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ABSTRACT

This is the twelfth semiannual report on the current experimental,
theoretical, and evaluative program, at the National Bureau of Standards,
on the thermodynamic properties of selected light-element and some related
compounds of primary interest in high-temperature research* Included are
detailed surveys of accomplishments during the past year and program plans
for the nextj new experimental results in several areas j literature surveys
and critical data evaluations; and tables of theimiodynamic functions and
heats of formation*

The microwave transitions of AtF and Aid were observed at elevated
temperatures, and were analyzed to give certain molecular constants. Rough
estimations of the experimental vapor concentrations are in agreement with
the current values for the dissociation energies. A new cell for phase
purifications and thermal analyses (such as of BeFp) was constructed and
is described in detail. The studies on the kinetics of evaporation of
A-t2C>3 continued with attention to the steady-state conditions of heat flow
and evaporation. Preliminary mass-spectrometric results on a new molecule,
BeOA-t, are described, and its molecular constants were estimated by analogy.
Thermodynamic parameters were computed for an aluminum wire exploding in an
air environment, and, with critical discussion, are presented graphically
and tabularly from 1500° to 6000°K and from 0*01 to 1000 atm. pressure.

Largely as a result of e^q^erimental work elsewhere, improved values
are given for the heats of formation of crystalline A-t^C3 , LiF, BeF2>
A-tF3 , and MgF2 . New molecular constants for the BeF2 molecule create
excellent thermodynamic consistency for the mass-spectrometric data
reported earlier for the new molecule Be20F2. A literature su2rvey was
made of the existing heat-capacity and relative-enthalpy data of

approximately 70 compounds of Ba, Ca, Or, Fe, K, and Si.

Numerous tables are presented in four appendices. These include a

table of up-to-date critical values of physical constants important in

thermodynamic work* Tables of ideal-gas thermodynamic functions were
computed and are given for H , 0 , F , Ci , Np"^, 02"^> NO"**, nine neutral
diatomic hydrides, LiO, BeFp (revised), and BeOA-t. As the result of a

ciirrent revision of NBS Circular 500 (Series l) , tentative new values
are given for numerous primitive compounds of 0, H, the halogens, S, Se,
Te, N, P, B, and C. Also given is a prelimi nary list of ionization
potentials and electron affinities of over 190 light-element atoms and
molecules, together with estimated errors in most cases.

Thomas B, Douglas
Project Leader

Charles W« Beckett
Assistant Division Chief for Thermodynamics
Heat Division
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PART A. SUMMARY OF RESEARCH ACCOMPLISHMENTS

AND PLANS FOR FUTURE- WORK

INTRODUCTION

When more than ten years ago chemical propulsion became a subject
of major practical importance, the dearth of available thermodynamic .

information on compounds of the light elements, particularly the more
metallic ones, became apparent* Since that time a large number of

laboratories, in this country as well as abroad, has filled an
Impressive number of data gaps in this area, though work still
remains to be done in confirming or revising old values and in

determining new ones hitherto uninvestigated.

Earlier research programs at the National Bureau of Standards,
notably those on boron compoiinds and on the calculation of thermo-
dynamic properties of common gases to high temperatures, have made
contributions of material importance in this field, while other
groups oriented to different primary aims continue to supply valu-
able information. The current NBS program, involving many groups
systematically studying the thermodynamic properties of light
elements primarily to fill propulsion needs, began in 1958, and
since then has Issued reports similar to the present one at six-
month intervals, as indicated by the report numbers on the title
page. This current NBS program continues to deal largely with
those simple compounds, such as of beryllium and aluminum, which
are of some importance as high-temperature combustion products.

In Part A of this report is given a rather detailed account
of what each NBS group in the program has accomplished during the
past year, and what it plans to accomplish during the nexrt fifteen
months. In many cases detailed descriptions of apparatus and
methods being used were given in earlier reports, and are omitted
here except for reference to modifications and improvements.
Complete descriptions and experimental results are to be found in

earlier reports of this series and in Part B of the present report,
or are deferred to future reports in the interest of less pre-
liminaiy and less fragmentary accounts.

These NBS "Preliminary Reports" have included not only new
results, but also literature coverages, critical assessments in
certain categories, and thermodynamic tables. It is evident that
in so fast developing a field many of these presentations, if once
up-to-date, are no longer so. One Important objective of the pro-
gram is to bring up-to-date all past reports, and it is anticipated
that, through systematic effort, a substantial amount of this work
will have been accomplished within the next fifteen months.

1



!• LIGHT-ELEMENT EQUATION OF STATE

EXPLODING WIRE PROGRAM

The exploding wire project is an experimental program
which was undertaken in order to develop a system suitable

.

for direct experimental measurement of thermodynamic
quantities under high—temperature (above 2, 000®K), high-
pressure (up to 100 atm) conditions. Because of the transient
nature of the experiments, considerable study and develop-
ment work on the techniques of fast-measurement have been
and continue to be a necessary and major part of the program.
For example, techniques of fast-measurement are required
for each of the following:

1.

) For electrical measurements (of current and voltage
in a transient electrical discharge);

2.

) For velocity measurements (by optical and x-ray
methods)

;

3.

) For temperature measurements (by time-resolved
spectrographic and pyrometric methods);

4.

) For dynamic pressure measurements;

5.

) For time-resolved photographic observations, etc.

The program also requires theoretical studies of the thermo-
dynamic and hydrodynamic behavior of the exploding wire
system. These studies approximate the experimental conditions,
and the results serve to guide the experimental program.
All of this work will continue during the next fiscal year.

Activity Summary — July 1, 1963 to June 30, 1964

The work for this fiscal year has been devoted to the
tasks discussed in the following paragraphs.

1.) Electrical Energy Measurements . The task of
measuring the energy dissipated in a given sample during a
transient electrical discharge, where the resistance of the
sample is a variable, continues to be a major problem. A
number of calibration experiments, in which a calorimeter tube
(a tube of known and fixed resistance) was inserted In the
discharge circuit in place of the sample, have shown agree—

2



The high-speed framing and drum camera and the photo-
multiplier records from these experiments show in some detail
the hydrodynamic behavior of the wire vapor as it expands and
mixes with the surrounding air. The records indicate the
time Interval (during the explosion) and the place (in the
vessel) where the conditions of thermodynamic equllibrlun,
which are essential for meaningful spectroscopic studies,
can be expected to exist. A few more experiments using time-
resolved, pulse x-ray techniques are required to complete
this part of the work.

However, to date the experiments seem to indicate
that the temperature distribution is uniform throughout the
mixture for nearly 0. 5 msec, and that it is during this
interval that one could expect a series of conditions of
thermodynamic equilibrium to prevail

.

The spectroscopic records from these preliminary
experiments show emission spectra from A1 atoms and AlO
molecules. There was no evidence of bands or lines from the
air components. However, it is expected that spectra from
these latter components will appear when the electrical energy
input to the wire is increased. A 20 kv, 60 capacitor
bank has now been constructed for this purpose. Further,
a six-channel photomultiplier system for viewing the spectra
has been designed and is now being adjusted. This system
will be used to make time-resolved observations of the
intensities of Individual spectral lines during the explosion.
From these data it is anticipated that one may determine
the temperature of the mixture and the relative concentra-
tions of atoms, molecules, and ions in the mixture.

3. ) Thermodynamic Calculations . A series of
thermodynamic calculations has been performed for the aluminum-
air gas mixture generated by the explosion of a wire such as
that described in paragraph 2. The results of these calcula-
tions, which enable one to estimate the energy requirements
for and the relative concentrations of the various components
in a given temperature-pressure region, are given in
Chapter B-3 in this report. A general-purpose computer
program for making such thermodynamic calculations was
prepared for this work. This program is intended for use
in future calculations with different mixtures.



ment (to better than 2 % ) between the heat energy (m c A T) and
the energy as determined from measurement of the discharge
current (l.e. from v/' I R dt where I Is the current and
R Is the constant resistance of the calorimeter tube). However,
these same experiments have shown large disagreement ( 10 to
30 % ) between m c A T and the energy as determined from
simultaneous measurement of the transient current and voltage
LT E I dt where E Is the voltage measured across the
calorimeter tube) . Proper determination of E Is, of course,
required for measurement of energy dissipation In cases where
the sample Is melted or vaporized by the discharge.

More recent experiments, with discharge voltages again
In the range from 5 to 10 kv and ringing frequencies of
approximately 12 kc. Indicate that considerable errors are
Introduced In the voltage measurements by ground currents In
the measuring system and by sizeable changes In the main
circuit resistance due to the skin effect. These errors
are now being minimized and. If necessary, corrections will
be applied to compensate for the errors.

At the higher voltages (up to 100 kv) and frequencies
(up to 300 kc) which will be used for very rapid pulsing of
the sample, the measurement of voltage and current becomes
Increasingly difficult. To meet these difficulties, a
technique, which employs an adjustable compensating coll for
experimentally removing erroneous Induced voltages, from the
measurements, has been devised and Is now being used for a
series of experiments.

It Is expected that the effort required for making
energy measurements will be greatly reduced by the use of a
new system for automatic scanning and recording of the
transient voltage and current curves. This system Is now
being tested for accuracy.

2. ) Temperature and Concentration Measurements .

The initial task of this phase of the program which
was Initiated In this fiscal year, has been the design and
construction of an exploding wire system suitable for
spectroscopic studies. A small 20 kv, 15 ^ f system was
constructed and used for a series of preliminary exploratory
experiments, In which aluminum wires (0.1 mm In diameter) were
exploded In a closed vessel containing air at normal pressures.
During these preliminary experiments, time-resolved
photographic and photoelectric observations of the entire
explosion process were conducted. The Integrated light
from the entire explosion was also observed spectrographlcally

.

4



2. LOW-TEMPERAl’URE Ci\LORBiETRY

Ob.i active 3

Accurate measurements of the heat capacity are made between
15° and 400°K and the thermal functions calculated from the datao
Survey and analysis of the literature data on substances of

interest are conducted complementing the above worko Computer
codes are developed for processing the experimental and literature
data. Where data are unavailable or inadequate, efforts are made
to obtain pure samples for experimental investigations

o

Activity Sirmmarv - July 1. 1963 to June 30. 1964

Heat-capacity measurements on chrysoberyl {BeO* AI2O3) were
completed and a paper on the results is now undergoing editorial
review. Comparison of the heat capacity of BeO»Al20^ with that of
an equimolar mixture of BeO and Al20^ showed the heau capacity of
cnrysoberyl to be about 1 percent higher from about 200° to 400°Ko
Below about 200°K, the heat capacity of chrysoberyl deviates
positively with decrease in taiiperature, being about 28 percent
higher at 10°K, The investigation of the additivity of heat
capacity of other "mixed-oxides'* compounds revealed similar increase
in positive deviation with decrease in temperature.

A paper combining the low- and high-temperature heat measure-
ments on aluminum carbide (At^C3 ) was prepared. The results are
compared in conjunction with heat of formation of At^C3 obtained
by another group in the program, with extensive vapor-equilibrium
data available in the literature involving At^C

3 „ Considerable
deviation is shown between the vapor pressure calculated from
thermal data and those experimentally observed. The paper has under-
gone editorial review, but a recent revision of the heat of formation
of Al/^C2 (See Chapter B-1 of this report) necessitates recalculation
of the comparison of vapor-equilibrium data.

The literature data on LiBH^, NaF, NaCt, NaBH^, KF, KCt, KBr,
and KBH^and upublished data on BeF2 were analyzed and thermal
functions calculated. Tables were given in Report 8186, which
is dated 1 January 1964*

Plans for the Period July 1. 1964 to September 30. 1965

Heat-capacity measurements on BeO»3At203> BeF2 , Li2BeF^, Li3 A-tF£,,

and BeO are planned. Samples of the above substances, except BeF2,
are on hand, A highly pure sample of BeF2 is being prepared by
another group in the program. The crystallites of the above sample
of BeO are considerably larger than those previously investigated.
The new measurements should yield infoimation on the relative size
effect on the heat capacity.

5



Literature analysis of heat-capacity data on mixed oxides, halides,
and oxyhalides of At, Be, Fe, Cr, Si, Ca, Ba, and K vill be conducted*

3. HIGH-TEMPERATURE CALORIMETRY

This work includes all enthalpy measurements (giving also heat
capacities, relative entropies, and heats of fusion and transition)
from approximately room temperature to 2800°K* The "drop" method is

used exclusively, in the sense that a sample at a known fixed tempera-
ture is transferred rapidly to a calorimeter operating near room
temperature*

The following three apparatuses are available*

1, A silver-core resistance-heated furnace and an ice calorimeter*
This apparatus has been in use for many years* The available temperature
range is 273° to approximately 1200°K*

2. A platinum-containing resistance-heated furnace and an ice

calorimeter* The available temperature range is 273° to approximately
1800OK,

3* An induction-heated furnace and an adiabatic calorimeter* The
available temperature range is 1200° to 2800°Ko

During the past year enthalpy measurements were carried out on
Li3AtF6 in the solid range (273° to 973°K) , and on a second (purer)

sample of Be0*At203 (273° to U73°K) * Chemical analyses were completed
on the sample of Li2BeF^ whose enthalpy had been measured earlier
(273° to 873°K) , permitting precise thermal corrections to be made for
the deviation from the nominal stoichiometric composition* The detailed
results on those three substances were given in the last seoniannual
report (NBS Report 8186, 1 January 1964, pp* 62-82)* These data were
obtained using the first apparatus mentioned above* The apparatus is
being overhauled, as special tests indicate a substantially poorer
precision than earlier, though still as high an absolute accuracy as
is possible with the reduced precision*

Plans for the Next 15 Months

Using the first apparatus, some new measurements on Be0*A-l20o will
be undertaken in an effort to improve on the accuracy of the earlier
data for this substance* (A sample of pure BeO*3A-t203 also is avail-
able, and this may be measured too*) Measurements on Li3AtF6 will be
extended into the liquid range (up to 1200°K) * In addition, another
NBS group is attempting to prepare one or more pure polymorphs of BeF2,
and if such samples become available, enthalpy measurements will be
undertaken to well into the liquid range* The derivation of the heat
of fusion of BeF2 from the data will depend, however, on the ability
of the fluorine-calorimetry group to make siiitable measurements of the
heat of solution of the san?)le quenched in the drop calorimeter, for
comparison with the heat of solution of one or more well-defined
crystalline polymorphic forms*

6



Measurements on graphite and various preliminary tests with the
third apparatus mentioned above (for enthalpy measurements from 1200°K
to 2800°K) have indicated several minor modifications to improve pre-
cision and accuracy and to facilitate the experimental work. When
these modifications are made, measurements will be undertaken on alpha
aluminum oxide (A-I2O3) from about 1200°K to the highest temperature
the capsule material will withstand. These data should include the
heat of fusion and the heat capacity of the liquid,

4. JXnORINE COMBUSTION CiO^ORIMETRY t REACTION

CALORIMETRY OF FLUORINE AND FLUORIDES

Background and Current Studies

During the Initial stages of the contract now under way a pro-
cedure was developed for determining the energy of combustion in

fluorine of metals forming fluorides of low volatility, and hence
determining the enthalpy of formation of the solid fluoride. The
procedure Involves the combustion of a pellet prepared from the finely
granulated metal mixed with Teflon, which aids ignition and causes
the reaction to continue to near completion.

Using the method described above, the enthalpy of formation of
crystalline aluminum fluoride was determined, as well as the enthalpy
of combustion of Teflon in fluorine. The method is now being applied
to the combustion of berylliumo

At the time we undertook these studies we realized that beryllium
was a very refractory metal on the basis of a similar series of experi-
ments attempted at the Atlantic Research Corporation, Just how re-
fractory it was we did not fully realize and at the time we undertook
the measurements we thought that we had an experimental procedure
which should resolve the difficulties entailed by the refractory
character of the metal. The results of the measurements with beryllium,
however, indicate that this procedure is Inadequate to obtain complete
combustion of beryllium in fluorine and that the Teflon pelleting
procedure is not an infallible method of obtaining complete combustion
of a refractory metal. Nevertheless we feel that the results of our
experiments so far are of sufficient Interest to be described here.

In our efforts to achieve more nearly complete combustion we have
used increased pressure of fluorine, and we have attempted to isolate
the reaction zone and modify the construction of the stqjports to
allow a higher reaction temperature. The upper limit of fluorine
pressure that we have used is 21 atm. In attempting to achieve
higher reaction temperatures we have used supports with lower thermal
contact with the bomb body and less massive metal supports. The
limits of this method of approach were reached in one experiment in

7



which the combustion of the sample resulted in ignition of the stainless
steel sample support and a fire in the bomb which lasted until the
fluorine was completely gone. The severe damage to the bomb parts was
sufficient to restrain us from further experiments in this direction.
With metal supports the maximum combustion is in the range of 80 to

90 percent. We have also attempted to use ceramic supports for the
sample. Experiments using calcium fluoride have led to the highest
percent combustion thus far achieved, somewhat greater than 90 percent.
The use of magnesium fluoride will also be explored. We feel that
our experiments have reached a point from which we must continue using
the procedures which we have thus far developed. We shall use com-
bustions on metal supports and on ceramic support to substantiate one
another.

Determination of the amount of reaction is a major problem in
this as in all novel reaction procedures. In this case it is accen-
tuated by the incompleteness of the reaction.

To determine the amount of unburned material at the conclusion of
a combustion we have adopted a procedure of dissolving the residue in

alkali or acid and measuring evolved hydrogen. At present we are using
a strong alkali solution. The hydrogen evolved is collected by a

Toepler pimp and its volume is measured. The sensitivity of this
method is approximately 0.01 milligram of beryllium. The accuracy
is approximately ,03 to J05 mg of beryllium. When a 100 milligram
sample of beryllium is used this is adequate.

The purity of the starting material is another factor in determin-
ing the amount of reaction. The beryllium we are using is a powder 100
mesh or smaller which we obtained from Nuclear Metals Inc, Impurities
of metal and carbon amount to less than 0.02 percent. However, oxygen
impurity is 0,18 percent as determined by neirtron activation analysis.
Our experience with beryllium and our previous experience with
aluminum indicate that oxygen can be a significant impurity even in

metal having very small amounts of other impurities.

In the preparation of the beryll.lumr-Teflon pellet we have been
at some pains to prevent loss of weight. The most successful procedure
so far is the formation of a mixture of the powder in a Teflon filled
bag. The bag and enclosed mixture are then pelleted together. While
somewhat cumbersome, this method has been shown to reduce losses of

weight on formation of the pellet to an almost negligible amount.
Typical parameters are a 0,05 gram bag, 2 to 2,2 grams of Teflon
powder, and 100 milligrams of beryllium. In the preparation of

pellets weight losses range from 0 to 0,1 mg. On combustion, the
Teflon supplies approximately 27 kJ, the beryllium supplies 10 to

12 kJ, Energy from the tungsten fuse amounts to approximately 20 J,
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Characterization of the combustion products is also an Important

factor. The beryllium fluoride formed In the combustion is in a

glassy form of which most is deposited on the walls of the bomb as

a fine dust. This has accentuated handling problems on account of the

toxicity of the dust, and in order to handle the material safely we

carry out all bomb loading and unloading processes in a dust box,

Although the work recently described by Dr, A, R, Taylor Jr, will be

of value to us, we feel that it will be necessary for us also to

determine the heats of solution of the beryllium fluoride dust formed,

in our e:q)eriment. This is because we have no reason to assume that

the energy state of the very fine dust which we obtain is the same

as that of the rather massive glassy material which Dr, Taylor used
in his e^qjerimentSo Our measurements on the dust formed du our experi-
ment and on crystalline beryllium fluoride obtained in other work at

the National Bureau of Standards will allow us to refer our measure-
ments directly to the heat of formation of crystalline beryllium
fluoride.

In addition to the solution calorimetry associated with the heat
of formation of BeF2, an additional calorimetric study is being made
of the formation of Li2BeF/ from LiF and BeF2* In this work pre-
liminary studies of the solubilities of the materials have been made,
to find a suitable solvent. Undertaking the study of the three
substances LiF, BeF2 and Li2BeF^ introduces limitations on the
solvent that can be used, as it would be desirable to determine the
enthalpy of solution in such a solvent that the final solution is the
same in every case. By this means dilution effects and problems of

ionic strength and ionic interactions can be avoided, A suitable
solvent is aqueous HC-t, with LiF or BeF2 added in some cases.
Studies under way but not completed include attempts to find a

suitable container. Glass can be used, but because of its inter-
action with HF formed by hydrolysis of the salts in a solution of

a strong acid, a correction would be necessary for the glass dissolved.
The magnitude of this correction has been estimated.

In addition to the studies on solid fluorides, one study has
been made of the enthalpy of formation of aluminum carbide (A-t^C^) by
combustion in oxygen. Combustion procedures leading to complete
combustion in a calorimeter bomb were developed, A significant find-
ing of the study was the demonstration that under the conditions of
the bomb combustion, a large fraction of the aluminum was converted
to the little known delta phase of aluminum oxide. The delta phase
is formed when gaseous aluminum oxide, in the presence of nitrogen
and carbon dioxide, condenses on the cold surfaces of the bomb. The
energy difference between delta- and alpha-aluminum oxide was deter-
mined in another laboratory from measurements on the combustion
products obtained in the experiments.

9



Within the past year we have begun to reconstruct a flame calorim-

eter for combustion of gases in fluorine or combustion of fluorine

containing gases » This effort is particularly directed to a study of

the heat of formation of F2O, which is now readily available in sub-

stantial quantities and in a moderately high degree of purity.

Plans for continuation

All work necessary to establish the energy of combustion of

beryllium in fluorine, and such solution calorimetry as is necessary
'

to establish the heat of formation of both glassy and crystalline

BeFp^ will be completed. The solution calorimetry of LipBeF^ will

also be completed following the general procedure described above.

In the flame calorimeter the study of OF2 will be completed and

a study will be made of CtF^,

The literature of the fluorine compounds will be used to prepare
summaries of best values, revised to include recent work, and other
summaries useful in future resumes of the thermodynamic properties of
fluorine compounds.

5, LIGHT ELEMEHT COMPOUNDS

1. Summary for Fiscal Year 1964

A great deal of effort has been spent this year in studying
aluminum borohydride, A heat of formation value on this material is

of first Importance, Two samples have been obtained from the Union
Carbide Chemicals Corporation, but only the earlier one has been
studied by our group.

An apparatus for the purification of aluminum borohydride by
successive distillation has been constructed. This apparatus in-

corporates means of measuring volumes, pressures, and densities.
It is a vacuum-line type of apparatus controlled largely by mercury
valves to prevent reaction, and subsequent contamination with stop-
cock grease.

Many experiments have been lain on hydrolysis of this material
using water, dilute sulfuric acid, and whole series of alcohols.
This involved various methods of contacting the aluminum borohydride
with the reagents. Some methods differed in mechanical design of
apparatus. Others involved the order of addition of solvents or
the liquid or vapor contact. Apparently the most successful method
was contacting the aluminum borohydride vapor with Isopropyl
alcohol vapor followed by 2N sulfuric acid to complete the hydroly-
sis, Even this method failed to give good stoichiometric results.
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Aluminum borohydride is quite sensitive to heat, forming the

rather inert mixtures of aluminum borides in small quantities* For
this reason the hydrolysis must be very gentle.

When it became known that the aluminum borohydride contained some

hydrocarbon, a capillary gas chromatograph was modified to attempt to

separate the relatively small amounts of hydrocarbon from larger
amounts of hydrogen. This work is still in progress.

Work has continued on the mass spectra of gases issuing from the.

Knudsen Cell containing a light-element hydride, A great many m/e
peaks can be explained but any quantitative treatment leaves many
unexplained residues. Apparently this is much the same problem as

would be encountered by heating an organic polymer in the cell.
This study has been recessed temporarily.

The literature study on light-element oxides and hydrides, and
alloys and intermetallic compounds was continued.

In the fiscal year 1964^ new apparatus and techniques were
developed for the preparation of pure polymorphic crystalline forms
of BeF2 * A special cell for phase purifications and thermal analyses
to 1000°C has been completed by our shops. This cell is designed for
a large number of different types of phase purifications with BeF2
such as distillation, sublimation, crystallization and preferential
decomposition. The capacity of the cell is such that sizeable
quantities (about 50 grams) of material may be processed at one time.

The platinum parts (rupture-disc ampoule, cup and support) have
been secured for the hydrofluorothermal growths of the beta quartz-like
form of BeF2 in a bomb under a high pressure of HF, The technique of
anhydrous addition of HF in the closed ampoule is nearing perfection,

2, Plans for Period July 1, 1964 to September 30> 1965

The project will furnish analytical, preparative, and purification
support to the thermochemical groups engaged in the program. The
present problem is the method of h^rolysls and analysis of aluminum
borohydride. In the event that the material received needs some
purification this may also be londertaken. The general analytical or
purification work will be assigned to personnel best qualified to
handle the particular work. The literature survey of oxides and
hydrides and of alloys and intermetallic compounds will be continued.

The phase purification and thermal analysis cell will be used for
the preparation of pure polymorphic crystalline forms of BeF2 by a

large number of different types of phase purifications. The pro-
cedures yielding pure polymorphs will be used to obtain sufficient
material for the Bureau needs for establishing the thermodynamic and
related properties of BeF2 * The hydrofluorothermal process will also
be used to obtain smaller amounts of the beta quartz-like foim of BeF2 ,
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Upon completion of the above, effort will be directs towards the

establishment of the phase diagrams to 1000°C of the trieleBoicat

systems Be-B-0, At-B-0, Be-B-F and At-B-F, and the preparation in

pure crystalline form of any compounds existing in these systems up

to 1000°C,

6. HALIDE SOLIEUVAPOR EQUILIBRIA (TRANSPIRATION METHOD)

Following the series of precise measurements of the vapor pressure

of solid AtF3 from 1233° to 1288°K mentioned in an earlier report
(NBS Report 8033> 1 July 1963> p. lO) , the transpiration apparatus
was adapted to allow introducing AiCt^ vapor into the argon carrier
gas (by evaporating the solid chloride in a boiling-liquid thermostat)
and to provide for determining the transpired A-tCt-^ (by condensation
in a welghable cold trap)

.

Two preliminary runs on the mixed system, with the AlCt^ avapo-
rated at about 373°K and the AtFo evaporated at about 1250°K, showed
about 66% more AIF

3
evaporated than if the AlCl^ had not been present*

The partial pressures of the AlOl^ and AtF3 have not yet been varied
in the usual way that will help define the reaction or reactions
taking place. Conceivably, substantial amounts of mixed dimers may
have resulted, and this possibility has not yet been explored. It

appears more likely, however, that under the conditions of the measure-
ments the gaseous reactions are mainly

AIF^ ^ (l/2)AlCl^ = (3/2)AtF2Cl (1)

AIF^ f 2AlCl^ = 3AlFCt2 • (2)

But the total amount of AtC-l^ present was entirely insufficient
according to reaction (2) , and just barely sufficient according to
reaction (l) , to explain the observed eonount of reacting AiF^, It is
thus tentatively concluded from these preliminary experiments that
moat of the product was probably AlF^l and that little of it coidd
have been AtFCt2 * On the basis of reaction (l) only, the few obeerred
results correspond to a slightly exothoraiic reaction, in contrast to
several estimates made elsewhere.

Unfortunately, owing to the highly reactive nature of AlOl^
contamination occurred. This has been largely eliminated by replacing
or gold-plating all nickel parts of the hot train, by substituting
llquld-nitrogen-dried helium for the carrier gas, and by more rigorous
out-gassing, but some remiaining deficiency in the amount of A-tC-t3 re-
covered will necessitate tests for its possible entrapment in the
reactive zone of the furnace.
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During the coming months the investigation of the klF^-AlCl^

system will continue, with variation in partial pressures and

temperature to define the occurring reactions and check their heatso

Subsequent extension to the A-tF^-HF system in a search for the

formation of gaseous At-H-F species is planned*

7. HIGH-TEMPERATURE MICROWAVE SPECTROSCOPY

During the past year microwave measurements on AtF and AtCt have,

been completed. Accurate values of the rotational constants, rotation-
vibration interaction constants, electric dipole moments, and nuclear
quadrupole coupling constants have been obtained for both molecules.
The nuclear quadmpole hyperfine structure in AlGl was extremely
complex, but improvements in the spectrometer resolution have led to

a satisfactory analysis.

Microwave work on the alkali hydroxides and metaborates has
been less successful. Intensive efforts to detect the spectra of
NaOH and KOH have so far met with failure. The reason for this is

not clear* Although some decomposition probably takes place under the
operating conditions which were used, we feel that a reasonable
amount of hydroxide vapor was present in the absorption cell* The
most likely explanation for the failure to observe spectra is the
presence of a large fraction of dimer, which would show no microwave
absorption*

Plans for the next year include possible further attempts to
detect the alkali hydroxide spectra if suitable changes in conditions
can be achieved, A search will also be made for microwave spectra of
AlF2 and A-tC-t2 under conditions similar to those used in the studies
of A-tF and AtCt* Microwave investigations of certain interhalogen
compounds and nitrogen-fluorine compounds are also planned* In
addition, we plan to carry out infrared studies on aluminum borohydride,
and possibly on beryllium borohydride, in order to obtain a reliable
vibrational assignment*

8* VAPORIZATION OF REFRACTORY SUBSTANCES

(a) arc-image research

The quadrupole mass filter did not arrive as expected during the
past year, but work has continued in the following areas: preliminary
temperature measurements with recording automatic optical pyrometer,
quantitative measurement of vaporization rates of liquid alumina in
1 atm* of Ar or water vapor, modification of system for use of partial
pressures of ambient gas at less than 1 atm* and detemination of the
temperature of liquid alumina in vacuum and in convective conditions*
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Theoretical calculations of e:jq>ectad vaporisation rates in Ar> He and
Ne suggested the requireoaent of static gaseous environmantSf and
analysis of the uncertainty in vaporisation rates obtained in 1 atm*

of static At indicated the need to operate at lower partial pressures.
Preliminary determination of temperature of the liquid alumina indi-

cated that the molten portion of the eanple was heated above the
melting point and that a steady-state flow of heat existed across the
liquid-solid interface.

Initial observations indicate difficulty in melting MgO with the'
arc-image furnace due to high sublimation pressure and condensation
on the flask.

Projected Plans t July 1. 1964 - October 1963

The following research intended for the next fifteen months with
the arc-image furnace

i

1. Completion of theoretical and quantitative investigation on
vaporization of molten in Ar, He> Ne> H2> O2 and H2OJ qualitative
observations of molten BeO in these gases and vacuum.

2. Completion of temperature measurement studies and possible de-
termination of spectral emisslvity.

3. Redetermlnatlon of vaporization rates of liquid alumina in

vacuo for a range of temperatures.

4. Adaptation of quadrupole mass filter to system in event of
its arrival.

5. Completion of the determination of the course of crystalliza-
tion of vapor-deposited At203 from the amorphous to a-At203 states.

(b) mass-spectrometric research

The heat of sublimation of BeF2(s) was obtained from a mass
spectrometric study and was presented in MBS Report 8033 > pp. 55-59>
(July 1, 1963). The reaction of BeF2(g) with BeO(s) has been studied
mass spectrometrically also and is found in MBS Report 8186, pp, 103--112

(Jan. 1, 1964)* For the con^jlex speoie, BegOF^Cg) 1 the enthalpy of
reaction and heat of reaction were obtained. In the BeO-At203 system
data is being obtained on the 111 compound and the li3 con5}ound. The
only complex vapor specie found above the 111 compound is BeOA-t,

A second Knudsen cell aesembly is almost completed for the 60°
sector mass spectrometer.



Program Flans

The Be0-Al203 system -will be concluded by observing, the vapor
species over the eutectic compositions of these compounds.

Preliminary experiments on the kinetics of vaporization and
complex specie formation on the BeF2“BeCt2 are- ready to start vith
the time-of-flight mass spectrometer,

A mass spectrometric study will be attempted with the
Be0-H20 system.

9 , EXPERIMENTAL THERMOCHEMISTRY

1 , Accomplishments

A redetermination was made of the heat of decomposition of
KC-tO^(c) by a technique slightly modified from that previously
employed. The results essentially confirm those published previously
by this laboratory.

Using the same technique, we have completed measurements on the
decomposition of sodium and potassium chlorates. These results, which
will be published in the Journal of Research of NBS, have been used to
verify the consistency and reliability of the technique used.

Some data have been obtained on the reaction of hydrazine
diperchlorate with chloride solutions. However the reaction has
proven to be too slow for satisfactory calorimetry under the present
conditions. This study has been temporarily postponed in order to
concentrate more intensively on the determination of aluminum
borohydride.

Preliminary investigations on Al{BEj^)o were carried out to

determine the feasibility of several possible calorimetric reactions.
Reactions with N2 or GI2 in a bomb, as well as hydrolysis reactions,
were studied. We have decided that chlorination in a flow calorimeter,
using standard flame calorimetry techniques, is feasible, A reaction
vessel, specially designed for this reaction, has been built and the
system calibrated electrically. The analytical methods required to

establish the stoichiometry of the calorimetric reactions have been

under continued Improvement, and we are now able to obtain consistent

results although not yet with high precision,

2 , Plans for FY 196^

We plan to complete the measurements on At(BH,)o during the next
quarter, A new sample has been obtained, but detailed analytieal
data are not yet available. We are also obtaining a highly purified
sample of CI2 free of oxygen and chlorine oxides for the final deter-
minations.

Upon completion of these measurements we will resume work on the
heat of formation of hydrazine diperchlorate, pursuing the solution
reaction technique.
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10, HIGH-TEMPERATURE MATRIX SPECTROSCOPY

The newly designed electron-bombardment furnace and its associated
power supply are virtually complete. They should be ready for matrix
spectroscopy within a month. The assembled apparatus will enable
infrared observations to be made on matrix deposits of high temperature
species over a much greater range than has heretofore been used,
especially in the region of low-frequency fundamentals.
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PART B„ THERMODYNAMIC PROPERTIES OF LIGHT-ELEMENT COMPOUNDS

Chapter B-1

HEAT OF FORMATION OF ALUMINUM CARBIDE

R, C, King and G, T, Armstrong

In an earlier repoirt [l] we described an experimental study in

which we measured the heat of combustion of aluminum carbide in oxygen
(reaction l) and derived the heat of fonnation.

At^C^(c) H- 60^(g) = 2Al^0^(o,a) t- 3C02(g) (l)

An important -and interesting result of the study was the finding
that a major fraction of the solid combustion product was delta
alumina. The remainder of the product was alpha alumina.

At the time of the earlier report, a major uncertainty in the
calculation of the heat of formation of A-t/C^ was lack of knowledge
of the energy state of the aluminum oxide formed. Recently new in-
formation has been presented concerning the energy relationship
between delta- and alpha-aluminas, which allows a less ambiguous
interpretation of our previous results.

As pointed out earlier the delta alumina was deposited in extremely
finely divided form on the wall of the combustion bomb. While on the
bomb wall, the oxide appeared white, but once removed from the bomb and
placed in a sample container, it appeared to be light gray. Because of
this slight discoloration, a qualitative spectrochemlcal analysis was
also performed on samples from two different experiments in order to
get information on the purity of the oxide. The same impurities were
found in both samples. The results from this analysis are given in

Table 1.

Table 1

Qualitative Spectrochemlcal Analysis of Samples

Element Percent Element Percent

Al > 10 Mg . 0.0001-0.001
Ag 0.0001-0.001 Mn 0.0001-0.001
Au 0.01 -Ool N1 0.01 -0.1
B < 0.0001 Pb 0.0001-0.001
Ca 0,0001-0.001 Pt 0.01 -0.1
Cr 0.01 -0,1 Sn 0.001 -0.01
Cu 0,001 -OcOl Si 0.1 -1.0
Fe 0.01 -0.1 V 0.001 -0.01
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The Impurities originated from the aluminum carbide sample, and
probably also from the platinum foil on the sample container, and from
the nichrome fuse and its platinum supports* The indication of a

larger amount of silicon in the product than in the At^C3 is probably
the most Important change, which can be accounted for either by
variability in the sample, or by its being a borderline concentration
at about 0*1^ in the spectrochemical analyses* No change was made in

the calculations as a result of the analysis of the product*

The large fraction of the little-known delta phase in the product
raised the question of how much energy difference there is between the
delta and alpha crystalline forms of alumina. To obtain this energy
difference the energies of combustion observed for aluminum carbide
were plotted against the fraction of in the product with the
expectation that a linear relation between the two would allow extrapo-
lation to 100^ a-A-t203» The relationship obtained did not allow un-
ambiguous extrapolation. As a result, the value calculated for the
energy difference between the two forms of alumina was not very certain
and contributed several kcal mole“^ to the uncertainty of the value
calculated for the heat of formation of the aluminum carbide.

Since these experiments were carried out, additional and more
reliable information has become available on the energy difference
between the two forms of alumina, Kleppa and Yokokawa [2] have measured
the enthalpy difference between a-A-t203 by means of solu-
tion calorimetry. The samples of delta alumina used in their experi-
ments were obtained in the aluminum carbide combustion experiments
described in our previous report [l]. Their experiments on alpha
alumina were carried out using samples from several different sources
and included one sample prepared by conversion of delta alumina. They
found that the heats of solution for the various samples were in
agreement. The samples were dissolved in a Pb0-Ba0-B203 melt at 705°C,
For the cgnversion of to (eq, 2), they obtained the
value, ^H298 ,x5

= -2,7 ±0.4 xcal mole“l.

In Table 2 are summarized the observed energies of combustion
of aluminum carbide, the fractions of delta phase observed, and the
calculated energies of combustion of the aluminum carbide to alpha
alumina only. The latter values include a correction for the energy
of conversion of b-kl20^ to a-At203, based on the work of Kleppa and
Yokokawa, The mean value obtained for the energy of combustion of
kljC^ by reaction (l) isi ^^298^x5

= -1031,5 ±1.1 kcal mole”^.
Conversion to the constant pressure process leads to ^^298^x5

“ -1033*3
±1,1 kcal mole"-*-. The uncertainty (1,1 kcal mole"-^) is uhe standard
deviation of the mean and includes the uncertainty in the combustion
experiments (1,0 kcal mole”^) and the uncertainty (0,4 kcal mole“^) in
the energy difference between the aluminas.
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Table 2

Heat of Combustion of At,G„
4 j

Expt,
No,

At203

6

a + 6

-AU298 (Al4C3)

(obs)

-AU298 (At4C3)

to a-At203

10 .768 29826,1 29947,6
11 .641 29800.0 29900 06
12 .456 29922,0 29993.6
13 .475 30002,2 30076.8
16 .471 29963.8 30037.7
18 .517 29816,1 29897.2
19 .517 29850,0 29931.1
20 .472 29976.6 30050.7

Mean 29894.6 29979.4

Standard Deviation
of Mean 30,6

1028,6 ±1.0
kcal mole“l

25.4

1031.5 ±.9
kcal mole""^

From our data we calculate the heat of formation of A-t^G^ to be:

AH?
298, 15 [-^1483(0)] = -49.7 ±1,2 kcal mole"^. The following

auxiliary data were used in the calculation: [a-At203(3)

]

= -400,4 ±0.3 kcal mole"^ [3]. ^H?29g^i5 [002(g) J ="-94.05 ±0.01

kcal mole"'^ [4]. The uncertainty (l,2 kcal mole" ) is the square
root of the sum of the squares of the uncertainties assigned to the
heat of combustion of the A't4C3, and the heats of formation of the
a-At203 and CO2.

Mah [5] recently measured the heat of combustion of aluminum
carbide in oxygen, and calculated the heat of formation to bet

AH?298.l5 ~ “53.4 ±2,0 kcal mole"^. It is interesting to note that

the product alumina in Mah*s experiments consisted of very little of

a crystalline form of alumina other than a-At203,
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Chapter B-2

REVISED HEATS OF FORMATION OF FLUORIDES

G, T, Armstrong and M, Co Bracken

AtF^Cc) ^Hf29g
= -360 ±2 kcal mole~^

Domalski and Armstrong [l] measured the heat of combustion of
alinninum in fluorine and found = -360,4 =^0,3 kcal mole“^. This
has involved a recalculation of previously reported data given by
Domalski [ 2],

Gross, Hayman, and Levi [3 >4] reported the heat of the reaction,
^bF2 + At = AtF^ + -118 o 53 ±0,08 kcal mole~^* If "we

modify the heat of formation of PbF2 gi^en in NBS Circular 500 [5] for
a change (-0,84 kcal mole“^ [6]) in ^Hf29g [HF (aq)] we obtain
-160,2 kcal mole“^ for ^Hf^g [PbF2], and -358,8 kcal mole“^ for
AHf^qg [AtF3 ]o Gross, et al, [4 ] also measured the heat of the re-
action ^^^2 3NaF = ^b -r Na3AtF^ and found = -138,31 ±0,11

kcal mole”^. Combining the results for the two reactions they calculated
for the reaction AlF^ •+• 3NaF = Na

3
AtF

2 ,
= - 19o78 ±0,14 kcal mole“^.

