3

Aluminum Tribromide (£) A10
+

Aluminum Monoxide Unipositive Ion (g)

AlBr
3

Aluminum Tribromide (g) aio
2

Aluminum Dioxide (g)

A1C1 Aluminum Monochloride (g) aio
2

"
Aluminum Dioxide Uninegative Ion (g)

A1C1
+

Aluminum Monochloride Unipositive Ion (g) A1S Aluminum Sulfide (g)

A1C1F Aluminum Chlorofluoride (g) Al
2
Be0

4
Beryllium Aluminate (c)

aicif
2

Aluminum Chlorodifluoride (g) A1
2
Br

6
Aluminum Tribromide, Dimeric ( g)

A1C10 Aluminum Oxychloride (c) A1
2
C1

6
Aluminum Trichloride, Dimer (g)

A1C10 Aluminum Oxychloride (g) A1
2
C1

9
K
3

Potassium Nonachloroaluminate (c)

aici
2

Aluminum Di chloride (g) A1
2
F
6

Aluminum Trifluoride, Dimer (g)

aici
2

+
Aluminum Dichloride Unipositive Ion <g> AVs Aluminum Triiodide, Dimeric (g)

aici
2

"
Aluminum Dichloride Uninegative Ion (g> Al

2
Mg0

4
Magnesium Aluminate (c)

A1C1
2
F Aluminum Dichlorofluoride (g) Ai

2
o Aluminum Suboxide (g)

A1C1
3

Aluminum Trichloride (c) A1
2
0 Dialuminum Monoxide Unipositive Ion (g)

Alcia Aluminum Trichloride (£) A1 2°2 Aluminum Monoxide, Dimeric (g)

A1C1
3

Aluminum Trichloride (g) A1 2°2 Dialuminum Dioxide Unipositive Ion (g)

aici
4
k Potassium Tetrachloroaluminate (c) A 1 2°3 Aluminum Oxide (c, alpha)

AlCl^Na Sodium Tetrachloroaluminate (c) A12°3 Aluminum Oxide (c, gamma)

A1C1
6
k
3

Tripotassium Hexachloroaluminate (c) A12°3 Aluminum Oxide ( l)

A1 C1
6
Na

3
Trisodium He,xachloroaluminate (c) Al

2
0
5
Si Sillimanite (c)

A1F Aluminum Monofluoride (g) A1 2°5 Si Andalusite (c)

A1F
+

Aluminum Monofluoride Unipositive Ion (g) Al
2
0 ,-Si Kyanite (c)

A1FO Aluminum Oxy fluoride (g) A16°13Si 2
Mullite (c)

A!F
2

Aluminum Difluoride (g)

A1F
2

Aluminum Difluoride Unipositive Ion (g> B Boron (ref. st.)

aif
2

_
Aluminum Difluoride Uninegative Ion (g> B Boron, Beta-Fhombohedral (c)

A1F
3

Aluminum Trifluoride (c) B Boron ( l)

A1F
3

Aluminum Trifluoride (g) B Boron, Monatomic (g)

AlF
4
Li Lithium Tetrafluoroaluminate (g) B

+
Boron Unipositive Ion (g)

AlF
4
Na Sodium Tetrafluoroaluminate (g) BBe0

2
Beryllium Boron Dioxide (g)

A1F
6
K
3

Tripotassium Hexafluoroaluminate (c) BBr Boron Monobromide (g)

A1 F
6
Li

3
Trilithium Hexafluoroaluminate (c) BBrCl Boron Bromide Chloride (g)

A1 F
6
Li

3
Trilithium Hexafluoroaluminate (£) BBrCl

2
Boron Bromide Dichloride ( g)

A1F
6
Na

3
Cryolite (c) BBrF Boron Bromide Fluoride (g)

A1F
6
Na

3
Cryolite (£) BBrF

2
Boron Bromide Difluoride (g)

A1H Aluminum Monohydride (g) BBrO Boron Oxide Bromide (g)

A1HO Aluminum Monoxyhydride (g) BBr
2

Boron Dibromide (g)

A1HO Aluminum Monohydroxide (g) BBr
2
Cl Boron Dibromide Chloride (g)

A1H0
+

Aluminum Monohydroxide Unipositive Ion (g) BBr
2
F Boron Dibromide Fluoride (g)

A1HO" Aluminum Monohydroxide Uninegative Ion (g) BBr
2
H Boron Dibromide Hydride (g)

aiho
2

Aluminum Dioxyhydride (g) BBr
3

Boron Tribromide (£)

A1H Li Lithium Aluminum Hydride (c) BBr
3

Boron Tribromide (g)

All Aluminum Monoiodide (g) BC1 Boron Monochloride ( g)

A1I
3

Aluminum Triiodide (c) BC1
+

Boron Monochloride Unipositive Ion (g)
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Filing Filing
Order Table Title Order Table Title

BC1F Boron Chloride Fluoride (g) B
2

Boron, Diatomic (g)

bcif
2

Boron Chloride Difluoride (g) B
2
Be0

4
Beryllium Diborate (g)

BCIO Boron Oxide Chloride (g) B
2
Be 3°6 Triberyllium Diborate (c)

BC1 Boron Dichloride (g) B
2
C1

4
Boron Dichloride, Dimeric ( g)

bci
2

+
Boron Dichloride Unipositive Ion (g) B

2
F
4

Boron Difluoride, Dimeric (g)

bci
2

”
Boron Dichloride Uninegative Ion (g) B

2
H4°4 Boron Dihydroxide, Dimeric (c)

bci
2
f Boron Dichloride Fluoride (g) B

2
H4°4 Boron Dihydroxide, Dimeric (g>

bci
2
h Boron Dichloride Hydride (g) B

2
H
6

Diborane (g)

BC1
3

Boron Trichloride (g) B
2
Mg Magnesium Diboride (c)

BF Boron Monofluoride (g) B
2
° Diboron Monoxide (g)

BFO Boron Oxide Fluoride (g) B 2°2 Boron Monoxide, Dimeric (g)

bf
2

Boron Difluoride (g) B 2°3 Boron Oxide (c)

BF
2

Boron Difluoride Unipositive Ion (g) B 2°3 Boron Oxide (4)

bf
2

-
Boron Difluoride Uninegative Ion (g) B 2°3 Boron Oxide (g)

BF
2
H Difluoroborane (g) B 2°4Pb Lead Diborate (c)

BF
2
HO Boron Hydroxide Difluoride (g) B

2
Ti Titanium Diboride (c)

BF 0 Boron Oxide Difluoride (g) B
2
Ti Titanium Diboride ( 4)

