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Abstract

A database of Thermodynamic data for
substances important in combustion research
is available for free use over the Internet.
The database is presented in a polynomial
form suitable for use in computer programs.
This is an update and enlargement of an ear-
lier printed database. It includes now more
than 850 species as compared to 215 in the
first database version (1984}, of which about
two thirds were recalculated for updating pur-
poses. This database is explained and dis-
cussed.

Introduction

There are two widespread misconceptions
about thermochemical data. The first is the
wrong belief that thermochemical data are al-
ways available and that there are no outstand-
ing problems in this domain. In fact, thermo-
chemical data of any kind are available for at
most 10-15 thousand chemical species out of
the several million ones known, i.e., less than
1%.

The second misconception is that what-
ever thermochemical data may not be avail-
able from experiments reported in the litera-
ture can be estimated readily with sufficient
accuracy by group additivity methods (Ben-
son 1976; Pedley et al., 1986; Ritter and
Bozzelli

1990, 1991; Stein et al., 1991; Stein 1994, Co-
hen and Benson 1992; Lay et al., 1995; Muller
et al., 1995; Cohen 1996). The truth about
group additivity is that it cannot be used for
many species, or can be used with very high
uncertainty, for lack of group and bond data.

On the other hand, molecular quantum
mechanics has reached a point where molecu-
lar fundamentals such as vibrational frequen-
cies, bond lengths and configurations can be
calculated with reasonable accuracy, and only
the standard enthalpies of formation cannot
be calculated with enough confidence, if the
molecule is big.

The science of combustion routinely uses
calculations for evaluation and estimation of
properties of combustion processes such as
flames, ignition, detonation and so on. The
performance of experiments and routine oper-
ation of combustion processes depend on cal-
culation of various properties. In these calcu-
lations the understanding of chemical detail,
i.e., elementary chemical reactions and knowl-
edge of chemical composition may be crucial.
The most important properties of the chemi-
cal substances that are of interest in combus-
tion research and applications are the thermo-
chemical ones.

Various thermodynamic and thermochem-
ical properties are used in the domain of com-
bustion. The enthalpy of formation AsHzp,



is very useful in order to compute the heat
of reaction A,Hrt from which the heat of the
system can be computed and also the adia-
batic flame temperature can be calculated. As
these have to be calculated at different tem-
peratures, the enthalpy of formation has to be
available as a function of T. The heat content
C, or enthalpy are used to calculate the prop-
erties of shock and detonation.

The equilibrium conditions are usually
computed using the gibbs function or the
equilibrium constant. Again these functions
should be known as a function of T, and they
can be calculated from the other thermody-
namic and thermochemical properties, if the
entropy and the enthalpy of formation are
known.

Since all calculations and evaluations are
computerized nowadays, the thermodynamic
and thermochemical data have to be provided
in a form suitable for computer access. A
polynomial form of representing thermochem-
ical data has been found to be the most suit-
able, as discussed in detail previously (Burcat
1984). An alternate representation preferred
by some authors is to tabulate standard molar
AfHjgg (or AfHzoo) and Sags (or S300) values
together with a list of standard molar Cp(T)
values from T = 300 to T' = 1000 or 1500 K.
It is based on the idea that S;, Hy — Hjgg
and G5 — Hjgg values can be calculated by
apropriately integrating the C7 function for
interpolation. Extrapolation of the functions
to higher temperatures 1s necessary and must
be done in a suitable way.

The problems of extrapolating thermo-
chemical values was discussed before (Burcat
1984). The Wilhoit (1975) method for extrap-
olating thermochemical properties has become
a standard procedure (McBride and Gordon
1992). Other extrapolations procedures were
introduced by Ritter and Bozzelli (1990) for
use in special circumstances.

Such tabulations for thermochemical data:
have both merits and shortcomings. The

principal merit is the direct availability of
AfH3o0, S300, and Cp(T;) values without hav-
ing to evaluate polynomials. The main short-
coming is that it requires the user of data to
do his own extrapolation and polynomization
without providing the information for doing it
properly.

Thermochemical Database

Thermochemical properties are calculated
using statistical mechanics equations and con-
ventions. These methods are described in the
JANAF (1986) introduction to the database,
and also by Gurvich Veits and Alcock (1989).
The best presentation was recently put on
the Internet by Irikura 1998. The present
database is an enlarged and critically updated
version of the earlier database (Burcat 1984).
Extrapolation,

where necessary, was done in an expert
way. Otherwise original high temperature val-
ues were used.