This reaction allows calculation of the heat of formation of AtF
3

inde-
pendent of the heat of formation of PbF2 * Using Coughlin *s data [7]
for the heat of formation of NaF, -137,03 kcal rnole”^, and the heat of
formation of cryolite, -788,9 kcal mole“^, modified to take into
account modified values for AHf of AtF3 .and of HF, we calculate
AH?

29g
[A-tF3 (c)] = -358,0 by this method,

Kolesov, Martynov and Skuratov [ 8 ] also measured the enthalpy of
the reaction between PbF2 and At, They found AH°298 = -117,7 ±0,6
kcal mole. From this value, applying the same data for PbF2 as before,
we calculate AHf29g [AtF3 (cj] = -358,0 kcal mole”^. The equilibrium

data of Mashovets and Yudin [ 9 ] reduced to 298°K using the third law,
and then applying the revised heat of foimation of HF(g) , lead to
AHf [AtF

3 (c)]
= -357,7 kcal mole"^.

In selecting 36O kcal mole*"^ as the best value we give greater
weight to the direct combustion determination, but assign a relatively
large uncertainty to take account of possible systematic errors in that
value and also to give weight to the determinations by other reaction
processes.
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BeF2 (c) AHf298 = -243 ^3 kcal mole"^

The heats of reaction of BeO and of BeF2 with aqueous HF vere
determined by Kolesov, Popov and Skuratov [lO], who found -24*17 ±0.12
and -8,04 ±0,08 kcal mole”*^ respectively for the standard heats of

reaction at 298°C, Applying to these data revised values for the heat
of formation of HF(aq) [ 6 ], we calculate (see Churney [2])

^H^298 [BeF2 (c)] = -242*27 kcal mole"^.

Recent work still in progress by Gross on the reaction of Be

with PbF2 [ 12 ] gives heats which are somewhat sensitive to the ratio
of PbF2 to Be, The heat, however, appears to become constant at

-83 08 kcal mole at the higher ratios. This value combined with
AHf298 [PbF2 (c)] = -l60,2 kcal mole“^ [see AtF^(c)] gives

'^H^298 [BeF2 (s)J = -244*0 kcal mole"^. The degree of crystallinity
of the BeF2 is not constant in these experiments, and the results are
subject to a correction for the difference between the glassy and the
crystalline forms, A recent study by Taylor [13] Indicates this
difference to be 1,1 kcal mole"*^, with the crystalline form being the
more stable.

Direct combustion of beryllium in fluorine has not yet led to
published conclusions [I4 ] but the heat measurements that have been
made are consistent with the measurements described above. The
results of Kolesov, et al, are dependent on the heat of formation of
BeO, in which the uncertainty may be as great as 3 kcal mole“^.

An intermediate value of -243 kcal mole“^ is selected as the best
value.

MgF2 AHf°q^ = -265 ±2 kcal mole"^

Rudzltis and Hubbard [l5] have informally reported the heat of
combustion of magnesium in fluorine to be -264,9 kcal mole”*^,

Domange [I6 ] studied the equilibrium constant of the reaction,
MgF2 (c) + H20 (g) = MgO(c) -t- 2HFCg) , A third law treatment of their

data leads to a value of AH^g = 45,94 kcal mole”^ for this reaction.
Applying the values -64,8 [6J, -143,7 [ 17], and -57,80 [ 5 ] kcal mole“^
respectively for ^H?298 of HF, MgO
MgF2 (c) ah?298 ~ -261,4 kcal mole”

Von Wartenberg [18] determined the heat of solution of magnesium
in aqueous hytirofluoric acid (HF*80 HoO) and found AH = -109*5 ±0.7
kcal mole" , Using ^Hf2qg (HF*80 H2O;

= -76,33 kcal mole”^ [6], we

calculate ^H?
29g

[^F2 (cjJ = -262,2 kcal mole”^.

^
and H2O, we obtain for
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Torgeson and Sahama [19] detemined the heat of reaction of Mg(0H)2
with aqueous hydrofluoric acid (20,1^ HF by weight) at 73#7°C to be
-29*090 kcal mole“^, and the enthalpy difference of the resulting
aqueous solution at 25°C and 73*7°C to be -1,620 kcal mole“^ of Mg(0H)2<>

They also measured the heat of hydration of MgO, and found it to be

-8,85 kcal mole“'^o Using these data> the specific heat of aqueous HF
from Thorvaldson and Bailey [20], the enthalpy of MgF2 from Furukawa
et al, [2l],Qand AHfpqg [HF“4*415 H2O] -- -76,12 kcal mole“^ [6], we
calculate ^Hf2qg [MgF2vc)] = -267,4 kcal rnole”^.

Gross, Haman, and Levi [3] measured the heat of the reaction,
Mg(c) PhF2(c) = MgF2(c) -f Pb(c), and after correcting for the
formation of a Mg-Pb alloy in

AH298 ~ -109*5 ±1*5 kcal mole'

some experiments calculated
“1, Using AHJ298 [PbF2(c)] = -160.2

kcal mole"^ [see AtF^Cc)], we calculate AHf29g “ -269*7
kcal mole"

The mean of the indirect methods for determining the heat of

formation of MgF2(c) is -265*2 kcal rnole"^, which is in good agree-
ment with the value found by the direct combustion of the metal in
fluorine, A value of -265 ±2 kcal mole"-^ is selected as the best
value*

LlF(c) AHg298 = -147*1 ±0.5 kcal mole"^

Stephenson, Hopkins, and Wulff [22] detemined the heat of solu-

tion of LIP to be AH°298 = 1*070 ±0,050 kcal mole“^* Combining this
value with ^Hf29g [Li^(aq)] = -66,55 kcal mole“^ [5], and

ah?298 ^F“(aq)j = -79*50 kcal mole ^ [6], these data are combined to

give '^Hf298 [LlF(c)] = -147*1 kcal mole“^. The uncertainty assigned

above is principally due to the uncertainty in the heat of formation
of the aqueous fluoride ion.
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Chapter B-3

CALCULATION OF THE EQUILIBRIUM COMPOSITION,
ENTHALPY, ENTROPY, AND DENSITY OF THE

AIR-ALUMINUM GAS MIXTURE GENERATED IN AN
EXPLODING WIRE EXPERIMENT

by

Klaus K. Neumann and Esther C. Cassidy

1. INTRODUCTION

In the past few years numerous papers have been

written on exploding wire phenomena [l,2], and many varied

applications of its electrical discharge method have been

devised. This paper presents a theoretical calculation

of the composition, entropy, enthalpy and density, as

functions of pressure and temperature, of the gas mixture

produced by the explosion of an aluminum wire in an air

environment. The mixture, though it is generated by a

transient method, is assumed to pass through a series of

high—temperature, high-pressure states in which all of

the particles in the mixture are in thermodynamic equilibrium.

The assumption of thermodynamic equilibrium is reasonable,

inasmuch as the time ( 10 to 10 sec) [3] required for

establishment of equilibrium conditions is very short

compared to the time required for the explosion. Preliminary

experiments by the authors have shown that the current in the
—4

discharge lasts about 10 sec, and that the radiation
—3

emitted lasts about 4 x 10 sec.

The calculations were made for six constant pressures

between 0. 01 and 1000 atm, at each 500® temperature interval

between 1500 and 6000® K. The computations were made at

\
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constant pressures, rather than at constant densities, so that

the results could be compared more readily with experimental

results, the measurement of pressure in exploding wire experi-

ments being more feasible than the measurement of density.

2 . THE EXPLOSION MIXTURE

The mixture considered was that generated by the explosion

of an aluminum wire in a closed vessel containing air under

normal laboratory conditions. The system before explosion

was assumed to be 100 parts air and 10 parts AI2 (79 parts N2

,

21 parts O2 and 10 parts AI2). These ratios were determined

primarily by the conditions of experiments now being performed

by the authors in an effort to develop a suitable system and

suitable methods for direct measurement of thermodynamic data

under the transient high—temperature, high-pressure conditions

of the explosion.

The components of the explosion mixture were assumed to

be Al2,N2,02,Al,A10,Al20,Al202,N, NO, N02,N20 and O, all in the

gas phase only. The solid and liquid phases were not

considered, inasmuch as the reaction rates to condensed

liquid and/or solid particles are much slower than the reaction

rates between gaseous particles. Other possible components,

such as N2O4, the ions 0^, N^, etc, were neglected

inasmuch as they make up only a very small percentage of the

mixture. Still other components, such as the aluminum-

nitrides, were omitted because of the lack of data in the

literature.
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Free electrons and the ion A1 were also not included.

This latter assumption is in error at the higher temperatures

(near 6000° K) and lower pressures (near 0.01 atm), because

some of the aluminum atoms are surely ionized in this region.

However, one may consider that the Al"** concentrations are

included in the calculated neutral A1 concentrations. The

calculated enthalpies in this region will also be slightly

lower than they should be, inasmuch as the ionization energies

of the A1 are not included. In the other pressure—temperature

regions of the calculation, the error due to the omission of

ions and free electrons is small, because at higher pressures

the aluminum oxides are the predominant aluminum component.

Therefore, the number of Al^ ions would be very small, since

there are only a few A1 atoms from which the Al^ ions may

be formed.

One further assumption, which may introduce error in

the calculations, was as follows. The molecule Al 203 (g)

was not included because of the lack of input data. To the

authors knowledge, no observations of or data on gaseous

AI
2
O

3
have been published. The only reference uncovered

was that of Medvedev [4j who, although he has not observed AI
2
O

3

(g), states that he believes it may be present in the experi-

mental mixtures of Brewer and Searcy [s].
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3. THE INPUT DATA

In order to ensure consistency, all of the input data were

taken from McBride et al [6]. Some of the data in this

reference are calculated values, rather than experimentally

observed values. However, the authors have noted that observed

data for AlO, AljO, AI
2 O 2 and AI

2 [7,8,9], are in fairly

good agreement with those of McBride et al. In any case,

one may say, as a limit for the errors, that the relative

error in each computed volume fraction must be smaller than the

sum of the relative errors in the input equilibrium

constants [ 13]

.

4. METHOD OF CALCULATION

The method of calculation is similar to that described by

Neumann and Knoche [lO]. The computations were performed

with the aid of a high-speed digital computer, using the

general-purpose machine program OMNITAB [llj.

The enthalpy H. rr, and entropy S, „ of each component
J > J > Po>

j (where j = 1 to 12), at the normal pressure p^ =1 atm for

each 500® temperature interval between 1500 and 6000® K, were

taken as the input data. The entropy S. „ at p = 0.01,0.1,
J ) P>

1, 10, 100 and 1000 atm for each component j and each temper-

ature T ( 500 ® intervals between 1500 and 6000® K) was

calculated from the following equation:

S In p ( 1 )

where R is the universal gas constant = 1.98726 cal/mole ° K.

The equilibrium constant Kj
^ ,p

for each component at

each pressure and each temperature was calculated from
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^ r. TJ > P> *

At this point, for the sake of simplicity, the indices p and T,

which define the pressure and temperature levels for each

parameter, will be dropped from the equations. It is to be

understood that the method described refers to the calcula-

tions at any one given pressure and temperature. The index

refers to the prime components of the mixture. For the

method of calculation used here, these prime components must

contain at least one atom of each of the chemical elements

(aluminum, nitrogen, and oxygen) contained in the mixture.

In this paper, the molecules Al|, N|, and 0| (with the

index J* = 1, 2, 3) were taken as the prime components.

V » is an array of "reaction numbers”* consisting of three

columns (j = 1 to 3) and 12 rows (j s 1 to 12), which

are taken from the coefficients in the chemical reaction

eliuations for each molecule. For this purpose, the equations

for the reaction mudl be written in a form which contains

only prime components and one other component. Therefore,

every v.» . value gives the number of moles of the prime
J > J

,

components J which the reaction consumes to form one mole of

the product component J.

The calculation of the composition of the gas-mixture,

as a function of pressure and temperature, begins as follows.

Assuming an ideal behavior of the gas, the volume—fraction

rj of each component is computed from the mass-balance

equations (3) and from the equilibrium equations (4):

12

I \i
j = l (3)
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and
3

( 4 )

For this problem there are three mass—balance equations (always

equal in number to the number of prime components) and nine

equilibrium equations (one for each of the other components).

The index k refers to the mass—balance equations. For

always equal to 1
,
and equation ( 3) simply states that the

sum of all the volume fractions is equal to bj = 1 :

For k = 2 and h« . equal to the ratio between O and N

The coefficients here are simply the number of parts of O

and N in each component of the mixture. A similar equation

for the ratio between all the A1 components and all the N

components in the mixture reduces to the following equation

for k = 3:

k = 1
,

the coefficients h of the volume fractions are

12
1 .

(5)

in the mixture;

bk = Orj - 42r2 + 158rs + 0r4 + 79r5

+ 79r
0 + I58r7 — 2 lrg + 58rg

+ 137rio + 37rij + 79rj2 = 0*
( 6 )

This equation was reduced from

Orj +0r2 +2rg

+

0r 4 +lr 5
+lrg +2r| +0r g +lrg +2ri 0 +lr 1

1 -fir
j 2 _ 21

Or
j
+2r

2 -Or g
-f-Or 4 --Or

5
+0r g +0r 7 +lr g H-lr 9 +lr j g --2r

j j
--Or 72 7 9

( 7 )
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( 8 )

bj^ = 158ri -2 Or 2 +Or
5 +79r4 +79rj + 158r|

+ ISSr^ - lOrg - lOr, - lOrj® - 20rn
+ Or

1

2

= 0 .

From equations (s), (6 ), and (8) one sees that bj is

equal to 1 and that b 2 and b 3 must be equal to zero.

In order to simplify the calculations, equations ( 3) and

( 4 ) were written in logarithmic form:

12

I
In r

j _= b. (9)

J = 1

and

In r . = In K. + ^ v
,

In r
J J jfc’i J‘

( 10 )

We now have a system of 12 equations, three from equation

( 9 ) and nine from equation (lO), with 12 unknown r^ .

To begin the calculations, three approximate values

are estimated for r^
,
and the other r^ are computed from

equation (lO). These computed approximate values for rj

will not satisfy the three transcendental equations (9).

However, a systematic iteration may be performed with the aid

of the equation ( 9 ) written in the following form:

12 In r
j

12

''k.j
® ° 'j ° Abk-

( 11 )

j=l J=1

For convenience, equation ( ll) may be reduced to:

(fi.rj.rj) = Abk ( 12 )

where Fj^ is simply the function —
]
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written in a form which indicates its dependence on the three

r.* . b. in equation ( 12) will remain unequal to zero
J K

as long as r^, r
2 ,

and r
3

are not properly determined.

When Lb. = O, the computation of the r . is complete,

and the zero points of the three functions are determined.

For this paper, a generalized Newtonian method [l2] was

used to approach the zero points of F^^ ( where Abj^ = o)

.

Each function was approximated by its tangent as follows:

r) .AFj^ TiJ •
In r

F

i

c: vjy X

/aF,
A In r

2

,3 In r

.

A In r.
(13)

Zero values for Fj^ are then approximated by substituting

Fj^ (i.e. Abj^) for LFj^ in equation (l3). Then,

from equations (12) and (l3), one may write:

A b,

o

= 2
3F,

d In r
j =1 J

A In r .

cJ

Further, from equations ( ll) and ( 12)

:

12 / In r .

d In r •)

'
“‘'’'1 31" V )

’ j?

(14)

a e
In r . din r .

a In r . a In r
J J

12

j=i

d In r .

J

ain rj*

In r
J

^ ^^In rj

^ ""’W" V.

( 16 )
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and from equation ( lO)

:

Therefore,

then be written simply as :

( 16 )

,k (17)

The three equations( 14) may

= A In r J .

( 18)

In summary, the three correct r.' (the volume—fractions

of the prime components AI
2 ,

Nj and O
2 ) are computed by

an iterative method from the set of three linear equations

( 18) . The array gj' are given by equation ( 17) ,
and the

three A
bj^

are given by equation (ll). The calculations are

begun by substituting approximate values for r^* in equation

(I 8 ). The computed value for Ain r.' is then added to the
kJ

old r^ as follows:

In r .»

j new
= In

j old A In r <

( 19)

is then substituted in equation (I 8 ), and the itera—

At this point, the other r.

^j^new

tion is continued until Ain
^^

= 0

(the volume fractions of the other nine components) have also

been properly determined from equation (lO), and the calcula-

tion of the composition of the gas-mixture, i.e. of the volume-
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frnction r . of each component is complete. This calcula—
k)

tion is performed for each desired pressure and temperature

interval*

In a second set of calculations, the enthalpy per unit

mass H, the entropy per unit mass S, and the density

D of the mixture at each desired pressure and temperature

were calculated from the following eauations*

12

H =
2
j=i

r . H .

3 3

( 20 )

12

2
j=i

12

S =

r . M .

3 3

r . ( S . — R In r .

)

J J J (
21^

12
"S* r . M .A J J
j=i

and
D = P- _

RT J = 1

The computed values (from the first set of calculations)

r . M .

3 3

( 22 )

for the volume—fraction5 r . , the molar enthalpies H.
,

the
J J

molar entropies S.
, and the molecular weights M. were used

J * J

as input data. For consistency, the reference elem#»nts and

the base for the enthalpios assigned by McBride et al [6].

and a zero value of 298. 1 5° K)

were also used for these calculations.

(Al . 1 N, and 0,
' crystal, ’gas gas
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5. RESULTS AND DISCUSSION

The results of the calculations, i.e., the concentra-

tions of the various components in the explosion mixture and

the enthalpy, entropy and density of the mixture at the .various

pressures and temperatures, are presented in Tables 1 thru 6.

The concentrations of the various components are also presented

graphically in figures 1 through 6. The graphical presenta-

tion is of interest, inasmuch as it provides an overall

picture of the composition and state of the explosion mixture

at the various levels of pressure and temperature. Further,

it may serve as a guide to the conditions which are more

favorable for experimental observation of various components

in the mixture. Some of the points of interest which may be

noted from the figures for this mixture are discussed in the

following paragraphs:

1.

) The concentration of Alj molecules is

very small (always less than 0.01% of the mixture)

for all the levels of pressure and temperature

considered. One may, therefore, conclude that

for observations of the Alj molecule the wire

should not be exploded in an air or oxygen environ-

ment, where the calculations indicate that the

formation of oxides will predominate the mixture.

A noble gas environment should rather be preferred

for Alj observations.

2.

) At the lower temperatures ( less than

3500° K) nearly all the aluminum in the mixture

is in the form AI
2 O 2 for all pressure levels.

This system should, therefore, be favorable for

observation of the AI
2
O

2 molecule.
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3.

) At the lower pressures the aluminum

oxides are the predominent aluminum

components up to 3500® K. Beyond 3500® K,

the oxide concentrations drop to zero, and the

A1 concentration increases. Therefore, as a

rough estimate, if spectroscopic observations

of the explosion show oxide bands and if it has

been determined that the mixture passes through

a series of instantaneous equilibrium states,

one may conclude that the temperature of the

explosion mixture does not exceed 3500® K, In

making such an estimate, however, one must be sure

that the observed oxide bands are due to radiation

from an equilibrium state rather than from

chemical luminescence.

4.

) At the lower pressures, the figures

show that the concentration of a given oxide

is high only in a very small temperature range (e.g.

the AI
2
O concentration is high only between

2000 and 3000 ® K) . At the higher pressures,

the temperature range for high concentration of

a given oxide is larger (e.g. AI
2 O concentra-

tion is high between 3000 and 6000 ® K)

.

The entropies, enthalpies, and densities of the explosion

mixture are shown graphically in figures 7 through 9. Figure

10 is a Mollier Diagram showing the entropy of the mixture

at the various pressures and temperatures plotted as a function

of the enthalpy. This latter diagram is of particular interest

as a guide in the practical planning of experiments. To

use the diagram effectively, one must assume the changes

from one equilibrium state to another, in the various stages

of the explosion, to be adiabatic. Further, although parts
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of the explosion are surely not reversible, one may, in order

to approach suitable conditions for experiment, assume that

these changes are isentropic. Under these assumptions, one

may follow an isentrope on the diagram (e.g. the isentrope

2.0 cal/g ® K) from pressure to pressure, and determine from the

intersecting isotherms what the corresponding temperature

change would be (e.g. from approximately 6000® K at 1000 atm

to approximately 2500 ® k at 1 atm). Further, the approxi-

mate energy dissipated in the process may be determined from

the enthalpy scale (e.g. for the above case about 1700 cal/k )

,

In conclusion, it is hoped that the method of calcula-

tion, which has been described in detail in the preceding pages,

will be of assistance in future thermodynamic calculations, and

further that such calculations will in turn serve as a guide

to favorable conditions for future exploding wire experiments.
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Table 1. Equilibrium Ccmpoaition, Entropy, Enthalpy, and Density of the

Air-Aluminum Gas Mixture Generated in an Exploding Wire Experiment,

TEMPERATURE 1500
PRESSURE =

2000
0.01 ATM.

2500 3000 35C0

AL2 8.374E-21 2.652E-13 1.355E-09 8.832E-08 7. 743L-03
N2
02 - 7.894 E-01

1.096E-01
7,744E-0i
1. 173E-01

7. 194E-01
1.039E-01

6.082E-01
2.810E-02

5.6llt-Cl
2.789E-C3

AL
AL 0

1.C55E-09
1.213E-05

3.061E-05
2,966E-03

5.891E-03
2.963E-02

9.229E-02
3.466E-02

1. 3^0C-01
4.082E-C3

AL2 0
AL2 02

2.381E-04
9.974E-02

2.650E-02
7.041E-02

6.626E-02
8.057E-03

1.440E-02
1.238E-04

1.072E-C4
7.070E-0S

N
N 0 •

5.706E-13
9.488E-04

8.455E-09
5.979E-03

2.652E-06
1.612E-02

1. 166E-04
1.589E-02

1.786E-C3
8,037b-03

N G2 3.258E-07 6.850E-07 8.929E-0/ 2.957E-07 3.467E-C3

N^2 0
0

4.990E-09
1 .453E-05

2.910E-08
2.484E-03

7.556E-08
5.072E-02

7.043E-08
2.062E-01

3.569E-C8
2.831E-01

•

TEMPERATURE 4000 4500 5000 5500 6000

AL2 3.894E-08 2.120E-08 1.153E-08 5.982E-09 3.476E-09
N2
02

5.488E-01
3.240E-04

5.060E-01
5.553E-05

3.863E-01
1. 196E-05

1.972E-01
2.895E-06

6.165E-02
8.897E-07

AL
AL 0

1.407E-01
4.928E-04

1.370E-01
8.744E-05

1.261E-01
1.927E-05

1.089E-01
4.753E-06

9.653E-02
1.482E-06

AL2 ^0

AL2 02
1.211E-06
9.525E-11

3.269E-08
4.743E-13

1.497E-09
5.294E-15

9.403E-11
9.706E-17

9.353E-12
3.474E-18

N
N 0

1.417E-02
3.972E-03

6-912E-02
2.122E-03

2.227E-01
1.086E-03

4.653E-01
4.610E-04

6.391E-01
1.669E-04

N 02 4.654E-09 8.656E-10 1.789E-10 3.344E-11 6.123E-12

N2 0
0

1-831E-08
2.915E-01

9.896E-09
2.856E-01

4.714E-09
2.637E-01

1.495E-09
2.282E-01

3.196E-10
2.025E-01

TEMP. H S D

1500. 2.940E 01 2.113E 00 2.782E-06
2000. 2.305E 02 2.226E 00 2.053E-C6
2500. 6.334E 02 2.404E 00 1.537E-C6
3000. 1.493E 03 2.714E 00 1 .085E-C6
3500, 2.046E 03 2.888E 00 8.544E-07
4000. 2.292E 03 2.953E 00 7.369E-07
4500. 2.722^,. 03 3.054E 00 6.359E-07
5000, 3.738E 03 3.267E 00 5.264E-C7
5500. 5.618E 03 3.624E 00 4.131E-07
6000. 7.410E 03 3.937E 00 3.357E-07
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Tabl* 2. Equilibrium Compoaition, Entropy, Enthalpy, and Danaity of tha
Air-Aluminum Gaa Mixtura Qanarated in an Exploding VTira Exparimant.

PRESSURE * O.l ATM.
TEMPERATURE 1500 2000 2500 3000 3500

AL2 8.388E-22 3.492E-14 3.709F-10 6.214E-08 5. 128E-07
N2 7.895E-01 7.821E-01 7.430E-01 6. 790E-01 5.868E-01
02 I.C96E-01 1. 114E-01 1. 185E-01 6.940E-02 l.fllOE-02
AL 1.C55E-10 3.511E-06 9. 742E-04 2.447E-02 1.130E-01
AL 0 3.838E-06 1.049E-03 1.655E-02 4.569E-02 2.676E-02
AL2 0 7. 5A1E-05 1.075E-02 6. 124E-02 5.039E-02 5. 718E-C3
AL2 02 9.992E-02 8.809E-02 2.515E-02 2. 153E-03 3.040E-05
N 1.80AE-13 2.686E~09 8.520E-07 3.B94E-05 5.773C-04
N 0 9.A85E-0A 5.856E-03 1.749E-02 2.638E-02 2.094E-02
N 02 1.030E-06 2.068E-06 3.272E-06 2.4AIE-06 7.281E-07

N2 0 1.578E-08 9.061E-08 2.636E-07 • 3.910E-07 3.008E-07
0 4. 592E-06 7.653E-04 1.712E-02 i.025E-01 2.280E-01

TEMPERATURE 4000 4500 5000 5500 6000

AL2 3, 780E-07 2.216E-07 1.348E-07 8. 166E-08 4.794E-08
N2 5.585E-01 5.419E-01 4.972E-01 3.970E-01 2.455E-01
Q2 2.961E-03 5.620E-04 U368E-04 3,897£ri)5 1.216E-05
AL 1. 386E-01 1.400E-01 1.363E-01 1.272E-01 1.133E-01

, AL 0 4.642E-03 8,986E-04 2.229E-04 6.444E-05 2.035E-05
AL2 0 i. 124E-04 3.436E-06 1.873E-07 1.490E-08 1.509E-09
AL2 02 8.458E-08 5.013E-10 7.088E-12 1.785E-13 6.556E-15
N 4.520E-03 2.261E-02 7.989E-02 2.087E-01 4.032E-01
N 0 1.211E-02 6.981E-03 4. 166E-03 2.400E-03 1.2316-03
N 02 1.357E-07 2.863E-08 7.347E-09 2.020E-09 5.285E-10

N2 0 1. 782E-07 1.066E-07 6.494E-08 3.494E-08 1.489E-08
0 2. 785E-0L. 2.870E-0L 2.820E-01 2.646E.-QI 2.367E-01

TEMP. H s
—

1500. 2.907E 01 L.9 79T''00"
~ ~

~Z. 7821-05
2000. 1.949E 02 2.073E 00 2.074E-05
2500. 5.059E 02 2.211E 00 1 .589E-05
3000. 9.885E 02 2.385E 00 1 .219E-05
3500. 1.790E 03 2.632E 00 9.021E-06
4000. 2.197E 03 2.742E 00 7.486E-C6
4500. 2.474E 03 2.807E 00 6.536E-06
5000. 2.925E 03 2. 90 IE 0-0 5.698E-C6
5500. 3.8C7E 03 3.069E 00 4.828E-C6
6000. 5.292E 03 3.326E 00 3.942E-06 *
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Table 3, Equilibrium Composition, Entropy, Enthalpy, and Density of the
Air-Aluminum Gas Mixture Generated in an Exploding Wire Experiment.

PRESSURE = 1 ATM.
TEMPERATURE 1500 2000 2500 3000 JbUO

AL2 8.388E-23 3.893E-15 7.904E-11 2.079E-08 6.422E-07
N2 7.895E-01 7.854E-0L 7.599E-01 7. 168E-01 6. b53E-01
02 1.C95E-01 1.086E-01 1. 161E-01 1 .006E-01 5.278E-02
AL 1 .0b5E-Ll 3.707E-07 I.A22E-04 4.474E-03 3. 999E-02
AL 0 1.213E-06 3.458E-04 7. 563E-03 3. 182E-02 5. 1 13J-02
AL2 0 2. 385E-05 3.746E-03 4.088E-02 6.421E-02 3.8681-02
AL2 02 9.997E-02 9.586E-02 5.257E-02 1.045E-02 1. 1 llE-03
N 5.703E-14 8.508E-10 2.72^E-07 L.265E-05 1.9281-04
N 0 9.48AE-04 5.795E-03 1.751E-02 3.263E-02 3. 778E-02
N 02 3.258E-06 6.394E-06 1.026E-0b 1. 150E-05 7. 096C-G6

N2 0 4.992E-08 2.842E-07 8.441E-07 1.572E-06 1.814E-06
0 1.451E-06 2.389E-04 5.356C-03 3.899E-02 1.231E-01

TEMPERATU RE 4000 45 0 0 500 0 5500 _6000

AL2 2.450E-06 2.093E-06
5.576E-01
4.804E-03

1.406E-06 9.438E-07 6.325E-07
N2
02

5.854E-01
1.812E-02

5.388E-01
1.336E-03
1.392E-01
2.249E-03

5.011E-01
4.302E-04
1.367E-01
7.279E-04

4.280E-01
1.553E-04

AL
AL 0

1. 116E-01
2.924E-02

1.360E-01
8.073E-03

1.301E-01
2.641E-04

AL2 0
AL2 02
N
N 0

5. 700E-03
3.357E-05
1.463E-03
3.068E-02

3.001E-04
4.049E-07
7.251E-03
2.070E-02

1.931E-05
7.224E-09
2.629E-02
1.355E-02

1.810E-06
2.279E-10
7.411E-02
8.958E-03

2.250E-07
1.105E-11
1.683E-01
5.810L-03
2.818E-08H 02 2.690E-06 7.853E-07 2. 362E-07 7.928E-08

N2 0 1.462E-06 1.014E-06 6.956E-07 4.635E-07 2.934E-07
__0 .2. 178E-01„ 2..652E-01 _ 2.786E-01 2.J80E-01 2.674E-01

TEMP”.‘“ H S D

1500. 2.897E 01 1.845E 00 2.782E-04
2000. 1.8C1E 02 1.932E 00 2.082E-04
2500. 4.223E 02 2.038E 00 1.624E-C4
3000. 7.587E 02 2.161E 00 1 .291E-C4
3500. 1.255E 03 2.313E 00 1.018E-C4
4000. 1.917E 03 2.490E 00 7.944E-C5
4500. 2.318E 03 2.585E 00 6.711E-05
5000. 2.620E 03 2.649E 00 5.904E-05
5500. 3.035E 03 2.727E 00 5.2i3E-05
6000. 3.717E 03 2.846E 00 4.535E-05
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Table 4. Equilibrium Composition, Entropy, Enthalpy, and Density of the
• Air-Alum inum Gaa Mixture Generated in an Exploding Wire Experiment,

PRESSURE = 10 ATM.
TEMPERATURE 1500 2000 25C0 3000 3500 '

AL2 8. 384E-24 4.042E-16 1.241E-11 5.518E-09 2.495E-07
N2 7. 895E-01 7.866E-01 7. 7l9E-0i 7.380E-01 6.994E-01
02 1.095E-01 1.076E-0L L.091E-01 1 .099E-01 8.542E-02
AL 1.054E-12 3.775E-08 1.781E-0t) 7.286E-04 7.879C-03
AL 0 3.836E-07 1. 109E-04 2.905E-03 1. 714E-02 4. 055E-02
AL2 7. 542E-06 1.224E-03 1.969E-02 5.636E-02 6.048E-02
AL2 02 9. 999E-02 9.865E-02 7.764E-02 3.032E-02 6.990L-03
N l.e03E-l4 2.692E-10 B.677E-08 4.056E-06 6. 2 98 L— 0 5

N 0 9.484E-04 5.772E-03 1. 71 lE-02 3.461E-02 4,966r.-C2
N 02 I.C31E-05 . 2.005E-05 3.074E-05 4.034E-05 3.753C-05

N2 0 1.579E-07 8.963E-07 2.630E-06 5.352E-06 7. 794t-C6
0 4. 588E-07 7.516E-05 1.641E-03 1.288E-02 4. 949E-02

TEMPERATURE 4000 4500 5000 5500 6000
;

AL2 3.096E-06 1.044E-05 1. 187E-05 9.418E-06 7.009E-06
N2 6.503E-01 5.954E-01 5.622E-01 5.413E-01 5.129E-01
02 4.939E-02 2.342E-02 9.584E-03 3.755E-03 1.555E-03
AL 3.964E-02 9.605E-02 l.278C-0i 1.365E-01 1.369E-01
AL 0 5.426E-02 3.982E-02 1.750E-02 6.794E-03 2.782E-03
AL2 0 3. 762E-02 1.046E-02 1.382E-0i 1.688E-04 2.496E-05
AL2 02 1 . 157E-03 9.858E-05 4.379E-06 1.987E-07 1.227E-08
H 4.874E-04 2.368E-03 8.488E-03 2.435E-02 5.823E-02
iM 0 5.338E-02 4.724E-02 3.708E-02 2.751E-02 2.012L-02
N 02 2.445E-05 1.252E-05 5.476E-06 2.275E-06 9.771E-07

N2 0 8.482E-06 7.565E-06 6. 151E-0O 4.680E-06 3.520E-06
U 1. 137E-01 1.851E-01 2.359E-01 2.596E-01 2.675E-01

TEMP. H S D

1500. 2.894E Cl 1.711E 00 2.783E-03
2000. 1.748E C2 1.795E 00 2.085E-03
2500. 3.666E C2 1.880E 00 1.649E-03
3000. 6.438E C2 1.981E 00 1.330E-03
3500. 9.649E C2 2 . OSCE 00 1.093E-03
4000. 1.395E 03 2. 194E 00 8.946E-C4
4500. 1.937E 03 2.322E 00 7.281E-C4
5000. 2. 370E 03 2.413E 00 6.182E-04
5500. 2.7C2E 0 3 2.477E 00 5.449E-C4
6000. 3.069E 03 2.540E 00 4.861E-04
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Table 5. Equilibrium Composition, Entropy, Enthalpy, and Density of the

Air-Aluminum Gas Mixture Generated in an Exploding Wire Experiment.

PRESSURE = 100 ATf-’..

TENPtRATLKE IbCO 2 000 2'jCO 3000

AL2 8. 381E-25 4.091E-17 1.527E-12 1 . 109E-09 7. 177E-08
N2 7.895E-01 7.869E-01 7.780r-01 7.5A3E-01 7.2 241.-01
02 1.C95E-01 1.072E-01 l.O^bb-Ol 1.063E-01 9.8940-02
AL l.Cb3E-13 3. 796E-09 1.9 75E-06 1.033E-04 1. 336E-03
AL 0 1.213E-07 3.522E-05 9.973E-04 7.536E-03 2. 340E-C2
AL2 0 2. 385E-06 3.913E-04 7.A98E-03 3.515E-02 b.923h-C2
AL2 02 lO.COOE-02 9.957E-02 9. lb6E-02 b.869E-02 2.3300-02
N 5.698E-15 8.510E-11 2. 7b^E-08 1.296E-06 2.023E-05
N C 9.A83E-0A b.763E-03 1.68 lE-02 3.433E-02 6.4320-C2
N 02 3.260E-05 6. 323E-05 9. 350E-05 1 .241E-0A 1.39Hb-04

N2 0 4.995E-07 2.832E-06 8.206E“06 1.697E-05 2. 741 K-Cb
0 1.A50E-07 2.372E-0b b.0 78E-0''i 3.99bE-03 1.684E-C2

TEMPERATURE 4000 4500 5000 5500 6000

AL2 1.231E-06 9.242E-06 3.278E-05 5.551E-05 5.850E-05
N2 6.910E-01 6.560E-01 6. 155E-01 5. 791E-01 5.528E-01
02 7. 750E-02 5.201E-02 3.193E-02 1.857E-02 1.023E-02
AL 7.900E-03 2.856E-02 6.714E-02 1.047E-01 1.250E-01
AL 0 4.285E-02 5.582E-02 5.309E-02 3.668E-02 2.061E-02
AL2 0 5.926E-02 4.364E-02 2.203E-02 7.001E-03 1.690E-03
AL2 02 7.222E-03 1.939E-03 4.032E-04 5.797E-05 6.740E-06
N 1.588E-04 7.859E-04 2.808E-03 7.960E-03 1.911E-02
N 0 6.893E-02 7.388E-02 7.082E-02 6.327E-02 5.358E-02
H 02 1.251E-04 9.229E-05 6.039E-05 3.682E-05 2. lllE-05

N2 0 3.571E-05 3.929E-05 3.888E-05 3.522E-05 3.077E-05
0 4.501E-02 8.720E-02 1.361E-01 1.825E-01 2. 168E-01

TEMP. H S 0

1500. 2.8S3E Cl 1.578E 00 2.783E-C2
•

2000. 1.731E 02 1.661E 00 2.086E-02
2500. 3.388E 02 1.734E 00 1.662E-02
3000. 5.645E 02 1.816E 00 1.359E-02
3500. 8.316E 02 1.898E 00 1.132E-C2
4000. 1.118E 03 1.975E 00 , 9.584E-03
4500. 1.458E 03 2.055E 00 8.141E-03
5000. 1.874E 03 2.142E 00 6.894E-03
5500. 2.303E 03 2.224E 00 5.905E-03
6000. 2.675E 03 2.289E 00 5.188E-03
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Table 6. Equilibrium Composition*, Entropy, Enthalpy, and Density of the
Air-Aluminum Gas Mixture Generated in an Exploding Wire Experiment*

PRESSURE = 1000 ATM.
TEMPERATLRE 1500 2000 2500 3000 3500

AL2 8.380E-26 A. 109E-18 1.653E-13 1.645E-10 1. 586E-08
N2 7.895E-01 7.870E-01 7.804E-01 7.653E-01 7.399E-01
02 1.C9AE-01 1.070E-01 1.024E-01 9.916E-02 9.712E-02
AL 1.053E-IA 3.803E-10 2.053E-07 1.257E-05 1.985E-04
AL 0 3.83AE-08 1.115E-05 3.248E-04 2.8 lOE-03 1.090E-02
AL2 0 7.5AOE-07 1.2A2E-04 2.541E-03 1 . 596E-02 4. 102E-02
AL2 02 l.COOE-Ol 9.987E-02 9.716E-02 8. 164E-02 5.058E-02
N 1.801E-15 2.690E-11 8.719E-09 4. 127E-0 1 6.473E-06
N C 9.'^80E-OA 5.757E-03 1.666E-02 3. 348E-02 5.446E-02
N 02 1.031E-0A 1 .996E-04 2.903E-04 3. 709E-04 4. 393E-04

N2 0 1.580E-06 8.949E-06 2.578E-05 5.275E-05 8. 799E-05
0 A.582E-03 7.489E-06 1.589E-04 1.223E-03 5.273E-03

TEMPERATURE 4000 4500 5000 5500 6dooT

AL2 3. 564E-07 3.389E-06 1.849E-05 6.490E-05 1.502E-04
M2

'

7.127E-01 6.880E-01 6.640E-01 6.379E-01 6.092E-01
;

02 8.863E-02 7.316E-02 5.582E-02 4.076E-02 2.937E-02 1

AL 1.344E-03 5.468E-03 1.594E-02 3.579E-02 6.334E-02
1

AL 0 2.466E-02 4.009E-02 5.272E-02 5.875E-02 5.598E-02
AL2 0 5.806E-02 6.004E-02 5.198E-02 3.835E-02 2.327E-02
AL2 02 2.394E-02 l.OOlE-02 3.979E-03 1.488E-03 4.976E-04 r

N 5.098E-05 2.544E-04 9.217E-04 2.641E-03 6.342C-03
M 0 7.486E-02 8.974E-02 9. 725E-02 9.837E-02 9.532E-02
M 02 4. 597E-04 4.205E-04 3.468E-04 2.682E-04 2.013E-04

N2“0 1 .246E-04 1.546E-04 1.754E-04 1.818E-04 1.818E-04

0_ 1.522E-02 3.269E-02 5.688E-02 8.546E-02 1.162E-01 !

TEMP. H S D

1500. 2.895E Cl’ 1.444E 00 2.783E-01
2000. 1. 726E 02 1.527E 00 2.087E-C1
2500. 3.280E 02 1.596E 00 1.667E-01
3000. 5. 144E 02 1 .664E 00 1 .378E-C1
3500. 7.438E 02 1.734E 00 1 .158E-01
4000. 9.8Q8E 02 1.800E 00 9.912E-02
4500. 1.238E 03 1.858E 00 8.610E-02
5000. 1.5C4E 03 1.915E 00 7.538E-02
5500. 1.8C6E 03 1.972E 00 ^ 6.616E-02
6000. 2. 147E 03 2.031E 00 5.814E-02
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Chapter B-4

HIGH TEMPERATURE MICROWAVE SPECTROSCOPY: AIF and AlCl

by David R. Lide, Jr.