BF
3

Boron Trifluoride (g) B
2
Zr Zirconium Diboride (c)

BF
4
K Potassium Tetrafluoroborate (c) B

2
Zr Zirconium Diboride (4)

bf
4
k Potassium Tetrafluoroborate ( 4)

bf
4
k Potassium Tetrafluoroborate (g) B

3
C13°3 Boron Oxide Chloride, Trimeric (g)

BH Boron Monohydride (g) B
3
FH 2°3 Monofluoroboroxin (g)

BHO Boron Oxide Hydride (g) B
3
F
2
H0

3
Difluoroboroxin (g)

BHO
+

Boron Oxide Hydride Unipositive Ion (g) B
3
F3°3 Boron Oxide Fluoride, Trimeric (c)

bho
2

Metaboric Acid (c) B
3
F3°3 Boron Oxide Fluoride, Trimeric (g)

bho
2

Metaboric Acid (g) B
3
H 3°3 Boroxin (c)

bh
2

Boron Dihydride (g) B
3
H
3
O
3

Boroxin (g)

BH 2°2 Boron Dihydroxide (g) B
3
H3°6 Metaboric Acid, Trimeric (g)

BH
3

Boron Trihydride (g) W 3
Borazine (g)

BH 3°3 Boric Acid (c)

BH 3°3 Boric Acid ( g) B
4
K2°7 Dipotassium Tetraboron Heptaoxide (c)

bh
4
k Potassium Tetrahydroborate (c) B

4
K 2°7 Dipotassium Tetraboron Heptaoxide (4)

BH
4
Li Lithium Tetrahydroborate (c) B

4
Li 2°7 Dilithium Tetraborate (c)

BH
4
Na Sodium Tetrahydroborate (c) B

4
Li 2°7 Dilithium Tetraborate (4)

BI Boron Iodide (g) B
4
Mg Magnesium Tetraboride (c)

BI
2

Boron Diiodide (g) B 4^ a 2®7 Disodium Tetraborate (c)

BF
3

Boron Triiodide (g) B
4
Na

2
0
?

Disodium Tetraborate ( 4)

BLi0
2

Lithium Metaborate (c) B 0 Pb Lead Tetraborate (c)

BLi0
2

Lithium Metaborate ( 4) B
5
H
9

Pentaborane (4)

BLi0
2

Lithium Metaborate (g) B
5
H
9

Pentaborane (g)

BN Boron Nitride (c) B
6
K2°10 Dipotassium Hexaborate (c)

BN Boron Nitride (g) B
6
Li 2°10 Dilithium Hexaborate (c)

BNa0
2

Sodium Metaborate (c) B
6
Na2°10 Disodium Hexaborate (c)

BNa0
2

Sodium Metaborate (4) B
6
°
10

Pb Lead Hexaborate (c)

BNa0
2

Sodium Metaborate (g) B
8
K2°13 Dipotassium Octaborate (c)

BO Boron Monoxide (g) B
8
K2°13 Dipotassium Octaborate ( 4)

B0
2

Boron Dioxide (g) B
8
Li 2°13 Dilithium Octaborate (c)

BV Boron Dioxide Uninegative Ion (g) B
10

H
14

Decaborane (c)

BS Boron Monosulfide (g) B
10

H
14

Decaborane (4)

BTi Titanium Monoboride (c) B
10

H
14

Decaborane Cg)
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Filing Filing
Order Table Title Order Table Title

310°17Pb 2
Dilead Decaborate (c) 3e

3
N
2

Beryllium Nitride (c,a)

Be
3
N
2

Beryllium Nitride (4)

Be Beryllium (ref. st.) Be 3°3 Beryllium Oxide, Trimeric (g)

3e Beryllium (c) Seu°u Beryllium Oxide, Tetrameric <g)

Be Beryllium ( 4

)

3e
S°5

Beryllium Oxide, Pentameric (g>

Be Beryllium Cg) 3e6°6 Beryllium Oxide , Hexameric (g>

Be
+

Beryllium Unipositive Ion (g)

3e3r Beryllium Monobromide (g) Br Bromine, Monatomic (g)

3eBr
2

Beryllium Dibromide (c) BrCl Bromine Monochloride (g)

BeBr
2

Beryllium Dibromide (4) BrF Bromine Monofluoride (g)

BeBr
2

Beryllium Dibromide (g) BrF
3

3romine Trifluoride (g)

BeCl Beryllium Monochloride (g) 3rF
5

Bromine Pentafluoride (g)

BeCl
+

Beryllium Monochloride Unipositive Ion (g) BrH Hydrogen Bromide (g)

BeCIF Beryllium Chloride Fluoride ( g) BrH
4
N Ammonium Bromide (c)

3eCl
2

Beryllium Dichloride (c,a) BrHg Mercurous Bromide (g)

BeCl
2

Beryllium Dichloride (c,p) BrI Iodine Monobromide (g)

3eCl
2

Beryllium Dichloride (4) BrK Potassium 3romide (c)

BeCl Beryllium Dichloride ( g) BrK Potassium Bromide (4)

BeF Beryllium Monofluoride (g) BrK Potassium Bromide (g)

BeF
2

Beryllium Difluoride (c) BrLi Lithium 3romide (c)

3eF
2

Beryllium Difluoride (4) BrLi Lithium Bromide (4)

BeF
2

Beryllium Difluoride (g) BrLi Lithium Bromide (g)

BeF
3
Li Lithium Trifluoroberyllate (c) BrMg Magnesium Monobromide (g)

BeFjLi Lithium Beryllium Fluoride (g) BrN Nitrogen Bromide (g)

BeF
4
Li

2
Dilithium Tetrafluoroberyllate (c) BrNO Nitrosyl Bromide (g)

BeF
4
Li

2
Dilithium Tetrafluoroberyllate (4) BrNa Sodium Bromide (c)

BeH Beryllium Mcnohydride (g) BrNa Sodium Bromide (4)

BeH
+

Beryllium Monohydride Unipositive Ion (g) BrNa Sodium Bromide (g)

BeHO Beryllium Monohydroxide ( g) BrP Phosphorus Monobromide ( g)

BeHO
+

Beryllium Monohydroxide Unipositive Ion (g) BrPb Lead Monobromide (g)

BeH
2

Beryllium Dihydride ( g) BrTi Titanium Monobromide ( g)

BeH
2
0
2

Beryllium Hydroxide (c,a) BrW Tungsten Monobromide (g)

BeH
2
0
2

Beryllium Hydroxide (c,j3) BrZr Zirconium Monobromide (g)

3eH2°2 Beryllium Hydroxide (g)

Bel Beryllium Monoiodide ( g) Br
2

Bromine (ref. st.)