Data for many additional species have
been included, specifically organic radicals,
large organic molecules related to fuels and
soot formation, halogenated compounds im-
portant for waste incineration, fire extinguish-
ing and air-pollution studies. A few new sul-
phur compounds were included. All together
more than 850 species are included, of which
more than 600 are new and the rest have been
revised.

Updates of the Database

Since the database is available on the
Internet (see below), and is periodically up-
dated, it happens that sometimes the database
is changed 3-4 times a month. Some of these
changes are cosmetic, i.e., changing errors
found in the text preceding each polynomial.
Other changes are done in order to add new



species, and the most problematic ones are
those which are done in order to exchange
an existing polynomial with a new one. The
reasons are publication of different molecular
properties, correction of erroneous values used
before to calculate the polynomial, or upgrade
of the quality of the data on which the ther-
modynamic polynomial was based.

This procedure will cause that in princi-
ple nobody can ever know which data were
used in order to calculate a certain chemical
kinetic model, unless the modeler takes great
care to write down the date of each of the
polynomials used.

Recently there are kineticists and model-
ers that claim that a kind of ”canonization”
of the thermodynamic data values is neces-
sary, and this is probably the reason behind
the fact that the famous CHEMKIN themo-
chemical database, is never corrected, just en-
larged.

Thermochemical Polynomials

The thermodynamic and thermochemical
data are represented as two sets of polynomial
coefficients for each species. The first set re-
produces data above 1000 K, the second set
below 1000 K. The same 1000 K value is repro-
duced by both sets. This set is widely known
as "The Old NASA polynomials”. The follow-
ing standard molar thermodynamic functions
can be obtained from the polynomial coeffi-
cients:
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It should be noted that the Hp value calcu-
lated is not the H7. — Hz.,, ; function often ap-
pearing in tables but rather a thermochemical
value used in engineering and usually called
”absolute enthalpy” whose value is

T
H3 = A;Hgos + / C2dT
298

The advantage of including AfHjgs in the
function is that the values of H7/RT calcu-
lated from the polynomials can be used di-
rectly to compute standard enthalpies of re-
action.

Similarly the G°/RT functions of the
molecules in a reaction can be used directly to
compute the reaction’s equilibrium constant
in terms of concentrations through
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The mole number change is Av = Zv; and
the coefficient changes are Aa; = Zvja;;
where the summations are over all reactant
and product species 7 with the stoichiometric
coeflicients v; taken to be positive for prod-
ucts and negative for reactants. The reference
state is the ideal gas at one bar pressure.

The change from 1 atm. to 1 bar as the
thermochemical reference state, affect only
the standard molar thermochemical values for
gases, and for them it affects only thermody-
namic functions that contain the entropy. The
standard molar entropy when pressures are
measured in bars is higher than the entropy
when pressures are measured in atmospheres
by the following amounts: for S/R, 0.013163;
for S in Joules, 0.10944; and for S in calories
0.02616.

Data for a few liquid phase species, de-
noted by an (L) on the first data line, and

+ Aa7>



solids having an (S) on the first data line,
have also been included. It is cautioned that
computing equilibrium or dynamic properties
must be done with these species using differ-
ent methods than pertain to systems contain-
ing only ideal gases.

The information given prior to the coef-
ficient lines indicate the nature of the proce-
dures used to generate the input data for the
fitting program (McBride and Gordon 1992).

Sources of Data

A large number of sources were used for
the present compilation. Where more than
one source was available for a species, the
one chosen was the most reliable, at the date
of calculation of the polynomial coefficients.
If no thermodynamic data were available in
known tabulations or in the archival litera-
ture, the literature was searched for experi-
mental or quantum mechanical calculated vi-
brational frequencies and moments of inertia,
and independent calculations were performed.
If such data were not available, then approx-
imation methods were used in order to esti-
mate the molecular constants.

Some estimations were made using the
parent molecule method, in which vibrational
frequencies of radicals were estimated from
the vibrations of the parent molecule by delet-
ing relevant vibrations. Other methods of esti-
mation included the Benson (1976) group ad-
ditivity method, as used by Stein (1985) in
both PAC97 and the NIST 1991 ”Structure
and Database Estimation Program” (Stein et.
al., 1991; Stein 1994) and Ritter & Bozzelli’s
(1990) method in the ”Therm” program (Rit-
ter 1990) which also uses additivity groups but
in a slightly different manner. In France a
third program exists, " Thergas” by Muller et.
al., (1995). This program uses Benson’s addi-
tivity method, and is based on the CHETAH
program (Frurip et al., 1989).