Intraduction

The first evidence for the existence of the monohalides of

aluminum came from emission spectra. Band systems of both AlCl (1,2)
and AIF (3) were identified in emission from discharges through the
corresponding trihalide. Bands were later observed in absorption (4,5)
by heating the trihalldes in a reducing environment, which indicated
that the monohalide species were relatively unreactive. The physical
chemistry of AlCl and AIF was investigated by Gross and coworkers (6,7).
They studied the thermodynamics of reactions such as

AlXg + 2A1 ^ 3A1X

and from the results were able to estimate the dissociation energy of
AlCl and AIF. Large concentrations of both species were achieved at
temperatures in the neighborhood of 1000*C.

The above evidence suggested that conditions might exist under
which microwave absorption spectra of the aluminum monohalides could be
detected. Calculations using the best estimates of the thermodynamic
properties of the species Involved Indicated that reasonably high
concentrations of the monohalides should be attainable at pressures of

the order of 10-100 |-i Hg and temperatures in the range 600-800*C. The
predictions were confirmed, and microwave transitions of both AIF and
AlCl were observed and analyzed.

Experimental

The spectrometer used in this investigation has been briefly
described (8), but some further details may be useful. A diagram of

the high-temperature waveguide assembly is given in Fig. 1. The

vacuum jacket is a quartz tube of about 42 mm I.D. and 120 cm length;

it is Inserted into a brass sleeve at each end and sealed with
Apiezon W wax. Brass flanges are attached by rubber 0-rings to each
sleeve, and 0.001 in. mica windows are waxed to these flanges. The

system can thus be easily opened for cleaning and sample admission.
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The waveguide is made of stainless steel and is approximately
150 cm long. The cross-section is illustrated in Fig. 2. The guide
is of a type (9) which is very useful for high temperature operation;
it is fed such that the microwave electric field is vertical (Fig. 2),
while the Stark modulation field is applied horizontally between the
two halves. In the present apparatus the inside dimensions are about
6x24 mm. This choice gives satisfactory homogeniety of the Stark
field and leads to a cutoff frequency of 25 Gc. Lower- frequency
operation is possible by increasing the smaller dimension, at a slight
sacrifice of Stark homogeniety. The guide is held together by 1 cm
mica strips screwed into top and bottom at 15 cm intervals in the cool
regions. For added rigidity ceramic spacers may be added in the hot
region, although these are often unnecessary. This type of waveguide
has been found to give satisfactory broad-banded operation at frequencies
up to 60 or 70 Gc and can probably be used even higher.

The central region of about 50 cm length is heated by a simple tube
furnace (Fig. 1). The conductivity of the quartz and stainless steel
is sufficiently low that the center can be maintained at 1000®C while
the brass sleeves remain close to room temperature. Blowers are used
when necessary for cooling the ends. The depth of insertion of the
quartz tube into the brass sleeves is empirically adjusted to leave a

suitable gap at room temperature between the waveguide ends and the
mica windows which will roughly compensate for the differential thermal
expansion. This adjustment is not very critical, since a residual gap
of 1 or 2 mm at the windows does not cause a serious mis -match.

In studying the spectrum of a simple volatile material the sample
is placed in a tray in the hot zone (Fig. 2), and, after thorough
outgasslng, the system is heated to a temperature which will give a

suitable vapor pressure (1 to 50 ^ Hg) . The vapor diffuses into the

waveguide through the slot and condenses in the cooler regions outside
the furnace zone. We thus have a crude flow system with an effective
path length of perhaps 30-50 cm. In the work reported here it was
necessary to generate the aluminum monohalides in situ by reduction of

the trihalides. This was readily done for AIF by placing a mixture of

AIF^ and powdered A1 in the sample tray. The reaction was found to

proceed well enough at 600-700“C to give sufficient AIF vapor for
spectroscopic purposes. This reaction is a very convenient one because
both AlF^ and A1 have completely negligible vapor pressures at these
temperatures. The chloride system, on the other hand, is not so clean
because of the high volatility of A1C1_. Here it was necessary to have
a separate reservoir of A1C1„ outside the furnace zone, while the sample
tray was filled with powdered Al. The AlCl^ was heated to about 75®C
and the vapor conducted through a small quartz tube into the hot zone,
where it reacted with the solid or liquid aluminum.
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In the simplest style of operation the high-temperature cell is

pumped continuously with a high-speed diffusion pump. This is

necessary in cases where sample decomposition occurs or where oiatgassing

is difficult to eliminate. However, when static operation is possible,

a significant improvement in sensitivity can be achieved by adding a

small amount of helium as a buffer gas. This retards diffusion of the

sample vapor and thus leads to a higher partial pressure and longer
effective path. The expected loss of absorption intensity from sample
dilution is partially compensated by the much smaller collision
broadening parameter in the helium mixture, so that a net gain of

intensity results. This is illustrated in Fig. 3 for the J = 0 -* 1

transition of AIF. It is seen that the peak intensity is greatly
increased without an excessive increase in line width when 0.2 mm Hg
of helium is added.

The microwave spectrometer Itself was a conventional 80 kc Stark-
modulation instrument. Klystrons were used as sources, and frequency
measurements were made by comparison with the NBS standard frequency.

Observed Spectra and Rotational Constants

The J = 0 -* 1 transition of AIF was observed in the v = 0 and
V = 1 states; frequencies are listed in Table I and the spectrum is

illustrated in Fig. 3. In AlCl the J = 1 - 2 transition was measured
for the ground state of AlCl^^. and the J = 2 -* 3 transition for the

V = 0 and v “ 1 states of AlCl^^ and the v = 0 state of AlCl^^. The
major observed lines are listed in Table II. The assignments were
confirmed by Stark effects, hyperfine structure, and the general
spectral pattern.

After the reduction of the nuclear quadrupole hyperfine structure,
which is discussed below, the hypothetical unshlfted frequencies were
used to calculate rotational constants in the usual manner. Calculated
values of the centrifugal distortion constant D were used in the data
reduction. These were obtained from the relation D *= with (1-5)

0)
= 814 cm“^ for AlF and 481 cm“l for AlCl. The ffnal constants are

collected in Table III.

Rotational constants reported previously from optical spectra do
not differ greatly from the more accurate values obtained here. In

AIF our value of 0.552467 cm“l for B compares with 0.5523 cm“l given
by Naude and Hugo (10). For AlCl^^ we obtain B = 0.24393 cm"l, while
the optical value (2) is 0.242 cm”^.

®
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Nuclear Quadrupole Hyperflne Structure

The J = 0 -* 1 transition of AIF shows a simple triplet structure
(Fig. 3) characteristic of a single quadrupolar nucleus. The spaclngs
and relative intensities indicate I = 5/2, in agreement with the known
spin of Al^^ . The resulting quadrupole coupling constant is -37.6±1.0
Me

.

The hyperflne structure in AlCl is much more complicated. The
interaction of two nuclei of spins 5/2 and 3/2 with the molecular
rotation produces a very complex pattern which could be only partially
resolved in this work. For the J = 1 -• 2 and 2 -* 3 transitions the
bulk of the intensity is concentrated in a strong central peak. However,
some outlying weaker features could be detected, and in the J = 1 -• 2

transition the central peak could be partially resolved (Fig. 4).

The calculation of the h^erflne pattern was rather tedious because
the coupling constants of Al^/ and Cl^^ are too close in magnitude for

first-order approximations to be valid. The procedure followed the
outline of Townes and Schawlow (12). The A1 spin of 5/2 was coupled
with J to give an intermediate quantum number F. ; this was in turn
coupled with the chlorine spin of 3/2 to give the total angular
momentum quantum number F. The energy matrix was set up in an F^F
representation. The transformation matrices needed to express the
chlorine quadrupolar energy in this representation were calculated from
Rotenberg's tabulation of 6j coefficients (12). The quadrupole energy
matrix factors into six submatrices for J “ 1, seven for J = 2, and
eight for J = 3; the largest of these are 4X4.

The factored matrices were diagonalized by computer for various
ratios of the coupling constants. A satisfactory fit of the observed
pattern could be obtained only for a ratio of Cl to A1 in the neighbor-
hood of 0.30. The resulting coupling constants are -29.2±2.0 Me for

Al^^ and -8.811.5 Me for Cl^^. The patterns calculated from these
constants are compared with the observed spectrum in Fig. 4. Only the

strongest of the calculated hyperflne components are included here; the
total number of allowed components amounts to several hundred. The
observed and calculated frequencies in the J = 1-* 2 transition are
listed in Table IV.

The quadrupole coupling constant of Al in both AIF and AlCl is

close to that in the free aluminum atom (-37.5 Me). When this fact

is coupled with the relatively small dipole moments of 1 to 2 D (see

next section), one might be tempted to conclude that the aluminum-
halogen bond is predominately covalent in character. However, this

interpretation is probably misleading. If the bonds were purely
ionic, and if the two remaining valence electrons of the Al atom were
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in the 3s orbital, then one would predict dipole moments er = 7.9 D
in AIF and 10.2 in AlCl (ignoring polarization effects). However, a
more realistic starting point is an A1 atom with a promoted s electron
so that sp hybrid orbitals can be formed; then the electron which is

to form the bond is placed in the s + pc orbital, while the two
remaining electrons form a lone pair in the s-pa orbital on the
opposite side of the A1 nucleus (13) . Now even is the bond to the
halogen atom is highly ionic, the bond dipole moment will be opposed
by the rather large moment from the lone pair, and a small net moment
could easily result. A rather analogous situation is suggested by
theoretical calculations on the hydrides of the first and second row
elements (14). The calculated dipole moment of NaH is 6.6 D with the
H negative, while that for AlH is 0.7 D with the H positive.

The quadrupole coupling constants of A1 are also consistent with
an ionic bond. Since the ground state of the A1 atom is derived from
the configuration 3s^3p, we may reasonably Identify the atomic eq Q
as the coupling from a single 3p electron. In the bonding picture
discussed above, the lone pair in an s-pa orbital would contribute to
eq Q the same amount as a single p electron. Thus the fact that eq Q
of A1 is roughly the same in the molecule as in the atom suggests that
the electron in the bond makes little contribution, - l.e., that the

bond is largely ionic. This suggestion is reinforced when we consider
eq Q of Cl35 in AlCl. This is only -8.8 Me, which may be compared with
-110 Me in the free atom and -60 to -80 Me in organic chlorides which
are considered typical examples of covalent binding.

It would be interesting to place these rather crude ideas on a

quantitative basis. However, all of the present evidence seems to
suggest that the AlF and AlCl bonds show a large degree of ionic
character

.

Stark Effect

It has been pointed out that the selection rule on the Stark
effect is AM = ±1 in the present apparatus. This selection rule,
coupled with the quadrupole hyperfine structure, led to quite compli-
cated Stark patterns. In AIF it was still possible to resolve
several well-defined components. Quantitative measurements on AIF
are illustrated in Fig. 5. The observed points fall in the intermediate
field region, so that it was necessary to carry out exact calculations
of the Stark-quadrupole energy. The electric field strength was
calibrated by making Stark measurements on LiCl, whose dipole moment
is accurately known (8), at the same temperature of the AIF measurements.
This procedure was necessary because the waveguide spacing was found to

change by about 10% upon heating from room temperature to 600®C. The
measurements on AIF resulted in a dipole moment of 1.53 ± 0.10 D.
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The hyperfine structure in AlCl is too complex for any detailed
study of the Stark effect. However, a rough Indication of the dipole
moment may be obtained from the magnitude of the Stark field required
to bring the observed lines to full intensity. On this basis we can
say that the dipole moment of AlCl is very probably in the range 1 to
2 D, and therefore is comparable in magnitude to that of AlF.

Thermodynamic Considerations

The conditions required for the observation of the microwave
spectra of AlF and AlCl provide some information on the equilibrium
constants of the reactions used to generate the monohalides. Since
the thermodynamic properties of the trihalides and of aluminum itself
are known with reasonable accuracy, we may in principle use this

'

information to estimate the heat of formation of the monohalides.
I

Fig. 6 shows a plot of the temperature required to produce a given
partial pressure of AlF v£. the assumed of AlF. The minimum
pressure necessary for detection of AlF lines is difficult to specify
accurately but is probably not far from the 1 - 10 |-i Hg range. Since

j

the AlF lines were found to appear quite reproducibly when the
|

temperature reached 620*C, we obtain from Fig. 6 an estimate of -60

to -64 kcal/mole for of AlF. This is in excellent agreement with
the most widely accepted value (-61 kcal/mole) (7,15).

j

The situation in AlCl is not as simple because the initial
pressure of AlCl^ was not accurately known. However, the temperature
at which the AlCl spectrum first appeared (650-700*C) is consistent
with the accepted value (6) of -11 kcal/mole for AH° of AlCl.

62



References

1. W. Jevons, Proc. Roy. Soc. A106 , 174 (1924); P. C. Mahantl, Z, Phys

.

88 , 550 (1934); B. N. Bhadurl and A. Fowler, Proc. Roy. Soc. A145 ,

321 (1934).

2. W. Holst, Z. Phys. 93 , 55 (1935).

3. T. Yuasa, Sci. Rep. Tokyo Bun. Dai. 239 (1938)

4. G. D. Rochester, Phys. Rev. 5^, 305 (1939); R. F. Barrow and H. C.

Rowlinson, Proc. Roy. Soc. A224 , 134 (1954).

5. L. M. Foster, A. S. Russel, and C. N. Cochran, J. Am. Chem. Soc. 72 ,

2580 (1950).

6. P. Gross, C. S. Campbell, P. J. C. Kent, and D. L. Levi, Disc. Far.

Soc. 4, 206 (1948).

7. P. Gross, C. Hayman, and D. L. Levi, Trans. Far. Soc. 477 (1954).

8. D. R. Lide, P. Cahill and L. P. Gold, J. Chem. Phys. 156 (1964).

9. D. R. Lide, Rev. Sci. Instr., to be published.

10. S. M. Naude and T. J. Hugo, Can. J. Phys. 573 (1955); 64

(1957).

11. C. H. Townes and A. L. Schawlow, Microwave Spectroscopy (McGraw-

Hill Book Co., New York, 1955) pp. 164-172.

12. M. Rotenberg, R. Bivins, N. Metropolis, and J. K. Wooten, The 3-j

and 6-j Symbols (The Technology Press, Cambridge, Mass., 1959).

13. Similar arguments concerning AI
2
O have been given by A. Buchler,

J. L. Stauffer, W. Klemperer, and L. Wharton, J. Chem. Phys. 39 ,

2299 (1963).

14. P. E. Cade and R. S. Mulllken, private communication.

15. NBS Report 6928.

63



Table I. Observed spectrum of AIF.

Transition F -* F' Freq. (v = 0) Freq. (v = 1)

1

—

1

T0II 5/2 - 5/2 32970. 6±0.1 Me 32673.910.1

5/2 - 7/2 32978.5 32681.6

5/2 - 3/2 32981.8

Table II. Observed spectrum of AlCl.

Species State Transition Obs. V*
b

V
0

Al”0l” V = 0 CMT1—1U 29155.610.2 29154.8

V = 0 J = 2 - 3 43731.810.2 43731.5

V = 1 J «= 2 - 3 '43443.710.2 43443.4

0> J » 2 - 3 42704.610,2 42704.3

Frequency of strong central peak; see Fig. 4 for detailed pattern.

^Hypothetical unshifted frequency after correction for hyperfine
structure

.
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Table III. Constants for AlCl and AlF.

7288.7310.04 Me 7117,5210.04 Me 16488.3610.05 Me

7240, 7010.04 16339.9610.05

D
e

0.0075* 0.0072^ 0.030*

B
e

7312.7410.06 7140.6910.06 16562.5610.10

a
e

48.0310.06 46.34* 148.4010.10

(eqQ)Al^^ -29.212.0 -37.611.0

(eqQ)Cl^^ -8.811.5 • • •

r
e

2.1298310.00001 ^ ^ 2.1298310.00001 1.6543710.00001

pi ~l-2 D 1.5310.10 D

Calculated from theoretical relations

.

Includes only the experimental uncertainty. Because of the

uncertainty in the atomic constants plus the neglect of higher order
terras in the theory, the absolute accuracy of r is about ±0.0001
The constants used were: h = 6 .6256x10^^' erg sec, N = 6.2252X1023

mol“^, m (A127) = 26.99014, m(Cl35) = 34.97993, m(Cl3?) = 36,99754.
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Table IV. Hyperf ine
Ai27ci35

a
structure
(in Me) .

ofJ = l-»2, v**0, transition of

F - F' Calc. V Obs . V

3/2 - 5/2 3 - 4 29147.84

3/2 - 5/2 2 - 3 148.70
29148.510.2

7/2 7/2 2 - 2 148.70

7/2 - 7/2 5 5 149.31

3/2 - 3/2 3 - 3 151.83 151.7

5/2 - 7/2 3 - 4 154.30 154.1

7/2 - 9/2 4 -* 5
*

155.21 155.33

5/2 - 7/2 2 - 3 155.56.

155.63'
155.69

7/2 - 9/2 5 - 6

7/2 - 9/2 3 - 4 155.99^

[ 156.18
7/2 - 9/2 2 - 3 156.16^

5/2 - 7/2 4 - 5 156.55 156.7

5/2 - 5/2 4 - 4 158.15 158.0

5/2 - 3/2 2 1 161.38.

^
161.5

5/2 3/2 3 - 2 161.56^

5/2 - 3/2 4 - 3 162.11 162.1

Only the stronger components of the calculated pattern are listed.
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Fig, 5 - Stark effect of the J = 0 -* 1 transition of AIF. The zero
of the frequency scale is at Vq = 32976.6 Me. Toe curves
are calculated for a dipole moment of 1.53 D.
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Chapter B-5

APPARATUS FOR HIGH TEMPERATURE PREPARATION
OF PURE CRYSTALLINE POLYMORPHS

by Augustus R, Glasgow, Jr.

This research was undertaken to extend phase purifications and
separations to 1000°C for the preparation of pure crystalline forms of ‘

polymorphic inorganic fluorides. The program is directed toward the
preparation of high-purity crystals of BeF2 in a single polymorphic form,

for needed thermodynamic and related properties in the ARPA's light
element project at the NBS,

A special cell equipped for thermal analysis has been fabricated
for the preparation of relatively large amounts (25 to 40g) of the pure
crystalline forms of the individual polymorphs of BeF2 , The cell is
designed for operation with solid fluorides to temperatures to 1000°C
with accompanying thermal analysis. It is provided with removable
containers at the bottom, lower-center, and top of the cell in which the
products as solids can be removed after phase separations involving
distillation, crystallization, sublimation, and preferential decomposition.
These operations are performed in a hooded area with the cell placed in
a vertical position in a three-zone control furnace whose temperatures
are automatically controlled and recorded by remote electronic controls.
Access to the cell is through a high-vacuum coupling at the top which
contains an opening for evacuation and pressure control.

Cell Fabrication

A cross-section drawing of the thermal analysis and phase purifica-
tion cell is shown in figure 1, It is fabricated from Inconel, nickel
and Monel metal to withstand chemical attack at high temperatures both
in its inner system from fluorides and in its outer system from oxidation.
Inconel has excellent resistance to oxidation at high temperatures whereas
nickel and Monel do not. Inconel, therefore, is used for the portion of
the cell that would come in contact with atmospheric oxygen at these high
temperatures. Since Inconel is not very resistant to chemical attack by
fluorides, nickel is used for the inside portion of the cell that is

exposed to fluorides at the high temperatures. Monel at lower tempera-
tures resists both oxidation and chemical attacks by fluorides and is

used for the high vacuum coupling, D and E in figure 1.

The machining of the various parts was designed for optimum heli-
arc weld conditions to obtain non-corrosive and vacuum-tight Joints in
the welds between Monel and Inconel (a and 6), Monel and nickel (b, c,

and d) as well as the welds of the same metal (f, g, and h) . The type
of welds were such that no creavices were left in the inner system which
is exposed to the fluorides used for the purifications and preparations.
It will be noted in the figure that only two welds occur in the high
temperature portion of the cell namely a weld of Inconel to Inconel at
h and a butt weld of nickel to nickel at g which was designed especially
to leave no creavice. All of the welds were high-vacuum tight in tests

with a helium leak detector.
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The cavity portion of the cell containing the removable nickel
vessel 6 and its corresponding nickel and Inconel parts, in which it
fits, were fabricated using an "Elox" machine with electrolytic
corrosion in conjunction with machining. The straight double-wall
portion (part 7 in figure) remaining after disassembly of the cell was
fabricated using Inconel and nickel tubing that required little
machining. Major machining was involved in the Monel coupling at the
top and the cavity portions of the cell at the bottom. In addition to
chemical inertness, wall thicknesses were selected for mechanical
strength. Thermal expansion was provided for by a space between the
double walls of Inconel and nickel comprising parts 1 and 7, Evacuation
and control of the pressure of this space is provided for by "Cajan”
high-vacuum couplings at C and F,

Cell Design

The cell is designed so that the products as solids after phase
purifications can be removed from three different areas of the cell.
The numbers in figure 1 refer to the parts in which the cell is
disassembled.

Part 1 is used to collect solid from vapor in sublimation and
preferential decomposition processes or as a liquid-reflux condenser in
distillation processes. Nickel baffles, G, serve for these purposes.
The re-entrsint, coolant well, B, is for the removal of heat in these
processes. For this purpose a solid rod of copper or a tube containing
a liquid coolant can be inserted into the well, A thermocouple at H

and another located in the coolant device placed in the well are used
to obtain the temperatures of the condensation and the refluxing liquid.
Part 1 is removed from the cell by six Monel bolts at the Monel high-
vacuum coupling D of the Cajon type. This coupling contains openings
for evacuation of the cell at A and evacuation of the double-wall space
of the re-entrant coolant well at C,

Part 2 is constructed of nickel. It can be removed by turning both
from the well at I and the nickel Dewar 3 as shown in figure 1.

Part 3 is a nickel Dewar for the collection of the liquid reflux in
distillation processes. Its capacity is 25 cm3. The inner and outer
nickel walls of the Dewar are ,020 and .030 inches thick respectively.
To cut down on the emissivity, two cylinders of gold foil, ,001 inch
thick, were placed adjacent to the nickel walls comprising the space to
be evacuated. The two cylinders of nickel were then welded in a
Beamatron to form the Dewar type vessel. The vessel was then placed in
a copper block composed of three parts that surrounded the vessel on the
inside and outside. The copper block was then heated by the ion gun of
the Beamatron to about 900°C in a chamber that was being evacuated to
10"5 iniu Hg, After evacuation for one-half hour at this temperature and
at a pressure of 10“5 mm Hg, the evacuated space of the Dewar was closed
by welding a 1 mm hole at the tip portion of the Dewar. This technique
was worked out in conjunction with the weld shop at the NBS, It is

useful in that the entire vessel is subjected to the same pressure thus
eliminating any possibility of wall collapse at the high temperature
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when the space between the walls of the Dewar are evacuated. In

addition, the welds are done in a vacuum thus eliminating oxidation
during welding.

Part 4 is a soft nickel gasket that was heat treated for softening
to 1800°F. It is used to make a vacuum type seal between the Monel
ultra-high vacuum coupling parts D and E. The gasket also extends over
the tapered seat of part 5 in the coupling E; thus restricting vapor
passage in the space between part 5 and the nickel-inconel shell of
the cell.

Part 5 is a nickel tube welded at d to a tapered Monel flange at
the top. It surrounds the baffles, G, such that vapor passage is through
the baffle area that is in contact with the re-entrant coolant well.
Part 5 also serves as a radiation shield; in addition it creates a dead
vapor space between its outer surface and the nickel-inconel shell of the
cell. This dead vapor space is desirable in vacuum distillations and
sublimations where a residual gas pressure of about 10 mm of nitrogen or
helium is purposely maintained. In this case, the residual gas would be
trapped in this area thus restricting solid deposits from vapors in this
space.

Part 6 is a nickel vessel that contains grooves (J in figure l) for
a tool by which it may be removed or inserted into the cell. It is
constructed with a re-entrant well for contact with a thermocouple and a

protrusion for crystal nucleatlon. Its capacity is 50 cm^. This vessel
is used to contain the solid that is subjected to phase separations, and
controlled heat treatment in the preparation of pure crystalline
polymorphs. In distillation processes the vessel serves as the pot in
which material is distilled and collected in the Dewar vessel 3. In
sublimation or preferential decomposition processes, material is

vaporized also from this vessel but the vaporized-to-solid product is
collected on the baffles of part 1. In the case of the preferential
decomposition, the wanted polymorph may remain in vessel 6 or be deposited
on the baffles of part 1 depending upon whether the wanted polymorph is

the less or the more volatile portion of the double salt being decomposed.
In crystallization processes, the material is melted to a liquid in
vessel 6, degassed by alternate freezing and melting in vacuum, and then
crystallized from the liquid in the same vessel either under its own
saturation vapor pressure or under the pressure of an added gas such as
helium. For thermal analysis of these processes in vessel 6, the cell is

equipped with a re-entrant well L and with a well, K, attached to the
shell as shown in figure 1. Thermocouples at these two positions are used
to determine the temperature of the contents in vessel 6 and the tempera-

ture of the cell at the same vertical position. The protrusion M, shown
in figure 1, is used for nucleatlon of crystals from liquid when vessel
6 is used for controlled crystallizations. For this nucleatlon, a

coolant probe surrounds the protrussion at M for the purpose of super

cooling a small portion of the Iqiuid at N while the bulk of the liquid
in vessel 6 is at a much higher temperature. This technique has been
applied quite successfully in prior researches at NBS for inducing
crystallization with compounds having much lower melting points.
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Part 7 in figure 1 is the portion of the cell that remains in the
firrnace when the cell is disassembled to remove the solid products after
purifications. It consists of a double-wall shell of Inconel and nickel
welded to a high-vacuum coupling, E, of Monel at c and e. The space,

that was provided to accommodate differences in thermal expansion between
the Inconel and nickel tubes in the shell, is evacuated and pressure
controlled at the opening F. The cavity portions of the shell, which
accommodate the removable vessel 6 and provide for crystal nucleation and
temperature measurement of the contents of vessel 6, were fabricated from
a single piece of Inconel and nickel and then joined to tubing by welds
at g and h. The thermocouple port at K of Inconel was welded to the
Inconel cavity portion of the shell.

Experimental Assembly for Toxic Materials

For safety in phase piorifications up to 1000°C of highly toxic
materials such as BeF2 , the experimental assembly for closed-system
operation has been installed in a three-compartmental manner.

The high-temperature part of the assembly is in a high-exhaust hood
which serves as a separate compartment. In it are located the furnace,
the thermocouple leads for recording and controlling the temperatures of
three fiomace zones, an excess-temperature thermocouple lead for cutting
off power to furnace, three power lines to furnace zones, the experimental
vessel (phase purification and thermal analysis cell in this case) and
the upper part of a vacuum manifold of Monel containing a nlckel-Monel
trap in which by-products that are solids at room temperature are
collected. Descriptions and drawings of the trap, the ultra-high vacuum
couplings of Monel, and the high-temperature valve of nickel and Monel,
which are used in the manifold, have been reported [l]. The cell shown
in figure 1 is joined at A through a Cajon ultra-high vacuum coupling
of Monel to the manifold; evacuation, trapping of products removed, and
pressure control of the cell during experiments is accomplished using
the manifold system.

Another compartment is the cabinet under the hood, in which are
located the lower-part of the vacuim manifold of Monel, a nickel-Monel
trap for liquid and gases, a Monel cylinder for transfer and removal of

the trapped liquid and gas, an absorption tube of Monel (for HE vapors
with fluorides) and an oil mechanical pump. This cabinet has louvers on
the doors, forced ventilation by a small blower into a pipe opening near
the exhaust outlet of the hood, and a discharge pipe for the exhaust
from the mechanical pump into this same exhaust area of the hood.

A bench area at room temperature, adjacent to the hood, is the
third compartmental area on which are located the mercury diffision
pump of glass and the accessories (glass traps and McLeod vacuum gage)
for the high-vacuum system proper.

[l] Augustus R. Glasgow, Jr., "Apparatus Developments for Purifications
and Analyses (Thermal) to 1000°G", Chapter 8 in NBS Report No. 8186,

Jan, 1, 1964 * Preliminary Report on the Thermodynamic Properties of

Selected Light-Element and Some Related Compounds,
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The above compartmental arrangement of the experimental assembly has
the following advantages. The separation of the most hazardous, high-
temperature part of the apparatus from the others minimizes danger in
that only a few operations at most or none at all are required in this
area during an experiment. Whereas in the cabinet area, frequent
attention is required in the refrigeration with liquid nitrogen of the

trap for liquid and gas and in the transfer of the trap contents to a

cylinder. Also in the case of a failure in the experimental vessel at

the high temperature, the vacuum manifold in the hood can be isolated
from the vacuum system by closing a valve in the cabinet area. The
location in another area of the glass system that was available for
producing and measuring a high vacuum, facilitates the much more frequent
attention to this part of the system. Further, it separates the glass
parts containing mercury in the diffusion pump and in the McCleod gage
from the all metal system within the hood and cabinet areas, thus
minimizing breakage and enhancing safety.

In setting-up a laboratory for high-temperature research with toxic
materials, alterations were made in an existing hood to achieve the above
separations of the apparatus assembly into three areas. However,
commercially available hoods designed on this principal would appear to
be of a great advantage to other workers performing experiments with
toxic materials at high-temperatures under high-vacuum and controlled
pressure conditions.

Furnace and Temperature Control

A three-zone furnace and a panel cabinet with instrumentation for
automatically controlling and recording temperatures as e m f of three
furnace zones was custom fabricated by the Hevi-Duty Electric Company
according to our specifications.

The furnace is of the split-tube type with hinges and a special
closing fixture and guide to permit vertical or horizontal operation.
The diameter of the shell is 12 3/4 inches. The overall length is
15 1/2 inches with end transite cover plates, l/2 inch thick, and end
vestibules, 1 I/4 inches in length, A type 330 stainless stell liner
( 2,47 in,, i,d, and 2,86 in,, o,d,) 14 l/4 inches long fits into the
? eat chamber. It is held concentric to the heat chamber by the end
vestibules and is easily removed. The heat chamber is 12 inches in
length and 3 3/4 inches in diameter. It is divided into three electrically
heated zones of 4 inches each, which are independently heated with
separate power lines to each section. Six chromel-alumel thermocouples
are located in the heating elements of the furnace chamber; one in each
end zone and four in the center zone. Five of these are used for
temperature control and recording. The sixth is used for the over-
temperature protection instriment that automatically cuts off power to
these zones if the temperature exceeds a predetermined set value.

Thermocouple lead wires from the panel cabinet in a rubber-covered
cable terminate in a junction box located outside the hood. The six
thermocouple leads from the furnace are connected to this box. The
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electric power cords to each of the three furnace zones are connected to

separate power outlets that are located outside the hooded area. The
current to these outlets is controlled from the panel cabinet by the
e m f of the thermocouple in the furnace zone.

Three Leeds and Northrup AZAR recorders are used to control and
record temperatures as e m f for the three furnace zones. The electronic
assembly in the panel in addition to the AZAR recorders includes three
"L and N" control units, three magnetic amplifiers and self-saturating
reactors, one control circuit transformer, one constant voltage
transformer, one oven-temperature protection instrument, and one main
cut-off contactor.

The arrangement of the three thermocouples in the center zone for
the temperature control system allows the end zones to be operated as
slave systems to a master center zone. Temperature control with this
system was such that the band width on the strip chart of the AZAR
recorder for the center zone was constant to within several hundredths
of a degree in the range of 500 to 1000°C when the end zones were
operated as slaves to the center zone.

Controlled Atmosphere Dry Box

A controlled atmosphere dry box with a glove panel and accessories
for maintaining a dry inert atmosphere is used in experimentation with
hygroscopic substances, such as BeF2 , The controlled atmosphere is used
in processes involving the filling and removal of material into or from
the experimental vessel.

The glove box is basically a Kewaunee Model 2C-380R box with the
exception that, in addition to the interchange compartment on one end,
there is also a swinging door panel on the other end. This latter door
is 14 by 14 inches and is used for inserting experimental vessels such
as the phase purification and thermal analysis cell or its parts, when
the material must be protected from atmospheric moisture and gases.
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Figure 1

Phase Purification and Thermal Analysis Cell

1-7; Disassembly parts:

1 - Unit containing vapor condensor for liquid reflux or solid
de posit

2 - Removable nickel support for Dewar

3 - Nickel Dewar

4 - Soft nickel gasket

5 - Nickel tube with tapered Monel flange at top

6 - Removable nickel vessel

7 - Inconel-nickel shell welded to Monel high-vacuum coupling and
ca/ity portion for vessel 6

a - h; Welds: a, e - Monel to Inconel; f, g - Nickel to nickel
b, c, d - Monel to nickel; h - Inconel to Inconel

A - Monel, "Cajon gland", ultra-high vacuum coupling for attachment
to manifold

B - Re-entrant cooling well

C, F - Monel, "Cajon body", ultra high-vacuum coupling for pressure
control of space between nickel-inconel walls

D - Monel, "Cajon-type gland", ultra-high vacuum coupling for cell

E - Monel, "Cajon-type body", ultra-high vacuum coupling for cell

G - Nickel baffles

H, K, L - Thermocouple port

I - Knob used as lock-device for part 2

J - Grooves for cell-insertion or-removal tool for vessel 6

M - Protrusion for crystal nucleation in vessel 6

N - Small portion of contents of vessel 6 super cooled for crystal
nucleation
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chapter B-6

HIGH-TEMPERATURE STUDIES WITH THE

ARC -IMAGE FURNACE

by J. J. Diamond and A. L. Dragoo

Rrte of Vaporization of Liquid Alumina In Inert Gases.

Estimates of the rates of vaporization of liquid alumina in He, Ne

anc Ar, from 0.15 to 1 atm, were made using the equation (9) derived in

NBS Report No. 8186. The estimated rate in 1 atm of Ar was much lower
than the observed average rate of weight loss (0.31 ± 0.04 M-g cm-^sec'^)
given in the above mentioned report. This lack of agreement indicated
that either the gas slcwly flowing through the vaporization chamber was
causing significant transpiration or the equation did not include all
important parameters, namely convection and c'cttuleiiaatiion.

Since the vaporization chamber had a large temperature gradient
between the liquid alumina at the center and the walls of the flask, a

transpiration experiment was impossible and the system was therefore
modified to carry our vaporization measurements in 1 atm of a non-flo«*nln

gas. The results obtained in 1 atm of Ar gave an average weight loss

of 0.04 ± 0.03 M.g cnr^sec"^ . This value is about one-tenth of the

previously reported result indicating that transpiration had been sig
nificant in the earlier experiment. The large standard deviation (±0.03
was primatily due to a very small weight loss -- on the order of 20 t .

30 [ig -- and a significant uncertainty in weighing of the same order if

magnitude -- about ± 10 M-g. This uncertainty in weighing appears to

depend in part on the absorption and loss of water vapor from the sur-

face of the sample due to hvimidity changes in the balance room.

To obtain higher weight losses and thus to improve precision, we
decided to carry out the measurements at pressures of less than 1 atm.

The system was morlified so that the gas can be admitted into the systeir.

through a drying tube containing Pg . The system can be evacuated up
to the drying tube prior to filling. The pressure of the gas in the

system can be measured with a Wallace and Tiernan precision mercurial
manometer, type FA-135.

The result obtained for vaporization of liquid Al^Og in 1 atm of

nonflowing Ar was still higher than the estimated rate indicating the

process could not be described merely as diffusion of the vaporizing
molecules through a surrounding gas "film.” However, Elenbaas [1] has
shown for the rate of evaporation of an incandescent tungsten filament
in a gaseous atmosphere, that the rate of evaporation multiplied by th*

pressure is proportional to the dissipated heat. Turkdogan [2] has

recently published a theoretical treatment of the enhancement cf

diffusion limited rates of vaporization by a convection-condensation
process, and Turkdogan and Mills [3] have applied this theor}' to the

vaporization of Fe-Ni alloys. Application of the theoretical treat-
ments of Elenbaas and of Turkdogan to the vaporization of liquid AU Cv

in the presence of a gas is now under consideration.
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Temperature Measurement

The actual temperature of molten alumina prepared with an arc -image
furnace had not been conclusively determined previously nor had the major
portion of the sample --liquid, interface or 8olid--respon8ible for
radiation absorption been determined. Diamond and Schneider [4] reported
a meltlngflpolnt temperature of 2025"C observed on a very small drop melted
on the end of an alumina rod by means of a solar furnace. But, this would
be the temperature of a much larger drop only if the interface or the
solid were the major heat receptor, or if there were thermal equilibrium
between the solid and liquid phases.

We measured the apparent temperature of liquid alumina in vacuum, in

air and in Ar with an L N manual optical pyrometer. The samples
consisted of polycrystalline rods and tubes, varying in size from 1.0 to

9.5 mm diameter, and one 1/8 inch single-crystal sapphire rod. The observed
temperature was corrected for the window of the flask (when used), the

rotating shutter and the prism through which the pyrometer was sighted.

The results obtained in vacuum and in air (the temperature of 1/4 inch
rod in Ar agreed closely with that in air) have been plotted as apparent
temperature versus drop thickness in Figure 1. Only one point is below
the approximate melting point temperature of 2050®C. The apparent temperature
of liquid alumina in air has not been corrected for the spectral emlssivity
(which is unknown) so that it must be less than or equal to the actual
temperature. Consequently, the temperature of the liquid is above the
melting point temperature.

The higher apparent temperature values obtained in vacuo were due to
either cooling of the liquid surface by convection of the air or a reflec-
tion contribution by the flask to the apparent temperature in vacuo . The
latter possibility is being investigated at this time.

The fact that tubes and rods with drops of the same thickness had the

same temperature confirmed what was demonstrated earlier with the L N
automatic optical pyrometer, that the temperature observed was that of the
liquid and not the liquid-solid interface. Thus, the transmissivity of
the liquid in the visible region is very low.

Since the apparent temperature exceeds the melting point, this sug-
gests that most of the heating of the sample occurs in the liquid phase
and that a thermal gradient occurs near the interface. This is supported
by the observations made with the single -crystal sapphire rod. Due to

the high transmissivity of sapphire it was impossible to melt it directly.
However, when a thin collar (1/16 inch long) of polycrystalline alumina
was placed on the end, the polycrystalline Al^O^ could be melted to form
a drop on the end of the sapphire rod. Once the molten oxide was present
on the tip of the rod, the rod could be advanced further into the focal
point and extensive amounts of the rod melted. The temperature of a
molten drop supported on the end of a sapphire rod also agrees well with
measurements made on polycrystalline alumina, thus again demonstrating
that the interface does not enter into the temperature measurement.
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The increase in temperature with drop thickness arises from the fact
that the larger drop penetrates further into the focal spot, and intercepts
more of the highest flux at the center of the spot.

In summary, our observations indicate that the heating of the molten
oxide occurs by means of the liquid phase, and therefore a steady-state
heat transfer rather than thermal equilibrium exists between the liquid
and the solid. The spectral transmissivity of the liquid is nearly zero,
so that the temperature observed is that of a region near the surface of

the liquid.

Initial observations on _MS0

Observations were made to determine whether studies should be begun
on MgO. When heated with the arc-image furnace in open air, white smoke
arose profusely from the tip, but the sample did not melt. When heated in

vacuum a dark brown deposit developed rapidly on the portion of the flask
directly in front of the sample. Again, the sample did not melt. Finally
the sample was heated in 1 atm of 0^ which suppressed the rate of vaporiza-
tion markedly, but melting did not occur. Consequently, we believe chat

the high sublimation pressure of solid MgO would create considerable dif-
ficulty for study with arc -image technique by the rapid fogging of the
flask and uncertainty in observed temperatures which would result.

Preparation of Beryllia -Alumina Compounds

Beryllia and alumina were mixed in one-to-one mole ratio and pressed
into rods which were fused with the arc-image furnace. X-ray diffra ticn
analysis showed about 95% BeO-AlgOg. A sample of BeO.3Al^0l, now is 'n
preparation. These samples will be used for mass spec trome trie investiga-
t i ons

.
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Chapter B-7

HIGH-TEMPERATURE MATRIX SPECTROSCOPY

D, E, Mann

For purposes of computing provisional tables of ideal-gas thermo-
dynamic functions (see Appendix l) and applying them to the thermody-

.

namic treatment of mass-spectrometric data (see Chapter B-8) , the

following estimates of molecular constants were made.