BeT
2

Beryllium Diiodide (c) Bromine (4)

BeI
2

Beryllium Diiodide (4) Br
2

Bromine, Diatomic (g)

3eI
2

Beryllium Diiodide (g) Br
2
Fe Iron Dibromide (c)

BeH Beryllium Nitride (g) Br
2
Fe Iron Dibromide (4)

BeO Beryllium Oxide (c) Br
2
Fe Iron Dibromide (g)

BeO Beryllium Oxide (4) Br
2
Hg Mercuric Bromide (c)

BeO Beryllium Oxide ( g) Br
2
Hg Mercuric Bromide (4)

3e0
4
S Beryllium Sulfate (c,a) Br

2
Hg Mercuric Bromide (g)

Be0
4
S Beryllium Sulfate (c,{3) 3r

2
Hg

2
Mercurous Bromide (c)

Be0
4
S Beryllium Sulfate (c,y) Br

2
K
2

Potassium Bromide , Dimeric (g)

Be0
4
W Beryllium Tungstate (c) Br

2
Li

2
Lithium Bromide, Dimeric (g)

BS
2
C1

4
Beryllium Dichloride

,
Dimeric (g) Br

2
Mg Magnesium Dibromide (c)

3e
2
F2° Dilithium Oxide Difluoride (g) Br

2
Mg Magnesium Dibromide (4)

Be
2
0 Diberyllium Oxide C g) Br

2
Mg Magnesium Dibromide (g)

Be2°2 Beryllium Oxide, Dimeric (g) Br
2
Na

2
Sodium Bromide, Dimeric (g)

Be
2
0
4
Si Beryllium Orthosilicate (c) 3r

2
Pb Lead Dibromide (c)

15



Filing Filing
Order Table Title Order Table Title

Br
2
Pb Lead Dibromide (4) CF Carbon Monofluoride (g)

Br
2
Pb Lead Dibromide (g) CFN Cyanogen Fluoride (g)

Br
2
Ti Titanium Dibromide (c) CFO Carbonyl Monofluoride (g)

Br
2
Ti Titanium Dibromide (g) cf

2
Carbon Difluoride (g)

Br
2
Zr Zirconium Dibromide (c) CF 0 Carbonyl Fluoride (g)

Br
2
Zr Zirconium Dibromide (4) cr

3
Trifluoromethyl (g)

Br
2
Zr Zirconium Dibromide (g) CF

3
! Trifluoroiodomethane (g)

Br
3
OP Phosphoryl Bromide (g) CF

4
Carbon Tetrafluoride (g)

Br
3
P Phosphorus Tribromide (g) cf

4
o Trifluoromethyl Hypofluorite

Br
3
p S Thiophosphoryl Bromide (g) CH Methylidyne (g)

Br
3
Ti Titanium Tribromide (c) CHC1 Monochloromethylene (g)

Br
3
Ti Titanium Tribromide (g) chcif

2
Chlorodifluoromethane (g)

Br
3
Zr Zirconium Tribromide (c) CHC1

2
F Dichlorofluoromethane (g)

Br
3
Zr Zirconium Tribromide (g) CHC1

3
Chloroform (g)

Br
4
Fe

2
Iron Dibromide, Dimeric (g) CHF Monofluoromethylene (g)

Br
4
Pb Lead Tetrabromide (g) CH FO Formyl Fluoride (g)

Br
4
Ti Titanium Tetrabromide (c) CHF

3
Trifluoromethane (g)

Br
4
Ti Titanium Tetrabromide (4) CHN Hydrogen Cyanide (g)

Br
4
Ti Titanium Tetrabromide (g) CHNO Hydrogen Isocyanate (g)

Br
4
Zr Zirconium Tetrabromide (c) CHO Formyl (g)

Br
4
Zr Zirconium Tetrabromide (g) CHO

+
Formyl Unipositive Ion (g)

Br
5
W Tungsten Pentabromide (c) CHP Methinophosphide (g)

Br
5
W Tungsten Pentabromide (4)

Br
s
W Tungsten Pentabromide (g) ch

2
Methylene (g)

Br
6
W Tungsten Hexabromide (c) ch

2
cif Chlorofluoromethane (g)

Br
6
W Tungsten Hexabromide (g) ch

2
ci

2
Dichloromethane (g)

ch
2
f
2

Difluoromethane (g)

C Carbon (ref. st., Graphite) CH
2
0 Formaldehyde (g)

c Carbon, Monatomic (g) ch
3

Methyl (g)

c" Carbon Uninegative Ion (g) CH
3
C1 Methyl Chloride (g)

CAl Aluminum Carbide (g) CH
3
cl

3
Si Trichloromethylsilane (g)

CB Boron Carbide (g) CH
3
F Fluoromethane (g)

cb
4

Boron Carbide (c) CH
3
F
3
Si Trifluoromethylsilane (g)

cb
4

Boron Carbide (4) ch
4

Methane (g)

CBe
2

Beryllium Carbide (c) CIN Cyanogen Iodide (g)

CBe
2

Beryllium Carbide (4) CKN Potassium Cyanide (c)

CBr Carbon Monobromide (g) CKN Potassium Cyanide ( 4)

CBrF
3

Bromotrifluoromethane (g) CKN Potassium Cyanide (g)

CBrN Cyanogen Bromide (g) CK
2 °3

Potassium Carbonate (c)

CBr
4

Carbon Tetrabromide (g) CK
2 °3

Potassium Carbonate (4)

CC1 Carbon Monochloride (g) CLi
2 °3

Lithium Carbonate (c)

CC1FO Carbonyl Chlorofluoride (g) CLi
2
0
3

Lithium Carbonate (4)

CdF
3

Chlorotrifluoromethane (g) CMg0
3

Magnesium Carbonate (c)

CC1N Cyanogen Chloride (g) CN Cyano (g)

CCIO Carbonyl Monochloride (g) CN
+

Cyano Unipositive Ion (g)

cci
2

Carbon Dichloride (g) CN
-

Cyano Uninegative Ion (g)

CC1
2
F
2

Dichlorodifluoromethane (g) CNNa Sodium Cyanide (c)

CC1
2
0 Carbonyl Chloride (g) CNNa Sodium Cyanide (4)

CC1
3

Trichloromethyl (g) CNNa Sodium Cyanide (g)

CC1
3
F Trichlorofluoromethane (g) cn

2
CNN Radical (g)

CC1
4

Carbon Tetrachloride (g) cn
2

NCN Radical (g)
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Table Title
Filing
Order Table Title