Calculations

All calculations were performed with the
McBride and Gordon PAC program. Over the
years this program has been changed and ex-
tended. A new documentation was published
(McBride and Gordon 1992). At least 4 ver-
sions of this program were used to produce
the polynomials listed on the Internet. Those -
prepared before 1984 were produced with the
PACS3 version in which internal rotations were
not calculated so that these contributions had
to be added separately. PAC4 written in 1984
included the possibility to compute the con-
tributions of internal rotations automatically.

If a set of data is fitted by two polynomi-
als valid over different temperature ranges, the
polynomials could in principle meet at differ-
ent temperatures for different species (Burcat
1984). Ritter’s program (Ritter 1990) opti-
mizes this temperature and pins the two poly-
nomials at the given value. However, most
programs that use the thermodynamic poly-
nomials prefer a constant pinning value. In
the PAC programs it was arbitrarily set to
1000 K. In PAC4 the polynomials are pinned
to the tabular value of 1000 K and therefore
reproduce it exactly. The values at 298 K,
however are not the original table values, but
slightly different (depending on the local error
of the polynomial coefficients). In the latest
versions, PAC90 and PAC97 the lower range
polynomial is pinned at 298.15 K to the tab-
ular values and at 1000 K the two polynomi-
als are pinned to each other (thus having the
same "hanging” value), which must not neces-
sarily be the tabular one. These version also
includes Wilhoit type extrapolations, as dis-
cussed by Burcat (1984), and optional use of
estimated additivity group properties as de-
scribed by Stein (1985). The values for some
species were estimated using the Ritter and
Bozzelli (1990) method, and Stein’s (1985)
method as used in the NIST database program
(Stein et al., 1991; Stein 1994). The difference



between the Ritter and Bozzelli method and
Stein’s method is that the first uses discrete
point values for each ”group” value, adds the
separate values for each temperature and then
fits a polynomial for the final results using one
of three possible extrapolation methods, Wil-
hoit’s method among them. Stein’s (1985)
method is not fully described; it apparently
produces a polynomial for each of the addi-
tivity group fragments, and adds the different
polynomials for the estimated final species.

Accuracy of Thermochemical Values

As in all thermochemical compilations,
the species properties were calculated with
varying degrees of accuracy. Some of the
species, such as the element N, or the molecule
HD, were calculated using very high accu-
racy methods, while others were calculated
using approximation methods. The Rigid Ro-
tor Harmonic Oscillator (RRHO) approxima-
tion method was accepted as the standard for
polyatomic species, and widely adopted by
the JANAF, TSIV, Thermodynamic Research
Center, Stull, Westrum and Sinke (1969) com-
pilations and many others. Where applicable,
this method was augmented by supplemen-
tary internal rotation or other contributions
as used by various authors. These calculations
are considered here as ”accurate” values.

The extrapolation methods used, either
Wilhoit or Ritter & Bozzelli, were found to
give generally excellent results, and their max-
imum deviation from standard RRHO calcu-
lations for Cp(T) is usually below 0.5%.

The errors, however, are greater for esti-
mated species. It is assumed that the parent
molecule method used for estimation of radi-
cal species by the authors (Burcat 1982, Bur-
cat et. al., 1979, 1983, 1985) has a maximum
error of £3 % for Cp(T) while Benson’s group
property method used by Stein and Ritter &
Bozzelli gives a maximum error for unknown

species which is in the £8% range for A f H3q0.
These are maximum values, and for most cases
the errors are by far lower (see Reid, Prausnitz
and Poling 1988, p. 196).

It should be emphasized that the accu-
racy of the fit given by the coefficients tabu-
lated on the Internet varies considerably from
one species to the next. For essentially all pur-
poses in combustion modeling, however, the
accuracy of the polynomials with these coef-
ficients is much better than the uncertainties
of the modeling introduced by other sources.

The accuracy by which the given poly-
nomials represent the original calculated tab-
ular values is given, where pertinent, on the
header preceding the polynomial. This accu-
racy value is given in terms of the maximal
error among the three fitted properties, C,,
entropy and absolute enthalpy. C, has in most
cases the maximal error, and the temperature
at which this error was found is given. A large
fitting error usually indicates that the under-
lying tabulated values were not smooth.