1. BeOAt

(a) Structure: bent; apex angle, approximately 150°

r(BeO), approximately 1*36A

r(AtO) , approximately 1,66

A

2
Ground state: doublet (nominally,

(b) Vibrational spectra and multiplicities: 1500 cm ^ (l)

v^, 1000 cm"^ (1)

v^, 275 Cm“^ (1)

2, BeF2

Arguments similar to those for LI2O and LiO lead to:

approximately 750 cm ^ (l)

r(BeF), lo34A

A, Snelson (Quarterly Technical Summary Report for Nov, 14^ 1963,
through Feb. 14, 1964, Report No. IITRI-C6013-3, "Optical Spectra of
Some Low-Molecular-Weight Compounds Using the Matrix Isolation
Technique," Illinois Institute of Technology Research Institute,
Chicago, 111.) has recently reported the following additional constants
for this molecule on the assumption that it is linear:

v^, 320 cm“^ ( 2 )

v^, 1535 cm"^ ( 1 )
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Chapter B-8

SURVEY OF HEAT CAPACITY AND HEAT CONTENT DATA
OF SELECTED COMPOUNDS OF Ba, Ca, Cr, Fe, K, and SI

George T. Furokawa> William Go Saba and
Mar/ A* Krivanec

This report giyes a suryey of heat capacity and heat content data
on selected compounds of Ba> Ca> Cr^ Fe, K, and Si« The heat data on
compounds of the aboye elements in combination with A-t, Be, 0, F, Ct,

C, and N haye also been examinedo The U,S, Bureau of Mines Bulletin

534 [ 61 ]^ and 592 [ 64 ] were searched initially for sources of data.
The original papers and any references to other papers were examined
and the experimental data con^iled. The Bulletin of Thermodynamics
and Thermochemistry Nos. 6 [iTl] and 7 [172] were suryeyed for more
recent publications and the data were examined whereyer the original
papers were immediately ayallable. Other papers in l.ess easily
accessible publications will be examined in the future,

A survey of heat data aboye room temperature on most of the
potassium compounds of Interest has already been glyen in Chapter 5

of NBS Report 7192^ 1 July 1961, by T, B, Douglas and W, R. Thurber,
Literature surveys and calculations of thermodynamic functions of
some of the potassiina compounds from heat data below room temperature
have been given by G, T. Furukawa and M, L, Reilly in NBS Reports
7796 , 8033 and 8186, The present survey includes information on a

few of the more complex potassium compounds.

The present survey lists the cheanical formulas of the substances
and the temperature ranges of the heat capacity (c) and relative
enthalpy (AH) data that are available. The crystalline form of the
substance is given along with the transition and melting tengjeratures
observed or estimated by the various invesigators. The entropy at

298 , 16° or 298,15°K (S298 ) is also given whenever the Investigator
computed the quantity from the heat-capacity data.

The symbols C and I represent crystalline and liquid states of
the substances, respectively. The Greek letter symbols indicate the
assignments given by the authors for different crystalline forms that
they had investigated.

1
The numbers in brackets indicate the literature references at the
end of this chapter.
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Reported Investigations of Heat Capacities and Heat Contents of Selected Substajices

Chemical
Formiila

Ba

BaClg

BaF^

BaO

Ca

Physical
State

Year of
Report

Trans, or
Melt. Temp.

°K

Relative
Enthalpy-

Range

°K

Heat
Ref. Capacity

Range

°K

Ref. ^298

cal/deg-mole

Ref.

c 1907 88 - 293 100

c 1913 20-80 27

c 1935 (16.0 +0.5) 62

c 1957 1.5 - 20 123

c 1961 16.0 + 0.5 64

c 1908 290 - 319 129

c 1909 273 - 291 130

c 1938 14 - 301 120 23.03 + 0.1 120

c 1961 23.03 + 0.10 64

c 1935 56 - 299 2 16.8 + 0.3 2

c 1951 298 - 1299 79

c 1961 16 .8 + 0.3 64

c 1907 88 - 293 100

c 1913 20 - 80 27

c 1916 22 - 62 46

c 1918 68 - 294 31

, Ct, p 1924 293 - 873 32

a—

p

1924 673 32

c, 1 1928 293 - 1203 169

a--p 1928 1058 169

c 1930 10 - 201 18

c 1936 713 - 803 132

c 1957 1.5 - 20 123

a—

p

i960 713 61

(

—

111ca i960 1123 61

c 1961 9.95 + 0.10 64
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Chemical
Formula

CaC
2

CaClg

CaF
2

CaO

Physical
State

Yeatr of

Report
Trans, or
Melt. Temp.

Relative
Enthalpy
Range

Ref.
Heat

Capacity
Range

Ref. ^298 Ref,

°K °K °K cal/deg-mole

c 1941 53 - 295 57 16.8 + 0.5 57

c 1943 298 - 1271 91

c 1961 16.8 + 0.4 64

c 1913 289 - 823 85

c 1943 53 - 295 65 27.2 + 0.4 65

c 1943 298 - 1667 90

c 1961 27.2 + 0.3 64

c 1911 83 - 273 74

c 1913 18-86 38

c 1935 288 - 1273 77

C, 1 1945 298 - 1800 97

a—

p

1945 1424 97

p..l 1945 1691 97

c 1949 54 - 296 145 16.46 + 0.08 145

c 1961 16.46 + 0.08 64

c 1908 293 - 953 81

c 1911 83 - 273 74

c 1913 289 - 1037 85

c 1914 28 - 89 99

c 1919 293 - 2825 158

c 1926 87 - 293 110 9.6 110

c 1929 293 - 1125 125

c 1930 289 - 577 73

c 1933 273 - 1773 34

c 1933 273 - 1473 35

c 1935 293 - 1183 82

c 1951 298 - 1176 79

c 1961 9.5 + 0.2 64
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Chemical Physical
Formula State

Year of
Report

Trans, or
Melt. Temp.

Relative
Enthalpy
Range

Ref.

Heat
Capacity
Range

Ref. ^298 Ref,

°K °K °K cal/deg-mole

CaO.Al^O^
^ c 1933 293 - 1673 34

c 1955 54 - 296 69 27.3 + 0.2 69

c 1955 298 - 1800 11

c 1961 27.3 + 0.2 64

CaO.PAl^O-
^

c 1955 54 - 296 69 42.5 + 0.3 69

c 1955 298 - 1802 11

c 1961 42.5 + 0.3 64

3CaO.Al 0
^

c 1933 293 - 1573 34

c 1955 54 - 297 69 49.1 + 0.3 69

c 1955 298 - 1808 11

c 1961 49.1 + 0.3 64

12Ca0.7Al 0
^

c 1955 54 - 297 69 249.7 + 1.5 69

c 1955 298 - 1673 11

a—

p

1955 1310 11

c 1961 249.7 + 1.5 64

CaO.AlgO^.SSlO^ (anorthlte)
^ c 1919 273 - 1673 164

c 1957 53 - 296 71 48.4 + 0.4 71

c 1961 48.4 + 0.3 64

CaO.Al 0 .2S10

gl 1919 273 - 973 164

PCaO.Al^O- .SiO^ (gehlenite)
^ c 1933 293 - 1573 34

CaO.Fe^O^
c 1954 53 - 296 68 34.7 + 0.2 68

c 1954 298 - 1805 10

c 1961 34.7 + 0.2 64
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Chemical Physical
Formula State

Year of
Report

Trans, or
Melt. Temp.

Relative
Enthalpy
Range

Ref.
Heat

Capacity
Range

Ref. ^298 Ref.

°K °K °K cal/deg-mole

2CaO.Fe20.
^

c 1954 53 - 296 68 45.1 + 0.3 68

c 1954 298 - 1838 10

c 1961 45.1 + 0.3 64

CaO.SlOp (wollastonlte)
c, p 1909 298 - 1373 162

c, P 1919 273 - 1573 164

c, p 1929 293 - 1157 125

C, P 1932 290 - 1369 157 10 - 304 157

C, P 1933 293 - 1773 34

C, P 1934 10 - 210 22

C, P 1941 298 - 1423 l4o

C, P 1961 19.6 + 0.2 64

CaO.SiOg (pseudo-wollastonite

)

c, a 1909 298 - 1573 163

c, a 1909 298 - 1573 162

c, a 1919 273 - 1673 164

p—

a

1919 1443 164

c, a 1926 COCVJ1s 111

c, a 1932 291 - 1558 157 11 - 295 157

c, a 1961 20.9 + 0.2 64

CaO.SlO
gl 1919 273 - 973 164

PCaO.SlO^
c 1933 293 - 1573 34

7—P 1933 948 34

c, P 1951 53 - 296 146 30.5 + 0.2 146

C, 7 1957 54 - 296 71 28.8 + 0.2 71
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Chemical
Formula

2Ca0.Si02

SCaO.SiOg

3CaO. 28102

Cr

Physical
State

Year of
Report

Trans, or
Melt. Temp.

Relative
Enthalpy
Rajige

Ref.

Heat
, Capacity

Range
Ref. ^298 Ref.

°K °K °K
'

cal/deg-mole

P, 7 1957 298 - 1816 21

7—a*
1957 1120 21

a'--a 1957 1710 21

p—a*
1957 970 (metastable) 21

c> P 1961 30.5 + 0.2 64

c, 7 1961 28.8 + 0.2 64

c 1933 293 - 1773

c 1951 5i+ - 297 146 40.3 + 0.3 146

c 1961 40.3 + 0.3 64

c 1957 53 - 296 71 50.4 + 0.3 71

c 1961 50.4 + 0.3 64

c 1913 20 - 80 27

c 1914 291 - 867 131

c 1918 273 - 2773 168

c 1926 289 - 1913 153

c 1927 71 - 79 138

c 1931^ 293 - 1339 52

c 1937 56 - 291 4 5.68 + 0.05 4

c 1950 273 - 1073 6

a—

p

1952 2113 9

p-1 1952 2176 9

c 1952 1.8 - 4.2 37

c 1955 1.2 - 20 167

c 1956 1.5 - 4.2 122 0

c 1958 964 - 1595 76
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Chemical Physical Year of Trans, or Relative Heat
Form\ila State Report Melt. Temp. Enthalpy-

Range
Ref. Capacity

Range
Ref. ^298 Ref.

°K °K °K cal/deg-mole

Cr c 1961 5.68 + 0.07 64

c 1962 14 - 274 17 5.64 + 0.03 17

CrCl^
c 1937 44 - 296 4 27.4 + 0.7 4

c 1961 27.7 + 0.7 64

c 1962 11 - 299 142 27.56 + 0.05 142

CrCl^
^ c 1936 12 - 129 150

c 1936 12 - 129 151

c 1937 54 - 297 4 28.2 + 1.0 4

c 1958 12 - 308 47 29.38 47

c 1961 29.4 + 0.2 64

CrF^
^

c 1958 15 - 308 47 22.438 47

c 1961 22.44 + 0.10 64

cr,03
1912 82 - 323 126

c 1935 288 - 1428 82

c 1937 56 - 336 4 19.4 + 0.2 4

c 191^1+ 298 - 177*+ 63

c 1961 19.4 + 0.3 64

CrjC,
1944 298 - 1576 63 53 - 295 63 20.4 + 0.2 63

c 1953 13 - 301 26 20.42 + J.5 26

c 1954 273 - 1188 107

c 1961 20.42 + 0.10 64

1944 55 - 295 63 (33.9 + 0.3) 63

1944 298 - 1578 63 54 - 295 63 48.00 + 0.3 63

c 1961 48.0 + 0.3 64
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Chemical
Formula

^23^6

Fe

Physical
State

Year of
Report

Trans, or
Melt. Temp.

Relative
Enthalpy
Range

Ref,

Heat
Capacity
Range

Ref. ^298

°K °K °K cal/deg-mole

c 1944 298 - 1695 63 55 - 295 63

c 1961 145.8 + 0.7

c 1873 282 - 1173 160

c 1806 273 - 1279 116

c 1886 273 - 1473 117

c 1800 288 - 585 94

c 1905 293 - 923 143

c 1905 273 - 1417 48

c 1907 273 - 1796 101

c 1907 88 - 293 100

c 1912 303 - 1241 119

c 1913 290 - 953 83

c 1913 20 - 00 27

c 1914 50 - 390 44

c 1914 291 - 903 131

c 1916 32 - 95 46

c 1917 737 - 1203 161

c, 1

e>. 7, A
1918 273 - 1873 168

a—

p

1918 1033 168

P—7 1910 1103 168

7—A 1910 1673 168

A—

1

1918 1812 168

c 1925 73 - 198 124

c 1926 303 - 523 54

c, 1 1926 293 - 1903 153

c—

1

1926 1793 153

C, 1 1927 273 - 1863 102

c—

1

1927 1801 102

c 1927 291 - 1233 154
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Chemical
Pormiila

Fe

Physical
State

Year of
Report

Trans . or Relative
Kelt. Temp. Enthalpy

Range

°K °K

Ref.
Heat

Capacity
Range

°K

Ref. ^298

cal/deg-raole

c 1927 373 - 1273 72

c 1920 291 - 1173 169

c 1928 292 - 667 24

c, 1 1929 289 - 1033 155

c 1929 293 - 1104 125

c 1930 17 - 206 39

c 1932 review 7

c 1935 30 - 220 139

c 1935 273 - 1533 87

c 1936 291 - 1233 80

c 1938 373 - 673 144

c 1938 298 - 1764 170

c 1938 298 - 1764 53

c 1939 1.5 - 20 29

c 1939 1.1 - 20.4 55

c 1940 323 - 1223 0

c 1941 293 - 1373 36

c 1943 55 - 295 60 6.49 + 0.03

c 1949 273 - 1523 109

c 1951 review 23

c—

1

1954 1012 + 2 106

a—

7

1955 1104 13

7—

A

1955 1665 13

A—

1

1955 1009 13

curie 1955 1042 13

c, 1 1956 303 - 1919 113

7 , A 1959 1193 - 1789 105
(relative to 298)

c 1961 6.49 + 0.03
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Chemical Physical Year of 'Irans. or Relative
Formula State Report Melt. Temp. Enthalpy

Range
Ref.

Heat
Capacity
Range

Ref. ^298 Ref.

°K °K °K cal/deg-mole

Fe c, a, y 1962 300 - 1433 5

c 1963 1073 - 1673 25

a—

p

1963 1033 25

P—7 1963 1187 25

7—

A

1963 1664 25

A—

1

1963 1809 25

Fe C
^ c 1934 85 - 1036 95

(relative to 298)

c 1939 68 - 297 133 25.7 + 1.0 133

c 1961 24.2 + 1.0 64

Fe.C(4.22 percent)
c 1926 294 - 1623 153

V

Fe(l-x).C(x)
(x = 0.06 to 4.03 percent,

c

7 specimens

)

1908 273 - 923 103

(x = 0.11 to 4.06 percent,
c

20 specimens

)

1913 290 - 953 83

(x = 0.09 to 2.84 percent,
c

12 specimens

)

1926 293 - 1523 152

(x = 0.04 to 0.770 percent,
c

5 specimens)
1927 291 - 1243 154

(x = 0.07 to 5.07 percent,
c

19 specimens

)

1935 288 - 1843 156

(x = 0.075 to 3.36 percent,
c

13 specimens)
1941 293 - 1313 36

FeCl^
c 1936 288'- 913 78

c 1936 16 - 127 149

c 1936 16 - 127 151

c 1943 53 - 295 65 28.7 + 0.8 65

c 1943 298 - 1080 90

c 1961 28,7 + 0.5 64
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Chemical
Formula

Physical
State

Year of
Report

Trana. or
Melt. Temp.

Relative
Enthalpy
Range

Ref.
Heat

Capacity
Range

Ref. ^290 Ref.

°K °K °K cal/deg-mole

FeCl^
c 1951 298 - 561 148 53 - 297 148 32.2 + 0.4 140

c 1961 32.2 + 0.4 64

FeF
2

c 1955 11 - 307 16 20.79 1 0.04 16

c 1961 20.79 i 0.06 64

Fe( 0 . 947)0
c 1951 54 - 296 147 14.2 + 0.2 147

c, 1 1951 290 - 1704 20

c—

1

1951 1650 20

c 1952 13.74 + O.LO 49

c 1961 13.74 + 0.10 64

FeO
c 1929 71 - 302 89 12.7 + 2.0 69

c 1933 303 - 1173 165

FeO.Al^O^
c 1932 323 - 1298 112

c 1956 53 - 296 70 25.4 + 0.2 70

c 1961 25.4 + 0.2 64

FeO.Cr^O^
c 1932 323 - 1298 112

c 1944 290 - 1787 96

c 1944 53 - 296 135 3 '-. 9 + 0.4 135

c 1961 + 0,4 64

SFeO.SiO^
c 1929 293 - 1161 125

c 1933 273 - 1473 35

c 1941 52 - 295 59 35.4 + 1.4 59

c 1953 298 - 1724 106

c 1961 34,7 + 0.4 64
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Chemical
Formula
Chemical Physical
Formula State

Yeeir of
Report

Trajis. or
Melt. Temp.

Relative
Enthalpy
Range

Ref.

Heat
Capacity
Range

Ref. ^298

°K °K °K cal/deg-mole

Fe^Os
^ 1912 81 - 317 126

c 1926 273 - 923 15

e, a 1926 88 - 289 110 21.5

c 1929 293 - 1097 125

c 1930 291 - 630 73

c 1951 298 - 1757 20

a—

p

1951 950 20

P—7 1951 1050 20

c, a 1959 6 - 345 45 20.889

c, a 1961 20.90 + 0.10

1917 296 - 954 161

c 1926 90 - 295 110 35.1

c 1929 60 - 300 89 34.69 + 0.2

c 1929 293 - 1056 125

c 1932 323 - 1298 112

c 1933 273 - 1273 35

c, a, p 1951 298 - 1825 20

a—

p

1951 900 20

c 1956 1.8 - 4.2 75

c 1961 - 35.0 + 0.6

KAISIO^ (kaliophllite)
c 1953 53 - 296 67 31.8 + 0.3

c 1961 31.8 + 0.3

KAlSi^Og (leucite)
c 1953 53 - 296 67 44.0 + 0.4

c 1961 44.0 + 0.4

KAlSi^Og (orthoclase)
c 1909 273 - 1373 162

Ref.

110

45

64

110

89

64

67

64

67

64
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Chemical Physical
Formula State

Year of
Report

Trans, or
Melt. Temp.

Relative
Enthalpy
Range

Heat
Ref. Capacity

Range
Ref. ^298 Ref.

°K °K °K cal/deg-mole

KAlSi^Og
gl 1909 273 - 1373 162

gl 1919 273 - 1373 164

KAlSl^Og (mlcrocllne

)

c 1919 273 - 1173 164

KAlSi^Og (adularia)
c 1953 54 - 297 67 52.5 + 0.5 67

c 1961 52.5 + 0.5 64

KAlSl^Og (ferrlferovLS orthoclase

)

c 1953 54 - 296 67

K^CrOj^

c 1956 60 - 300 121 47.8 + 0.8 121

c 1961 47.8 + 0.8 64

K^Cr^OT
c 1909 298 - 757 43

c 1956 80 - 300 121 69.6 + 1.7 121

c 1961 69.6 + 1.7 64

Si

c 1907 86 - 293 100

c 1912 82 - 319 126

c 1913 20-80 27

c 1914 20 - 90 99

c 1923 290 - 1174 86

c 1930 61 - 296 1

c 1952 1 - 100 ll4

c 1952 273 - 1509 134

c 1957 1473 - 1823 104

c 1959 7.7 - 300 41 4.497 + 0.009 41

c 1961 4.51 + 0.05 64

Si (amorphous)
c 1912 83 - 325 126
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Chemical Physical Year of Trans, or Relative Heat
Formula State Report Melt. Temp. Enthalpy Ref. Capacity Ref. ^pqA

Range ^Range

°K °K °K cal/deg-mole

SiC

SiOg (quartz)

c 1912 84 - 316

c 1914

c 1915 273 - 1224

c 1916

c 1923 290 - 1173

c 1926 290 - 1676

c 1941

(hex) 1952 298 - 1789

(cubic) 1952 298 - 1693

(hex

)

1961

(cubic) 1961

c 1888 273 - 1458

c 1909 273 - 1373

c 1911

c 1911 79 - 273

c 1913 289 - 825

c 1915 273 - 1973

c 1918 273 - 1773

c 1919 273 - 1373

c 1920 273 - 1673

c 1923

c 1924 293 - 1273

c 1926 288 - 1898

c 1929 293 - 1171

c 1930 291 - 623

c 1933 273 - 1373

c 1935 273 - 1473

c 1936

c 1936 317 - 949

126

22 - 96 99

159

25 - 75 46

86

88

54 - 295 58

50 54 - 296 50 3.94 + 0.02 50

50 54 - 296 50 3.97 + 0.02 50

3.94 + 0.02 64

3.97 + 0.02 64

118

162

26 - 93 98

74

85

166

168

164

12

701 - 925 115

19

88

125

73

35

87

53 - 296 3 10.06 + 0.1 3

92
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Chemical

Formula
Physical

State

Year of

Report

Trans, or

Melt. Temp.

°K

Relative
Enthalpy
Range

°K

Ref.
Heat

Capacity
Range

°K

Ref. ^298

cal/deg-roole

Ref.

sio^ ( quartz

)

c 1941 298 - 554 93

c 1951 273 - 717 l4l

c 1961 10.00 + 0.10 64

SiOg (cristoballte

)

c 1915 273 - 1973 166

c 1919 273 - 1673 164

c 1922 29 - 117 136

c 1924 293 - 1273 19

c 1936 55 - 297 3 10.34 + 0.1 3

c 1941 298 - 622 93

c 1961 10.20 + 0.10 64

SlOg (tridymlte

)

c 1936 54 - 295 3 10.50 + 0.2 3

c 1941 298 - 625 93

c 1961 10.4 + 0.2 64

SlOg (amorphoiis

)

c 1911 79 - 273 74

c 1913 287 - 824 85

c 1924 293 - 1273 19

SiOg (coesite

)

c 1956 8.6 + 0.7 84

SlOg
gl 1911 26-84 98

gl 1915 273 - 1973 166

gl 1919 273 - 1173 164

gl 1919 293 - 1039 51

gl 1920 291 - 1137 14

gl 1922 19 - 288 136

gl 1924 273 - 1319 128
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Chemical
Formula

Physical
State

Year of
Report

Trans, or
Melt. Temp.

Relative
Enthalpy
Reinge

Ref.

Heat
Capacity
Range

Ref. ^298 Ref.

°K °K °K cal/deg-mole

SiO^
gl 1926 10 - 13 137

si 1926 290 - 1743 88

gl 1929 293 - 1127 125

gl 1931 91 - 577 4o

gl 1936 324 - 936 92

gl 19^1 298 - 1795 l4o

gl 1946 298 - 1500 66

gl 1950 298 - 1470 33

gl 1959 2.3 - 19 42

gl 1961 S(298)-S(0)=

10.35 + 0.10
64

S(0)=0.9 + 0,,3 64

c 1938 273 - 858 127

c 1938 (22.8) 56
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chapter B-9

MASS S PECTRCMETRIC STUDY OF THE BeO-ALgOj and BeF, SYSTEMS

by J. Efimenko

I. The BeO-AlgC^ System

This is a preliminary report of the mass s pec trome trie study of the vapor
species in equilibrium over selected compositions of the Al^ O3 -BeO system.

It was reported by Lang, Fillmore and Maxwell (J . Res. NBS . 48, 301 (1952))
that the beryllia -alumina phase diagram has three eutectics and two compounds.

Eutectic Composition
1 BeO: 4 Alg Oij (94.2 wgt 7.)

2 BeO: 3 Al^O^ (85.9 wgt %)

BeO: Alg^Og (75 wgt 7.)

Melting Point

1890“±10*C
1850"±10*C
1835®±10®C

Compounds
BeO*3A40^
BeO^AlaOis

Melting Point

1910°±10®C
isyo^iio^c

The vaporization from these well-defined compositions will be studied.

Experimental

A specimen of prepared BeO*AlgO^ was volatilized in a W effusion cell and
the vapor species were observed mass spectrcxnetrlcally . Temperature - 16h
intensity data for the species Be"*" , Al'*’ and (BeO),'*' indicated that this

compound was partially reduced initially and did not correspond to the com-
position BeO

The 1:1 compound was synthesized from carbon-free alumina and sintered
beryllia contained in a W cup inside the W effusion cell. X-ray diffraction
analysis of this compound Indicated the BeO-Al^O^ compound pattern with a

slight trace of

In the temperature range 2200-2500*K the gaseous specie, AlOBe'*’ , cor-
responding to m/e of 52 was observed. Analysis of the data obtained in th^s

system indicated excessive scatter, not permitting quantitative conclusions
to be formed. Repetitive experiments are in progress under more controlled
conditions

.

Discussion

The reactions considered for this system are the following:

(1) Al(g) + Be(g) + 0(g) - AlOBe(g)

(2) 2Al(g) + 0(g) - Al,0(g)
A third reaction arises from the combination of equations (1) and (2).

(3) Be(g) +AlgO(g) - BeOAl(g) + Al(g)
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Preliminary calculations based on tentative free energy functions for
AlOBe(g) (Table A-90 in the present report) Indicate reasonable values for
enthalpies of reactions for (1), (3) and (2) but the estimated errors are
rather large. It appears that the enthalpy of reaction for (3) should be
positive and small.
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II. Revision of the Enthalpy of Reaction for the BeO’BeFg System

The heat of reaction , computed from the experimental data on the

Be^OFa specie (NBS Report 8186, Ch. 13, Jan. 1, 1964) and those computed
from the free energy functions given in Table A-51 (NBS Report 6928, July
1960) indicated that an error probably existed in the bending frequencies
assigned to BeFp . Similar computations based on free energy functions
obtained on basis of semi -empirical relations suggested by D. L. Hildenbrand
gave values that were lower than the experimental one.

D. E. Mann, Chapter B-7 of this report, selected a "best" set of
frequencies snd^a new bond length for BeFp molecule: 1535 cnr^, 320 cnri^ 750 cm~^
and Be-F “ 1.34A. On the basis of these revised values, new free energy func-
tions were computed for BeFp, as the revised Table A-51 in the present report.

With the aid of this revised table and the free energy functions for BeO
and BepOFp, corrected values for Be^OF, were obtained, giving a mean

- 42.6 Kcal/mol for the entire set of experimental points. A comparison
of the experimentally based values and those based on the revised free
energy functions are shown in Table 1. From this table it is evident that

values based on bending frequency 825 cnr^ gave values higher than the
experimental ones while bending frequency of 240 cm~^ gave values lower
than experimental . The values based on the free energy functions
selected show no trend with temperature.



TABLE I

Mean Enthalpies of Reaction, corrected to 0**K

BeO(s) + BeFp(g) =» Be^OFa(g)

Index No. T*K 825 cffl-i (BeFp)

Average Exp. Slope FEF A

1-13 1700 39.2±3.5 46.9 +7.7
21-43 2000 41.3±0.9 49.0 +7.7

320 Ctrl (BeFa)

1-13 1700 40.4±3.5 42.1 +1.7
21-43 2000 42.5±0.9 42.9 40.4

240 cm~i (BeFp )

1-13 1700 40.7±3.5 37.9 -2.8

21-43 2000 42.7±0.9 37.5 -5.2
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APPENDIX I

IDEAL-GAS THERMODYNAMIC FUNCTIONS

by

Joseph Hilsenrath and Carla G. Messina

Tables of thermodynamic_funet ions are given for the
negative ion^ H

, 0
, ,

Cl
,

and for the molecule
ions N

2 ,
O

2 ,
and NO . The tables are given in units of

calories, moles, and °K at 273.15°, 298. 15°, and 1, 000( lOO)
10,000°K.

The negative ions are computed for the ground state,
the configuration for which was taken to be that of the
isoelectronic neutral atom. Thus these tables contain
the translational contribution, augmented simply by In (2J+l),
where J is the principal quantum number of the ground state
of the next higher neutral atom. The new scale of atomic
masses was used (j. Am. Chem. Soc. [I 6

]
80, 4121—4124, 1958).

The following constants were used in the calculation:
0. 0005486 for the rest mass of a mole of electrons, 3. 664943
for the Sackur—Tetrode constant, and 1.98717 cal/mole °K
for the gas constant.

+ + +
The tables for Nj

,
O

2 ,
NO were obtained from

unpublished calculations of L. Haar. These values
represent improvements over earlier values published by
Haar and Beckett (Proceedings of the Conference on
Thermodynamic and Transport Properties of Fluids,
pp 27—33, Institution of Mechanical Engineers,
London, 1959.)
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IDEAL-GAS THERMODYNAMIC FUNCTIONS FOR NINE DIATOMIC HYDRIDES,

LiO, BeF^j and BeOA-t

by William H, Evans

The data used in the calculations for the diatomic hydrides were
taken from Herzberg (Spectra of Diatomic Molecules, 2nd Ed.,
Van Nostrand, New York, 1950) • They refer to the Isotopic species
given there, but are based on the I96I atomic masses. The data for
LiO are from White, Seshadri, Dever, Mann, and Linevsky (Jo Chem.

PBySo 2463 (1963)).

In these calculations for the hydride molecules an upper cutoff
has been applied to the summations in the rotational and vibrational
partition functions. This is taken as the dissociation energy of
the level. This has the effect of lowering the number of available
states, especially at high temperatures, and thus lowering the
thermal functions. It is felt, however, that this gives a more
realistic set of functions to combine with atomic functions for
equilibrium calculations.

In the calculations for BeF2 and BeOAt, no upper cutoff was
used. For the data used, see Chapter B-7 (p, 85),
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Table A-l-N Thermodynamic Functions for H

T
OK

T
1
0 1

oo S° CO
P

HO _ Ro

273. 15 20. 6126 4. 9679 25. 5805 4. 9679 1357.

0

298. 15 21. 0477 4. 9679 26. 0156 4. 9679 1481.

2

1000. 27. 0596 4. 9679 32. 0276 4. 9679 4967.

9

1100. 27. 5331 4. 9679 32. 5010 4. 9679 5464.

7

1200. 27. 9654 4. 9679 32. 9333 4. 9679 5961.

5

1300. 28. 3630 4. 9679 33. 3310 4. 9679 6458.

3

1400. 28. 7312 4. 9679 33. 6991 4. 9679 6955. 1

1500. 29. 0739 4. 9679 34. 0419 4. 9679 7451.

9

1600. 29. 3946 4. 9679 34. 3625 4. 9679 7948.

7

1700. 29. 6957 4. 9679 34. 6637 4. 9679 8445.

5

1800. 29. 9797 4. 9679 34. 9476 4. 9679 8942.

3

1900. 30. 2483 4. 9679 35. 2162 4. 9679 9439.

1

2000. 30. 5031 4. 9679 35. 4711 4. 9679 9935.

8

2100. 30. 7455 4. 9679 35. 7134 4. 9679 10432.

6

2200. 30. 9766 4. 9679 35. 9446 4. 9679 10929.

4

2300. 31. 1975 4. 9679 36. 1654 4. 9679 11426.

2

2400. 31. 4089 4. 9679 36. 3768 4. 9679 11923.

0

2500. 31. 6117 4. 9679 36. 5796 4. 9679 12419.

8

2600. 31. 8065 4. 9679 36. 7745 4. 9679 12916.

6

2700. 3] . 9940 4. 9679 3G. 9620 4. 9679 13413.

4

2800. 32. 1747 4. 9679 37. 1426 4. 9679 13910.

2

2900. 32. 3490 4. 9679 37. 3170 4. 9679 14407.

0

3000. 32. 5175 4. 9679 37. 4854 4. 9679 14903.

8

3100. 32. 6803 4. 9679 37. 6483 4. 9679 15400.

6

3200. 32. 8381 4. 9679 37. 8060 4. 9679 15897.

4

3300. 32. 9909 4. 9679 37. 9589 4. 9679 16394.

2

3400. 33. 1393 4. 9679 38. 1072 4. 9679 16890.

9

3500. 33. 2833 4. 9679 38. 2512 4. 9679 17387.

7

3600. 33. 4232 4. 9679 38. 3911 4. 9679 17884.

5

3700. 33. 5593 4.‘9679 38. 5273 4. 9679 18381.

3

3800. 33. 6918 4. 9679 38. 6597 4. 9679 18878.

1

390O. 33. 8209 4. 9679 38. 7888 4. 9679 19374.

9

4000. 33. 9466 4. 9679 38. 9146 4. 9679 19871.

7

4100. 34. 0693 4. 9679 39. 0372 4. 9679 20368.

5

4200. 34. 1890 4. 9679 39. 1569 4. 9679 20865.

3

4300. 34. 3059 4. 9679 39. 2738 4. 9679 21362. 1

4400. 34. 4201 4. 9679 39. 3881 4. 9679 21858.

9

4500. 34. 5318 4. 9679 39. 4997 4. 9679 22355.

7

4600. 34. 6410 4. 9679 39. 6089 4. 9679 22852.

5

4700. 34. 7478 4. 9679 39. 7157 4. 9679 23349.

2

4800. 34. 8524 4. 9679 39. 8203 4. 9679 23846.

0

4900. 34. 9548 4. 9679 39. 9228 4. 9679 24342.

8

5000. 35. 0552 4. 9679 40. 0231 4. 9679 24839.

6

5100. 35. 1536 4. 9679 40. 1215 4. 9679 25336.

4

5200. 35. 2500 4. 9679 40. 2180 4. 9679 25833.

2

5300. 35. 3447 4. 9679 40. 3126 4. 9679 26330.

0

5400. 35. 4375 4. 9679 40. 4055 4. 9679 26826.

8

5500. 35. 5287 4. 9679 40. 4966 4. 9679 27323.

6

5600. 35. 6182 4. 9679 40. 5861 4. 9679 27820.

4

5700. 35. 7061 4. 9679 40. 6741 4. 9679 28317.

2

5800. 35. 7925 4. 9679 40. 7605 4. 9679 28814.

0

5900. 35. 8775 4. 9679 40. 8454 4. 9679 29310.

8

6000. 35. 9610 4. 9679 40. 9289 4. 9679 29807.

5
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Table A-l-N

T

°K

6100.

Thermodynami

-(F°-Hg)

c Functions

H° - Hg

; for H

S°

continued

C°
p

H° - Hg

T

36. 0431

T

4. 9679 41. 0110 4. 9679 30304.

3

6200. 36. 1239 4. 9679 41. 0918 4. 9679 30801.

1

6300. 36. 2033 4. 9679 41. 1713 4. 9679 31297.

9

6400. 36. 2816 4. 9679 41. 2495 4. 9679 31794.

7

6500. 36. 3586 4. 9679 41. 3265 4. 9679 32291.

5

6600. 36. 4344 4. 9679 41. 4024 4. 9679 32788.

3

6700. 36. 5092 4. 9679 41. 4771 4. 9679 33285.

1

6800. 36. 5828 4. 9679 41. 5507 4. 9679 33781.

9

6900. 36. 6553 4. 9679 41. 6232 4. 9679 34278.

7

7000. 36. 7268 4. 9679 41. 6947 4. 9679 34775.

5

7100. 36. 7972 4. 9679 41. 7652 4. 9679 35272.

3

7200. 36. 8667 4. 9679 41. 8346 4. 9679 35769. 1

7300. 36. 9352 4. 9679 41. 9032 4. 9679 36265.

9

7400. 37. 0028 4. 9679 41. 9708 4. 9679 36762.

6

7500. 37. 0695 4. 9679 42. 0374 4. 9679 37259.

4

7600. 37. 1353 4. 9679 42. 1032 4. 9679 37756.

2

7700. 37. 2003 4. 9679 42. 1682 4. 9679 38253.

0

7800. 37. 2644 4. 9679 42. 2323 4. 9679 38749.

8

7900. 37. 3276 4. 9679 42. 2956 4. 9679 39246.

6

8000. 37. 3901 4. 9679 42. 3581 4. 9679 39743.

4

8100. 37. 4519 4. 9679 42. 4198 4. 9679 40240.

2

8200. 37. 5128 4. 9679 42. 4807 4. 9679 40737.

0

8300. 37. 5730 4. 9679 42. 5410 4. 9679 41233.

8

8400. 37. 6325 4. 9679 42. 6004 4. 9679 41730.

6

8500. 37. 6913 4. 9679 42. 6592 4. 9679 42227.

4

8600. 37. 7494 4. 9679 42. 7173 4. 9679 42724.

2

8700. 37. 8069 4. 9679 42. 7748 4. 9679 43220.

9

8800. 37. 8636 4. 9679 42. 8316 4. 9679 43717.

7

8900. 37. 9198 4. 9679 42. 8877 4. 9679 44214.

5

9000. 37. 9753 4. 9679 42. 9432 4. 9679 44711.

3

9100. 38. 0302 4. 9679 42. 9981 4. 9679 45208.

1

9200. 38. 0845 4. 9679 43. 0524 4. 9679 45704.

9

9300. 38. 1382 4. 9679 43. 1061 4. 9679 46201.

7

9400. 38. 1913 4. 9679 43. 1592 4. 9679 46698.

5

9500. 38. 2439 4. 9679 43. 2118 4. 9679 47195.

3

9600. 38. 2959 4. 9679 43. 2638 4. 9679 47692.

1

9700. 38. 3474 4. 9679 43. 3153 4. 9679 48188.

9

9800. 38. 3983 4. 9679 43. 3663 4. 9679 48685.

7

9900. 38. 4488 4. 9679 43. 4167 4. 9679 49182.

5

10000. 38. 4987 4. 9679 43. 4666 4. 9679 49679.

2
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Table A-8-N Thermodynamic Functions for 0

T -(F°-Ho) - H° so CO HO _
OR J 01

“0
P

T T

273. 15 31. 6065 4. 9679 36. 5744 4. 9679 1357
298. 15 32. 0416 4. 9679 37. 0095 4. 9679 1481

1000. 38. 0535 4. 9679 43. 0215 4. 9679 4967
1100. 38. 5270 4. 9679 43. 4950 4. 9679 5464
1200. 38. 9593 4. 9679 43. 9272 4. 9679 5961
1300. 39. 3570 4. 9679 44. 3249 4. 9679 6458
1400. 39. 7251 4. 9679 44. 6930 4. 9679 6955
1500. 40. 0679 4. 9679 45. 0358 4. 9679 7451
1600. 40. 3885 4. 9679 45. 3564 4. 9679 7948
1700. 40. 6897 4. 9679 45. 6576 4. 9679 8445
1800. 40. 9736 4. 9679 45. 9415 4. 9679 8942
1900. 41. 2422 4. 9679 46. 2102 4. 9679 9439
2000. 41. 4970 4. 9679 46. 4650 4. 9679 9935
2100. 41. 7394 4. 9679 46. 7074 4. 9679 10432
2200. 41. 9705 4. 9679 46. 9385 4. 9679 10929
2300. 42. 1914 4. 9679 47. 1593 4. 9679 11426
2400. 42. 4028 4. 9679 47. 3707 4. 9679 11923
2500. 42. 6056 4. 9679 47. 5735 4. 9679 12419
2600. 42. 8005 4. 9679 47. 7684 4. 9679 12916
2700. 42. 9879 4. 9679 47.9559 4. 9679 13413
2800. 43. 1686 4. 9679 48. 1365 4. 9679 13910
2900. 43. 3429 4. 9679 48. 3109 4. 9679 14407
3000. 43. 5114 4. 9679 48. 4793 4. 9679 14903
3100. 43. 6743 4. 9679 48. 6422 4. 9679 15400
3200. 43. 8320 4. 9679 48. 7999 4. 9679 15897
3300. 43. 9849 4. 9679 48. 9528 4. 9679 16394
3400. 44. 1332 4. 9679 49. 1011 4. 9679 16890
3500. 44. 2772 4. 9679 49. 2451 4. 9679 17387
3600. 44. 4171 4. 9679 49. 3851 4. 9679 17884
3700. 44. 5532 4. 9679 49. 5212 4. 9679 18381
3800. 44. 6857 4. 9679 49. 6537 4. 9679 18878
3900. 44. 8148 4. 9679 49. 7827 4. 9679 19374
4000. 44. 9406 4. 9679 49. 9085 4. 9679 19871
4100. 45. 0632 4. 9679 50. 0311 4. 9679 20368
4200. 45. 1829 4. 9679 50. 1509 4. 9679 20865
4300. 45. 2998 4. 9679 50. 2678 4. 9679 21362
4400. 45. 4140 4. 9679 50. 3820 4. 9679 21858
4500. 45. 5257 4. 9679 50. 4936 4. 9679 22355
4600. 45. 6349 4. 9679 50. 6028 4. 9679 22852
4700. 45. 7417 4. 9679 50. 7096 4. 9679 23349
4800. 45. 8463 4. 9679 50. 8142 4. 9679 23846
4900. 45. 9487 4. 9679 50. 9167 4. 9679 24342
5000. 46. 0491 4. 9679 51. 0170 4. 9679 24839
5100. 46. 1475 4. 9679 51. 1154 4. 9679 25336
5200. 46. 2440 4. 9679 51. 2119 4. 9679 25833
5300. 46. 3386 4. 9679 51. 3065 4. 9679 26330
5400. 46. 4314 4. 9679 51. 3994 4. 9679 26826
5500. 46. 5226 4. 9679 51. 4905 4. 9679 27323
5600. 46. 6121 4. 9679 51. 5800 4. 9679 27820
5700. 46. 7000 4. 9679 51. 6680 4. 9679 28317
5800. 46. 7865 4. 9679 51. 7544 4. 9679 28814
5900. 46. 8714 4. 9679 51. 8393 4. 9679 29310
6000. 46. 9549 4. 9679 51. 9228 4. 9679 29807

Ro
0

. 0

. 2

. 9

7

. 5

i. 3

. 1

. 9

7

. 5

3

. 1

. 8

6

. 4

. 2

0

. 8

. 6

1. 4

. 2

. 0

8

. 6

. 4

. 2

. 9

. 7

. 5

. 3

. 1

. 9

. 7

. 5

. 3

. 1

. 9

. 7

. 5

. 2

. 0

. 8

. 6

. 4

. 2

. 0

. 8

. 6

. 4

. 2

. 0

. 8

. 5



Talbe A-8-N Thermodynamic Functions for 0 - continued

T

°K

01
oo H° - Hg

T

so CO
P

HO _ HO

6100 . 47. 0370 4. 9679 52. 0049 4 . 9679 30304.