CNa
2 °3

Sodium Carbonate (c)

CNa
2
°
3

Sodium Carbonate Cl)

CO Carbon Monoxide (g)

COS Carbon Oxysulfide (g)

CN
00 Carbon Dioxide (g)

C0
2

-
Carbon Dioxide Uninegative

CP Carbon Phosphide (g)

cs Carbon Monosulfide (g)

CS
2

Carbon Disulfide (g)

CSi Silicon Carbide (c,a)

CSi Silicon Carbide (c,p)

CSi Silicon Carbide (g)

csi
2

Disilicon Carbide (g)

CTi Titanium Carbide (c)

CTi Titanium Carbide Cl)

CZr Zirconium Carbide (c)

CZr Zirconium Carbide Cl)

C
2

Carbon, Diatomic (g)

V Dimeric Carbon Uninegative

C
2
Be Beryllium Carbide ( g)

C
2
C1

2
Dichloroacetylene (g)

C
2
C1

4
Tetrachloroethylene (g)

C
2
C1

6
Hexachloroethane (g)

c
2
f
2

Difluoroacetylene (g)

C
2
F
3
N Trifluoroacetonitrile (g)

C F
4

Tetrafluoroethylene (g)

C
2
F
6

Hexafluoroethane ( g)

c
2
h CCH Radical (g)

C
2
HC1 Chloroacetylene (g)

c
2
hf Monofluorocetylene (g)

C
2
H
2

Acetylene ( g)

C
2
H
4

Ethylene (g)

c
2
h
4
o Ethylene Oxide (g)

C
2
K
2
N
2

Potassium Cyanide, Dimeric

C
2
Li

2
Lithium Carbide (c)

C
2
Mg Magnesium Carbide (c)

c
2
n CMC Radical ( g)

C
2
N
2

Cyanogen (g)

C
2
N
2
Na

2
Sodium Cyanide, Dimeric Cg.

c
2
o CCO Radical (g)

C Si Silicon Dicarbide (g)

c
3

Carbon, Trimeric (g)

Aluminum Carbide (c)

C
3
Mg2 Magnesium Carbide (c)

C
3 °2 Carbon Suboxide (g)

C
4

Carbon, Tetratomic (g)

C
4
H
12

Si Tetramethylsilane (g)

C
4
N
2

Carbon Subnitride (g)

Carbon, Pentatomic (g)

Filing
Order

Ca

Ca

Ca

Ca

Ca

CaCl

CaCl
2

CaCl
2

CaCl
2

CaF

CaF
2

CaF
2

CaF
2

CaHO

CaHO
+

Cl

Cl
+

Cl
-

CICs

CICs

CICs

CICu

CICu

CICu

C1F

ClFLi
2

ClFMg

C1F0
3

C1F
2
0P

C1F
3

ClF
3
si

cif
5

ClFe

C1H

C1HO

ClH
3
Si

cih
4
n

cih
4
no

4

ClHg

C1I

C1I

C1I

C1K

C1K

C1K

C1K0
4

CILi

CILi

CILi

CILiO

Calcium (ref. st.)

Calcium (a)

Calcium (p)

Calcium Cl)

Calcium Cg)

Calcium Monochloride (g)

Calcium Chloride (c)

Calcium Chloride Cl)

Calcium Chloride ( g)

Calcium Monofluoride (g)

Calcium Difluoride (c)

Calcium Difluoride (£)

Calcium Difluoride (g)

Calcium Monohydroxide ( g)

Calcium Monohydroxide Unipositive Ion (g)

Chlorine, Monatomic (g)

Chlorine Unipositive Ion (g)

Chlorine Uninegative Ion (g)

Cesium Monochloride (c)

Cesium Monochloride Cl)

Cesium Monochloride (g)

Copper Monochloride (c)

Copper Monochloride Cl)

Copper Monochloride (g)

Chlorine Monofluoride (g)

Lithium Chlorofluoride (g)

Magnesium Chloride Fluoride ( g)

Perchloryl Fluoride (g)

Phosphoryl Difluorochloride (g)

Chlorine Trifluoride (g)

Chlorotrifluorosilane (g)

Chlorine Pentafluoride (g)

Iron Monochloride (g)

Hydrogen Chloride (g)

Hydrogen Oxychloride (g)

Chlorosilane (g)

Ammonium Chloride (c)

Ammonium Perchlorate (c)

Mercurous Chloride (g)

Iodine Monochloride (c)

Iodine Monochloride Cl)

Iodine Monochloride (g)

Potassium Chloride (c)

Potassium Chloride Cl)

Potassium Chloride (g)

Potassium Perchlorate (c)

Lithium Chloride (c)

Lithium Chloride Cl)

Lithium Chloride (g)

Lithium Oxychloride (g)
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Filing Filing
Order Table Title Order Table Title

ClLi0
4

Lithium Perchlorate (c) ci
2
w Tungsten Dichloride (g)

ClLi0
4

Lithium Perchlorate ( i) Cl
2
Zr Zirconium Dichloride (c)

CIMg Magnesium Monochloride (g) Cl
2
Zr Zirconium Dichloride ( i)

ClMg
+

Magnesium Monochloride Unipositive Ion (g) Cl
2
Zr Zirconium Dichloride (g)

C1NO Nitrosyl Chloride (g) C1
3
Cu

3
Copper Monochloride, Trimeric (g)

cino
2

Nitryl Chloride Cg) Cl
3
FSi Trichlorofluorosilane (g)

CINa Sodium Chloride (c) C1
3
Fe Iron Trichloride (c)

CINa Sodium Chloride ( £) Cl
3
Fe Iron Trichloride ( l)

CINa Sodium Chloride (g) Cl
3
Fe Iron Trichloride (g)

ClNa0
4

Sodium Perchlorate (c) Cl
3
HSi Trichlorosilane (g)

CIO Chlorine Monoxide (g) C1
3
Li

3
Lithium Chloride, Trimeric (g)

ClOTi Titanium Oxychloride (g) ci
3
°p Phosphoryl Chloride (g)

cio
2

Chlorine Dioxide Cg) ci
3
p Phosphorus Trichloride (g)

C1P Phosphorus Monochloride (g) ci
3
p s Thiophosphoryl Chloride (g)

CIPb Lead Monochloride (g) ci
3
si Silicon Trichloride (g)

CISi Silicon Monochloride (g) C1
3
Ti Titanium Trichloride (c)

CITi Titanium Monochloride (g) Cl
3
Ti Titanium Trichloride (g)