Because of different machine roundoffs,
word lengths, and values of constants used, it
is only seldom that the exact original values
calculated by the authors, are reproduced by
a different user. Accuracy in the reproduction
of the original values from polynomials can
be improved if double precision computation
is used (on other than 64 bit word machines),
and if the polynomial is calculated in the form:

CPR=((((A5*T + A4)* T + A3)* T +
A2)* T + Al

Standard Enthalpies of Formation

Standard enthalpies ("heats”) of forma-
tion of all species can be divided into four cat-
egories:

a) those that were measured directly;

b) those for which the difference between
their value and that of another compound is
known;



c) those estimated on the basis of mea-
sured values of other compounds;

d) those estimated on the basis of other
estimated compounds or structural groups.

Standard enthalpies of formation are quo-
ted and requoted by different authors, mak-
ing it difficult to find out to which of the
four categories mentioned, a A s Hjyg value be-
longs. When the measured values of individ-
ual compounds change with time due to bet-
ter experimental systems or to errors found
in previous measurements, it causes a need to

by calorimetric and spectroscopic methods is
given in Table 1. One sees that the accu-
racy benchmark set by this group of species,
in effect setting a standard for what can be
achieved in measuring or computing standard

enthalpies of reaction,is in the vicinity of 0.1
to 0.2 kJ/mol.

Table 1. Standard enthalpies of formation in kJ/mol
at 298.15 K for small gas-phase species of interest in
combustion. [From Cox et al. 1989 and (NO and NO3)
Chase et al. 1985.]

change all the AfH5,, values of compounds Species AsHjys  Species AsH3ge

b'elonging to categories (b-d) whose estima- Oe) 71668 + 0.45 NO( ) 9029 + 017
tion was based on those values. But there H(g) 217.998 % 0.006 ( ) 11053 + 017
are no means to do these changes other than O  249.18 % 0.10 20(g)  -241.826 £ 0.040

minutious and continuous examination of each

o ye .. -393.51 £ 0.13
individual AfH3 . value. That is in part re-

-296.81 & 0.20

N(g)  472.68 %+ 0.40
S(g) 276.98 1+ 0.25

COz(g)

sponsible for disputes between groups of re-
searchers claiming a different heat of forma-
tion for an important specie. In this compi-
lation, many decisions as to which value to
adopt, had to be done arbitrarily for lack of
established criteria.

Very few species of interest in combus-
tion can be assigned standard enthalpies of
formation with error limits so narrow that for
combustion modeling purposes they may be
taken to be exact. (Cox et al., 1989; Cox
and Pilcher 1979; Cohen 1996) The most ac-
curately known of all (aside from the elements
in their reference states, for which the value 0
is defined to be exact) are those based on care-
fully recorded molecular electronic spectra
supplemented by quantum-mechanical analy-
sis. Among those the hydrogen atom stands
out, being known to the accuracy with which
Planck’s constant is known; a few diatomic
and triatomic species whose electronic spectra
have been successfully analyzed to establish
the dissociation limit also belong in the ex-
act category. An overview of the uncertainties
of the standard enthalpies of formation of the
key combustion relevant atomic to triatomic
species that have been exhaustively studied

SOz (g)

Cl(g) 121.190 = 0.008 NO3(g) 33.10 + 0.8

The number of species important in com-
bustion for which “directly measured” exper-
imental values of standard enthalpies of for-
mation can be assigned is small. All are based
one way or another on chemical reactions to
which enthalpy changes of reaction can be as-
signed either calorimetrically or from the tem-
perature dependence of equilibrium constants.
As far as stable molecules of the elements car-
bon, hydrogen, oxygen and nitrogen are con-
cerned, it is fortunate that combustion reac-
tions themselves serve for this purpose, as the
standard enthalpies of formation of the com-
bustion products carbon dioxide and water
have been painstakingly evaluated and reac-
tion can usually be arranged to occur with
accurately measured stoichiometry. (Cox and
Pilcher 1970)

Even for the most favorable cases, how-
ever, the error bounds that have to be ac-
cepted are larger than one would wish. This
is illustrated in Table 2, adapted from Co-
hen and Benson (1992), who give references to
the archival literature. Here one sees that the



“best available” standard enthalpy of forma-
tion values for the small hydrocarbons come
with error ranges that imply significant uncer-
tainty in equilibrium constants. (A 1-kilojoule
uncertainty in the enthalpy change of a reac-
tion at 1000 K implies an uncertainty of 11%
in its equilibrium constant.) Not only are the
uncertainty ranges asserted by the evaluators
larger than one would wish, the differences be-
tween the values obtained with the two most
trustworthy calorimetric techniques are seen
on close inspection to differ from one another
by more than the sum of the stated uncer-
tainty ranges for three of the five cases. Aside
from these discrepancies, the asserted uncer-
talnty ranges are about twice as large as for
the values listed in Table 1.

from photoionization mass spectroscopy to re-
action rates. It is no surprise that the re-
sults are more contentious and less accurate.
An overview of the present status for some of
the common free radicals is given in Table 3,
where the uncertainty ranges can be seen to be
typically an order of magnitude greater than
for stable hydrocarbon values.