3

6200 . 47. 1178 4. 9679 52. 0857 4 . 9679 30801.

1

6300 . 47. 1973 4. 9679 52. 1652 4. 9679 31297.

9

6400 . 47. 2755 4. 9679 52. 2434 4 . 9679 31794.

7

6500 . 47. 3525 4. 9679 52. 3204 4 . 9679 32291.

5

6600 . 47. 4284 4. 9679 52. 3963 4. 9679 32788.

3

6700 . 47. 5031 4. 9679 52. 4710 4 . 9679 33285.

1

6800 . 47. 5767 4. 9679 52. 5446 4. 9679 33781.

9

6900 . 47. 6492 4. 9679 52. 6171 4. 9679 34278.

7

7000 . 47. 7207 4. 9679 52. 6886 4 . 9679 34775.

5

7100 . 47. 7911 4. 9679 52. 7591 4 . 9679 35272.

3

7200 . 47. 8606 4. 9679 52. 8286 4 . 9679 35769.

1

7300 . 47. 9292 4. 9679 52. 8971 4 . 9679 36265.

9

7400 . 47. 9967 4. 9679 52. 9647 4. 9679 36762.

6

7500 . 48. 0634 4. 9679 53. 0314 4. 9679 37259.

4

7600 . 48. 1292 4. 9679 53. 0972 4. 9679 37756.

2

7700 . 48. 1942 4. 9679 53. 1621 4. 9679 38253.

0

7800 . 48. 2583 4. 9679 53. 2262 4 . 9679 38749.

8

7900 . 48. 3216 4. 9679 53. 2895 4 . 9679 39246.

6

8000 . 48. 3841 4. 9679 53. 3520 4 . 9679 39743.

4

8100 . 48. 4458 4. 9679 53. 4137 4 . 9679 40240.

2

8200 . 48. 6067 4. 9679 53. 4746 4 . 9679 40737.

0

8300 . 48. 5669 4. 9679 53. 5349 4 . 9679 41233.

8

8400 . 48 . 6264 4. 9679 53. 5944 4. 9679 41730.

6

8500 . 48. 6852 4. 9679 53. 6532 4. 9679 42227.

4

8600 . 48. 7433 4. 9679 53. 7113 4. 9679 42724.

2

8700 . 48. 8008 4. 9679 53. 7687 4. 9679 43220.

9

8800 . 48. 8675 4. 9679 53. 8255 4 . 9679 43717.

7

8900 . 48. 9137 4. 9679 53. 8816 4. 9679 44214.

5

9000 . 48. 9692 4. 9679 53. 9371 4. 9679 44711.

3

9100 . 49. 0241 4. 9679 53. 9920 4. 9679 45208.

1

9200 . 49. 0784 4. 9679 54. 0463 4. 9679 45704.

9

9300 . 49. 1321 4. 9679 54. 1000 4 . 9679 46201.

7

9400 . 49. 1852 4. 9679 54. 1531 4 . 9679 46698.

5

9500 . 49. 2378 4. 9679 54. 2057 4. 9679 47195.

3

9600 . 49. 2898 4. 9679 54. 2577 4. 9679 47692.

1

9700 . 49. 3413 4. 9679 54. 3092 4. 9679 48188.

9

9800 . 49. 3922 4. 9679 54. 3602 4. 9679 48685.

7

9900 . 49. 4427 4. 9679 54. 4106 4. 9679 49182.

5

10000 . 49. 4926 4. 9679 54. 4605 4 . 9679 49679.

2
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Table A-9-N Thermodynamic Funct

*

T

°K

_(Fo_Ho) 0 1
oo

T T

273. 15 29.3638 4. 9679
298. 15 29.7989 4. 9679

1000. 35. 8108 4. 9679
1100. 36. 2843 4. 9679
1200. 36. 7166 4. 9679
1300. 37. 1142 4. 9679
1400. 37. 4824 4. 9679
1500. 37. 8252 4. 9679
1600. 38. 1458 4. 9679
1700. 38. 4470 4. 9679
1800. 38. 7309 4. 9679
1900. 38. 9995 4. 9679
2000. 39. 2543 4. 9679
2100. 39. 4967 4. 9679
2200. 39. 7278 4. 9679
2300. 39.9487 4. 9679
2400. 40. 1601 4. 9679
2500. 40. 3629 4. 9679
2600. 40. 5577 4. 9679
2700. 40. 7452 4. 9679
2800. 40. 9259 4. 9679
2900. 41. 1002 4. 9679
3000. 41. 2687 4. 9679
3100. 41. 4316 4. 9679
3200. 41. 5893 4. 9679
3300. 41. 7421 4. 9679
3400. 41. 8905 4. 9679
3500. 42. 0345 4. 9679
3600. 42. 1744 4. 9679
3700. 42. 3105 4. 9679
3800. 42. 4430 4. 9679
3900. 42. 5721 4. 9679
4000. 42. 6978 4. 9679
4100. 42. 8205 4. 9679
4200. 42. 9402 4. 9679
4300. 43. 0571 4. 9679
4400. 43. 1713 4. 9679
4500. 43. 2830 4. 9679
4600. 43. 3922 4. 9679
4700. 43. 4990 4. 9679
4800. 43. 6036 4. 9679
4900. 43. 7060 4. 9679
5000. 43. 8064 4. 9679
5100. 43. 9048 4. 9679
5200. 44. 0012 4. 9679
5300. 44. 0959 4. 9679
5400. 44. 1887 4. 9679
5500. 44. 2799 4. 9679
5600. 44. 3694 4. 9679
5700. 44. 4573 4. 9679
5800. 44. 5437 4. 9679
5900. 44. 6287 4. 9679
6000. 44. 7122 4. 9679

for F

S° C° HO -

P

. 3317 4. 9679 1357

. 7668 4. 9679 1481

. 7788 4. 9679 4967

. 2522 4. 9679 5464

. 6845 4. 9679 5961

. 0822 4. 9679 6 45 8

. 4503 4. 9679 6955

. 7931 4. 9679 7451

. 1137 4. 9679 7948

. 4149 4. 9679 8445

. 6988 4. 9679 8942

. 9674 4. 9679 9439

. 2223 4. 9679 9935

. 4646 4. 9679 10432

. 6958 4. 9679 10929

. 9166 4. 9679 11426

. 1280 4. 9679 11923

. 3308 4. 9679 12419

. 5257 4. 9679 12916

. 7132 4. 9679 13413

. 8938 4. 9679 13910

. 0682 4. 9679 14407

. 2366 4. 9679 14903

. 3995 4. 9679 15400

. 5572 4. 9679 15897

. 7101 4. 9679 16394

. 8584 4. 9679 16890

. 0024 4. 9679 17387

. 1423 4. 9679 17884

. 2785 4. 9679 18381

. 4109 4. 9679 18878

. 5400 4. 9679 19374

. 6658 4. 9679 19871

. 7884 4. 9679 20368

. 9081 4. 9679 20865

. 0250 4. 9679 21362

. 1393 4. 9679 21858

. 2509 4. 9679 22355

. 3601 4. 9679 22852

. 4669 4. 9679 23349

. 5715 4. 9679 23846

. 6740 4. 9679 24342

. 7743 4. 9679 24839

. 8727 4. 9679 25336

. 9692 4. 9679 25833

. 0638 4. 9679 26330

. 1567 4. 9679 • 26826

. 2478 4. 9679 27323

. 3373 4. 9679 27820

. 4253 4. 9679 28317

. 5117 4. 9679 28814

. 5966 4. 9679 29310

. 6801 4. 9679 29807

ions :

34
34

40
41
41
42
42
42
43
43
43
43
44
44
44
44
45
45
45
45
45
46
46
46
46
46
46
47
47
47
47
47
47
47
47
48
48
48
48
48
48
48
48
48
48
49
49
49
49
49
49
49
49



Table A-9-N Thermodynamic Functions for F - continued

T -(F°-H°) HO - H° S° C° HO - H®
OK -O'

T

0

T
P 0

6100 . 44. 7943 4. 9679 49. 7622 4 . 9679 30304.

3

6200 . 44. 8751 4. 9679 49. 8430 4 . 9679 30801.

1

6300 . 44. 9545 4. 9679 49. 9225 4 . 9679 31297.

9

6400 . 45. 0328 4 . 9679 50. 0007 4 . 9679 31794.

7

6500 . 45. 1098 4. 9679 50. 0777 4 . 9679 32291.

5

6600 . 45. 1857 4. 9679 50. 1536 4 . 9679 32788.

3

6700 . 45. 2604 4. 9679 50. 2283 4 . 9679 33285.

1

6800 . 45. 3340 4. 9679 50. 3019 4 . 9679 33781.

9

6900 . 45. 4065 4. 9679 50. 3744 4. 9679 34278.

7

7000 . 45. 4780 4 . 9679 50. 4459 4. 9679 34775.

5

7100 . 45. 5484 4. 9679 50. 5164 4. 9679 35272.

3

7200 . 45. 6179 4. 9679 50. 5858 4. 9679 35769.

1

7300 . 45. 6864 4. 9679 50. 6544 4. 9679 36265.

9

7400 . 45. 7540 4 . 9679 50. 7220 4. 9679 36762.

6

7500 , 45. 8207 4 . 9679 50. 7886 4. 9679 37259.

4

7600 . 45. 8865 4 . 9679 50. 8544 4. 9679 37756.

2

7700 . 45. 9515 4. 9679 50. 9194 4. 9679 38253.

0

7800 . 46. 0156 4. 9679 50. 9835 4. 9679 38749.

8

7900 . 46. 0788 4. 9679 51. 0468 4. 9679 39246.

6

8000 . 46. 1413 4. 9679 51. 1093 4. 9679 39743.

4

8100 . 46. 2031 4. 9679 51. 1710 4. 9679 40240.

2

8200 . 46. 2640 4. 9679 51. 2319 4. 9679 40737.

0

8300 . 46. 3242 4. 9679 51. 2922 4. 9679 41233.

8

8400 . 46. 3837 4 . 9679 51. 3516 4. 9679 41730.

6

8500 . 46. 4425 4. 9679 51. 4104 4. 9679 42227.

4

8600 . 46. 5006 4. 9679 51. 4685 4. 9679 42724.

2

8700 . 46. 5581 4. 9679 51. 5260 4 . 9679 43220.

9

8800 . 46. 6148 4. 9679 51. 5828 4 . 9679 43717.

7

8900 . 46. 6710 4 . 9679 51. 6389 4 . 9679 44214.

5

9000 . 46. 7266 4 . 9679 51. 6944 4 . 9679 44711.

3

9100 . 46. 7814 4 . 9679 51. 7493 4 . 9679 45208.

1

9200 . 46. 8357 4. 9679 51. 8036 4 . 9679 45704.

9

9300 . 46. 8894 4. 9679 51. 8573 4. 9679 46201.

7

9400 . 46. 9425 4. 9679 51. 9104 4. 9679 46698.

5

9500 . 46. 9951 4. 9679 51. 9630 4. 9679 47195.

3

9600 . 47. 0471 4. 9679 52. 0150 4. 9679 47692.

1

9700 . 47. 0986 4. 9679 52. 0665 4. 9679 48188.

9

9800 . 47. 1495 4. 9679 52. 1175 4. 9679 486B 5.

7

9900 . 47. 2000 4. 9679 52. 1679 4. 9679 49182.

5

10000 . 47. 2499 4. 9679 52. 2178 4. 9679 49679.

2
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Table A-17-N Thermodynamic Functions for Cl

T
OR

T

H° - H°

T

S° C°
P

0 1
oo

273. 15 31. 2233 4. 9679 36. 1912 4. 9679 1357.

0

298. 15 31. 6584 4. 9679 36. 6263 4. 9679 1481.

2

1000. 37. 6703 4. 9679 42. 6383 4. 9679 4967.

9

1100. 38. 1438 4. 9679 43. 1118 4. 9679 5464.

7

1200. 38. 5761 4. 9679 43. 5440 4. 9679 5961.

5

1300. 38. 9737 4. 9679 43. 9417 4. 9679 6458.

3

1400. 39. 3419 4. 9679 44. 3098 4. 9679 6955. 1

1500. 39. 6847 4. 9679 44. 6526 4. 9679 7451.

9

1600. 40. 0053 4. 9679 44. 9732 4. 9679 7948.

7

1700. 40. 3065 4. 9679 45. 2744 4. 9679 8445.

5

1800. 40. 5904 4. 9679 45. 5583 4. 9679 8942.

3

1900. 40. 8590 4. 9679 45. 8270 4. 9679 9439. 1

2000. 41. 1138 4. 9679 46. 0818 4. 9679 9935.

8

2100. 41. 3562 4. 9679 46. 3242 4. 9679 10432.

6

2200. 41. 5873 4. 9679 46. 5553 4. 9679 10929.

4

2300. 41. 8082 4. 9679 46. 7761 4. 9679 11426.

2

2400. 42. 0196 4. 9679 46. 9875 4. 9679 11923.

0

2500. 42. 2224 4. 9679 47. 1903 4. 9679 12419.

8

2600. 42. 4173 4. 9679 47. 3852 4. 9679 12916.

6

2700. 42. 6047 4. 9679 47. 5727 4. 9679 13413.

4

2800. 42. 7854 4. 9679 47. 7533 4. 9679 13910.

2

2900. 42. 9597 4. 9679 47. 9277 4. 9679 14407.

0

3000. 43. 1282 4. 9679 48. 0961 4. 9679 14903.

8

3100. 43. 2911 4. 9679 48. 2590 4. 9679 15400.

6

3200. 43. 4488 4. 9679 48. 4167 4. 9679 15897.

4

3300. 43. 6017 4. 9679 48. 5696 4. 9679 16394.

2

3400. 43. 7500 4. 9679 48. 7179 4. 9679 16890.

9

3500. 43. 8940 4. 9679 48. 8619 4. 9679 17387.

7

3600. 44. 0339 4. 9679 49. 0019 4. 9679 17884.

5

3700. 44. 1700 4. 9679 49. 1380 4. 9679 18381.

3

3800. 44. 3025 4. 9679 49. 2705 4. 9679 18878.

1

3900. 44. 4316 4. 9679 49. 3995 4. 9679 19374.

9

4000. 44. 5574 4. 9679 49. 5253 4. 9679 19871.

7

4100. 44. 6800 4. 9679 49. 6479 4. 9679 20368.

5

4200. 44. 7997 4. 9679 49. 7677 4. 9679 20865.

3

4300. 44. 9166 4. 9679 49. 8846 4. 9679 21362. 1

4400. 45. 0308 4. 9679 49. 9988 4. 9679 21858.

9

4500. 45. 1425 4. 9679 50. 1104 4. 9679 22355.

7

4600. 45. 2517 4. 9679 50. 2196 4. 9679 22852.

5

4700. 45. 3585 4. 9679 50. 3264 4. 9679 23349.

2

4800. 45. 4631 4. 9679 50. 4310 4. 9679 23846.

0

4900. 45. 5655 4. 9679 50. 5335 4. 9679 24342.

8

5000. 45. 6659 4. 9679 50. 6338 4. 9679 24839.

6

5100. 45. 7643 4. 9679 50. 7322 4. 9679 25336.

4

5200. 45. 8608 4. 9679 50. 8287 4. 9679 25833.

2

5300. 45. 9554 4. 9679 50. 9233 4. 9679 26330.

0

5400. 46. 0482 4. 9679 51. 0162 4. 9679 26826.

8

5500. 46. 1394 4. 9679 51. 1073 4. 9679 27323.

6

5600. 46. 2289 4. 9679 51. 1968 4. 9679 27820.

4

5700. 46. 3168 4. 9679 51. 2848 4. 9679 28317.

2

5800. 46. 4032 4. 9679 51. 3712 4. 9679 28814.

0

5900. 46. 4882 4. 9679 51. 4561 4. 9679 29310.

8

6000. 46. 5717 4. 9679 51. 5396 4. 9679 29807.

5
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Table A-17-H Thermodynamic Functions for Cl - continued

°K
T

0

T
P 0

6100 . 46. 6538 4. 9679 51. 6217 4. 9679 30304.

3

6200 . 46. 7346 4. 9679 51. 7025 4. 9679 30801.

1

6300 . 46. 8141 4. 9679 51. 7820 4. 9679 31297.

9

6400 . 46. 8923 4. 9679 51. 8602 4 . 9679 31794.

7

6500 . 46. 9693 4. 9679 51. 9372 4 . 9679 32291.

5

6600 . 47. 0452 4. 9679 52. 0131 4 . 9679 32788.

3

6700 . 47. 1199 4. 9679 52. 0878 4. 9679 33285.

1

6800 . 47. 1935 4. 9679 52. 1614 4. 9679 33781.

9

6900 . 47. 2660 4. 9679 52. 2339 4. 9679 34278.

7

7000 . 47. 3375 4. 9679 52. 3054 4. 9679 34775.

5

7100 . 47. 4079 4. 9679 52. 3759 4. 9679 35272.

3

7200 . 47. 4774 4. 9679 52. 4454 4 . 9679 35769.

1

7300 . 47. 5460 4. 9679 52. 5139 4 . 9679 36265.

9

7400 . 47. 6135 4. 9679 52. 5815 4. 9679 36762.

6

7500 . 47. 6802 4. 9679 52. 6482 4. 9679 37259.

4

7600 . 47. 7460 4. 9679 52. 7140 4. 9679 37756.

2

7700 . 47. 8110 4. 9679 52. 7789 4. 9679 38253.

0

7800 . 47. 8751 4. 9679 52. 8430 4. 9679 38749.

8

7900 . 47. 9384 4. 9679 52. 9063 4. 9679 39246.

6

8000 . 48. 0009 4. 9679 52. 9688 4. 9679 39743.

4

8100 . 48. 0626 4. 9679 53. 0305 4. 9679 40240.

2

8200 . 48. 1235 4. 9679 53. 0914 4. 9679 40737.

0

8300 . 48. 1837 4. 9679 53. 1517 4. 9679 41233.

8

8400 . 48. 2432 4. 9679 53. 2112 4. 9679 41730.

6

8500 . 48. 3020 4. 9679 53. 2700 4 . 9679 42227.

4

8600 . 48. 3601 4. 9679 53. 3281 4 . 9679 42724.

2

8700 . 48. 4176 4. 9679 53. 3855 4 . 9679 43220.

9

8800 . 48. 4743 4. 9679 53. 4423 4 . 9679 43717.

7

8900 . 48. 5305 4. 9679 53. 4984 4 . 9679 44214.

5

9000 . 48. 5860 4. 9679 53. 5539 4. 9679 44711.

3

9100 . 48. 6409 4. 9679 53. 6088 4 . 9679 45208.

1

9200 . 48. 6952 4. 9679 53. 6631 4 . 9679 45704.

9

9300 . 48. 7489 4. 9679 53. 7168 4 . 9679 46201.

7

9400 . 48. 8020 4. 9679 53. 7699 4 . 9679 46698.

5

9500 . 48. 8546 4. 9679 53. 8225 4 . 9679 47195.

3

9600 . 48. 9066 4. 9679 53. 8745 4. 9679 47692.

1

9700 . 48. 9581 4. 9679 53. 9260 4. 9679 48188.

9

9800 . 49. 0090 4. 9679 53. 9770 4 . 9679 48685.

7

9900 . 49. 0595 4. 9679 54. 0274 4 . 9679 49182.

5

10000 . 49. 1094 4. 9679 54. 0773 4 . 9679 49679.

2
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Table A-48-I Thermodynamic Punctioris for

T

°K

-(Fo-Hg) 0 1
00

3°
C°
D

OO
10

T T

1000 . 48 . 7433 7. 2609 56. 0044 7.9312 7260.

9

1100 . 49. 4368 7. 3281 56. 7655 8. 0623 8060.

9

1200 . 50. 0787 7. 3943 57. 4729 8. 1802 8873.

1

1300 . 50. 6728 7. 4588 58. 1307 8. 2883 9696.

5

1400 . 51. 2273 7. 5218 58. 7487 8. 3900 10530.

6

1500 . 51. 7479 7. 5828 59. 3309 8. 4886 11374.

3

1600 . 52. 2407 7. 6427 59. 8834 8. 5866 12228.

2

1700 . 52. 7057 7. 7011 60. 4060 8. 6857 13091.

8

1800 . 53. 1469 7. 7585 60. 9048 8. 7877 13965.

3

1900 . 53. 5681 7. 8155 61. 3837 8. 8926 14849.

5

2000 . 53. 9695 7. 8720 61. 8427 9. 0007 15744.

0

2100 . 54. 3551 7. 9284 62. 2839 9. 1120 16649.

7

2200 . 54 . 7267 7. 9848 62. 7111 9. 2254 17566.

7

2300 . 55. 0824 8. 0413 63. 1225 9. 3405 18494.

9

2400 . 55. 4261 8. 0977 63. 5239 9. 4561 19434.

5

2500 . 55. 7680 8 . 1544 63. 9114 9. 5714 20385.

9

2600 . 56. 0779 8. 2112 64. 2889 9. 6855 21349.

1

2700 . 56. 3899 8. 2678 64. 6565 9. 7971 22323.

1

2800 . 56. 6900 8. 3243 65. 0142 9. 9058 23307.

9

2900 . 56. 9841 8. 3807 65. 3640 10. 0106 24304.

0

3000 . 57. 2683 8 . 4367 66. 7068 10. 1109 25310.

2

3100 . 57. 6465 8. 4922 66. 0396 10. 2061 26325.

7

3200 . 57. 8167 8. 5472 66. 3635 10. 2961 27351.

1

3300 . 58. 0810 8. 6015 66. 6815 10. 3804 28384.

8

3400 . 58. 3373 8. 6549 66. 9935 10. 4587 29426.

7

3500 . 58 . 5897 8. 7076 67. 2976 10. 5310 30476.

6

3600 . 58. 8361 8. 7592 67. 6966 10. 5974 31533.

3

3700 . 69. 0766 8. 8097 67. 8867 10. 6580 32596.

0

3800 . 59. 3130 8. 8590 68. 1719 10. 7126 33664.

2

3900 . 59. 5436 8. 9073 68 . 4501 10. 7619 34738.4
4000 . 59. 7701 8. 9542 68. 7223 10. 8056 35816.

8

4100 . 59. 9907 8. 9999 68. 9906 10. 8442 36899.

6

4200 . 60. 2073 9. 0442 69. 2529 10. 8780 37985.

7

4300 . 60. 4219 9. 0871 69. 5092 10. 9074 39074.

7

4400 . 60. 6305 9. 1289 69. 7696 10. 9322 40167.

0

4500 . 60. 8372 9. 1692 70. 0060 10. 9533 41261.

4

4600 . 61. 0379 9. 2081 70. 2466 10. 9706 42357.

5

4700 . 61. 2366 9. 2457 70. 4829 10. 9845 43454.

8

4800 . 61.4314 9. 2821 70. 7134 10. 9954 44553.

9

4900 . 61. 6241 9. 3170 70. 9400 11. 0036 45653.

5

5000 . 61. 8129 9. 3508 71. 1625 11. 0091 46754.

1

5100 . 61. 9977 9. 3834 71. 3811 11. 0123 47855.

4

5200 . 62. 1805 9. 4148 71. 5967 11. 0135 48967.

0

5300 . 62. 3594 9. 4450 71. 8044 11. 0129 50058 . 6_,
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Table A-48-I Thermodynamic Functions for - continued

T -(F°-Hg) 00
10

S°
c°
p

H° - Hg

°K
T T

5400 . 62. 5362 9. 4740 72. 0111 11. 0107 51159.

8

5500 . 62. 7111 9. 5019 72. 2118 11. 0071 52260.

2

5600 . 62. 8820 9. 5287 72. 4105 11. 0024 53360.

6

5700 . 63. 0509 9. 5545 72. 6052 10. 9966 54460.

7

5800 . 63. 2178 9. 5794 72. 7960 10. 9898 55560.

2

5900 . 63. 3808 9. 6032 72. 9848 10. 9825 56658.

9

6000 . 63. 5437 9. 6261 73. 1696 10. 9743 57756.

3

6100 . 63. 7027 9. 6481 73. 3504 10. 9658 58853.

5

6200 . 63. 8597 9. 6694 73. 5293 10. 9569 59950.

1

6300 . 64. 0147 9. 6896 73. 7041 10. 9475 61044.

7

6400 . 64. 1677 9. 7093 73. 8770 10. 9382 62139.

6

6500 . 64. 3167 9. 7282 74. 0459 10. 9286 63233.

2

6600 . 64. 4658 9. 7463 74. 2128 10. 9191 64325.

4

6700 . 64. 6128 9. 7636 74. 3758 10. 9096 65415.

9

6800 . 64. 7579 9. 7805 74. 5387 10. 9002 66507.

1

6900 . 64. 9010 9. 7965 74. 6977 10. 8909 67596.

2

7000 . 65. 0421 9. 8122 74. 8547 10. 8819 68685.

7

7100 . 65. 1812 9. 8272 75. 0077 10. 8730 69772.

8

7200 . 65. 3183 9. 8417 75. 1607 10. 8645 70859.

9

7300 . 65. 4554 9. 8556 75. 3098 10. 8561 71945.

6

7400 . 65. 5885 9. 8691 75. 4568 10. 8482 73031.

2

7500 . 65. 7217 9. 8820 75. 6039 10. 8404 74115.

0

7600 . 65. 8528 9. 8947 75. 7469 10. 8333 75199,

8

7700 . 65. 9820 9. 9068 75. 8880 10. 8263 76282.

6

7800 . 66. 1092 9. 9186 76. 0271 10. 8197 77364.

8

7900 . 66. 2363 9. 9299 76. 1662 10. 8136 78446.

1

8000 . 66. 3615 9. 9408 76. 3014 10. 8078 79526.

5

8100 . 66. 4847 9. 9515 76. 4365 10. 8025 80607.

5

8200 . 66. 6060 9. 9619 76. 5676 10. 7977 81687.

4

8300 . 66. 7272 9. 9720 76. 6988 10. 7931 82767.

7

8400 . 66. 8464 9. 9818 76. 8280 10. 7889 83846.

7

8500 . 66. 9656 9. 9911 76. 9571 10. 7852 84924.

3

8600 . 67. 0829 10. 0004 77. 0823 10. 7816 86003.

7

8700 . 67. 1981 10. 0094 77. 2075 10. 7786 87081.

6

8800 . 67. 3114 10. 0181 77. 3307 10. 7758 88159.

4

8900 . 67. 4247 10. 0267 77. 4519 10. 7736 89237.

3

9000 . 67. 5379 10. 0348 77. 5732 10. 7715 90313.

3

9100 . 67. 6492 10. 0430 77. 6924 10. 7699 91390.

9

9200 . 67. 7585 10. 0509 77. 8096 10. 7683 92468.

3

9300 . 67. 8678 10. 0585 77. 9249 10. 7673 93543.

7

9400 . 67. 9751 10. 0660 78. 0401 10. 7663 94620.

5

9500 . 68. 0804 10. 0734 78. 1554 10. 7657 95696.

9

9600 . 68. 1858 10. 0807 78. 2667 10. 7653 96774.

9

9700 . 68. 2911 10. 0877 78. 3780 10. 7651 97850.

4

9800 . 68. 3944 10. 0946 78. 4892 10. 7651 98927.

3

9900 . 68. 4977 10. 1014 78. 5985 10. 7653 100003.

7

10000 . 68 . 5991 10. 1081 78. 7058 10. 7657 101081.
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Table A-83-1 Thermodynamic Functions for 0^

T 1 01
OO

- Hg

°K
T T

1000. 50. 8636 7. 3827
1100. 51. 5710 7. 4580
1200. 52. 2228 7. 5298
1300. 52. 8289 7. 5975
1400. 53. 3933 7. 6611
1500. 53. 9238 7. 7206
1600. 54. 4246 7. 7764
1700. 54. 8976 7. 8285
1800. 55. 3467 7. 8771
1900. 55. 7739 7. 9228
2000. 56. 1813 7. 9656
2100. 56. 5708 8. 0059
2200. 56. 9443 8. 0437
2300. 57. 3020 8. 0794
2400. 57. 6478 8. 1132
2500. 57. 9797 8. 1450
2600. 58. 2996 8. 1754
2700. 58. 6076 8. 2040
2800. 58. 9077 8. 2315
2900. 59. 1958 8. 2575
3000. 59. 4760 8. 2825
3100. 59. 7482 8. 3062
3200. 60. 0125 8. 3290
3300. 60. 2689 8. 3511
3400. 60. 5193 8. 3721
3500. 60. 7617 8. 3924
3600. 60. 9982 8. 4119
3700. 61. 2287 8. 4310
3800. 61. 4552 8. 4492
3900. 61. 6738 8. 4671
4000. 61. 8884 8. 4846
4100. 62. 0991 8. 5015
4200. 62. 3037 8. 5182
4300. 62. 5044 8. 5345
4400. 62. 7012 8. 5504
4500. 62. 8919 8. 5661
4600. 63. 0807 8. 5818
4700. 63. 2655 8. 5971
4800. 63. 4464 8. 6126
4900. 63. 6252 8. 6277
5000. 63. 8001 8. 6430
5100. 63. 9710 8. 6583
5200. 64. 1379 8. 6736
5300. 64. 3048 8, 6891

S°
C°
P

H° - Hg

. 2459 8. 1524 7382,

7

. 0289 8. 2686 8203.

9

. 7522 8. 3672 9035.

7

. 4259 8. 4508 9876.

8

. 0558 8. 5224 10725.

6

. 6460 8. 5840 11580.

8

. 2004 8. 6376 12442.

2

. 7270 8. 6843 13308.

4

. 2238 8. 7257 14178.

9

. 6967 8. 7626 15053.

4

. 1458 8. 7956 15931.

1

. 5771 8. 8254 16812.4

. 9884 8. 8524 17696, 1

. 3819 8. 8775 18582.

7

,7594 8. 9005 19471.

7

. 1231 8. 9220 20362.

5

. 4748 8. 9421 21256.

1

. 8126 8. 9609 22150.

9

. 1385 8. 9790 23048.

1

. 4545 8. 9961 23946.

7

. 7585 9. 0128 24847.

6

. 0546 9. 0287 25749.

1

. 3408 9. 0444 26652.

9

. 6210 9. 0599 27558.

6

. 8912 9. 0752 28465.

3

. 1535 9. 0905 29373.

5

. 4099 9. 1060 30282.

8

. 6602 9. 1215 31194.

6

. 9027 9. 1376 32107.

1

. 1411 9. 1541 33021.

8

. 3736 9. 1714 33938.

5

. 6002 9. 1893 34856.

2

. 8208 9. 2081 35776.

5

. 0393 9. 2278 36698.

3

. 2500 9. 2489 37621.

7

. 4586 9. 2711 38547.

4

. 6633 9. 2946 39476.

2

. 8640 9. 3198 40406.

3

. 0588 9. 3467 41340.

4

. 2535 9. 3751 42275.

7

. 4423 9. 4055 43215.

0

. 6291 9. 4377 44167.

3

. 8119 9. 4718 45102.

7

. 9927 9. 5082 46052.

2

58
59
59
60
61
61
62
62
63
63
64
64
64
65
66
66
66
66
67
67
67
68
68
68
68
69
69
69
69
70
70
70
70
71
71
71
71
71
72
72
72
72
72
72
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Table A-83-1 Thermodynamic Functions for 0^

T -(F°-Hg) H° - Hg S°
C°
P

H° -

°K
T ,T

5400 . 64. 4658 8. 7046 73. 1716 9. 5468 47004 .

5500 . 64.6267 8 . 7203 73. 3464 9. 5875 47961 .

5600 . 64. 7837 8. 7360 73. 5193 9. 6306 48921 .

5700 . 64. 9387 8 . 7521 73. 6902 9. 6759 49886 .

5800 . 65. 0917 8. 7686 73. 8591 9. 7234 50857 .

5900 . 65. 2408 8 . 7851 74 . 0261 9. 7733 51832 .

6000 . 65. 3898 8. 8020 74. 1910 9. 8256 52811 .

6100 . 65. 5349 8. 8193 74. 3539 9. 8802 53797 .

6200 . 65. 6780 8. 8367 74. 5149 9. 9372 54787 .

6300 . 65. 8190 8. 8548 74. 6739 9. 9963 55785 .

6400 . 65. 9601 8. 8731 74. 8328 10. 0577 56787 .

6500 . 66. 0972 8 . 8918 74 . 9878 10. 1215 57796 .

6600 . 66. 2324 8. 9109 75. 1428 10. 1870 58811 .

6700 . 66. 3675 8. 9305 75. 2978 10. 2548 59834 .

6800 . 66.4987 8 . 9504 75. 4489 10. 3245 60862 .

6900 . 66. 6298 8. 9709 75.6019 10. 3963 61899 .

7000 . 66. 7590 8. 9917 75.7509 10. 4696 62942 .

7100 . 66. 8862 9. 0130 75.9000 10. 5447 63992 .

7200 . 67. 0133 9. 0349 76. 0490 10. 6214 65051 .

7300 . 67. 1385 9. 0571 76. 1960 10. 6997 66117 .

7400 . 67. 2617 9. 0800 76. 3411 10. 7792 67191 .

7500 . 67. 3829 9. 1030 76.4862 10. 8599 68272 .

7600 . 67. 5042 9. 1267 76. 6312 10. 9418 69362 .

7700 . 67. 6234 9. 1509 76.7743 11. 0244 70462 .

7800 . 67. 7426 9. 1754 76. 9174 11. 1081 71567 .

7900 . 67. 8599 9. 2004 77. 0585 11. 1923 72683 .

8000 . 67. 9751 9. 2258 77. 2016 11. 2772 73806 .

8100 . 68. 0904 9. 2517 77. 3407 11. 3624 74938 .

8200 . 68. 2036 9. 2779 77. 4817 11. 4481 76078 .

8300 . 68. 3169 9 . 3045 77. 6208 11. 5337 77227 .

8400 . 68. 4282 9. 3318 77. 7599 11. 6194 78386 .

8500 . 68. 5375 9. 3590 77. 8971 11. 7048 79551 .

8600 . 68. 6468 9. 3868 78.0342 11 . 7901 80726 .

8700 . 68. 7561 9.4150 78. 1713 11. 8747 81910 .

8800 . 68. 8634 9. 4434 78 . 3084 11. 9590 83102 .

8900 . 68. 9707 9.4720 78.4435 12. 0424 84301 .

9000 . 69. 0780 9. 5011 78. 5787 12. 1251 86609 .

9100 . 69. 1813 9. 5305 78.7118 12. 2070 86727 .

9200 . 69. 2867 9. 5599 76 . 8469 12 . 2877 87950 .

9300 . 69. 3900 9. 5897 78.9801 12. 3672 89184 .

9400 . 69. 4933 9. 6197 79. 1132 12. 4454 90425 .

9500 . 69. 5947 9. 6499 79. 2444 12. 5222 91674 .

9600 . 69. 6960 9. 6801 79 . 3755 12. 5975 92929 .

9700 . 69. 7974 9. 7105 79. 5067 12. 6712 94191 .

9800 . 69. 8967 9. 7411 79 . 6378 12. 7433 95462 .

9900 . 69. 9961 9. 7719 79.7670 12. 8135 96741 .

0000 . 70. 0934 9 . 8027 79.8962 12. 8818 98027 .

0

8

6

6

9

8

0

8

5

8

4
9

6

7

6

8

1

2

4
0

0

8

7

7

1

8

1

7

5

8

6

7

3
4
6

2

2

5

2
9

1

1

0

0

9

8

9

1



Table A-89-1 Thermodynamic Functions for N0+

T

°K

-(F°-Hg) H° - Hg

T T

1000 . 48. 9519 7. 2114
1100 . 49. 6415 7. 2732
1200 . 50. 2774 7. 3348
1300 . 50. 8676 7. 3953
1400 . 51. 4180 7. 4539
1500 . 51. 9347 7. 5101
1600 . 52. 4196 7. 5640
1700 . 52. 8806 7. 6152
1800 . 53. 3178 7. 6637
1900 . 53. 7331 7. 7100
2000 . 54. 1285 7. 7537
2100 . 54. 5081 7. 7951
2200 . 54. 8717 7. 8344
2300 . 55. 2215 7. 8718
2400 . 55. 5573 7. 9071
2500 . 55. 8812 7. 9407
2600 . 56. 1932 7. 9727
2700 . 56. 4933 8. 0031
2800 . 56. 7854 8. 0321
2900 . 57. 0675 8. 0598
3000 . 57. 3418 8. 0860
3100 . 57. 6081 8. 1112
3200 . 57. 8644 8. 1355
3300 . 58. 1148 8. 1585
3400 . 58. 3592 8. 1806
3500 . 58. 5977 8 . 2018
3600 . 58 . 8282 8. 2223
3700 . 59. 0547 8. 2420
3800 . 59. 2733 8. 2609
3900 . 59. 4879 8. 2789
4000 . 59. 6986 8 . 2966
4100 . 59. 9032 8. 3135
4200 . 60. 1039 8. 3298
4300 . 60. 3007 8. 3457
4400 . 60. 4934 8. 3610
4500 . 60. 6802 8. 3759
4600 . 60. 8650 8 . 3902
4700 . 61. 0459 8. 4041
4800 . 61. 2227 8. 4177
4900 . 61. 3956 8. 4310
5000 . 61. 5665 8. 4437
5100 . 61. 7334 8 . 4562
5200 . 61. 8984 8. 4683
5300 . 62. 0593 8. 4800

S° C° H° - H°
P 0

56. 1634 7. 8239 7211.

4

56. 9165 7. 9540 8000.

6

57. 6120 8 . 0691 8801.

8

58. 2618 8. 1701 9613.

8

58. 8719 8. 2587 10435.

4

59. 4442 8. 3360 11265.

2

59. 9847 8. 4039 12102.

3

60. 4954 8. 4638 12945.

9

60. 9803 8. 5166 13794.

7

61. 4433 8. 5635 14649.

0

61. 8825 8. 6052 15507.

5

62. 3037 8. 6428 16369.

7

62. 7071 8. 6764 17235.

7

63. 0926 8. 7070 18105.

1

63. 4642 8. 7346 18977.

2

63. 8219 8. 7598 19851.

8

64. 1657 8. 7829 20729 . 1

64. 4976 8. 8044 21608.

4

64. 8175 8. 8240 22490.

0

65. 1275 8. 8423 23373.

3

65. 4276 8. 8594 24258.

0

65. 7177 8. 8753 25144.

8

65. 9999 8. 8904 26033.

5

66. 2741 8. 9045 26923.

1

66. 5404 8 . 9178 27814.

0

66. 7987 8. 9305 28706.

5

67. 0511 8. 9427 29600.

3

67. 2955 8. 9542 30495.

3

67. 5340 8. 9653 31391.

3

67. 7685 8. 9760 32287.

9

67. 9950 8. 9862 33186.

5

68 . 2176 8. 9961 34085.

4

68. 4342 9. 0059 34985.

2

68 . 6468 9. 0152 35886.

6

68. 8535 9. 0241 36788.

5

69. 0561 9. 0331 37691.

6

69. 2549 9. 0416 38595 . 1

69. 4496 9. 0502 39499.

5

69. 6404 9. 0585 40404.

7

69. 8272 9. 0667 41311.

7

70. 0100 9. 0746 42218.4
70. 1908 9. 0826 43126.

6

70. 3657 9. 0903 44035.

3

70. 5406 9. 0981 44944.