C1W Tungsten Monochloride (g) d
3
Zr Zirconium Trichloride (c)

ClZr Zirconium Monochloride (g) d
3
Zr Zirconium Trichloride (g)

C1
2

Chlorine, Diatomic (ref. st.,g) Cl
4
Mg

2
Magnesium Dichloride, Dimeric (g)

Cl
2
Cs

2
Cesium Monochloride, Dimeric (g) C1

4
Mo Molybdenum Tetrachloride (c)

Cl
2
Cu Copper Dichloride (c) C1

4
Mo Molybdenum Tetrachloride ( £)

ci
2
fop Phosphoryl Fluorodichloride (g) C1

4
Mo Molybdenum Tetrachloride (g)

Cl
2
Fe Iron Dichloride (c) ci

4
ow Tungsten Oxytetrachloride (c)

Cl
2
Fe Iron Dichloride ( l) ci

4
ow Tungsten Oxytetrachloride ( l)

Cl
2
Fe Iron Dichloride (g) C1

4
0W Tungsten Oxytetrachloride (g)

Cl
2
H
2
Si Dichlorosilane (g) Cl

4
Pb Lead Tetrachloride (g)

Cl
2
Hg Mercuric Chloride (c) Cl

4
Si Silicon Tetrachloride (g)

Cl
2
Hg Mercuric Chloride ( t) Cl

4
Ti Titanium Tetrachloride (c)

Cl
2
Hg Mercuric Chloride (g) Cl

4
Ti Titanium Tetrachloride (£)

Cl
2
Hg

2
Mercurous Chloride (c) Cl

4
Ti Titanium Tetrachloride (g)

C!
2
K
2

Potassium Chloride, Dimeric (g) ci
4
w Tungsten Tetrachloride (c)

Cl
2
Li

2
Lithium Chloride, Dimeric (g) ci

4
w Tungsten Tetrachloride (g)

Cl
2
Mg Magnesium Dichloride (c) Cl

4
Zr Zirconium Tetrachloride (c)

Cl
2
Mg Magnesium Dichloride ( £) Cl

4
Zr Zirconium Tetrachloride (g)

Cl
2
Mg Magnesium Dichloride (g) C1

5
Mo Molybdenum Pentachloride (c)

C1
2
Mo0

2
Molybdenum Dioxydichloride (g) CIjMo Molybdenum Pentachloride ( 1)

Cl Na Sodium Chloride, Dimeric (g) CljMo Molybdenum Pentachloride (g)

ci
2
o Chlorine Monoxide (g) d

5
P Phosphorus Pentachloride (g)

Cl
2
OTi Titanium Oxydichloride (g) C1

5
W Tungsten Pentachloride (c)

ci
2
o
2
w Tungsten Dioxydichloride (c) C1

5
W Tungsten Pentachloride ( l)

ci
2
o
2
w Tungsten Dioxydichloride (g) C1

5
W Tungsten Pentachloride (g)

Cl
2
Pb Lead Dichloride (c) ClgFe

2
Iron Trichloride, Dimeric (g)

Cl
2
Pb Lead Dichloride (4) ClgMo Molybdenum Hexachloride (c)

Cl
2
Pb Lead Dichloride (g) ClgMo Molybdenum Hexachloride (g)

ci
2
si Silicon Dichloride (g) ClgW Tungsten Hexachloride (c,a)

Cl
2
Ti Titanium Dichloride (c) C1

6
W Tungsten Hexachloride (c,p)

Cl
2
Ti Titanium Dichloride (g) ClgW Tungsten Hexachloride (£)

ci
2
w Tungsten Di chloride (c) dgW Tungsten Hexachloride (g)
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Filing
Order Table Title

Filing
Order Table Title

C110
W
2

Tungsten Pentachloride ,
Dimeric (g) FK Potassium Fluoride (c)

FK Potassium Fluoride it)

Co Cobalt (ref. st.) FK Potassium Fluoride (g)

Co Cobalt (c) FLi Lithium Fluoride (c)

Co Cobalt ( l) FLi Lithium Fluoride it)

Co Cobalt (g) FLi Lithium Fluoride ( g)

Co
+

Cobalt Unipositive Ion (g) FLiO Lithium Oxyfluoride (g)

CoF
2

Cobalt Difluoride (c) FMg Magnesium Monofluoride (g)

CoF
2

Cobalt Difluoride (£) FN Nitrogen Monofluoride (g)

CoF
2

Cobalt Difluoride ( g) FNO Nitrosyl Fluoride (g)

FHO
2

Nitryl Fluoride (g)

Cs Cesium (ref. st.) fno
3

Fluorine Nitrate (g)

Cs Cesium (c) FNa Sodium Fluoride (c)

Cs Cesium it) FNa Sodium Fluoride it)

Cs Cesium ( g) FNa Sodium Fluoride (g)

+
Cs Cesium Unipositive Ion (g) FO Fluorine Monoxide (g)

CsF Cesium Monofluoride (c) FOTi Titanium Oxyfluoride (g)

CsF Cesium Monofluoride ( I) fo
2

Monofluorine Dioxide (g)

CsF Cesium Monofluoride (g) FP Phosphorus Monofluoride (g)

CsO Cesium Monoxide (g) FPS Phosphorus Thiofluoride (g)

Cs
2

Cesium, Dimeric (g) FPb Lead Monofluoride (g)

Cs
2
F
2

Cesium Monofluoride, Dimeric (g) FSi Silicon Mono fluoride (g)

Cs
2
0 Dicesium Monoxide (g) FTi Titanium Mono fluoride (g)

FW Tungsten Monofluoride (g)

Cu Copper (ref. st.) FZr Zirconium Monofluoride (g)

Cu Copper (c)

Cu Copper ( l )
F
2

Fluorine, Diatomic (ref.st.,g)

Cu Copper (g) F
2
Fe Iron Difluoride (c)

+
Cu Copper Unipositive Ion (g) F.Fe Iron Difluoride ( l)

CuF Copper Monofluoride (c) F
2
Fe Iron Difluoride (g)

CuF Copper Monofluoride (g) f
2
hk Potassium Bifluoride (c)

CuF
2

Copper Difluoride (c) f
2
hk Potassium Bifluoride it)

CuF
2

Copper Difluoride (£) F
2
H
2
Si Difluorosilane (g)

CuF
2

Copper Difluoride (g) F
2
Hg Mercuric Fluoride (c)

CuH
2
0
2

Copper Dihydroxide (c) F
2
Hg Mercuric Fluoride it)

CuO Copper Monoxide (c) F
2
Hg Mercuric Fluoride (g)