Table 3. Standard enthalpies of formation in kJ/mol at
298.15 K for common radicals. Values for hydrocarbons
accepted by the IUPAC Commitee for Revision of Radical
Thermochemical Data, 2000.

Table 2. Standard enthalpies of formation in kJ/mol
at 298.15 K for small hydrocarbons. (After Cohen and

Benson 1992.)

Species Bomb Flame
Calorimeter Calorimeter
CHy(g) —T74.85+ 029 —T74.48+ 0.42
C.Hg(g) —84.68+ 050  —83.85+ 0.29
Cs:Hs(g) —103.89+t 0.59 —104.68% 0.50
n-CyHyo(g) —127.03f067 —125.65+ 0.67
1-C4H10(g) —135.60+ 054 —134.184 0.63

Species AfH3,s Species AgH3
OH(g) 39.3+02 CH(g) 596.4 £ 1.2
CN(g) a41. £5  NH(g) 376.56 £ 16.
SH(g) 143. 30 CH,O0H(g) -178%t13
HO:(g) 14.6 = CH;0(g) 17 4
CHO(g) s2+4  C3H;s(g) 339 + 4
CH,(g) 3904F40 Cy0(g) 286.6 T 63
CH;(g) 1urt1  C3Hs(g) 171 £ 3
C.H(g) s65 £ 3.0 n-C3Hr(g) 100 £ 2
CoHs(g) 209+s5  i-CsHo(g) 88 £ 2
C2Hs(g) met+2  CgHs(g) 330 £ 3

For hydrocarbons and their various deriva-

The values are less well known for most
of the other stable species of interest in com-
bustion, and still less well known for unsta-
ble ones. Among the unstable species, the
thermochemistry of free radicals has attracted
particular interest in combustion modeling be-
cause of their roles as chain centers. An
overview of current knowledge of the standard
enthalpies of formation of some of the common
ones is given in Table 3. In contrast to the
stable hydrocarbons, where the standard en-
thalpy of formation is based on one or another
of the direct calorimetries, values for radicals
come from all sorts of measurements ranging

tives containing oxygen and nitrogen atoms, a
long history of thermochemical investigation
has left a legacy of experimental standard en-
thalpy of formation values. (Some 3000 have
been compiled by Pedley et al., 1986.) The
uncertainty level of this legacy varies consid-
erably because of the fluctuating care given to
the (mostly) calorimetric measurements and
problems of reagent purity and reaction sto-
ichiometry. From early on there have been
successful efforts to systematize the data base
in terms of molecular structure. (Reviewed in
detail by Cox and Pilcher 1970.) As a result,
one can compute a standard enthalpy of for-
mation value for “ordinary” compounds that
have not been studied experimentally with al-
most the same confidence that one can place
in the experimental values themselves. A large
number of entries in the present tabulation



have been derived by the NIST or THERM
group additivity programs that offer current
embodiments of this idea. The capabilities
and limitations of group additivity methods
for stable organic molecules have been re-
viewed by Pedley et al., (1986) and Cohen
(1996); discussions of the issues involved in
making group additivity estimates for radicals
are given by Muller et al., (1995) and Lay et
al., (1995).

Unfortunately, many of the most inter-
esting molecules and radicals used in combus-
tion modeling are not ordinary at all, but have
highly strained rings or electronic structures
that are not well represented in the experi-
mental data base used for setting group ad-
ditivity parameters. For such molecules and
radicals we recommend cautious use of the
group additivity methods anyway, or, if that
appears infeasible, even more cautious use of
semi-empirical or semi-theoretical molecular
electronic structure calculations. An exten-
sive survey of the results of such calculations
has been given by Dewar et al., (1993).

Since the Enthalpies of Formation seems
to be the most problematic of all the ther-
mochemical values, Table 5 is dedicated en-
tirely to this value, where we stress the er-
rors if available. In Table 4 we mention for
some species, in curled parenthesis {} addi-
tional values if different from the chosen.