3
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Table A-89-1 Thermodynamic Functions for N0+ continued

T

°K
-(F°-Hg)

T

5400. 62. 2183
5500. 62. 3733
5600. 62. 5283
5700. 62. 6773
5800. 62. 8264
5900. 62. 9734
6000. 63. 1165
6100. 63. 2576
6200. 63. 3967
6300. 63. 5338
6400. 63. 6689
6500. 63. 8021
6600. 63. 9352
6700. 64. 0644
6800. 64. 1916
6900. 64. 3187
7000. 64. 4419
7100. 64. 5651
7200. 64. 6864
7300. 64. 8056
7400. 64. 9228
7500. 65. 0401
7600. 65. 1553
7700. 65. 2686
7800. 65. 3819
7900. 65. 4912
8000. 65. 6024
8100. 66. 7097
8200. 65. 8171
8300. 65. 9224
8400. 66. 0277
8500. 66. 1310
8600. 66. 2344
8700. 66. 3357
8800. 66. 4351
8900. 66. 5344
9000. 66. 6338
9100. 66. 7312
9200. 66. 8265
9300. 66. 9219
9400. 67. 0153
9500. 67. 1087
9600. 67. 2021
9700. 67. 2935
9800. 67. 3849
9900. 67. 4744

10000. 67. 5638

- Hg S°

T

8. 4916 70. 7095
8. 5029 70. 8764
8. 5138 71. 0413
8. 5246 71. 2023
8. 5349 71. 3613
8. 5452 71. 5182
8. 5552 71. 6713
8. 5651 71. 8223
8. 5746 71. 9713
8. 5842 72. 1184
8. 5933 72. 2634
8. 6025 72. 4045
8. 6114 72. 5456
8. 6201 72. 6847
8. 6289 72. 8198
8. 6372 72. 9550
8. 6456 73. 0881
8. 6539 73. 2193
8. 6619 73. 3484
8. 6700 73. 4756
8. 6778 73. 6008
8. 6855 73. 7260
8. 6933 73. 8492
8. 7008 73. 9704
8. 7084 74. 0896
8. 7157 74. 2069
8. 7231 74. 3241
8. 7304 74. 4414
8. 7376 74. 5546
8. 7447 74. 6679
8. 7517 74. 7792
8. 7587 74. 8905
8. 7656 74. 9998
8. 7726 75. 1091
8. 7795 75. 2144
8. 7863 75. 3217
8. 7930 75. 4270
8. 7998 75. 5303
8. 8063 75. 6337
8. 8131 75. 7350
8. 8197 75. 8364
8. 8264 75. 9357
8. 8330 76. 0351
8. 8395 76. 1325
8. 8461 76. 2298
8. 8526 76. 3272
8. 8592 76. 4226

C°
P

H° - Hg

9. 1058 45854.

5

9. 1134 46766.

0

9. 1209 47677.

5

9. 1283 48590.

0

9. 1358 49502.

4

9. 1432 50416.

8

9. 1507 51331.

0

9. 1581 52247.

1

9. 1654 53162.

8

9. 1730 54080.

3

9. 1803 54997.

2

9. 1877 55916.

0

9. 1952 56835.

2

9. 2028 57755,

0

9. 2103 58676.

4

9. 2179 59596.

9

9. 2256 60519.

1

9. 2334 61442.

9

9. 2411 62365.

5

9. 2491 63291.

2

9. 2570 64215.

5

9. 2650 65141.

4

9. 2731 66068.

9

9. 2815 66996.

3

9. 2898 67925.

3

9. 2982 88854.

2

9. 3067 69784.

6

9. 3155 70716.

5

9. 3244 71648.

2

9. 3333 72581.

3

9. 3425 73514.

2

9. 3516 74448.

5

9. 3612 75384.

2

9. 3707 76321.

3

9. 3804 77259.

7

9. 3904 78197.

8

9. 4003 79137.

3

9. 4106 80078.

0

9. 4210 81018.

4

9. 4315 81961.

8

9. 4422 82904.

8

9. 4534 83850.

9

9. 4645 84796.

5

9. 4758 85743.

4

9. 4871 86691.

6

9. 4989 87641.

2

9. 5108 88592.

0
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Table A-51 REVISED . Thermodjmamlo Functions for BeF2(gas)

T K -( F-HO ) /T (H-HO ) /T s CP ( H-HO

)

- ( F-H298 ) /T

273.15 44.745 8.637 53.382 10.769 2359.3 54, 379
298.15 45,509 8 .827 54.336 11.028 2631.8 54.336
50.00 32.085 6.954 39.039 6.989 347.7 84, 721
75.00 34,912 7,005 41,917 7,280 525.4 70.002
100,00 36,943 7.138 44,082 7.820 713.8 63.261
125.00 38,556 7.334 45,890 8,408 916.7 59,611
150.00 39.913 7.558 47.472 8.945 1133.8 57,458
175.00 41.096 7.791 48.887 9.416 1 363.4 56,134
200. GO 42.151 8.020 50.171 9.826 1604,1 55.310
225.00 43.109 8.241 5 1 .350 10.185 1854.3 54,805
250.00 43.988 8.452 52, 440 10.504 2113.0 54,515
275.00 44.803 8.652 53,455 10,789 2379,2 54,373
300,00 45.564 8.841 54.405 11.047 2652.2 54.336
325.00 46,279 9.020 55.298 11.282 2931.4 54.376
350.00 46.953 9.189 56.142 11.498 3216.1 54,473
375.00 47.593 9.350 56.942 11.697 3506.1 54.611
400.00 48,201 9.502 57.703 11.882 3800.9 54.781
425.00 48.782 9.647 58.429 12,055 4100.1 54.974
450.00 49.337 9.786 59.123 12.216 4403.5 55.185
475.00 49,870 9.918 59.787 12.366 4710.8 55,410
500.00 50,381 10.043 60.425 12,507 .5021,7 55,645
550.00 51.350 10.279 61.629 12.760 5653.6 56.135
600,00 52,254 10.495 62.749 12.982 6297.3 56.640
650,00 53,102 10.694 63.796 13,176 6951,3 57,151
700,00 53,901 10.878 64.779 13.346 7614.5 57.661
750.00 54,658 11.047 65.705 13.494 8285.5 58, 167
800,00 55,376 11.204 66.580 13.625 8963.6 58.665
850.00 56,059 11.350 67.410 13.739 9647.7 59. 155
900.00 56,712 11.486 68.196 13.840 10337.3 59.636
950,00 57.336 11.612 68.949 13,930 11031.6 60.107

1000,00 57.935 11.730 69.665 14.009 11730.1 60.567
1050,00 58.510 11.840 70.350 14,079 12432.3 61.016
1 100.00 59.063 11.944 71.007 14.142 13137.9 61.456
1 1 50.00 59.596 12.040 71.637 14.199 13846.4 61.885
1 2 0 0 . 0 0 60.111 12.131 72.242 14.249 14557.7 62.304
1 2 50. on 60,608 12.217 72.825 14.295 15271.3 62,713
1 300.00 61,088 12.298 73.386 14.336 15987.1 63.113
1350.00 61.554 12.374 73.928 14,373 16704,8 63.503
1400.00 62.005 12.446 74.451 14,407 17424,4 63,855
1450.00 62,443 12.514 74.957 14.438 18145.5 64,258
1 500.00 62.869 12.579 75.447 14,466 18868.1 64,623
1 550.0C 63.282 12.640 75.922 14.492 19592.1 64,980
1600.00 63.684 12.698 76.383 14,515 20317.2 65. 329
1650,00 64.076 12.754 76.830 14.537 21043.6 65.671
1700.00 64.457 12.806 77.264 14,557 21770.9 66.006
1750.no 64.829 12.857 77.686 14,575 22499.2 66.333
1 8 00 , 0 0 65.192 12.905 78.097 14,592 23228.4 66,654
1850,00 65,546 12.950 78.497 14,608 23958.4 66.969
1900,00 65.892 12.994 78.887 14,622 24689.2 67.278
1950,00 66.230 13.036 79.267 14,636 25420.6 67.580
2000. 00 66.561 13.076 79.637 14,649 26152.7 67.877
2050.00 66.884 13.115 79.999 14,660 26885.5 68.168
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Table A-51 REVISED . Thermodynamic Functions for BeF
2
(gas)-Continued

2100.00
2150.00
2200.00
2250.00
2300.00
2350.00
2400.00
2450.00
2500.00
2600.00
2700.00
2800.00
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3800.00
3900.00
4000.00
4100.00
4200.00
4300.00
4400.00
4500.00
4600.00
4700.00
4800.00
4900.00
5000.00
5100.00
5200.00
5300.00
5400.00
5500.00
5600.00
5700.00
5800.00
5900.00
6000.00

67.201
67.511
67.814
68,112
68.403
68,690
68,970
69.246
69,516
70.043
70.551
71.043
71.519
71,981
72,428
72.862
73.285
73.695
74.095
74.484
74.863
75.232
75,593
75.945
76,290
76,626
76,955
77.277
77.592
77,900
78.202
78,499
78,789
79.074
79,354
79.628
79.898
80,162
80.422
80,678
80,929
81.176
81.419
81,659

13.152
13.187
13.221
13,254
13,286
13.316
13,345
13,373
13.401
13.452
13,501
13.546
13,588
13,628
13,666
13.701
13.734
13.766
13.796
13,824
13,851
13.877
13.902
13.925
13.947
13.969
13,989
14,009
14,027
14.045
14,062
14.079
14.095
14.110
14.125
14.139
14.153
14.166
14.179
14,191
14,203
14.215
14.226
14,237

80.353
80,698
81,036
81.366
81.689
82.005
82.315
82.619
82,917
83.495
84 , 0 b 2

84.589
85.107
85,609
86,094
86.563
87,019
87.461
87,890
88,308
88,714
89.110
89.495
89,870
90.237
90.595
90.944
91.285
91.619
91.945
92.265
92.578
92.884
93.184
93.479
93,767
94.050
94,328
94,601
94.869
95.132
95.391
95,645
95,895

14,671
14.682
14,691
14,700
14,709
14.717
14,724
14,731
14,738
14,750
14.761
14.771
14,779
14,767
14,795
14,801
14,807
14,813
14.818
14.822
14,827
14,831
14,834
14,838
14,841
14,844
14,846
14,849
14.851
14,854
14.856
14,858
14.860
14.861
14.863
14.864
14.866
14.867
14.869
14.870
14.871
14.872
14.873
14.874

27618.8
28352.6
29086.9
29821.7
30556.9
31292.5
32028.5
32764.9
33501.6
34976.0
36451.6
37928.1
39405.6
40884.0
42363.1
43842.9
45323.3
46804.3
48285.8
49767.8
51250.3
52733.1
54216.4
55700.0
57183.9
58668.1
60152.6
61637.4
63122.4
64607.7
66093.2
67578.8
69064.7
70550.7
72037.0
73523.3
75009.8
76496.5
77983.3
79470.2
80957.3
82444.4
83931.7
85419.1

68.454
68,735
69,011
69.281
69,548
69,809
70,067
70.320
70.569
71.055
71.526
71.983
72,427
72,858
73,277
73,685
74,082
74,469
74, 846
75.215
75,574
75,925
76,268
76,603
76.932
77,253
77,567
77,875
78 , 177
78,472
78,762
79,047
79,326
79.600
79.870
80.134
80.394
30.650
80.901
81.148
81.391
81.630
81.865
82.097

This table was computed for the ground electronic state (assumed to be

^2) in the hannonlc oeolllator-rlgld rotator approximation using a molecular

weight of 47*0090 and the following molecular constants! moment of Inertla

>

68»227 I In atomlc-^weight units and X)| symmetry number, 2| frequencies

(in cm“^) and degeneraclesj 750(l)f 320(2)ji 1535(l), (See p, 123 and

Chapter B~7» p, 85*

)
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Table A-90* Thermodynamlo Punotlons for BeOAt(gas)

T K - ( F-HO ) /T

273.15 51.359
298.1

5

52.142
50.00 37.324
75.00 40.554

100.00 42.868
125.00 44.689
150.00 46.200
175.00 47.497
200.00 48.636
225.00 49.654
250.00 50.576
275.00 51.419
300.00 52.197
325.00 52.921
350.00 53.598
375.00 54.235
400.00 54.836
425.00 55 . 406
450.00 55.949
475.00 56.467
500.00 56.963
550.00 57.896
600.00 58.762
650.00 59.570
700.00 60.330
750.00 61.046
800.00 61.725
850.00 62.370
900.00 62.985
950.00 63.573

1 000.00 64.135
1050.00 64.675
1 100.00 65.194
1 150.00 65.694
1200.00 66 . 176
1 250.00 66.641
1300.00 67.091
1350.CC 67.527
1400.00 67.949
1450.00 68.358
1500.00 68.756
1 550.00 69.143
1600.00 69.518
1650.00 69.884
1700.00 70.241
1750.00 70.588
1800.00 70.927
1850.00 71.258
1900.00 71.581
1950.00 71.896
2000.00 72.205
2050.00 72.507

(H-HO) /T 0

8.892 60.251
8.988 61.130
7.950 45,273
7.999 48,554
8.100 50.968
8.224 52,913
8.352 54.552
8.475 55.971
8.590 57.225
8.698 58.351
8.8 00 59.376
8.899 60.318
8.995 61.192
9.089 62.010
9.181 62,779
9.272 63.507
9.362 64, 1,98

9.451 64,857
9.538 65.487
9.624 66.091
9.709 66.'671
9.873 67.768
10.030 68,791
10.179 69.749
10.320 70.650
10.454 71.501
10.581 72.306
10.700 73.070
10.812 73.797
10.918 74.491
11.018 75.153
11.112 75.787
11.200 76,394
11.284 76.978
11.363 77,539
11.438 78,079
11.509 78.600
11.577 79.103
11.640 79,589
11.701 80,039
11.758 80.515
11.813 80,956
11.865 81,384
11.915 81.800
11.963 82.203
12.008 82.596
12.051 82.978
12.093 83.351
12.133 83,713
12.171 84,067
12.207 84,412
12.242 84,749

CP ( H-HO

)

9.955 2428.8
10,120 2679,7
7.994 397,5
8.234 600.0
8.567 810.0
8.867 1028.0
9.108 1252.8
9.306 1483.1
9.479 1717.9
9,643 1957.0
9,804 2200.1
9,967 2447.2
10,133 2698.4
10.299 2953,8
10.465 3213.4
10.630 3477.1
10.791 3744.9
10.948 4016.6
11.099 4292,2
11.244 4571,5
11,383 4854,4
11,639 5430.0
11,867 6017.8
12,069 6616.3
12.248 7224.3
12.405 7840.7
12,544 8464.5
12.666 9094.9
12,774 9730.9
12.869 10372.1
12.954 11017.7
13.030 11667.3
13.097 12320.5
13,157 12976.9
13.211 13636,1
13,260 14298.0
13,304 14962.1
13.344 15628.3
13.380 16296,4
13.413 16966.3
13.443 17637,7
13.471 18310.5
13.496 18984.7
13.519 19660.1
13.540 20336.5
13,560 21014.0
13,578 21692.5
13.595 22371.8
13,610 23051.9
13,625 23732,8
13.638 24414,4
13.651 25096,6

F-H290 ) /T

61.169
61.130
90.918
76.284
69.666
66.127
64.065
62.809
62.034
61.564
61.294
61.163
61.130
61.166
61.254
61.380
61.535
61.711
61.904
62.108
62.322
62.768
63.228
63.693
64.158
64.619
65.075
65.523
65.963
66. 393
66.815
67. 227
67.630
68.024
68.409
68.785
69.152
69.512
69. 863
70.207
70.543
70.871
71.193
71.508
71.817
72.119
72.415
72.706
72.991
73.271
73.545
73.614
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Table A-90, Thermodynamic Ponotione for BeOAi(gao) -Continued

2100.00
2150.00
2200.00
2250.00
2300.00
2350.00
2400.00
2450.00
2500.00
2600.00
2700.00
2800.00
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3800.00
3900.00
4000.00
4100.00
4200.00
4300.00
4400.00
4500.00
4600.00
4700.00
4800.00
4900.00
5000.00
5100.00
5200.00
5300.00
5400.00
5500.00
5600.00
5700.00
5800 , on
5900.00
6000.00

72,802
73,092
73.375
73,653
73,925
74,192
74.454
74,711
74.963
75.454
75,929
76.388
76,832
77.262
77,680
78,085
78,479
78,862
79,234
79,597
79,951
80,296
80,632
80,961
81.282
81,596
81,903
82,203
82.497
82,784
83.066
83.343
83,614
83.879
84.140
84.396
84.647
64.894
85.137
85.375
85,610
85,840
86.067
86,290

12.276
12.308
12.339
12,369
12.398
12.426
12,453
12.479
12.504
12.551
12.596
12,638
12.677
12,714
12,748
12.781
12.812
12.841
12,869
12,896
12.921
12.945
12.968
12.989
13*010
13.030
13.049
13.067
13.085
13,101
13.118
13.133
13.148
13.162
13.176
13.169
13.202
13.215
13.226
13.238
13.249
13.260
13.270
13.281

85.078
85.400
85.714
86.022
86,323
86,618
36,907
87,189
87,467
86,006
88.525
89.025
89,509
89,976
90.428
90.866
91.291
91.703
92,104
92,493
92.872
93.241
93,600
93 . 9,50

94.292
94.626
94.952
95.270
95.581
95.886
96.184
96.476
96.761
97.042
97.316
97.585
97.850
98.109
98.363
98.613
98,859
99.100
99.337
99.571

13,662
13,673
13.684
13,693
13,702
13.711
13.719
13,726
13,733
13.746
13,758
13.768
13,778
13,786
13,794
13,801
13,807
13,813
13,819
13,823
13,828
13.832
13,836
13.840
13,843
13.846
13,849
13,852
13,854
13,857
13,859
13.861
13.863
13,865
13.867
13.868
13.870
13.871
13.873
13.874
13.875
13,076
13.878
13.879

25779.4
26462.8
27146.7
27831,1
28516.0
29201.4
29887.1
30573.2
31259.7
32633.7
34008.9
35385.2
36762.5
38140.7
39519.7
40899.4
42279.8
43660.9
45042.4
46424.5
47807.1
49190.1
50573.6
5*1957,4
53341.5
54726.0
56110.8
57495.8
58881.1
60266.7
61652.5
63038.5
64424.7
65811.1
67197.7
68584.4
69971.3
71358.4
72745.6
74132.9
75520.4
76908.0
78295.7
79683.5

74,078
74,338
74,593
74,844
75,090
75,332
75.570
75,804
76.035
76,465
76.921
77.345
77,756
78,155
78,544
78.922
79,291
79.650
80.000
80.342
80.675
81,001
81,319
81,631
81.936
82,234
82.526
82.812
83,092
83.367
83,636
83,901
84, 160
84,415
84,666
84,911
85,153
85. 391
85,624
85.854
86,080
86, 302
86,521
86,737

This table was ooaqjuted for the groond eleetroaio state (assumed to
be %) in the hamoaie oeolllator>-rlfid retetor approximation using a
stoleoular weight of 51»9931 and the ^Uoviag iMlesnlar constants

t

moments of inertia (in atonie>^l|^ units and A) ^ ^ 66.397> Is ” 67.834»

Ic ^ 1*436| sywetry iramber. 1| fkVfMMiies (in omT^) and degeneracies

»

1500(1) > 1000(1) » 275(1). (See p. 123 end Chapter B-7» p. 85.)
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Table A-91» Thermodynaalo Punotlons for LiH(gas)

T K -( F -H0 )/T ( H-H0 )/T S

273. 15 33,236 6,929 40 ,

298.15 33,843 6,938 40 .

50.00 21.550 6,810 28 .

75.00 24,322 6,857 31 ,

100.00 26,298 6,880 33 ,

125.00 27.835 6.893 34 ,

150.00 29,092 6,902 35 ,

175,00 30,157 6.908 37 .

200.00 31,079 6,912 37 ,

225,00 31,894 6,917 38 .

250,00 32,623 6.923 39 .

275,00 33,283 6,930 40 ,

300.00 33,886 6.939 40 .

325.00 34,442 6,950 41 .

350,00 34,958 6,963 41 ,

375.00 35,439 6,979 42 .

400,00 35.890 6.997 42 .

425.00 36,314 7.017 43 ,

450,00 36,716 7.038 43 ,

475,00 37.097 7,061 44 .-

500.00 37,460 7.085 44 .

550.00 38,138 7,135 45 .

600.00 38,761 7,187 45 ,

650.00 39.338 7.241 46 ,

700.00 39,876 7,294 47 .

750,00 40,381 7.346 47 .

800.00 40,857 7,397 48 .

850.00 41,307 7,446 48 .

900.00 41.734 7,494 49 ,

950,00 42.141 7.540 49 .

1000.00 42,528 7,584 50 .

1050,00 42.899 7.626 50 .

1100,00 43,255 7,666 50 ,

1150,00 43,597 7,705 51 .

1200.00 43.926 7.742 51 ,

1250.00 44,242 7,777 52 .

1300,00 44,548 7,811 52 .

1350.00 44.843 7.843 52 ,

1400.00 45.129 7,874 53 ,

1450,00 45,406 7,904 53 .

1500.00 45,674 7,933 53 ,

1550.00 45.935 7,960 53 .

1600.00 46,188 7.986 54 .

1650,00 46,434 8.012 54 ,

1700,00 46,674 8,036 54 ,

1750.00 46,907 8.059 54 .

1800,00 47.135 8.082 55 .

1850,00 47,?56 8,104 55 ,

1900.00 47,573 8.125 55 .

1950,00 47,784 8,145 55 ,

2000.00 47,990 8,165 56 .

2050.00 48.192 8.184 56 .

CP ( H -HO ) -( F- H 298 ) /T

7,014 1892.7 40.809
7,056 2068,6 40.781
6,952 340.5 62,922
6,949 514,3 51,903
6,947 688.0 46.984
6,945 861,6 44.383
6,944 1035,2 42,883
6,944 1208,8 41,977
6.950 1382,5 41,422
6,963 1556,4 41,087
6,985 1730.7 40.897
7.017 1905,7 40,805
7.059 2081,6 40,782
7.110 2258.7 40.807
7.168 2437.2 40.868
7.231 2617.2 40.955
7,297 2798,8 41,061
7,366 2982.0 41.182
7,435 3167.1 41.313
7.505 3353.8 41.452
7,572 3542,3 41,597
7.703 3924,2 41,899
7,823 4312.4 42,208
7,933 4706,4 42.520
8,032 5105.5 42.832
8,121 5509.4 43. 140
8,201 5917.5 43,443
8,272 6329,4 43.741
8,336 6744,6 44.033
8,394 7162.9 44,318
8,445 7583,9 44.597
8,492 8007,4 44,870
8,535 8433,0 45,136
8,573 8860.8 45,396
8,609 9290.3 45,649
8.641 9721.6 45,897
8,671 10154,4 46,139
8,699 10588.6 46,376
8.724 11024.2 46,607
8,748 11461.0 46,833
8,771 11899.0 47,054
8.792 12338.1 47,270
8,812 12778,2 47,481
8.831 13219,2 47,688
8,849 13661,2 47,891
8.866 14104,1 48,089
8.882 14547,8 48,284
8,897 14992.2 48.474
8,912 15437,5 48,661
8.926 15883.5 48,845
8,940 16330,1 49,025
8.953 16777,4 49,201

165
781
361
179
178
728
994
064
992
811
546
213
825
392
921
418
887
331
754
158
545
272
948
579
170
727
254
753
228
680
112
526
922
302
667
020
359
687
004
310
607
895
175
446
710
967
217
460
698
929
155
376



Table A-91 Thermodynamic Functions for LiH(gas) -Continued

2100*00 48.390 8,203 56,592 8.965 17225.4 49.375
2150.00 48,583 8,220 56,803 8,977 17673,9 49,545
2200.00 48,772 8,238 57.010 8.988 18123,1 49,712
2250,00 48,957 8,255 57,212 8,999 18572,7 49,877
2300,00 49,139 8,271 57,410 9,008 19022.9 50,038
2350,00 49,317 8,287 57.604 9.018 19473,6 50,197
2400.00 49,492 8,302 57,794 9,026 19924,7 50,354
2450,00 49,663 8,317 57,980 9.034 20376.1 50.507
2500.00 49,831 8*331 58,162 9,041 20828,0 50.659
2600,00 50,159 8,359 58*517 9.052 21732,7 50.954
2700*00 50,474 8.385 58,859 9.060 22638.3 51,241
2800*00 50.700 8,409 59,189 9.064 23544.5 51,519
2900*00 51.075 8,431 59,507 9,064 24450*9 51.789
3000*00 51,361 8.452 59,814 9,060 25357*2 52,051
3100*00 51,639 8.472 60,111 9.052 26262*8 52,306

1

3200.00 51,908 8*490 60,398 9.039 27167*4 52,555 1

3300,00 52,170 8*506 60,676 9.022 28070.4 52,797 i

3400.00 52,424 8,521 60,945 9,000 28971,6 53.032
:

3500*00 52,671 8.534 61,205 8.975 29870.4 53,262
i

3600.00 52.912 8*546 61.458 8,945 30766,4 53.486
1

3700.00 53.146 8*557 61.703 8,911 31659,2 53.705
i

3000.00 53,374 8,565 61.940 8.874 32548.5 53.919
3900*00 53,597 8.573 62.170 8,833 33433,9 54, 127
4000.00 53,814 8*579 62,393 8,789 34315.0 54,331
4100*00 54,026 8,583 62,609 8.742 35191.6 54.530
4200*00 54.233 8.587 62,819 8.693 36063,4 54,725
4300*00 54,435 8*588 63,023 8.641 36930*0 54,916
4400*00 54.632 8*589 63,221 8,587 37791*5 55.102
4500,00 54,825 8,588 63,414 8,531 38647*4 55.285
4600,00 55.014 8*586 63,600 8,474 39497,7 55,464
4700.00 55,199 8,583 63,782 8,416 40342*2 55,639
4800,00 55,379 8.579 63,959 8,356 41180*8 55,810
4900,00 55,556 8.574 64,130 8,296 42013,4 55.978
5000*00 55,729 8*568 64.297 8.235 42840*0 56.143
5100.00 55,899 8.561 64,460 8,174 43660.5 56.305
5200*00 56.065 8,553 64.618 8.113 44474,9 56,463
5300*00 56.228 8*544 64.772 8,052 45283*1 56,618
5400*00 56,388 8.534 64,922 7,991 46085,2 56.771
5500*00 56,544 8.524 65,068 7,930 46881.3 56,920
5600*00 56,698 8.513 65.210 7.870 47671,3 57,067
5700,00 56.848 8.501 65,349 7,810 48455,3 57,211
5800,00 56,996 8.489 65,484 7,751 49233.3 57,353
5900.00 57,141 8.476 65,616 7,692 50005,5 57,491
6000,00 57,283 8.462 65,745 7,635 50771,8 57.628

This table was computed for the ground electronic state (^2) using
a molecular weight of 7*94697 and the following molecular constants (in

cm“"^) t = 1405*649> ~ 23*2f ~ 0*l633> B© = 7*5131> cc© — 0o2132«

Pe = 1.59(10"5), Ye = 7.5(10’"^), Dq = 8.6l7(lCr45, Dq (dissociation energy)

= 57,600.

The table is in units of calories, moles, and °K, and for the ideal

gas at a standard state of 1 atm* pressure*
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Table A-92. Thermodynamic Functions for BeH(gas)

T K -( F-HO ) /T (H-HO ) /T

273.15 34.690 6.913
298.15 35.295 6.916
50.00 23.045 6.758
75.00 25.799 6.823

100.00 27.767 6.855
125.00 29.299 6.874
150.00 30.553 6.886
175.00 31.616 6.895
200.00 32.537 6.901
225.00 33.350 6.906
250.00 34,078 6.910
275.00 34,736 6.913
300.00 35,338 6.916
325.00 35,892 6.920
350.00 36,405 6.923
375.00 36,883 6.927
400.00 37,330 6.932
425.00 37,750 6.938
450.00 38,147 6.945
475.00 38,523 6.953
500.00 38,880 6.962
550.00 39,544 6.983
600.00 40,153 7,008
650.00 40,715 7.037
700.00 41,237 7.068
750.00 41,726 7.101
800.00 42,186 7.136
850.00 42,619 7,172
900.00 43,030 7.209
950.00 43,421 7.246

1000.00 43,794 7.282
1050.00 44,150 7.319
1100.00 44,491 7,355
1150.00 44,819 7.390
1200.00 45,134 7.425
1250.00 45,438 7.459
1300.00 45,731 7.492
1350.00 46,014 7.525
1400.00 46,289 7.556
1450.00 46,554 7.587
1500.00 46.812 7.617
1550.00 47.062 7.645
1600.00 47.305 7.674
1650.00 47.542 7.701
1700.00 47.772 7.728
1750.00 47.997 7.753
1800.00 48.215 7.778
1850.00 48.429 7,803
1900.00 48.637 7,826
1950.00 48.841 7,849
2000.00 49.040 7,872
2050.00 49.234 7,893

S CP ( H-HO

)

41,603 6,948 1888.3
42.212 6,953 2062.1
29.803 6,954 337.9
32.622 6,952 511.7
34.622 6,950 685.5
36.173 6,949 859.2
37.440 6,948 1032.9
38.511 6,946 1206.6
39.438 6,945 1380.3
40.256 6,945 1553.9
40.988 6,945 1727.5
41.650 6,948 1901.2
42.255 6,953 2074.9
42.811 6,963 2248.9
43.328 6,976 2423.1
43.810 6,995 2597.7
44.262 7,018 2772.9
44.688 7,045 2948.7
45.092 7,077

.
3125.2

45 .475 7,113 3302.6
45.841 7,153 3480.9
46.527 7,239 3840.6
47,161 7,331 4204,9
47,751 7,427 4573.8
48,305 7,522 4947.5
48,827 7,615 5326.0
49,322 7,705 5709.0
49,791 7,790 6096,4
50.239 7,870 6487,9
50.667 7,945 6883.3
51.076 8,015 7282.3
51.469 8,080 7684,8
51.846 8,141 8090.3
52.209 8,198 8498.8
52.559 8,250 8910,0
52.897 8,299 9323,7
53.223 8,344 9739,8
53.539 8,387 10158.1
53.845 8,426 10578.5
54,141 8,464 11000.7
54,429 8,498 11424.8
54,708 3,531 11850.5
54,979 8,561 12277,8
55,243 8.590 12706.6
55 , 500 8.617 13136.8
55,750 8.643 13568,4
55,994 8,667 14001.1
56,232 8,690 14435.1
56 , 464 8,711 14870.1
56,690 8,731 15306,2
56,911 8,750 15743.2
57,128 8,768 16181.2

U4

( F-H298 ) /T

^\ 2,239
42.212
6k, 287
53.294
48.388
45.795
44,300
43.399
42.847
42.515
42.326
42.235
42.212
42.237
42.296
42.381
42.485
42.602
42.729
42.864
43,004
43,293
43,589
43,887
44, 183
44,476
44,763
45,045

j

45,321 !

45.592 i

45.856 ‘

46.114
I

46.366
46.612
46.852
47.087
47.317
47.542
47.762
47.976 I

48.187
48.393
48.594
48.792
48.985
49.175
49.361

I

49.543
49.723
49.898
50.071
50.240



Table A-92* Thermodynamic Functions for BeH (gas) -Continued

2100.00 49,425 7.914 57,339 8.784 16620,0 50,407
2150,00 49,611 7,935 57.546 0,799 17059.6 50,571
2200,00 49,794 7,955 57,749 0.013 17499,9 50,731
2250,00 49,973 7,974 57,947 8,826 17940,9 50,890
2300,00 50,148 7,992 58,141 8,838 18382,5 51,045
2350.00 50.321 8,010 58,331 8,848 18824,6 51,198
2400,00 50,489 8,028 58,517 8,857 19267.3 51,349
2450.00 50,655 8,045 58,700 8,864 19710,3 51,497
2500,00 50.818 8,061 58,879 8.870 20153,6 51,643
2600,00 51,135 8,093 59.227 8,879 21041,1 51.928
2700.00 51.441 8,122 59,562 8,881 21929,2 52,204
2800,00 51,736 8,149 59.885 8,879 22817,2 52,473
2900,00 52,023 8,174 60,197 8,870 23704,7 52,734
3000,00 52,300 8.197 60,497 8,856 24591,1 52,988
3100,00 52,569 8,218 60,787 8,837 25475,7 53.235
3200,00 52,831 8.237 61,068 8,812 26358.2 53.475
3300.00 53.084 8,254 61,338 8,782 27238.0 53,709
3400,00 53,331 8,269 61 ,600 8,748 28114,5 53,938
3500,00 53,571 8,282 61,853 8.709 28987.4 54,160
3600,00 53,804 8,293 62,098 8,666 29856,2 54.377
3700.00 54,032 8,303 62,335 8,620 30720,5 54,589
3800.00 54,253 8,311 62,564 8.570 31580,0 54,796
3900,00 54.469 8,317 62,786 8,517 32434,4 54,998
4000.00 54,680 8,321 63,001 8,462 33283.4 55.195
4100.00 54,885 8,324 63,209 8,404 34126.7 55,388
4200,00 55,086 8,325 63,411 8,345 34964,2 55,577
4300,00 55,282 8,325 63.606 8.284 35795,7 55,761
4400,00 55.473 8,323 63,796 8,223 36621,1 55,942
4500,00 55,660 8,320 63,980 8,160 37440,2 56,118
4600,00 55,843 8,316 64,159 8,096 38253,0 56,291
4700,00 56.022 8.311 64,332 8.033 39059,4 56,461
4800.00 56.197 8,304 64,501 7,969 39859,5 56.626
4900,00 56,368 8,297 64,664 7,905 40653,2 56.789
5000.00 56,535 6,288 64,824 7.841 41440,5 56.948
5100,00 56,699 8.279 64,978 7,778 42221,5 57. 104
5200.00 56.860 8.268 65,129 7,716 42996,2 57.257
5300,00 57,018 8.257 65,275 7,654 43764.7 57.407
5400.00 57,172 8,246 65,417 7,593 44527.0 57.554
5500.00 57.323 8.233 65.556 7.532 45283.2 57.698
5600,00 57,471 8.220 65,691 7,473 46033,5 57.839
5700.00 57,617 8,207 65,823 7,415 46777,9 57,978
5800.00 57,759 8,193 65,952 7.358 47516,5 58,115
5900,00 57,899 8,178 66,077 7.302 48249,5 58.249
6000.00 50,036 8,163 66.199 7,247 48976,9 58,380

This table was computed for the ground electronic state (^) using a
molecular weight of 10,02017 and the following molecular constantsi
Ue = 2058.6, xe^e = 35.5, ye^e = -0.5, Bq = 10,308, Oe = 0.3, Dq = 9.8(10-4),
Dq (dissociation energy) = 17,700,

The table Is In units of calories, moles, and °K, and for the Ideal gas
at a standard state of 1 atm, pressure.
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Table A-93* Thermodynamic Functions for NH(gas)

T K -(F-H0)/T (H-H0)/T

273, 15 35.780 6.893 42
298.15 36.384 6.898 43
50.00 24.231 6,638 30
75.00 26.946 6,743 33

100.00 28.894 6,796 35
125.00 30.414 6.827 37
150.00 31.660 6.848 38
175.00 32.717 6.862 39
200.00 33.634 6.873 40
225.00 34.444 6,882 41
250.00 35,170 6.888 42
275.00 35,826 6,894 42
300.00 36,426 6,898 43
325.00 36.979 6,901 43
350.00 37.490 6,905 44
375.00 37.967 6.907 44
400.00 38,413 6,910 45
425.00 38.832 6,912 45
450.00 39,227 6,914 46
475.00 39,601 6,916 46
500.00 39.955 6,918 46
550.00 40.615 6,922 47
600.00 41.217 6,928 48
650.00 41,772 6,934 48
700.00 42,286 6,943 49
750.00 42.766 6,953 49
800.00 43.215 6.965 50
850.00 43,637 6,978 50
900.00 44,037 6.993 51
950.00 44,41

5

7.010 51

1000.00 44,775 7,028 51
1050.00 45.119 7,048 52
1100.00 45 , 447 7,068 52
1150.00 45.762 7.090 52
1200.00 46,064 7.112 53
1250.00 46.355 7,134 5 3

1300.00 46.635 7.157 53
1350.00 46.905 7.181 54
1400.00 47,167 7,204 54
1450.00 47.420 7,228 54
1500.00 47,666 7,252 54
1 550.00 47.904 7,276 55
1600.00 48,135 7.300 55
1650.00 48,360 7.323 55
1700.00 48.579 7,347 55
1 750.00 48,792 7.370 56
1800.00 49,000 7,393 56
1850.00 49.203 7,416 56
1900.00 49,401 7,438 56
1950.00 49,595 7,461 57
2000.00 49,784 7,483 57
2050.00 49,969 7 ,504 57

CP (H-HO) -(F-H298) /T

6.946 1882.9 43,309
6.945 2056.5 43.281
6,953 331.9 65.361
6.954 505.8 54.366
6,953 679.6 49.459
6.952 853.4 46.866
6,951 1027,2 45.370
6.950 1200.9 44.469
6,949 1374.7 43.917
6,948 1548.4 43.584
6.947 1722.0 43.396
6,946 1895.7 43.305
6,945 2069.4 43.281
6,945 2243,0 43.306
6.944 2416,6 43.366
6.945 2590.2 43.451
6,945 2763,8 43.554
6.947 2937.5 43.670
6,950 3111.2 43.797
6,954 3285,0 43.930
6.959 3458,9 44.068
6,976 3807.2 44.354
7,000 4156.6 44.645
7.032 4507.4 44.936
7.071 4859.9 45.224
7,117 5214,6 45,508
7,168 5571.7 45,785
7,224 5931.5 46.057
7,282 6294,1 46.322
7,343 6659,8 46.580
7.404 7028.4 46.832
7,466 7400.2 47.077
7,528 7775.0 47,317
7.588 8152.9 47.550
7,648 8533,8 47,778
7.706 8917.7 48,000
7.762 9304.4 48.217
7.817 9693.9 48,429
7.869 10086.0 48.636
7.919 10480.7 48.838
7,968 10877.9 49.037
8,014 11277,5 49.231
8,059 11679.3 49,420
8.101 12083.3 49,607
8,142 12489.4 49.789
8.181 12897.5 49,968
8,219 13307,5 50.143
8,255 13719,4 50.315
8,289 14133,0 50.484
8.322 14548,2 50.649
8,353 14965.1 50.812
8.383 15383.5 50.972

673
281
870
689
689
241
508
580
507
326
058
720
324
880
395
874
322
743
140
516
873
537
145
707
229
718
179
616
030
425
804
166
515
851
175
489
792
086
371
648
918
180
435
683
926
162
393
619
840
055
267
473



Table A-93. Thennodynamic Functions for NH (gas) -Continued

2100.00 50,150 7.525 57,676 8,412 15803,4 51,129
2150.00 50.327 7.546 57,874 8,440 16224.7 51.284
2200.00 50.501 7,567 58,068 8,467 16647,4 51,436
2250.00 50,671 7.587 58.259 8,493 17071,5 51.585
2300.00 50,838 7,607 58,446 8,518 17496.7 51.733
2350,00 51.002 7.627 58,629 8,542 17923.2 51.877
2400.00 51,163 7,646 58.809 8,565 18350.9 52.020
2450,00 51,321 7,665 58,986 8,588 18779,7 52,160
2500.00 51.476 7,684 59.160 8,609 19209,7 52,299
2600.00 51,778 7.720 59,498 8.651 20072.7 52.569
2700.00 52,070 7,755 59,825 8,690 20939,7 52,832
2800.00 52,353 7,789 60.142 8,726 21810.5 53,087
2900.00 52,627 7,822 60,449 8.761 22684,9 53.336
3000,00 52,892 7.854 60.747 8.794 23562.7 53,578
3100.00 53,150 7,885 61,035 8.826 24443.7 53,814
3200.00 53,401 7.915 61,316 8,856 25327.8 54,044
3300.00 53.645 7,944 61.589 8,885 26214,8 54,268
3400,00 53,883 7,972 61,855 8,912 27104,7 54,488
3500.00 54,114 7,999 62,113 8,938 27997,2 54.702
3600.00 54,340 8.026 62.366 8,962 28892,1 54.911
3700.00 54,560 8.051 62,611 8,985 29789,5 55,116
3800,00 54,775 8,076 62,851 9.007 30689.1 55,316
3900.00 54,985 8.100 63,086 9,027 31590,8 55,513
4000.00 55.191 8,124 63,314 9,045 32494.4 55.705
4100.00 55,392 8.146 63.538 9,062 33399,7 55,893
4200.00 55,588 8,168 63,756 9.077 34306.7 56.078
4300.00 55.781 8.190 63,970 9.090 35215.0 56.259
4400,00 55.969 8,210 64,179 9,101 36124.6 56.437
4500.00 56,154 8,230 64.384 9.110 37035,2 56.611
4600.00 56.335 8.249 64,584 9.118 37946,6 56,782
4700,00 56,513 8,268 64,780 9.123 38858,6 56.950
4800.00 56,687 8.286 64,972 9,126 39771,0 57.115
4900,00 56.858 8,303 65.161 9.126 40683.6 57,278
5000.00 57,026 8.319 65.345 9,125 41596,2 57.437
5100.00 57,191 8,335 65,526 9.122 42508,6 57,594
5200.00 57,353 8,350 65,703 9,116 43420.5 57,748
5300.00 57.512 8.364 65.876 9,108 44331,7 57.900
5400.00 57,668 8.378 66.046 9.098 45242.0 58,049
5500.00 57,822 8,391 66,213 9.086 46151,3 58.196
5600.00 57.973 8.403 66,377 9,072 47059.2 58,341
5700,00 58.122 8,415 66.537 9,056 47965,6 58.483
5800,00 58.269 8.426 66,695 9,038 48870.2 58,623
5900.00 58,413 8.436 66,849 9.018 49773,0 58.761
6000,00 58.555 8,446 67,000 8,996 50673,7 58,897