CuO Copper Monoxide ( g) F
2
Hg

2
Mercurous Fluoride (c)

Cu0
4
S Copper Sulfate (c) f

2
k~ Potassium Difluoride Uninegative Ion (g)

Cu
2

Copper, Diatomic (g) F
2
K
2

Potassium Fluoride, Dimeric (g)

Cu
2
0 Dicopper Monoxide (c) F.Li- Lithium Difluoride Uninegative Ion (g)

Cu
2
0 Dicopper Monoxide ( i) F

2
Ll

2
Lithium Fluoride, Dimeric (g)

Cu 2°5 S Copper Oxide Sulfate (c) F
2
Mg Magnesium Fluoride (c)

F
2
Mg Magnesium Fluoride ( l)

F Fluorine, Monatomic (g) F
2
Mg Magnesium Fluoride (g)

r" Fluorine Uninegative Ion (g) F
2
N Nitrogen Difluoride (g)

FFe Iron Monofluoride (g) f
2
n
2

Difluorodiazine , cis- (g)

FH Hydrogen Fluoride (g) F
2
N
2

Difluorodiazine , trans- (g)

FHO Hydrogen Oxyfluoride (g) F
2
Na Sodium Difluoride Uninegative Ion (g)

FH Si Fluorosilane (g) F
2
Na

2
Sodium Fluoride, Dimeric (g)

FHg Mercurous Fluoride (g) F2° Oxygen Difluoride (g)

FI Iodine Monofluoride (g) f
2
os Thionyl Fluoride (g)
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Table Title
Filing
Order Table Title

F
2
0Si Silicon Oxydifluoride (g)

F
2
0Ti Titanium Oxydifluoride (g)

F2°2 S Sulfuryl Fluoride (g)

F
2
P Phosphorus Difluoride (g)

F
2
Pb Lead Di fluoride (c)

F
2
Pb Lead Difluoride ( i)

F
2
Pb Lead Di fluoride (g)

F
2
Si Silicon Difluoride (g)

F
2
Ti Titanium Difluoride (g)

F
2
Zr Zirconium Difluoride (c)

F
2
Zr Zirconium Difluoride (£)

F
2
Zr Zirconium Difluoride (g)

F
3
Fe Iron Trifluoride Cc)

F
3
re Iron Trifluoride (g)

F
3
HSi Trifluorosilane (g)

F
3
Li

3
Lithium Fluoride, Trimeric (g)

F
3
N Nitrogen Trifluoride (g)

F
3
N0 Trifluoramine Oxide (g)

F
3
°p Phosphoryl Fluoride (g)

F
3
P Phosphorus Trifluoride (g)

F
3
PS Thiophosphoryl Fluoride (g)

F
3
Si Silicon Trifluoride (g)

F
3
Ti Titanium Trifluoride (c)

F
3
Ti Titanium Trifluoride (g)

F
3
Zr Zirconium Trifluoride (c)

r
3
zr Zirconium Trifluoride (g)

F
4
Mg

2
Magnesium Difluoride, Dimeric (

F
4
MoO Molybdenum Oxytetrafluoride (g)

F
4
N
2

Tetrafluorohydrazine (g)

f
4
ow Tungsten Oxytetrafluoride (c)

f
4
0W Tungsten Oxytetrafluoride ( l)

F
4
0W Tungsten Oxytetrafluoride (g)

F Pb Lead Tetrafluoride (g)

P
4
S Sulfur Tetrafluoride (g)

F
4
S1 Silicon Tetrafluoride (g)

F
4
Ti Titanium Tetrafluoride (c)

F
4
Ti Titanium Tetrafluoride (g)

F
4
Zr Zirconium Tetrafluoride (c)

F Zr Zirconium Tetrafluoride (g)

F
s
F Iodine Pentafluoride (g)

F
5
P Phosphorus Pentafluoride (g)

p
6
Mo Molybdenum Hexafluoride ( i)

F.Mo
b

Molybdenum Hexafluoride (g)

P
6
S Sulfur Hexafluoride (g)

f
6
w Tungsten Hexafluoride ( l)

f
6
w Tungsten Hexafluoride (g)

P
7
I Iodine Heptafluoride (g)

Fe Iron ( ref. st .

)

Fe Iron (c)

Filing
Order

Fe

Fe

2 2

FeH
2
0
2

FeH,0„

0.947
FeO

FeO

FeO

Fe0
4
S

Fe
2
I
4

Fe 2°3

Fe 2°12 S
3

Fe 3°4

Iron ( l)

Iron (g)

Iron Dihydroxide (c)

Iron Dihydroxide (g)

Iron Trihydroxide (c)

Iron Diiodide (c)

Iron Diiodide (£)

Iron Diiodide (g)

Wustite (c)

Iron Oxide (c)

Iron Oxide ( i )

Iron Oxide (g)

Iron Sulfate (c)

Iron Diiodide, Dimeric (g)

Hematite (c)

Diiron Trisulfate (c)

Magnetite (c)

H

H
+

H"

HHg

HI

HK

HK

HKO

HKO

HKO

HLi

HLi

HLi

HLiO

HLiO

HLiO

HMg

HMgO

HMgO
+

HN

HNO

hno
2

hno
2

hno
3

HNa

HNa

HNaO

HNaO

HNaO

HO

H0
+

HO
-

Hydrogen, Monatomic (g)

Proton (g)

Hydrogen Uninegative Ion (g)

Mercury Monohydride (g)

Hydrogen Iodide (g)

Potassium Hydride (c)

Potassium Hydride (g)

Potassium Hydroxide (c)

Potassium Hydroxide ( £)

Potassium Hydroxide (g)

Lithium Hydride (c)

Lithium Hydride ( £)

Lithium Hydride (g)

Lithium Hydroxide (c)

Lithium Hydroxide ( i)

Lithium Hydroxide (g)

Magnesium Monohydride (g)

Magnesium Monohydroxide (g)

Magnesium Monohydroxide Unipositive Ion (g)

Imidogen (g)

Nitroxyl (g)

Nitrous Acid, cis- (g)

Nitrous Acid, trans- (g)

Nitric Acid (g)

Sodium Hydride (c)

Sodium Hydride (g)

Sodium Hydroxide (c)

Sodium Hydroxide (£)

Sodium Hydroxide (g)

Hydroxyl (g)

Hydroxyl Unipositive Ion (g)

Hydroxyl Uninegative Ion (g)

Hydroperoxyl (g)
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Table Title
Filing
Order Table Title

HP Phosphorus Monohydride (g)

HPb Lead Monohydride (g)