Critical Evaluation

The thermodynamic data represented by
the polynomials were critically evaluated ac-
cording to their quality aside from the value
of the standard enthalpy of formation A H7ge
that was assigned to the species, which must
be evaluated separately as explained above.

Five groups were identified and marked
A to F.

A designates the most accurate calcu-
lations and is reserved for the ‘direct sum-

mation’ method, for diatomic molecules and
RRHO approximations for which anharmonic-
ity corrections were included.

B denotes regular RRHO approxima-
tion calculations, including internal rotations
where pertinent and/or other electronic exci-
tations. The ‘parent’ method for the approxi-
mation of radicals is included in this category.

C includes species whose thermodynamic
properties were calculated by the RRHO
method but some shortcuts were taken. RRHO
calculations with estimated vibrational fre-
quencies are included in this category, as are
cases where the internal rotor was neglected
and a free rotor was used instead. Some of
the data originating with TRC/API tables are
considered in this category, since the way they
were calculated is not clear.

D and E categories were reserved for data
estimated from group contributions. The nor-
mal estimated species were included in the E
group, while if additional experimental infor-
mation was used, then the D label was as-
signed.

The F category is reserved for very
rough approximations using Benson’s additiv-
ity groups or other types of estimations with
very large error limits.

Species not included in this database

About 850 species were included in this
compilation. Finding species not included in
the compilation may be a tough task.

A) If you are looking for a simple hydro-
carbon, paraffin, olefin, or a cyclo specie, there
are good chances to find it if it has less than
20 carbon atoms in either the TRC (Thermo-
dynamics Research Center) compilation or in
the old Stull, Westrum and Sinke book. Addi-
tional sources are the articles appearing peri-
odically in the Journal of Physical and Chem-
ical Reference Data.

B) If you are looking for a more complex



specie or a radical, the available sources are
the computerized databases of NIST Struc-
tures & Properties Database # 25 ver 2.0
1994, and the Webbook (Afeefy et al.), or pe-
riodic articles in the literature. There exists
a database of molecular properties by Carl
Melius that includes 3500 species. Many of
these species are transition states. Unfor-
tunately the thermochemical tables are not
available to the public, and only limited ther-
mochemical information (A ¢H and AfG) was
published with his molecular structure data.
His published thermochemical values are of
low reliability.

C) If you are looking for a solid or liquid
specie (not ideal gas) like CaSO4 or MgCl, the
place to look for is the JANAF compilation or
the Barin (1995) compilation or the report of
McBride, Gordon and Reno, NASA TM 4513
(1993).

D) Silicon containing species can be found
in the CHEMKIN database (Kee et al).
Other organometalic species of Ga and As can
be found in an article by Tirtowidjojo & Pol-
lard.

E) Ion of simple bi and tri-atomic species
can be found in JANAF. The other compila-
tion that mentions AsH at 298 for ion species
for some of the molecules and radicals in-
cluded, is the above mentioned NIST S& P
computerized database. This information was
taken from Lias et al, Journal of Physical
and Chemical Reference Data, Vol. 17, (1988)
Supplement # 1.

Conversion Factors

The following conversion factors were
used in the present compilation:

1 calorie = 4.184 joules

R = 8.31451 kj/kg-mol-K

R = 1.987216 cal/g-mol-K

cal/mol = 2.8591434 cm™!

1 Bohr = 0.52917706 A

A.M.U.-Bohr? = 21.505458 g cm?® x 1073°
AM.U-A% = 6.023 g cm? x 107%°
AM.U.-A% = 5.05531 MHz

1 Hz = 1/2.99792458 x 10'° cm™!

B = 16.85763/Ip(A.M.U.-A?)

B = 2.7988898*10~3° /Ig(g cm?)

Electronic Files

Updated version of the database in ASCII
form (BURCAT.THR), is available for free
downloading from:

ftp:/ /ftp.technion.ac.il/pub
/supported/aetdd/thermodynamics

Transfer the file to your computer using
download or browse through it with your In-
ternet explorer.

Attention! The file is approximately
0.6 MB long and the transfer to remote com-
puters may be long at busy hours. A table
generator program written by B. McBride is
included, to enable generation of thermody-
namic properties from the given polynomi-
als. The tables generated provide values of
CP’ S, HT—Hggg, and — (GT—Hggg)/T as a
function of T. Values of A¢H and log K, can
be added at any temperature interval within
the polynomial’s given limit.

A special file called THERM.DAT is a
mirror database ready to be used with the
CHEMKIN program.
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