3 "
This table was computed for the ground electronic state ( 2 ) using a

molecular weight of 15*01467 and the following molecular constants (in cm“^)

t

Uq = 3282.2, = 78.3, Bq = 16.668, cu = 0.646, Pq = 2 ( l0
“ 5 ),

De = 1.67(10~^T, Dq (dissociation energy! = 30,650,

The table Is in units of calories, moles, and °K, and for the ideal

gas at a standard state of 1 atm. pressure.
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Table A-94« Theraodynamio Functions for NaH(gas)
I

I
T K -(F-HO) /T (H-H0)/T S CP (H-HO) -1(F-H298) /T

273,15 37,375 6,959 44,334 7,122 1900,9 44,989
1298.15 37.985 6.976 44,961 7,194 2079,8 44,961 '

50.00 25,644 6,860 32,504 6,952 343,0 67,240
75,00 28.432 6,890 35,322 6.950 516.8 56.163

1
100.00 30,416 6,905 37,321 6.948 690,5 51.215 1

125.00 31,958 6.913 38.872 6,946 864,2 48.597
150,00 33.219 6,919 40,138 6.948 1037,8 47.085
175.00 34,286 6,924 41,210 6,958 1211,7 46,171 1

200.00 35,211 6,929 42,140 6,979 1385,8 45,610 *

225.00 36,020 6,937 42,964 7,015 1560,7 45,271
250.00 36,759 6,947 43,706 7,065 1736,7 45,078

1
275.00 37,422 6,960 44,382 7,127 1914,1 44,985

1
300,00 38,028 6,977 45,005 7,199 2093,1 44,961
325.00 38.587 6,997 45 , 584 7,278 2274,1 44,987
350.00 39,107 7,020 46,127 7,360 2457,1 45,049 1

375,00 39.592 7,046 46.637 7,444 2642,1 45.138 1

400.00 40,047 7,073 47.120 7.527 2829,3 45,247
425,00 40,477 7,102 47,579 7,609 3018,5 45.371

1

450.00 40.884 7,133 48.016 7,688 3209,7 45,506 1

475.00 41,270 7,164 48,434 7,763 3402,8 45,649
500,00 41,639 7,196 48,834 7,835 3597,8 45,798
550.00 42,327 7,260 49,587 7,967 3992,9 46,109 1

600.00 42,962 7,324 50,286 0,084 4394,3 46.428 1

650,00 43,550 7,386 50,937 8,186 4801,1 46,750
700,00 44,100 7,447 51,547 8,276 5212,7 47,071

,

750,00 44.616 7,505 52,120 8,355 5620,5 47,389
1

800,00 45.102 7,560 52,662 8,425 6048,0 47,702 *

850,00 45,562 7,613 53,175 8,486 6470,8 48.009
900,00 45,998 7,663 53,661 8,541 6896,5 48,309

1

950,00 46,414 7,710 54,124 0,591 7324,8 48.603
1

1000,00 46.811 7,756 54,566 8,635 7755,5 48,890
1050.00 47,190 7,798 54,989 8,676 8188,3 49.171
1 100,00 47,554 7,839 55,393 8,713 8623,0 49,445
1150.00 47,903 7,878 55,781 8,747 9059,5 49,712 1

1200,00 48,239 7,915 56,154 8,778 9497.6 49,972
1250,00 48,563 7,950 56,513 8,808 9937,3 50.227

1

1300,00 48,876 7,983 56,859 8,835 10378,4 50.475
1350.00 49.177 8,015 57,193 8,861 10820.8 50.718
1400,00 49,469 8,046 57,516 8,886 11264.5 50.955
1450.00 49,752 8,075 57,828 8,910 11709,4 51.187

1

1500.00 50,027 8,104 58,130 8,933 12155.5 51.413 1

1550,00 50,293 0,131 58,424 8,955 12602,7 51.635
1600,00 50,551 8,157 58,700 0,977 13051,0 51,851

1

1650.00 50,803 8,182 58,985 8,998 13500,4 52,063
1700.00 51,047 8,206 59,254 9,019 13950.9 52,271

'

1750.00 51,286 8,230 59,515 9,039 14402,3 52,474
1800.00 51,518 0,253 59,770 9,059 14854.8 52,673

1

1850.00 51,744 8,275 60,019 9,079 15308.3 52,868
1

1900,00 51,965 8,296 60,261 9,099 15762,7 53.060
1950.00 52,181 8,317 60,498 9,118 16218.1 53.247
2000,00 52,392 8,337 60,729 9,136 16674.5 53.432
2050,00 52,598 8,357 60,955 9,154 17131.7 53.612 1
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Table A-94« Thermodynamic Functions for NaH (gas) -Continued

2100,00 52.799 8.376 61,176 9,172 17589,9 53.790
2 150,00 52.997 8.395 61.392 9,189 18048.9 53.964
2200,00 53.190 8.413 61.603 9,206 18508,8 54.135
2250,00 53.379 8.431 61,810 9,221 18969,5 54.304
2300,00 53.565 8.448 62.013 9.236 19430.9 54.469
2350.00 53.747 8.465 62,212 9,250 19893.1 54.632
2400,00 53.925 8.482 62,407 9.263 20355,9 54.792
2450,00 54.100 8.498 62,598 9,275 20819.4 54.949
2500.00 54.272 8.513 62.785 9.286 21283.5 55,104
2600.00 54.606 8.543 63.150 9.304 22213.0 55,406
2700.00 54.929 8.572 63.501 9.316 23144.0 55.700
2800.00 55.242 8.599 63,840 9,322 24075.9 55,984
2900.00 55.544 8.623 64,167 9,321 25008,1 56.261
3000.00 55.836 8.647 64,483 9.314 25939,9 56.530
3100.00 56.120 8.668 64.788 9.300 ,26870.6 56,791
3200.00 56.396 8.687 65,083 9,279 27799.6 57.046
3300.00 56.663 8.705 65,368 9,251 28726.1 57.294
3400.00 56.924 8.720 65,644 9.218 29649.7 57.535
3500.00 57.176 8.734 65,911 9.178 30569,5 57.771
3600.00 57.423 8,746 66,169 9.133 31485.1 58.000
3700.00 57.662 8.756 66,418 9,082 32395.9 58.225
3800.00 57.896 8,764 66. 660 9.027 33301.4 58,443
3900.00 58.124 8.770 66,893 8.968 34201.2 58.657
4000.00 58.346 8,774 67,120 8,905 35094.9 58.866
4100.00 58.563 8.776 67,339 8,839 35982.1 59.070
4200.00 58.774 8,777 67,551 8.770 36862.6 59.269
4300.00 58.981 8.776 67,756 8.699 37736,1 59,464
4400.00 59.182 8.773 67,956 8,627 38602,4 59,655
4500.00 59.379 8,769 68.149 8.553 39461,4 59.842
4600.00 59.572 8,764 68.336 8,478 40312.9 60.024
4700.00 59.760 8,757 68,517 8.402 41156.9 60.203
4800.00 59.945 8,749 68.693 8.326 41993,3 60.378
4900.00 60.125 8,739 68.864 8.250 42822,1 60,550
5000.00 60.302 8,729 69,030 8.174 43643.3 60.717
5100.00 60.474 8,717 69,191 8.099 44457 .

0

60.882
5200.00 60.643 8.704 69,348 8,025 45263,2 61,043
5300.00 60.809 8,691 69.500 7,951 46062,0 61,201
5400.00 60.971 8,677 69.648 7.878 46853.4 61,357
5500.00 61.130 8,661 69,792 7.806 47637.6 61,509
5600.00 61.286 8.645 69,932 7.736 48414.7 61.658
5700.00 61.439 8,629 70,068 7,667 49184,9 61,804
5800.00 61.589 8,612 70,201 7,599 49948.2 61,948
5900.00 61.736 8.594 70.330 7,533 50704.8 62.089
6000.00 61.881 8.576 70.456 7,468 51454.8 62,227

This table was computed for the ground electronic state (^2) using a

molecular weight of 23 q99777 and the following molecular constants (in cm“^)

i

We = 1172.2, XeWe = 19.72, je^^e = 0.160, = -0.005. Bg = 4.9012, Oe = 0.1353,

Pe = 3(10“6), Dg = 3.32(l0“4j, Dq (dissociation energy) = 50,600.

The table Is In units of calories, moles, and °K, and for the Ideal gas

at a standard state of 1 atm, pressure.
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Table A-95* Thermodynamic Functions for PH (gas)

I

T K -( F-HO ) /T (H-HO) /T 5

273.15 39,348 6.921 46.
298,15 39,954 6,924 46.
50.00 27,672 6,794 34,
75.00 30,438 6,847 37.

100.00 32,412 6,874 39.
125,00 33.948 6,889 40.
150.00 35.205 6,899 42.
175,00 36,269 6.907 43.
200.00 37,192 6.912 44,
225,00 38,006 6.916 44,
250.00 38,735 6,919 45 ,

275.00 39,394 6.922 46.
300.00 39,997 6,924 46.
325,00 40, 551 6.926 47,
350.00 41,064 6,928 47.
375,00 41,542 6,930 48.
400.00 41,990 6.933 48.
425,00 42,410 6,936 49.
450.00 42.807 6.939 49.
475,00 43,182 6.943 50.
500.00 43.538 6.948 50i
550.00 44,201 6.961 51,
600.00 44.807 6,976 51.
650,00 45.366 6,995 52.
700.00 45,886 7.017 52,
750,00 46,370 7,041 53.
800.00 46,826 7.067 53.
850,00 47,255 7.095 54.
900.00 47,661 7,124 54,
950.00 48,047 7.154 55.

1000.00 48,415 7, 185 55.
1050,00 48,766 7,216 55.
1100.00 49, 103 7.248 56.
1150.00 49,426 7,279 56.
1200,00 49,736 7.310 57,
1250,90 50,035 7,341 57.
1 300.00 50,324 7,371 57.
1350.00 50,602 7.401 58.
1400.00 50.872 7,430 58.
1450.00 51,133 7.459 58.
1500.00 51,387 7,487 58.
1550.00 51,633 7,515 59,
1600.00 51,872 7.542 59.
1 650,00 52.104 7.568 59.
1700.00 52,330 7,594 59.
1750.00 52.551 7,619 60.
1800,00 52,766 7.643 60,
1850.00 52.975 7.667 60,
1900,00 53,180 7.690 60.
1950,00 53,380 7.712 61.
2000.00 53,576 7,734 61,
2050.00 53,767 7.756 61.

CP (H-HO) -(F-H298) /T

6,948 1890.6 46.905
6,949 2064.3 46,878
6,954 339.7 68,958
6.953 513,5 57.962 .
6,952 687,4 53.055
6,951 861,1 50.462
6,950 1034.9 48.967
6,949 1208.7 48.065H
6.948 1382.4 47.513UB
6,948 1556.1 47. 181
6.947 1729,8 46.992 —
6.948 1903.5 46.901 1
6.949 2077.2 46.878 ^
6,952 2250.9 46.903
6,957 2424,8 46.962PH
6,965 2598,8 47.047[,B
6.976 2773.1 47.150
6,991 2947.6 47.267
7,009 3122.6 47.394
7.031 3298.1 47,528^*
7.055 3474.2 47,667
7.114 3828.4 47.954 H
7.183 4185.8 48.248 1
7,258 4546.8 48.542
7,338 4911.7 48.835
7.420 5280.6 49.123|H
7.501 5653.6 49,406liP
7,581 6030.7 49,684
7.659 6411,8 49,955 _
7,734 6796,6 50.220
7.805 7185,1 50.479
7,872 7577.0 50.732
7,936 7972.3 50.979 M
7,996 8370.6 51.2211 P
8,052 8771,8 51.456
8.105 9175.8 51.687
8,155 9582.3 51.911 P
8,201 9991.2 52. 131L«
8.244 10402,3 52,346 1

8.285 10815,5 52,557 dj

8,323 11230.8 52,763 m
8,359 11647.8 52,964 T
8,393 12066.6 53.162
8,424 12487.0 53.355 m
8,454 12909.0 53,545
8,482 13332.4 53.730
8.509 13757.2 53,913 M
8,534 14183.2 54.091 1
8,557 14610.5 54,267
8.580 15038,9 54,439
8,601 15468,5 54.608 P
8,621 15899,0 54,774 P

I

269
878
466
286
286
837
104
176
103
922
654
316
920
477
992
472
922
346
746
125
486
162
784
361
902
411
893
350
785
202
600
983
350
704
046
376
695
003
302
592
874
147
413
672
924
169
409
642
870
093
310
,523
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Table A-95o Thermodynamic Elmctlons for PH (gas) -Continued

2100.00 53,954 7,776 61,731 8,640 16330.5 54,937
2150.00 54,137 7,797 61,934 8.658 16763,0 55.098
2200.00 54,317 7,817 62,133 8.676 17196.3 55,255
2250,00 54.493 7,836 62,329 8.692 17630,5 55,410
2300.00 54.665 7,855 62,520 8.708 18065.5 55.563
2350.00 54.834 7,873 62,707 8,723 18501.3 55,713
2A00.00 55,000 7,891 62,891 8,737 18937.8 55,860
2450,00 55,163 7,908 63,071 8.751 19375.0 56.006
2500,00 55,323 7,925 63,248 8,764 19812,9 56,149
2600.00 55,635 7,958 63,592 8.788 20690.4 56,429
2700,00 55,935 7,989 63,924 8,809 21570.3 56,700
2800.00 56,227 8,019 64,245 8.828 22452,2 56.964
2900.00 56,508 8,047 64,555 8,845 23335,8 57.220
3000,00 56,782 8,074 64,855 8.859 24221,1 57,470
3100.00 57,047 8,099 65,146 8.871 25107.6 57.713
3200,00 57,304 8,124 65,428 8.881 25995.2 57.949
3300.00 57,555 8,147 65,701 8.887 26883.7 58,180
3400.00 57,798 8,168 65,967 8.892 27772.6 58.405
3500,00 58,035 8,189 66,224 8,893 28661,9 58.625
3600.00 58,266 8,209 66,475 8.892 29551.2 58.840
3700,00 58,491 8,227 66,719 8,888 30440,2 59,049
3800,00 58,711 8,244 66,955 8.881 31328,6 59,254
3900.00 58,925 8,261 67,186 8,871 32216,2 59.455
4000,00 59,135 8,276 67,410 8.859 33102,8 59.651
4100.00 59,339 8,290 67,629 8,843 33987.9 59,843
4200.00 59,539 8,303 67,842 8.825 34871.3 60.031
4300.00 59,735 8,315 68,049 8,805 35752.9 60.215
4400.00 59,926 8,326 68,252 8,782 36632.2 60.395
4500,00 60,113 8,335 68,449 8.756 37509.1 60.572
4600.00 60,297 8,344 68,641 8,728 38383.3 60.745
4700.00 60,476 8,352 68,828 8,698 39254.7 60.915
4800,00 60,652 8,359 69,011 8,666 40122,9 61,082
4900.00 60,824 8,365 69,189 8,632 40987,8 61.246
5000,00 60,993 8,370 69,363 8.596 41849,2 61,406
5100.00 61,159 8,374 69,533 8,559 42707,0 61,564
5200.00 61,322 8,377 69,699 8.520 43560.9 61,719
5300.00 61,481 8,379 69,861 8.479 44410.9 61.871
5400.00 61,638 8,381 70,019 8,438 45256,8 62,020
5500.00 61,792 8,382 70.173 8,395 46098.4 62. 167
5600.00 61,943 8,381 70.324 8,352 46935.8 62.312
5700,00 62,091 8,380 70.472 8.307 47768,8 62.453
5800,00 62,237 8,379 70,616 8,262 48597.3 62.593
5900.00 62,380 8,376 70.757 8,217 49421.2 62.730
6000,00 62,521 8,373 70.894 8,171 50240,6 62,865

3 —
This table was computed for the ground electronic state (^2

) using a
molecular weight of 31*98177 and the following molecular constants (in cm“^)

i

Uq = 2380, XqWq = 35, Be = 8,4120, = 0.185, Dg = 4.3(10-4),
Dq (dissociation energy) = 24,200.

The table is in imlts of calories, moles, and °K, and for the ideal gas
at a standard state of 1 atm, pressure.
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Table A-96. Thermodynamic Functions for KH(gas)

i

T K -( F-HO) /T (H-H0)/T S CP (H-HO) -(F-H298) /T

273, 15 39.624 7.000 46,624 7,276 1912.1 47.294
298.15 40.238 7,027 47,265 7.373 2095,2 47,265
50.00 27.862 6,889 34.750 6,952 344,4 69,766f
75.00 30.659 6,909 37,569 6,950 518.2 58,5961

100.00 32.649 6,919 39,568 6.948 691.9 53,601
125.00 34.193 6,925 41,118 6,950 865,6 50,955
150.00 35.456 6,930 42,386 6,962 1039,5 49,424
175.00 36.525 6,936 43.461 6,991 1213,9 48,498

'

200.00 37,452 6,946 44,398 7,040 1389.2 47.928
225.00 38,271 6,960 45,231 7.108 1566,0 47,583

[

250.00 39.005 6,979 45,984 7.190 1744,7 47,3861
275.00 39,671 7,002 46,673 7,283 1925.6 47,290
300.00 40,281 7.030 47,311 7.380 2108,9 47.265
325.00 40,845 7,060 47,906 7,479 2294,6 47.292

1

350.00 41,370 7,094 48,463 7,576 2482.8 47.356

1

375.00 41.860 7,129 48,989 7,670 2673.4 47,448
400.00 42,322 7.166 49,487 7.759 2866.3 47.560

f

425.00 42,757 7.203 49.960 7,843 3061.3 47.687[
450.00 43,170 7.241 50,411 7,922 3258.4 47,826
475.00 43,562 7,279 50,841 7.995 3457,3 47.973
500.00 43,937 7,316 51,253 8,063 3658.1 48, 127|
550.00 44,637 7,390 52.027 8.183 4064,3 48.447

1

600.00 45,283 7,460 52,744 8,287 4476,1 48,776
650.00 45,883 7,527 53,411 8,375 4892.7 49.107
700.00 46.443 7.591 54,034 8,451 5313.4 49,437
750.00 46,969 7,650 54,619 8,517 5737,7 49.763^
800.00 47,465 7.706 55.171 8,575 6165,0 50.084
850.00 47.934 7,759 55.692 8,625 6595.0 50.398

1

900.00 48,378 7,808 56,187 8,670 7027.4 50.706

1

950.00 48.802 7,855 56.657 8.711 7462,0 51.007
1000.00 49,206 7,898 57,104 8,748 7898,4 51.301

,

1050.00 49,592 7,940 57,532 8.781 8336.7 51.588
1100.00 49,963 7,979 57,941 8,812 8776.5 51,867
1 150.00 50,318 8,015 58,333 8,840 9217,8 52.140
1200.00 50,660 8.050 58,710 8.867 9660.5 52.406 f

1250.00 50,989 8,084 59.073 8,893 10104.5 52,665
1300.00 51,307 8,115 59,422 8,917 10549.8 52,919
1350.00 51,614 8.145 59,759 8.940 10996.2 53.166
1400.00 51,910 8,174 60,085 8,962 11443,7 53,407

1

1450.00 52,198 8,202 60,399 8,984 11892.4 53,643 1

1500.00 52,476 8,228 60.704 9,004 12342.1 53,873
1550.00 52,746 8,253 61,000 9.024 12792,8 54,098
1600.00 53,009 8,278 61,287 9,044 13244,5 54,318
1650.00 53,264 8.301 61.565 9,062 13697,2 54,534
1700.00 53,512 8.324 61,836 9,080 14150.7 54,745
1750.00 53,754 8,346 62,100 9,097 14605.1 54,951

1

1800.00 53,989 8,367 62,356 9,113 15060,^ 55,153

1

1850.00 54,219 8,387 62.606 9,128 15515,4 55,351
1900.00 54,443 8.407 62.850 9. 142 15973.2 55.545
1950.00 54.661 8,426 63.087 9,154 16430.6 55.736

1

2000.00 54,875 8,444 63.319 9,165 16888.6 55,9221

2050.00 55,084 8,462 63,546 9.175 17347,1 56,106

I

i
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Table A-96* Thermodynamic Functions for KH (gas) -Continued

2100,00 55.288 8.479 63,767 9.183 17806.1 56.285
2150.00 55.487 8.496 63.983 9.189 18265.4 56.462
2200.00 55.683 8,511 64,194 9.193 18724.9 56.635
2250.00 55.874 8.527 64,401 9.195 19184,6 56.805
2300.00 56.062 8.541 64,603 9,196 19644,4 56.973
2350.00 56.246 8.555 64,801 9,194 20104.2 57,137
2400.00 56.426 8,568 64,994 9.190 20563.8 57,299
2450.00 56.603 8.581 65,184 9,184 21023.2 57.458
2500.00 56.776 8.593 65.369 9,176 21482.2 57,614
2600.00 57.114 8.615 65,729 9,153 22398.7 57.920
2700.00 57.439 8.634 66.073 9.122 23312.5 58.215
2800.00 57.753 8.651 66,404 9.082 24222,3 58.502
2900.00 58.057 8.665 66.722 9.035 25128,7 58.780
3000.00 58,351 8,677 67,028 8,981 26029,6 59,050
3100.00 58,636 8,685 67.321 8.920 26924.7 59.312
3200.00 58,912 8,692 67.603 8,854 27813.5 59.567
3300.00 59,179 8.696 67.875 8,783 28695.4 59.814
3400.00 59.439 8.697 68,136 8.708 29570.0 60.055
3500.00 59,691 8.696 68,387 8.630 30436.9 60.290
3600.00 59.936 8,693 68.629 8.548 31295.8 60.518
3700.00 60.174 8,688 68,862 8,465 32146,5 60.740
3800.00 60.406 8,681 69.087 8,380 32988.8 60.957
3900.00 60,631 8.672 69.304 8.295 33822.5 61.168
4000.00 60.851 8.662 69,512 8,209 34647.7 61,374
4100.00 61.064 8,650 69.714 8.123 35464.3 61.575
4200.00 61.273 8.636 69,909 8,038 36272.4 61.771
4300.00 61,476 8,621 70,097 7,953 37071.9 61,963
4400.00 61.674 8.605 70.279 7,869 37863.0 62.150
4500.00 61,867 8,588 70.455 7,787 38645,8 62.332
4600.00 62.055 8.570 70.625 7.706 39420.4 62.511
4700.00 62,239 8.550 70.790 7,627 40187.1 62.685
4800.00 62,419 8,530 70,950 7,549 40945,9 62.856
4900.00 62,595 8,510 71,105 7.474 41697.0 63.023
5000.00 62.767 8,488 71.255 7.400 42440.7 63.186
5100.00 62,935 8,466 71,401 7,329 43177,2 63.345
5200.00 63,099 8.444 71.542 7,259 43906.5 63.502
5300.00 63.259 8,421 71.680 7,191 44629.0 63.655
5400.00 63.416 8.397 71,814 7.126 45344.9 63.805
5500.00 63.570 8,374 71,944 7.062 46054,3 63.951
5600.00 63,721 8.350 72,071 7,001 46757,4 64,095
5700.00 63,869 8.325 72.194 6,941 47454,5 64.236
5800.00 64,013 8.301 72,314 6,884 48145.8 64,374
5900.00 64,155 8.277 72,431 6,828 48831,4 64,510
6000.00 64,294 8.252 72.546 6,775 49511,5 64,643

This table was computed for the ground electronic state (^2) using a_

molecular weight of 40*10997 and the following molecular constants (in cm ):

ue = 985, xet% = 14.65, Be = 3.4070, Oq = 0.0673, Ye = -9.6(10-4),

Be = 1*57(10-4), Dq (dissociation energy) = 15,000.

The table is in units of calories, moles, and °K, and for the ideal gas
at a standard state of 1 atm.
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Table A-97* Thermodynaniio Punotlone for CaH(gas)

T K -(F-HO) /T IH~H0)/T S CP { H-HO) -(F-H298 )

/'

273.15 40.618 6.950 47,569 7.058 1898.5- 48.217
298. 15 41.227 6.962 48.189 7.112 2075.6 48.189
50.00 28.878 6,873 35.751 6.953 343.6 70.391
75.00 31.671 6,899 38.570 6.951 517.4 59.346

100.00 33.657 6,912 40.569 6.950 691.2 54.413
125.00 35.200 6,919 42.120 6.948 864.9 51.805
150.00 36.462 6,924 43.387 6.948 1038.6 50.300
175.00 37.530 6.928 44,458 6.952 1212.4 49.391
200.00 38.455 6,931 45,387 6.963 1386.3 48.833
225.00 39.272 6.936 46,208 6.985 1560.6 48.497
250.00 40.003 6,942 46,946 7.017 1735,6 48,306
275.00 40.665 6,951 47,616 7.062 1911.6 48.213
300.00 41.271 6,963 48,233 7.116 2088.8 48.189
325.00 41.828 6,977 48,805 7.179 2267.5 48.215
350.00 42.346 6*994 49,340 7.248 2447.8 48.276
375.00 42.829 7.013 49,842 7.320 2629.9 48.364
400.00 43.282 7,035 50.317 7,395 2813.8 48.472
425.00 43.710 7,058 50.768 7,470 2999.6 48.593
450.00 44.114 7.083 51.197 7,545 3187.3 48.726
475.00 44.497 7.109 51.607 7,618 3376.9 48.867
500.00 44,863 7,136 51,999 7,688 3568.2 49.014
550.00 45,546 7,193 52,738 7,821 3955.9 49.319
600.00 46,174 7,250 53,424 7,941 4350.0 49.633
650.00 46,756 7,307 54 , 064 8,048 4749.8 49.950
700.00 47,300 7.364 54,664 8,144 5154.7 50.265
750.00 47,810 7,419 55,229 8,229 5564.0 50.577
800.00 48,290 7.472 55,762 8,305 5977.4 50.885
850.00 48,745 7,523 56,268 8,372 6394.3 51.187
900.00 49,176 7,572 56,748 8,432 6814.5 51.483
950.00 49,587 7,618 57,205 8.486 7237.4 51.772
1000.00 49,979 7,663 57,642 8.534 7662.9 52.054
1050.00 50,354 7,705 58,059 8.578 8090.7 52.331
1100.00 50,713 7,746 58,459 8.617 8520.6 52.600
1 150.00 51.058 7.785 58.843 8.653 8952.4 52.863
1200.00 51,390 7.822 59,212 8.686 9385.9 53.120
1250.00 51,710 7,857 59,567 8.717 9821.0 53.371
1300.00 52,019 7.890 59,910 8,745 10257,5 53,616
1350.00 52,318 7,923 60.240 8,770 10695,4 53.855
1400.00 52,606 7,953 60.560 8,794 11134.5 54,089
1450.00 52.886 7.983 60.869 8.815 11574.7 54,317
1500.00 53.157 8.011 61.168 8.835 12016.0 54,541
1550.00 53,420 8.038 61.458 8.852 12458.2 54,759
1600.00 53,676 8.063 61.739 8.868 12901.2 54,973
1650.00 53,924 8.088 62.012 8.882 13345.0 55,182
1700.00 54,166 8.111 62.277 8.894 13789.4 55,387
1750.00 54,402 8.134 62.535 8.904 14234.3 55,588
1800.00 54,631 8.155 62.786 8.912 14679.8 55,784
1850.00 54,855 8.176 63.031 8.918 15125.5 55,977
1900.00 55.073 8. 196 63.269 8.921 15571.5 56, 165
1950.00 55,286 8.214 63.500 8.923 16017.6 56,351
2000.00 55,494 8.232 63.726 8.922 16463.8 56.532
2050.00 55.698 8.249 63.946 8.919 16909.8 56.710

II

I

I

I

II

II

II
1

II
r
I

I

li
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Table A-97. Thermodynamic Functions for CaH(ga^Continu.ed

2100.00 55.897 8.265 64.161 8.914 17355.6 56,885
2150.00 56.091 8.280 64,371 8.906 17801.1 57.057
2200.00 56.282 8.294 64,576 8.896 18246.2 57.225
2250.00 56.468 8.307 64.775 8.884 18690.7 57,391
2300.00 56.651 8,319 64.971 8.869 19134.6 57,554
2350.00 56.830 8,331 65,161 8.853 19577.6 57,713
2400.00 57.006 8,342 65,347 8.834 20019.8 57.871
2450.00 57.178 8,351 65,529 8,813 20461,0 58,025
2500.00 57.347 8,360 65.707 8,790 20901.1 58,177
2600.00 57.675 8,376 66,051 8,739 21777,6 58,473
2700.00 57.991 8,388 66,380 8.681 22648.6 58,760
2800.00 58.296 8,398 66,694 8.616 23513.5 59,038
2900.00 58.591 8,404 66,995 8,546 24371.7 59.307
3000.00 58.876 8,408 67.284 8,472 25222.6 59,568
3100.00 59.152 8,408 67,560 8,394 26066,0 59.821
3200.00 59,419 8,407 67,826 8,314 26901.4 60.067
3300.00 59.677 8,403 68,080 8,231 27728,7 60.306
3400.00 59,928 8,396 68.325 8.147 28547,6 60.539
3500.00 60,172 8.388 68 , 560 8.062 29358.1 60.765
3600.00 60,408 8.378 68,785 7,977 30160.1 60.984
3700.00 60.637 8,366 69.003 7.892 30953.5 61,198
3800.00 60,860 8,352 69,212 7.808 31738.5 61,406
3900.00 61,077 8,337 69,414 7,724 32515.1 61.609
4000.00 61.288 8.321 69.608 7.642 33283.4 61.807
4100.00 61.493 8.303 69.796 7.561 34043,5 61,999
4200.00 61.693 8,285 69,977 7.482 34795.7 62.187
4300.00 61,887 8,265 70.153 7,405 35540.0 62,370
4400.00 62,077 8.245 70.322 7.330 36276.7 62,549
4500.00 62.262 8,224 70,486 7.256 37006,0 62.724
4600.00 62,443 8.202 70.645 7.185 37728.0 62,894
4700.00 62.619 8.179 70.798 7,116 38443.1 63.061
4800.00 62.791 8,157 70.947 7.049 39151.3 63,223
4900.00 62.959 8,133 71.092 6,984 39853.0 63.382
5000.00 63.123 8.110 71.233 6.922 40548,2 63,538
5100.00 63.283 8.086 71.369 6.861 41237.4 63,690
5200.00 63.440 8.062 71.502 6,803 41920.6 63.839
5300.00 63.593 8.037 71.631 6,746 42598.0 63.985
5400.00 63.743 8.013 71.756 6,692 43269.9 64,128
5500.00 63.890 7.988 71.879 6.640 43936.5 64,268
5600.00 64,034 7.964 71.998 6,589 44597.9 64,405
5700.00 64.175 7.939 72.114 6.540 45254,4 64,539
5800.00 64.313 7.915 72.227 6,494 45906.1 64,670
5900.00 64,448 7.890 72.338 6,448 46553,1 64,799
6000.00 64.580 7.866 72,446 * 6,405 47195.8 64.926

2
This table was computed for the ground electronic state ( 1) using a

molecular weight of 41»08797 and the following molecular constants (in cm :

ue = 1299, xe^e = 19.5, Bq = 4.2778, Oe = 0.0963, Pe = 2(l0"6), Dg = 1.84(10"^),

Dq (dissociation energy) = 13,500.

The table is in units of calories, moles, and °K, and for the ideal gas

at a standard state of 1 atm. pressure.
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Table A-98, Therao(lynaaio Function* far SrH(gaa)

T K -(F-HO) /T (H-H0)/T S

273,15 43.211 6,961 50,
298.15 43,821 6.976 50.
50,00 31.460 6.884 38,
75.00 34,256 6,907 41,

100.00 36.244 6,918 43.
125.00 37.789 6,924 44,
150.00 39,052 6,928 45.
175.00 40,120 6.932 47,
200.00 41,046 6,936 47.
225.00 41,863 6,942 48,
250,00 42,595 6,951 ^9.
275.00 43,258 6,962 50,
300.00 43,864 6,977 50,
325.00 44,423 6,995 51.
350.00 44,942 7,016 51,
375.00 45,427 7.039 52,
400.00 45,882 7,065 52,
425.00 46,311 7,092 53.
450,00 46,718 7,120 53,
475.00 47.103 7,150 54,
500,00 47,471 7.180 54.
550,00 48,158 7,242 55.
600.00 48,791 7.303 56.
650,00 49,378 7,364 56,
700,00 49.926 7,423 57,
750.00 50,440 7,480 57.
800,00 50,924 7.534 58.
850,00 51,383 7,586 58,
900,00 51,818 7.636 59,
950.00 52,232 7,683 59.

1000.00 52,627 7,727 60.
1050.00 53,005 7,770 60,
1100.00 53,367 7.810 61,
1150.00 53.715 7,849 61.
1200,00 54,050 7,885 61.
1250,00 54,373 7,920 62,
1300,00 54,684 7,953 62,
1350.00 54,985 7,985 62.
1400.00 55,276 8.015 63,
1450,00 55,558 8,044 63.
1500,00 55,831 8,071 63,
1550,00 56.096 8.098 64,
1600.00 56.353 8.123 64.
1650,00 56,604 8,147 64.
1700,00 56.847 8,170 65.
1750,00 57,084 8,192 65.
1800.00 57,315 8,213 65.
1850.00 57.541 8.233 65,
1900,00 57,761 8.252 66,
1950,00 57,975 8,271 66,
2000,00 58,185 8,288 66.
2050,00 58.390 8,304 66,

CP (H-HO^ -(F-H298)

/

7,103 1901,5 50,825
7,168 2079,8 50.797
6,953 344.2 73,056
6.951 518«b 61.987
6,950 691.8 57,043
6.949 865.5 54.427
6,950 1039.2 52,917
6,958 1213.1 52,004
6,976 1387.2 51,445
7,007 1562,0 51.107
7.051 1737,6 50.914
7.107 1914,6 50,821
7,174 2093.1 50,797
7,247 2273.3 50.823
7,326 2455,5 50.885
7,406 2639.6 50.973
7.487 2825,8 51,082
7,567 3014,0 51.205
7,644 3204,1 51,339
7,719 3396.2 51,482
7.790 3590.0 51,630
7,922 3982.9 51.940
8,040 4382.0 52,257
8,143 4786.6 52.577
8,234 5196.1 52,897
8,315 5609,9 53.213
8.386 6027,4 53.524
8.448 6446.3 53.829
8,504 6872.1 54.129
8,554 7298.6 54.421
8,599 7727.5 54,707
8.639 8158,5 54,986
8.676 8591.4 55,258
8.710 9026,0 55.524
8,741 9462,3 55,783
8,769 9900.0 56,037
8,795 10339,1 56,284
8,819 10779,5 56,526
8.841 11221.0 56.761
8.861 11663.6 56,992
8,880 12107,1 57,217
8.897 12551,5 57.438
8.912 12996.7 57.653
8,925 13442.7 57.864
8,936 13889.2 58.071
8,946 14336,2 58,273
8.953 14783,7 58.471
0,958 15231.5 58,665
8,961 15679,5 58,855
8,962 16127,6 59.042
8,961 16575,7 59,225
8.958 17023.7 59,404

172
797
344
162
162
713
980
052
982
805
545
220
841
418
958
466
947
403
838
253
651
400
094
742
349
920
459
969
453
914
354
775
178
564
936
293
637
970
291
601
902
194
476
751
017
277
529
774
013
246
473
694
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Table A-98* Thermodynajnic Functions for SrH (gas) -Continued

2100.00 58.590 8,320 66,910 8,952 17471,4 59.580
2150.00 58.786 8,334 67.120 8.944 17918.8 59.753
2200.00 58.978 8,348 67.326 8.933 18365.8 59,923
2250,00 59,165 8,361 67.526 8.920 18812.1 60.090
2300,00 59.349 8,373 67.722 8.905 19257,7 60.254
2350.00 59.530 8,384 67,914 8,888 19702.6 60.415
2400,00 59,706 8,394 68,101 8.869 20146,5 60.573
2450.00 59,879 8,404 68.283 8.847 20589.4 60.728
2500.00 60.049 8,412 68.462 8.823 21031,2 60.881
2600,00 60.379 8,427 68.807 8.771 21910.9 61,179
2700,00 60.698 8,439 69.137 8,711 22785.1 61,468
2800.00 61,005 8,447 69.452 8.645 23652.9 61.748
2900.00 61.301 8,453 69.754 8.573 24513.8 62,018
3000.00 61.588 8,456 70.044 8.498 25367.4 62.281
3100.00 61.865 8,456 70.321 8.418 26213.2 62.536
3200.00 62,134 8,453 70.587 8,336 27051.0 62,784
3300.00 62,394 8,449 70,842 8,252 27880.4 63,024
3400.00 62,646 8,442 71,087 8.166 28701.3 63,258
3500.00 62.890 8,432 71,323 8.080 29513.6 63,485
3600.00 63,128 8,421 71,549 7,993 30317.2 63,706
3700,00 63,358 8,409 71,767 7.907 31112.2 63.920
3800.00 63.582 8,394 71,977 7.821 31898.6 64,130
3900.00 63,800 8,379 72,179 7.736 32676,4 64.334
4000.00 64,012 8,361 72,374 7.653 33445.9 64.532
4100.00 64.218 8,343 72,562 7.571 34207,1 64.726
4200.00 64.419 8,324 72,743 7.491 34960.1 64,914
4300.00 64,615 8,304 72,918 7.413 35705.3 65.099
4400. on 64,806 8,282 73,088 7.336 36442.7 65.278
4500,00 64.991 8,261 73,252 7.262 37172.7 65,454
4600,00 65,173 8,238 73,411 7.190 37895.3 65,625
4700.00 65.350 8,215 73,565 7,121 38610.8 65,792
4800.00 65.522 8,192 73,714 7.053 39319.5 65,956
4900,00 65,691 8,168 73,859 6.988 4002 1.5 66.115
5000,00 65,856 8,143 73,999 6,924 40717.1 66.272
5100.00 66,017 8,119 74,136 6.863 41406,4 66.425
5200,00 66.174 8,094 74,268 6.805 42089,8 66.574
5300.00 66,328 8,069 74,397 6.748 42767.4 66.721
5400.00 66,479 8,044 74,523 6.693 43439,4 66,864
5500,00 66,626 8,019 74.645 6.640 44106,0 67,004
5600,00 66,770 7,994 74.765 6,589 44767,5 67.142
5700.00 66,912 7,969 74,881 6.540 45424.0 67,277
5800,00 67,050 7,944 74,994 6.493 46075.6 67,409
5900.00 67,186 7,919 75,105 6.448 46722.6 67,538
6000,00 67,319 7,894 75,213 6,404 47365.2 67,665

This table was computed for the ground electronic state ( 2) using a

molecular weight of 88,62797 and the following molecular constats (in cm"^) t

ue = 1206o2, = 17, Be = 3,6751, cCe = 0.08U, Pe = 5.5(lO-^),
Dg = l,349(lCr^, Dq (dissociation energy) = 13,500.