HS Sulfur Monohydride (g)

HSi Silicon Monohydride ( g)

HZr Zirconium Hydride (g)

H^ Hydrogen, Diatomic (ref. st., g)

H
2
K2°2 Potassium Hydroxide, Dimeric (g)

H
2
Li

2
0
2

Lithium Hydroxide, Dimeric (g)

H
2
Mg Magnesium Hydride (c)

H
2
MgC>

2
Magnesium Dihydroxide (c)

H
2
Mg0

2
Magnesium Dihydroxide (g)

H
2
Mo0

4
Molybdic Acid (g)

H
2
N Amidogen (g)

H
2
N
2

Diimide (g)

H
2
Na

2
0
2

Sodium Hydroxide, Dimeric ( g)

H
2
0 Water (g)

H
2
0
2

Hydrogen Peroxide ( g)

H
2
0,

t
S Sulfuric Acid ( £)

H
2
0
4
S Sulfuric Acid (g)

H
2
0
4
W Tungstic Acid (c)

HjO^W Tungstic Acid ( g)

H
2
P Phophorus Hydride (g)

H
2
S Hydrogen Sulfide (g)

H
2
Ti Titanium Hydride (c)

H,N Ammonia (g)
^ + ....

HjO Hydronium Unipositive Ion (g)

H^O^P Orthophosphoric Acid (c)

HjO^P Orthophosphoric Acid ( l)

H
3
P Phosphine (g)

H^IN Ammonium Iodide (c)

H
4
N
2

Hydrazine (£)

H
4
N
2

Hydrazine (g)

H
4
Si Silane (g)

Hg Mercury (ref. st.)

Hg Mercury ( i)

Hg Mercury, Monatomic (g)

Hgl Mercurous Iodide (g)

Hgl
2

Mercuric Iodide (c)

Hgl
2

Mercuric Iodide (£)

Hgl
2

Mercuric Iodide (g)

HgO Mercuric Oxide (c)

HgO Mercury Monoxide (g)

H*2 Z 2
Mercurous Iodide (c)

H82 X 2
Mercurous Iodide U)

I Iodine
,
Monatomic (g)

IK Potassium Iodide (c)

IK Potassium Iodide U)
IK Potassium Iodide (g)

Filing
Order

ILi

ILi

ILi

INO

INa

INa

IPb

ITi

IZr

I„

2

!
2
K
2

I
2
Li

2

I
2
Pb

I
2
Pb

!
2
pb

I„Ti

I
2
Zr

I
2
Zr

I
2
Zr

X
3
Ti

I
3
Ti

I
3
Zr

I,Zr

Lithium Iodide (c)

Lithium Iodide ( l)

Lithium Iodide (g)

Nitrosyl Iodide (g)

Sodium Iodide (c)

Sodium Iodide (£)

Lead Monoiodide (g)

Titanium Monoiodide (g)

Zirconium Monoiodide (g)

Iodine (ref. st.)

Iodine ( l)

Iodine, Diatomic (g)

Potassium Iodide, Dimeric (g)

Lithium Iodide, Dimeric (g)

Lead Diiodide (c)

Lead Diiodide ( l)

Lead Diiodide (g)

Titanium Diiodide (c)

Titanium Diiodide (g)

Zirconium Diiodide (c)

Zirconium Diiodide ( i)

Zirconium Diiodide (g)

Titanium Triiodide (c)

Titanium Triiodide (g)

Zirconium Triiodide (c)

Zirconium Triiodide (g)

4
J
4
Ti

X
4
Ti

V1

I
4
Zr

I„Zr

Lead Tetraiodide (g)

Titanium Tetraiodide (c)

Titanium Tetraiodide ( l)

Titanium Tetraiodide ( g)

Zirconium Tetraiodide (c)

Zirconium Tetraiodide (g)

K

K

K

K
+

KO

KO"

Potassium (ref. st.)

Potassium ( l )

Potassium, Monatomic (g)

Potassium Unipositive Ion (g)

Potassium Monoxide (g)

Potassium Monoxide Uninegative Ion (g)

2

k
2
o

K 2°2

Potassium, Diatomic (g)

Potassium Oxide (c)

Potassium Peroxide (c)

Li

Li

Li

Li

Li
+

LiN

Lithium (ref. st.)

Lithium (c)

Lithium ( i)

Lithium, Monatomic (g)

Lithium Unipositive Ion (g)

Lithium Nitride (g)
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Filing Filing
Order Table Title Order Table Title

LiNO Lithium Nitroxide (g) Mo Molybdenum (c)

LiNaO Lithium Sodium Oxide (g) Mo Molybdenum (4)

LiO Lithium Monoxide (g) Mo Molybdenum, Monatomic (g)

LiO
-

Lithium Monoxide Uninegative Ion (g) Mo
+

Molybdenum Unipositive Ion (g)

Li
2

Lithium, Diatomic (g) MoO Molybdenum Monoxide (g)

Li
2
0 Lithium Oxide (c) Mo0

2
Molybdenum Dioxide (c)

Li
2
0 Lithium Oxide (4) Mo0

2
Molybdenum Dioxide (g)

Li
2
0 Lithium Oxide (g) MoO

3
Molybdenum Trioxide (c)

Li
2°2

Lithium Peroxide (c) M°0
3

Molybdenum Trioxide (4)

Li 2°2 Lithium Monoxide, Dimeric (g) MoO
3

Molybdenum Trioxide (g)

Li
2
0
2
Si Lithium Metasilicate (c)

Li
2
0
3
Si Lithium Metasilicate ( 4) N Nitrogen, Monatomic (g)

Li 2°3Ti Lithium Metatitanate (c) NO Nitric Oxide (g)

Li 2°3Ti Lithium Metatitanate ( 4

)

N0
+

Nitric Oxide Unipositive Ion (g)

Li 2°5 Si 2
Lithium Disilicate (c) no

2
Nitrogen Dioxide (g)

L^2°5 S ^2 Lithium Disilicate ( 4) no
2

”
Nitrogen Dioxide Negative Ion (g)

Li
3
N Lithium Nitride (c) no

3
Nitrogen Trioxide (g)

NP Phosphorus Nitride (g)

Mg Magnesium (ref. st.) NS Sulfur Nitride (g)

Mg Magnesium (c) NSi Silicon Nitride (g)

Mg Magnesium ( 4) NSi
2

Disilicon Nitride (g)

Mg Magnesium, Monatomic (g) NTi Titanium Nitride (c)

Mg
+

Magnesium Unipositive Ion (g) NTi Titanium Nitride ( 4)

MgN Magnesium Nitride (g) NZr Zirconium Nitride (c)

MgO Magnesium Oxide (c) NZr Zirconium Nitride ( 4)

MgO Magnesium Oxide (4) NZr Zirconium Nitride (g)

MgO Magnesium Oxide (g)

Mg0
3
Si Magnesium Metasilicate (c) N

2
Nitrogen (ref. st., g)

Mg0
3
Si Magnesium Metasilicate ( 4) n

2
o Dinitrogen Monoxide (g)

Mg0
3
Ti Magnesium Metatitanate (c) N 2°3 Dinitrogen Trioxide (g)

Mg0
3
Ti Magnesium Metatitanate ( 4) N 2°4 Nitrogen Tetroxide (c)

Mg0
4
S Magnesium Sulfate (c) N2°4 Dinitrogen Tetroxide (4)

Mg0
4
S Magnesium Sulfate ( 4) N2°4 Nitrogen Tetroxide (g)

Mg0
4
W Magnesium Tungstate (c) N2°5 Dinitrogen Pentoxide (g)

Mg0
5
Ti

2
Magnesium Dititanate (c) \Si

3
Silicon Nitride (c,a)

Mg0
5
Ti

2
Magnesium Dititanate ( 4

)

N
5
P
3

Triphosphorus Pentanitride (c)

MgS Magnesium Sulfide (c)

MgS Magnesium Sulfide (g) Na Sodium (ref. st.)

Na Sodium (c)

Mg
2
0
4
Si Magnesium Orthosilicate (c) Na Sodium ( 4

)

Mg
2
0
4
Si Magnesium Orthosilicate (4) Na Sodium Monatomic (g)

Mg
2
0
4
Ti Magnesium Orthotitanate (c) Na

+
Sodium Unipositive Ion (g)

Mg
2
0
4
Ti Magnesium Orthotitanate (4) NaO Sodium Monoxide (g)

Mg
2
Si Magnesium Silicide (c) NaO

-
Sodium Monoxide Uninegative Ion (g)

Mg
2
Si Magnesium Silicide (4) Na0

2
Sodium Superoxide (c)

Na
2

Sodium Diatomic (g)

Mg
3
N
2

Magnesium Nitride (c) Na
2
0 Disodium Monoxide (c)

Mg 3°8 P 2
Magnesium Orthophosphate (c) Na

2
0 Disodium Monoxide (4)

Mg
3 °8

P
2

Magnesium Orthophosphate (4) Na
2
0
2

Disodium Dioxide ( c)

Na
2
0
3
Si Sodium Metasilicate (c)

Mo Molybdenum (ref. st.) Na
2
0
3
Si Sodium Metasilicate ( 4)
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Table Title
Filing Filing
Order Table Title Order

Na
2
0
4
S Sodium Sulfate (c,V) °3

Na
2
0
4
S Sodium Sulfate (c,III) O^PbSi

Na
2
0
4
S Sodium Sulfate (c,I) 0

3
s

Na
2
0
4
S Sodium Sulfate (c,6) °3Ti 2

Na
2
0
4
S Sodium Sulfate ( l) °3 Ti 2

Na
2
0
4
W Sodium Tungstate (c) o

3
w

Na2°5 Si 2
Sodium Disilicate (c) o

3
w

Na2°5 Si 2
Sodium Disilicate ( l) o

3
w

Na
2
S Sodium Sulfide (c)

Na
2
S Sodium Sulfide Cl) 0

4
Pb

2
S:

°4 Pb 3

0 Oxygen, Monatomic (g) 0
4
SiZr

0“ Oxygen Uninegative Ion (g) °5 Ti 3

OP Phosphorus Monoxide ( g) °5Ti 3

OPb Lead Monoxide (c, Red) °5Ti 3

OPb Lead Monoxide (c, Yellow) °6 P 4
OPb Lead Monoxide Cl) °6W 2

OPb Lead Monoxide (g) °8W 3

OS Sulfur Monoxide (g) °9W 3

os
2

Disulfur Monoxide (g) °10P 4

OSi Silicon Monoxide (g) °10P 4
OTi Titanium Monoxide (c,a) °12W 4

OTi Titanium Monoxide (c,p)

OTi Titanium Monoxide Cl) P

OTi Titanium Monoxide (g) P

OW Tungsten Monoxide ( g) P

OZr Zirconium Monoxide (g) P

P

°2 Oxygen, Diatomic (ref. st. , g) PS

°2~ Diatomic Oxygen Uninegative Ion (g) P
2

°2 P Phosphorus Dioxide (g) P
4

0 Pb Lead Dioxide (c) P
4
S
3

o
2
s Sulfur Dioxide (g) P

4
S
3

0
2
Si Quartz (c) P

4
S
3

0
2
Si Cristobalite (c,low)

o
2
si Cristobalite (c,high) Pb

o
2
si Silicon Dioxide ( l) Pb

o
2
si Silicon Dioxide (g) Pb

0
2
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Publications in the National Standard Reference Data Series

National Bureau of Standards

You may use this listing as your order form by checking

the proper box of the publication(s) you desire or by pro-

viding the full identification of the publication you wish to

purchase. The full letter symbols with each publication

number and full title of the publication and author must be

given in your order, e.g. NSRDS-NBS-17, Tables of Molec-

ular Vibrational Frequencies, Part 3, by T. Shimanouchi.

Pay for publications by check, money order, or Superin-

tendent of Documents coupons or deposit account. Make

checks and money orders payable to Superintendent of

Documents. Foreign remittances should be made either

NSRDS-NBS 1, National Standard Reference Data System-
Plan of Operation, by E. L. Brady and M. B. Wallenstein,

1964 (15 cents), SD Catalog No. C13.48:l.

NSRDS-NBS 2, Thermal Properties of Aqueous Uni-univalent

Electrolytes, by V. B. Parker, 1965 (45 cents), SD Catalog No.

C13.48:2.

NSRDS-NBS 3, Sec. 1, Selected Tables of Atomic Spectra,

Atomic Energy Levels and Multiplet Tables, Si n, Si m.

Si iv, by C. E. Moore, 1965 (35 cents), SD Catalog No.

C13.48:3/Sec.l.

NSRDS-NBS 3, Sec. 2, Selected Tables of Atomic Spectra,

Atomic Energy Levels and Multiplet Tables, Si i, by C. E.

Moore, 1967 (20 cents), SD Catalog No. C13.48:3/Sec.2.

NSRDS-NBS 3, Sec. 3, Selected Tables of Atomic Spectra,

Atomic Energy Levels and Multiplet Tables, C i, C n, C m,
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