The table is in units of calories, moles, and °K, and for the ideal gas
at a standard state of 1 atm, pressure.
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Table A-99. Thermodynamic Functions for BaH(gas)

T K -( F-HO ) /T IH-H0)/T

273,15 44,700 6,966
298.15 45,311 6,982
50.00 32,944 6,890
75.00 35,742 6,910
100.00 37.731 6,920
125.00 39.276 6,926
150,00 40,539 6,930
175,00 41,608 6,934
200.00 42.534 6,938
225.00 43,352 6,945
250,00 44,084 6,955
275,00 44,747 6,967
300.00 45,354 6,984
325,00 45,914 7,003
350,00 46,434 7.025
375.00 46,919 7,050
400.00 47.375 7,077
425.00 47.805 7,106
450.00 48.212 7.136
475.00 48.599 7,166
500.00 48,967 7,198
550.00 49,656 7.261
600.00 50,290 7.324
650.00 50,879 7,385
700.00 51,429 7,445
750.00 51,944 7.502
800,00 52,430 7.557
850.00 52,890 7.609
900.00 53.326 7,658
950.00 53,742 7.705

1000.00 54,138 7.750
1050.00 54,517 7.792
1100.00 54,880 7.832
1150.00 55,229 7.870
1200.00 55,565 7,906
1250.00 55,889 7,940
1300.00 56,201 7,973
1 350.00 56,502 8,004
1400,00 56,794 8,034
1450.00 57.076 8.062
1 500.00 57,350 8.089
1550,00 57.616 8.115
1600,00 57.874 * 8,140
1650.00 58.125 8,164
1700,00 58.369 8.187
1750. CC 58.606 8.209
1800.00 58.838 8,230
1850,00 59.064 8,250
1900,00 59.284 8,270
1950.00 59,499 8.288
2000.00 59,709 8,306
2050.00 59,914 8.323

S CP 1 H-HO

)

51.667 7,122 1902.8
52.293 7.193 2081,8
39.833 6,953 344,5
42.652 6.951 518,3
44,652 6,950 692.0
46.202 6,949 865,8
47.470 6,951 1039.5
48.542 6.961 1213.4
49.472 6,982 1387,7
50.297 7,017 1562.6
51.038 7.066 1738.6
51.715 7,127 1916.0
52.338 7,198 2095.1
52.917 7.276 2276.0
53.459 7.357 2458.9
53.970 7.440 2643,8
54,452 7,522 2830.9
54.911 7.603 3019.9
55.348 7.681 3211.0
55.765 7,756 3404.0
56.165 7,827 3598.8
56.917 7,958 3993.5
57.614 8,073 4394,3
58.265 8,175 4800.5
58,874 8,263 5211,5
59.447 8.341 5626,7
59,987 8,410 6045 ,

5

60,499 8.470 6467,5
60,984 8.524 6892.4
61,447 8,572 7319.8
61.887 8,615 7749.5
62,309 8.654 8181.3
62.712 8,689 8614,8
63.099 8.721 9050.1
63,471 8.750 9486.9
63,829 8,778 9925.1
64,173 8.803 10364.6
64,506 8.826 10805,4
64,827 8,848 11247.2
65,138 8.868 11690.1
65,439 8.887 12134.0
65,731 8.905 12578.8
66,014 8,921 13024.5
66,289 8.936 L3470.9
66,556 8.950 13918.1
66.815 8,962 14365.9
67.068 8,973 14814.3
67.314 8,982 15263.1
67,554 8,990 15712.4
67.787 8,996 16162,1
68,015 9,000 16612.0
68,237 9.003 17062.1

F-H298) /T

52,322
52,293
74.579
63.499
58,549
55.930
54,418
53,504
52,943
52,604
52,41

1

- 52,317
52,293
52,319
52,382
52,471
52.580
52,703
52,838
52,981
53,131
53,441
53,760
54,082
54,403
54,720
55,032
55,339
55.639
55,933
56.220
56.500
56.773
57,040
57.300
57,554
57,802
58,044
58.281
58,512
58.738
58,959
59.175
59. 386
59,593
59.796
59,994
60.189
60.379
60.566
60.750
60.930
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Table A-99o Thermodynamic Functions for BaH(gas)-Continued

2100,00 60,115 8.339 68 ,454 9.004 17512.3 61.106
2150.00 60.311 8,355 68.666 9,003 17962,5 61.280
2200.00 60,504 8,369 68.873 9,000 18412.6 6 1 ,450
2250.00 60.692 8,383 69.075 8.995 18862.5 61,617
2300.00 60.876 8.397 69,273 8,989 19312,1 61,781
2350.00 61.057 8,409 69,466 8.980 19761,3 61.943
2 ^00,00 61,234 8.421 69.655 8.969 20210.1 62.102
2450.00 61,408 8.432 69.840 8.957 20658,2 62,258
2500,00 61,578 8,442 70.021 8.942 21105,7 62,411
2600.00 61.910 8,461 70.371 8.907 21998.2 62,711
2700,00 62,229 8,477 70.706 8,865 22886.9 63,001
2800.00 62.538 8,490 71.028 8.817 23771,1 63,281
2900,00 62.836 8,500 71.336 8.762 24650.0 63,554
3000.00 63.124 8.508 71.632 8.702 25523.3 63,818
3100.00 63,403 8.513 71,916 8.636 26390.2 64.075
3200.00 63.674 8.516 72.190 8,567 27250.4 64, 324
3300.00 63,936 8,516 72.452 8,494 28103.5 64,567
3400.00 64,190 8,514 72,705 8,419 28949,2 64,802
3500.00 64.437 8.511 72.947 8.341 29787.2 65,032
3600,00 64,677 8.505 73.181 8.262 30617.4 65.255
3700.00 64.909 8,497 73.407 8.182 31439,6 65,472
3800.00 65.136 8,488 73,624 8.101 32253,7 65,684
3900.00 65,356 8,477 73,833 8,020 33059,7 65,890
4000.00 65.571 8 . 464 74.035 7,939 33857,7 66,091
4100.00 65.780 8.451 74.230 7,858 34647,5 66.287
4200.00 65,983 8.436 74.419 7,779 35429.4 66.479
4300,00 66,181 8,419 74.601 7.701 36203.4 66,665
4400.00 66.375 8.402 74.777 7,624 36969.6 66.848
4500.00 66,563 8,384 74,947 7.548 37728.1 67,026
4600.00 66,747 8,365 75.112 7,474 38479.2 67,200
4700,00 66.927 8,345 75,272 7,402 39222.9 67,370
4800.00 67.103 8,325 75,427 7.331 39959.5 67.536
4900.00 67,274 8,304 75.578 7 i 262 40689.2 67,699
5000,00 67,442 8,282 75,724 7,195 41412,0 67,858
5100.00 67.605 8.260 75,866 7.130 42128,3 68,014
5200.00 67.766 8,238 76,004 7,067 42838.2 68,166
5300.00 67,922 8.215 76,138 7.006 43541.8 68,315
5400.00 68,076 8,192 76,268 6.947 44239.5 68.461
5500.00 68.226 8.169 76.395 6.890 44931.3 68,604
5600.00 68,373 8,146 76.519 6,834 45617.5 68.744
5700.00 68.517 8,122 76.639 6,780 46298.2 68.882
5800,00 68,658 8,099 76.757 6,729 46973.6 69.017
5900.00 68,796 8,075 76.871 6.678 47643.9 69, 149
6000,00 68,931 8,052 76,983 6,630 48309.3 69.278

This table vas computed for the ground electronic state (^) using a ,

cm ^) :molecular weight of 138,34797 and the following molecular constants (in

^ • W ^ —a ^ ' 9 — c — w— / ^

Dq (dissociation energy) = 14>680,

The table is in units of calories, moles, and °K, and for the ideal gas

at a standard state of 1 atm, pressure.
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Table A-lOOo Thermodynamic Functions for LiO(gas)

T 1C -(F-HO) /T (H-HO) /T S CP (H-HO) -(F-H298) /T

273. 15 42,592 7,108 49.699 7,584 1941,4 50.399
298.15 43.216 7,153 50.369 7,701 2132.5 50.369
50.00 30,763 6.930 37,693 6,955 346,5 73,414
75.00 33,575 6.938 40.513 6,955 520.4 62,008

100.00 35.571 6,943 42,514 6,960 694,3 56,897
125.00 37,121 6,948 44,069 6,983 868.5 54,181
150,00 38,389 6,958 45.346 7,035 1043,7 52,605
175.00 39,462 6.975 46.437 7.119 1220.5 51.648
200,00 40,395 6.999 47,394 7,226 1399,8 51.058
225.00 41.221 7.031 48,252 7,347 1582,0 50.699
250,00 41,964 7.069 49,033 7,471 1767,2 50.494
275,00 42.640 7,111 49,751 7.593 1955.5 50,394
300.00 43,260 7.156 50,416 7.709 2146,8 50,369
325.00 43.835 7.203 51,038 7,816 2340.9 50.397
350,00 44.370 7,250 51.620 7,914 2537.5 50.463
375.00 44,872 7,297 52.170 8,003 2736.5 50.559
400,00 45.345 7,344 52,689 8,083 2937,6 50.676
425,00 45.791 7.390 53,181 8,155 3140,6 50.809
450.00 46.215 7,434 53,649 8,219 3345,3 50.954
475.00 46,618 7.477 54.095 8,277 3551.5 51.108
500.00 47,003 7.518 54,521 8,329 3759,1 51,268
550.00 47,723 7,596 55.319 8,417 4177.8 51,600
600,00 48.387 7,667 56.054 8.488 4600.5 51,941
650.00 49.003 7.733 56,736 8.547 5026.4 52,284
700,00 49.579 7.793 57.371 8.596 5455,0 52.625
750.00 50,118 7.848 57,966 8,636 5885.9 52,961
800.00 50,626 7,898 58.524 8,670 6318,5 53,292
850.00 51,106 7,944 59,051 8,699 6752.8 53.615
900.00 51,562 7,987 59,549 8.723 7188.3 53,931
950.00 51,995 8.026 60.021 8,744 7625.0 54,239

1000.00 52,407 8,063 60.470 8,762 8062,7 54, 540
1050.00 52,802 8,096 60.898 8.778 8501.2 54,833
1100.00 53.179 8.128 61,307 8.792 8940.5 55.118
1150,00 53,541 8,157 61,698 8.804 9380.4 ' 55,395
1200,00 53,889 8,184 62.073 8.815 9820.9 55,666
1250.00 54,223 8.210 62.433 8.825 10261.9 ^ 55.929
1300,00 54, 546 8.233 62.779 8.833 10703.4 56.186
1350.00 54,857 8.256 63,113 8.841 11145.2 56,436
1400,00 55.157 8.277 63,434 8.848 11587.5 56.681
1450,00 55,448 8,297 63,745 8.854 12030.0 56,919
1500,00 55.730 8,315 64,045 8.860 12472.9 " 57.151
1550,00 56.003 8,333 64,336 8.865 12916.0 57,379
1600.00 56,268 8.350 64,617 8,870 13359,4 57,600
1650.00 56,525 8.365 64,890 8.874 13803.0 57,817
1700.00 56,775 8,380 65,155 8,878 14246.7 58.029
1750.00 57,018 8,395 65.413 8.881 14690.7 58.236
1800.00 57.255 8.408 65,663 8.885 15134,9 58,439
1850.00 57.485 8,421 65.906 8.886 15579.2 58.638
1900,00 57,710 8.433 66.143 8,890 16023,6 58.832
1950,00 57.929 8,445 66.374 8,893 16468,2 59.023
2000.00 58.143 8,456 66,599 8,895 16912,9 59,209
2050,00 58,352 8.467 66,819 8,898 17357,7 59,392

f'
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Table A-lOO, Thermodynamic Functions for LiO( gas) -Continued

2100.00
2150.00
2200.00
2250.00
2300.00
2350.00
2400.00
2450.00
2500.00
2600.00
2700.00
2800.00
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3800.00
3900.00
4000.00
4100.00
4200.00
4300.00
4400.00
4500.00
4600.00
4700.00
4800.00
4900.00
5000.00
5100.00
5200.00
5300.00
5400.00
5500.00
5600.00
5700.00
5800.00
5900.00
6000.00

58.556
58.756
58,951
59,142
59.329
59.512
59.692
59,868
60,040
60,376
60,699
61.011
61.313
61,604
61,887
62,160
62.426
62.684
62.934
63.178
63.416
63.647
63.872
64,092
64.306
64,515
64.720
64.920
65.115
65.306
65,493
65.676
65.856
66.032
66,204
66.373
66,538
66.701
66,860
67,017
67.170
67.321
67,470
67,615

8.477
8.487
8.497
8.506
8,514
8.523
8.531
8.539
8.546
8,560
8.573
8.585
8,597
8,607
8.617
8,627
8,635
8.643
8,651
8,658
8.664
8.670
8,675
8,680
8.684
8,688
8.691
8.694
8.696
8.697
8.699
8.699
8.699
8.699
8.698
8.696
8.694
8.692
8,689
8.685
8.681
8.677
8,672
8.667

67.034
67.243
67,448
67,648
67.844
68.035
68,223
68.406
68,586
68.936
69,272
69,597
69,909
70.212
70,504
70.787
71,061
71,327
71.585
71.836
72,080
72.317
72.547
72.772
72,990
73,203
73.411
73.613
73.811
74.004
74,192
74,376
74.555
74.730
74,902
75.069
75,233
75,393
75,549
75.702
75,852
75,998
76,142
76,282

8.900
8.902
8.903
8.905
8.906
8.908
8.909
8.910
8.911
8.913
8.915
8.915
8.916
8.916
8,915
8.913
8.910
8.907
8.902
8.896
8,889
8.881
8,871
8.860
8.847
8,833
8.817
8.800
8.781
8.760
8.738
8.715
8.689
8.663
8,635
8,606
8.575
8,544
8.511
8.477
8.443
8.407
8,371
8,334

17802.7
18247.7
18692.8
19138.0
19583.3
20028.7
20474.1
20919.6
21365.1
22256.4
23147.8
24039.3
24930.8
25822.4
26713.9
27605.3
28496.5
29387.3
30277.7
31167.7
32056.9
32945.4
33833.0
34719.6
35605.0
36489.0
37371.5
38252.3
39131.4
40008.4
40883.4
41756.0
42626.2
43493. <5

44358.8
45220.8
46079.9
46935.9
47788.7
48638.1
49484.1
50326.6
51165.5
52000.8

59.572
59.748
59.920
60.090
60.256
60.420
60.580
60.738
60.893
61.196
61.489
61.773
62,048
62,315
62,575
62.827
63.072
63.311
63.544
63.771
63.992
64.208
64.419
64.625
64.826
65.023
65,216
65, 404
65.589
65.770
65.947
66.121
66.291
66.458
66.622
66. 783
66.941
67.096
67.248
67.398
67.545
67.689
67,831
67.971

This table vas computed for the ground electronic state (assumed to be 7t but

vith no doublet separation) for the harmonic oscillator-rigid rotator approxima-
tion using a molecular weight of 22,93840 and the following molecular constants
(in cm“^) : Ug = 745^ Bg = 1,3300, Dq (dissociation energy) = 28,000.

The table is in units of calories, moles, and °K, and for the ideal gas
at a standard state of 1 atm. pressure.
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APPENDIX II

FUNDAMENTAL CONSTANTS FOR PHYSICAL CHEMISTRY

(Based upon values accepted by the International Union of Pure and Applied
Physics and the International Union of Pure and Applied Chemistry, and
recommended by the National Academy of Sciences-National Research Council,
See the report by J. W, M, DuMond and E. R. Cohen, presented at the Second
International Conference on Nuclidic Masses and Atomic Constants in Vienna
in July, 1963.)

A. "Defined" Constants

Absolute temperature of

the triple point of water
T(triple point) 273.16®K

Standard acceleration
of gravity

®n
980,665 cm sec

*

Standard atmosphere atm 1,013,250 d3mes cm
^

Thermochemical calorie cal 4.184 joules

International Steam calorie ITcal 4.1868 joules

British Thermal Unit BTU/lb (1/1.8) ITcal g"^

Inch in 2,54 cm

Pound (avoirdupois

)

lb 453.59237 g

Atomic mass unit u Exactly 1/12 the mass of an atom
of carbon - 12 (^®C)

Mole mol The amount of substance contain-
ing a number of units, atoms
or molecules as appropriate
for the substance, equal to

the number of atoms of carbon
- 12 (l^c) exactly 12 grams

of pure carbon - 12 (la^).

B. "Basic" Constants

(2.997925±0.00003)
X 10^° cm sec"^

(6,02252±0.00028)
X 10*® molecules mole ^

96487. 0±1.

6

coulombs equivalent

(6.625610.0005)
X 10"®’' erg sec

Velocity of light

Avogadro number N

Faraday constant

Planck constant

r
h
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APPENDIX II (continued)

Pressure-volume product
of one mole of gas at zero
pressure and 273.15°K(0®C)

Gas constant per mole

22413. 6±1. 2 cm? atm mole
2271.06±0. 12’^ joules mole
542.796±0.029* cal mole"i

C. ''Derived'' constants

R —

T

8.31433±0.00044*
joules deg"^ mole"^

1.987 17 ±0.00011*
o°c cal deg“l mole”^

82.0561±0.0043
cm® atm deg“^ mole”^

Boltzmann constant k = R/N (1.38054 ±0.00011)*
X 10"^® erg deg“i molecule

Second radiation constant Cg = hc/k 1.43879±0. 00015 cm deg

Constant relating mass
and energy

II (8. 987554±0. 000018)
X 10^® joules g”^

Constant relating wave
number and energy

Z = Nhc 11.9626±0.0011 joule cm mole"
2.85912±0,00026 cal cm mole"^

Constant relating
electron-volts per mole-
cule (eV) and energy

'F/Z 8065.73±0.23 cm"l (eV)"l

23060. 9±0. 4 cal mole“l (eV)"^

The uncertainties assigned to these quantities are somewhat less than
those given in the original report.
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APPENDIX III

SEI^CTED THERMOCHEMICAL VALUES

William H. Evans

The following tables represent a preliminary selection from the

data prepared for the forthcoming revision of NBS Circular 500, Selected
Values of Chemical Thermodynamic Properties. As this work Is still Id
progress, these values are subject to change. It should especially be
noted that these tables are not consistent with the earlier tables in
Circular 500; care should be used if data from several sources -are to
be combined.

These preliminary tables are presented here both to make available
newer data for compounds of Interest and In the hope that errors may be
detected and thus corrected before the final version appears.
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’’Selected Thermochemical Values"

Substance State AHf» AHf° S°

0“K 298 .15°K

kcal/mole
1

kcal/mole cal/deg mole

0 g 58.983 59,555 55.388 38.467 5.237

0^
g 373.010 375,070

o’ g 25,20 26.68

O
2

g 0 0 0 48.996 ".016

std state, m = 1 aq -2,8 3.9 26.5

g 280.0 281.48

03 g 34.74 34,1 39.0 57.08 9.37

H g 51.626 52.095 48,580 27.391 4.9679

D g 52.324 52.981 49.360 29.455 4.9679

g 365.211 367.161

std state, m = 1 aq 0 0 0 0

h’ g 34.40 33.38

g 0 0 0 31.208 6.889

g 0 0 0 34.620 6.978

HD g 0.079 0.076 -0,350 34.343 6.978

«2 aq -1.0 4.2 13.8
+

«2 g 355.74 357.22

OH g 9.25 9.31 8,18 43.890 7.143

OD g 8.72 8.81 7.76 45,321 7,140

oh’ g -55.7 -57.2

OH std state, m = 1 aq -54,970 -37.594 -2,57 -35.5

H02 g 6. 5,

H02-*- g 272.. 271.

HO
2

std state, m = 1 aq -38.32 -16.1 5.7

H
2
O 1 -68.315 -56.688 16.71 17.995

1 -70.411 -58,196 18.15 20.16

HDO 1 -69.285 -57.818 18.95

H
2
O g -57.102 -57.7916 -54.635 45.104 8.025

D
2
O g -58.855 -59.560 -56.060 47.378 8.19

HDO g -57,927 -58.628 -55.720 47.658 8.08

H20‘‘‘ ^ g 233.5 234.2

H2O2 1 -44,88 -28.78 26.2 21.3

g -31.07 -32.58 -25.25 55.6 10.3

std state, m = 1 aq -45,69 -32.05 ^.4
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Substance State AHfa S° 0 0

0"K 298, 15 °K

kcal/mole kc.al/mole cal/deg mole

0.5 H
2
O aq -45.198

1 H
2
O aq -45,365

5 H
2
O aq -45.638

10 H
2
O aq -45.670

50 H
2
O aq -45,687

H20+ g 220 0 7 220,7

F 8 18o38 18,88 14,72 37,917 5.436

F-^ 8 420.16 422,14

f' 8 -63.6 -65,1

std state, m = 1 aq -79.50 -66 , 64 -3.3 -25,5

8 0 0 0 48.44 7.48

8 365,1 366.6

FO 8 54, 54,

F
2
O 8 -5.7 -5,2 -1,1 59.11 10,35

^2°2 8 4.3

"2°3 8 38

HF 1 -71.65 18.02-l-X 12.35

8 -64.788 -64.8 -65,3 41.50 6.95
std state, m = 1

undissociated aq -76.50 -70,95 21,2

std state, m = 1

dissociated aq -79.50 -66.64 - 3,3 -25,5

2 H
2
O aq •75,79

3 H
2
O aq -75,98

5 H2O aq -76.165

10 H
2
O aq -76,235

25 H
2
O aq -76,292

50 H
2
O aq 76.316

100 H2O aq
1

-76o340

200 H
2
O aq

1

-76.358

300 H
2
O aq j

-76.374

500 H
2
O aq -76.423

700 H
2
O aq -76,463

1000 H
2
O aq 76,531

2000 H2O aq 1-76,80

3000 H2O aq -76.95

5000 H
2
O aq |-77,14

10000 H
2
O aq -77,25
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Substance State AHfJ Z^Gf° S° Cp°

0 °K 298 15 °K

kcal/mole kcal/mole cal/deg mole

HF^ std state^ m = 1 aq -155.34 -138,18 22,1

XeF,
4

c -62.5

Cl 8 28.68 29.082 25.262 39.457 5,22

Cl'*’ 8 328.86 330.74

Cl" 8 -57,9 -58,9

std state, m = 1 aq -39.952 -31.372 13.5 -32.6

CI
2

8 0 0 0 53.29 8.10
std state, m = 1 aq -5.6 1,65 29.

CCl, ,
std state.

N
2
^= 1 -4.44 1.09 34.7

8 264.8 266.3

CIO 8 24,36 24.34 23.46 54 , 14 7.52

CIO std state, m = 1 aq -25.6 -8,8 10 ,

CIO
2

8 25.09 24,5 28,8 61.36 10.03
std state, m = 1 aq 17,9 28.1 41.4

ClO^’std state, m = 1 aq -15.9 4,1 24.2

CIO^ 8 37,

ClO^'std state, m = 1 aq -23.7 -0.8 38.8

CIO^ std state, m = 1 aq -30.9 -2.06 43,5

Cl 0 8 19.71 19,2 23.4 63.60 LO,85
CCl,

,
std state.

N
2

= 1 12,62 22.98 43,0

CI
2
O
7

8 65.0

1 56.9

HCl 8 -22.016 -22.062 -22.744 44.64 6.95
std state, m = 1 aq -39.952 -31.372 13.5 -32.6

2 H^O aq -33.69

3 H
2
O aq -35.49

4 H
2
O aq -36.548

5 H
2
O aq -37.231

8 H
2
O aq -38.242

iO H
2
O aq -38.556

15 H
2
O aq -38.964

25 H
2
O aq -39.278

50 H2O aq -39,521

100 H
2
O aq -39.657

500 H
2
O aq -39,812

1000 H
2
O aq -39.850
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Substance State AHf
5

S* C
0

i
0 “K 298 .15*K

kcal/mole kcal/mole cal /deg mole

HCl 5000 H
2
O aq -39.905

10000 H^O aq -39.918

50000 H
2
O aq -39.936

CCl, , std state.

N2 = 1 -24.7 -20,3 25.2

CHCl,, std state.

n/=1 -25.1 -20.5 24.6

HCIO std state, m = 1

undissociated aq -28.9 -19.1 35.

10 H
2
O aq -28.62

100 H
2
O aq -28.90

200 H
2
O aq -28.92

1000 H
2
O aq -28.93

HCIO
2

std state, m = 1

undissociated -12.4 6.8 45.0

HCIO^ std state, m = 1 aq -23.7 -0.8 38.8

HCIO^ 1 -9.70
std state, m = 1 aq -30.91 -2.06 43.5

HC 10^.H20 c -91.35

HC 10^- 2H20 1 -162.04

GIF g -11.9 -11.92 -12.28 52.06 7.66

CIF^ S -37.0 -38.0 -28.4 67,28 15.26

1 -44.3

(C1F3)2 g -79.9 -54.7 114,

CIO
3
F g -3.6 -5.7 11.5 66.65 L5.52

C 1F3 *HF g -107.5 -90.8 83.

Br g 26.740 23.018 41.805 4.968

Br'*’ g 301.41

Br‘ g -55,9
std state, m = 1 aq -29.05 -24.85 19.7 -33.9

Br
2
(l) 1 0 0 36.384 18.090

g 7.387 0.749 58.65 8.62

std state, m = 1 aq -0.62 0.94 31.2

CCl^, std state.
= 1 0,71 0.36 37.6

.
2

Br
2 1 g 253,5

Br^ std state, m = 1

1

aq -31.17 -25.59 51,5

Br^ std state, m = 1

j

aq -34,0 -24,8 75.7
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Substance State ^6
—

S° n 0

'P

0“K
!

'

298 .15“K

kcal/mole l kcal/mole cal/deg mole

BrO std state, m = 1 aq ’-22.5 - 8.0 10 .

BrO^ 8 :-13„4

BrO^ std state, m = 1 aq
1

- 20.0 +0.4 39.0

HBr 8 [-8.70 -12.77 47.437 6.964
std state, m = 1 aq -29.05 -24.84 19.7 -33.9

1 H
2
O aq -17.38

2 H
2
O aq -22.40

3 H
2
O aq -24.68

4 H
2
O aq -25.961

5 H2O aq -26.706

8 H
2
O aq -27.649

10 H2O aq -27.953

15 H
2
O aq -28.307

25 H
2
O aq -28.540

50- H2O aq -28.719

100 H
2
O aq -28.815

500 H
2
O aq -28.926

1000 H
2
O aq -28.958

5000 H
2
O aq -29.006

10000 H
2
O aq -29.019

50000 H2O aq -29.037

CCI4 ,
std state.

N2 = 1 -11.9 -10.9 30.4

CHClo, std state.
N
2

= 1 - 12.0 - 11.0 30.4

HBrO std state, m = 1

undissociated aq -27.0 -19.7 34.

HBrO^ std state, m = 1 aq - 20.0 +0.4 39.0

400 H
2
O aq -19.94

BrFa 1 -71.9 -57.5 42.6 29.78

8 -61.09 -54.83 69.89 15.92

BrF^ 1 -109.6 •
00 53.8

8 -102.5 -83.8 76.50 23.81

BrCl 8 3.50

CCI
4

-1.547

I 8 25.631 25.535 16.798 43.184 4.968

g 266.77 268.16
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Substance State ^0 AHf °
s® c •

P

0*K 298..15*K

kcal/mole kcal/mole cal/deg mole

l” g -45.4 -47.0

std state, m = 1 aq -13.19 -12.33 26.6 -34.0

c 0 0 0 27.757 1^10

g 15.659 14.923 4.627 62.28
Std state, m = 1

CCl/, std state,

N2 = 1

aq 5.4 3.92 32.8

6.0 2.66 39.0

C^H,, std state.
= 1 4.3 1.7 36.5

std state, m = 1 aq -12.3 -12.3 57.2

10 std state, m = 1 aq -25.7 -9,2 -1.3

10 . std state, m = 1 aq

aq

-52.9

-35.2

-30.6 28.3

^2°5 c -37.78

HI g 6.33 0.51 49.351 6^69
std state, m = 1 aq -13,19 -12.33 26.6 -34.0

3 H^O
.
aq -8.56

4 H
2
O aq -10.23

5 H^O aq -11.09

6 H
2
O aq -11.56

8 H
2
O aq -12.075

10 H^O aq -12.335

25 H^O aq -12.854

50 H
2
O aq -12.956

100 H
2
O aq -13.014

500 H
2
O aq -13.082

1000 H
2
O aq -13.106

5000 H
2
O aq -13.149

10000 H2O aq -13.161

50000 H2O aq -13.178

HIO std state, m = 1,

undissociated aq -33.0 -23.7 22.8

HIO
3

c -55.0

std state, m = 1
•

undlssoclated aq -50.5 -31.7 39.9

100 H
2
O aq -51.7

800 H
2
O aq -52.2
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Substance State AHfJ AHf° S° C
0

0 "K 298. 15°K

kcal/mole kcal/mole cal/deg mole

1 -206.7

g -194.29 -196.58 -179.68 78.3 23.7

g -227.4 -225.6 -195.6 82.8 32.6

ICl a c -8.4

1 -5.71 -3.25 32.3

g 4.25 -1.30 59.15
std state, m = 1 aq -4.1

CCl, , std state
-3.3 - 2.1 36.5

ICI
3

c -21 . -5.34 40.0

IBr c -2.5

g 9.76 0.89 61.84
std state, m = 1 aq - 1.0

CCl ,

,

std state.
lo62 -0.4 39.

S rhombic c 0 0 0 7.60 5.41

monoclinic 0.08

g 66.1 66.636 56.949 40.094 5.658

6CS 2 0.405

g 304.95 306.97

s' g 18.36 -17.42

S std state, m = 1 aq 7.9 20.5 -3,5

^2 g 30.65 30.68

g 31.7

S4 g 32,7

=5 g 29.6

^6 g 24.5

=7 g 27.1

^8 g 25.35 24.45 11.87 102.98 57.39

SO g 1.5

SO
2

1 -76.6

g -70.336 -70.944 -71,749 59.30 9.53
std state, m = 1

undissociated aq -77.194 • '1.872 38.7

100 H
2
O aq -78.054

200 H
2
O aq -78.355

500 H
2
O aq -78,811
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Substance State ^5 ' Nif° 4Gf ° S° C
0

2
0°K 298.15“K

kcal/mole kcal/mole cal/deg mole

SO^ 1000 H
2
O aq -79.201

2000 H
2
O aq -79.642

5000 H
2
O aq -80.209

10000 H
2
O aq -80.584

SO
3

3 c -108.63 -88.19 12.5

1 -105.41 -88.04 22.85

g -93,21 -94.58 -88.69 61.34 12.11

SO
3

std state, m = 1 aq -151,9 -116.3 -7.

SO, std state, m = 1 aq -217,32 -177.97 4.8 -70.

aq -155,9

S20g
std state, in ?= aq -320.0 -265.4 59.3

HS std state, m = 1 aq -4,2 - 2.88 15.0

H26
std state, m = 1

g -4,381 -4,93 - 8.02 49.16 8.18

undissociated aq -9.5 - 6 . 66 29.

HSO
3

std state, m = 1

undissociated aq -149,67 -126.15 33.4

HSO^ std state, ra = 1

undissociated aq -212.08 -180.69 31 .5 - 20 .

H
2
SO

3
std state, m = 1

undissQciated aq -145 51 -128.56 55.5

H
2
SO

3
100 H

2
O aq -146.369

200 H
2
O aq -146.670

500 H
2
O aq -147.126

1000 H
2
O aq -147.516

2000 H2O aq -147.957

5000 H
2
O aq - 148.524

10000 H
2
O aq - 148.899

c -194.019

1 - 194 . 548 -164.942 37.501 J j

.

20

stJ state, n = 1 aq -217.32 -177,97 4.8 -70.

1 H^O aq -20L193

2 aq -204.425

3 H
2
O aq -2Q5.24],

4 H
2
O aq -207.428

5 H
2
O aq -208.288
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Substance State AHf° AHf °
z5Gf«> s° c °

P
0°K 298.15°K

kcal/mole kcal/mole cal/deg mole

li^SO. c
2 4 2

aq -208.944

8 H^O aq -209.865

in aq '210.451

IS H^O aq '211.191

25 H^O aq -211.660

50 H^O aq -211.941

75 H^O aq -212.068

100 H^O aq -212.150

115 H^O aq -212.192

200 H
2
O aq -212.387

300 H^O aq -212.565

500 H^O aq -212.833

800 H^O aq -213.128

1000 H^O aq -213.275

1500 H2 O aq -213.552

2000 U^O aq -213.740

,3000 H2 O aq -214.015

5000 K,0 aq -214.390

iOOOO H^O aq -215.060

20000 ri^O aq -215.880

3 0000 H^O aq -216 J45

100000 H^O aq -216,875

500000 H
2
O aq -217.189

H^SO^.H^O 1 -269.508 -227. 186 50,56 51.35

c -304.4 27.

std state, m=l aq -320.0 -265A 59.3

SF, g -183.4 -185.2 -174,8 69.77 17.45
H-

g -285.7 -289. -264,1 69.72 23.25

SOF^ g 59.71 13.58

SO
2
F
2

g 61.00 15.78

S2CI2 1 -14.2

g -4.18 -4.4 -7.6 79.2 17.6

SOCl^ 1 -58.7 29.

g -50.07 -50.8 -47.4 74.0 15.9
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Substance State ‘^O S" Cp“

0®K 298, 15“K

kcal/mole kcali^mole cal/deg mole

S0^Cl2 1 -94.2 32.

g -87.0

1 -168.7 56.

g -153.2

SF^Cl g -247.48 -250.5 -226.9 76.26 24.9

Se hexagonal, black c 0 0 0 10.144 6.062

monoclinic, red c 1.6

amorphous., glassy am 1.2

g 34.9

g 48.7

SeO^ c -53.86

aq - 57.97

Se03 c -39.9

SeO^ std state, m =
'

aq -121.7 -88.4 3.

SeO^ std state, m=l aq -143.2 -105.5 12.9

HSe std state, m = 1

undissociated aq 3.8 10.5 19.

H Se

std state, al = 1

g 8.05 7.1 3.8 52.32 8.30

undissociated aq 4.6 5.3 39.1

HSeO^ std state, m = 1

undissociated aq -127.98 -98.36 33.1

HSeO^ std state, m = 1

undissociated aq -139.0 -108.1 35.7

HzSeO
std state, m = 1

c -125.35

undissoc iated aq -121.29 -101.87 49.7

aq -121.34

HaSeO^ c -126.7

1200 H
2
O aq -140.3

HzSeO^-H^O c -200.9

1 -196.1

g -243.1 -246. -222. 74.99 26.4

Se2Cl2 1 -19.7

g 4.

Te c 0 0 0 11.88 6.15

amorph 2.7
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Substance State AHfg AHf° 4Gf° S“ C
( 0

0®K 298. 15 °K

kcal/mole kcal/mole cal /deg mole

g 40.7 40.2

1

TeO^ c -77. -64.6 19.0

leOj aq -142.6

H^Te g 23.8

TeCOH)^ std state, m=l

aq

aq

-76.2

-145.4 -118.6 26.7

H, TeO,'"
4 6i

H_TeO,
D D

aq

aq

-292.1

-301.5

H^TeO,
6 6

c -310.4

aq -307.

TeFg g -315.

TeCl,
4

c -78.0 33.1

TeBr,
4

c -45.5

N g 112.534 112.979 108.883 36.622 4.968

g 447.663 449.589

"3

g

g

0

389.

0

390.2

0 45.77 6.961

^
3

’

std state, m = 1

g
aq

45. 43.2
65.76 83.2 25.8

NO g 21.45 21.57 20.69 50.35

no'*’ g 234.8 236.4

NO

N02'^

g

g

8.60

276.6

7.93

277.4

12.26 57.35 8.89

NO
2

std state, m = 1 aq -25.0 -8.9 33.5 -23.3

NO^ std state, m = 1 aq -49.56 -26.61 35.0 -20.7

N2O g 20.435 19.61 24.90 52.52 9.19

"2°3 1 12.02

g 21.628 20.01 33.32 74.61 15.68

«2°4 1 -4.66 23.29 50.0 34.1

g 4.49 2.19 23.38 72.70 18.47

N2O5 c -10.3 27.2 42.6 34.2

g 5.7 2.7 27.5 85.0 20.2

NH g 79. 80.

NH2 g 41.
f

NH3 g -9.34 -11.07 -3.94 45.97 8.38
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Substance State AHfa S“ 1 0

'P
0“K 298. £5“K

kcal/mole kcal/mole cal/deg mole

NH3 std state, m = 1

undissociated aq -19.19 -6.35 26.6

1 H
2
O aq -18.011

2 H^O aq -18,560

5 H^O aq -18,945

10 H
2
O aq -19.074

20 H
2
O aq -19.125

50 H
2
O aq -19.156

100 H^O aq -19.167

500 H
2
O aq -19.173

1000 H
2
O aq -19.171

5000 H
2
O aq -19.154

10000 H
2
O aq -19.140

50000 H-0 aq -19.086
+ ^

NH^ std state, m = 1 aq -31,67 -18.97 27,1 19.1

N
2
H
4

1 12.10 35.67 28.97 23.63

g 26.18 22.80 38.07 56.97 11.85
std state, m = 1

undissociated aq 8.20 30,6 33.

N
2
H^^std state, m = 1 aq - 1.8 19,7 36. 11,8

HN3 1 63.1 78.2 33.6

g 71.82 70,3 78.4 57.09 10.44
std state, m = 1

undissociated aq 62.16 76.9 34.9

HN 3

'’'

g 309. 308.8

NH N c 27.6 65.5 26.9
' std state, m = 1 aq 34.1 64.3 52.7

HN02 (cis) g -17.12 -18.64 -10.27 59.43 10.70

(trans) g -17.68 -19.15 -10.82 59.54 11.01

(cis-trans mixture g -19.0 - 11.0 60,7 10.9

std state, m = 1

undissociated aq -28.5 -13.3 36.5

HNO^ 1 -41.61 -19.31 37.19 26.26

g -29.94 -32.28 -17.87 63.64 12.75

std state, m = 1 aq -49.56 -26.61 35.0 20.7

1 H
2
O aq -44.845

2 H
2
O aq -46.500

f

3 H2O aq -47.459

,
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Substance State ^0 AHf“ S'- Cp°

0°K 298 .15“K

kcal/mole kcal/mola cal/deg mole

HNO^ 5 H^O aq -48.462

—
1

10 H^O aq -49.192

25 H
2
O aq -49.430

50 H^O aq -49.439

100 H^O aq -49.440

500 H^O aq -49.468

1000 H^O aq -49.484

5000 H^O aq -49.518

10000 H^O aq -49.529

50000 H^O aq -49,545

NH^OH c ' -27.3

aq I -23.5

NH20H2'^ aq
1

-32.8
!

NH^OH 1
i

-86.33 -60.74 39.57 37.02
std state, m = 1 (

L
undissociated aq

j

-87,505 -63.04 43.3

std state, m = 1
i

1

;i

ionized aq ! -86.64 -56.56 24.5 16.4

NH^NO c -61.3
std state, m = 1 aq -56.7 -27.9 60.6 -4.2

NH,NO c,V c -87,38 -43.98 36.11 33.3
std state, m = 1 aq -81.23 -45.58 62.1 -1.6

3 H
2
O aq -83.485

5 H
2
O aq -83.050

i

10 H
2
O aq -82.470 i

25 H
2
O

I

aq -81.866

50 H
2
O aq -81.538

100 H
2
O aq -81,318 i

500 H
2
O aq '-81.183

1

1000 H
2
O aq -81.177

5000 H
2
O aq ?-81.194

10000 H
2
O aq i-81.202

j

NH20H-HN02 c 1 00
• 0

1

1

aq -82.4
i

]

N
2
H^0H 1 -58.01

8 i -49.0 -18.9 63.
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Substance State ^6
—
AHf Z^Gf" S» Cp«

0°K 298.15“K
•

kcal/mole kcal/mole cal/deg mole

N^HOH std state,m=l
\ f

t

undissociated aq -60.11 -26.1 49.7 17.5

N,H,NO„ c -60.13
^std state, m = 1 aq -51.41 -6.91 71.

NF^ g 9.68 10.3 13.9 59.71 9.80

NF g -28.43 -29.8 - 20.0 62.29 12.7

^2^2 (cis) ("active") g 16.6

(trans) g 19.6

N F
2 4 g 0.88 -1.7 19.4 71.96 18.9

NOF g -15.33 -15.9 - 12.2 59.27 9.88

NO^F g 62.2 11.9

NF^H g 60.40 10.37

NH,F c -107.41 -110.89 -83.36 17.20 15.60
std state, m = 1 aq -111.17 -85.61 23.8 -6.4

NH, F*H„0
4 z

c -34.92 37.22

NH, HF- c -187.94 -191.9 -155.6 27.61 25.50
std state, m = 1 aq -187.01 -157.15 49.2

4.54 H
2
O aq -186.8

NCi^ 1 55.

NOCl g 12.82 12.36 15.78 62.52 10.68

NO
2
CI g 4.29 3.0 13.0 65.02 12.71

NOCIO,
4

c -36.9

N02C 10^
c 8.7

Nn,ci c -75.15 -48.51 22.6 20.1

std state, m = 1 aq -71.62 -50.34 40.6 ‘ -13.5

10 H
2
O aq -71.567

1

50 H
2
O aq -71.484

100 H^O aq *-71.487

500 H
2
O aq i-71.528 ’

1000 H
2
O aq i-71.547

5000 H
2
O aq -71.580

10000 H
2
O aq -71,591

N-H^Cl c |-47.0
std state, m = 1 aq i-41.8 -11.7 49.5 -15.8

N H Cl-HCl c ;-87.8

NH^OH'HCl c '-75.9 22.2

aq -72,6
1
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Subfetance State AHfg AHf° Z3Sf
° S" (

0

”P

0"'K 298,15 ‘'K

kcal/mole kcal/mole cal/deg mole

NH CIO,

^std state, m = 1

c

aq

-70,58
-62,58

-21,25
-21.03

44.5
70.6

N^HsClO^
std state, tn = 1

c

aq

-42,2
-32,7 17,6 79,7

N„H_C10 •1/2H-0
2 5 4 2

c -78,18

NOBr g 19o64 19,70 65,38 10,87

NH^Br
^std state, m = 1

c

aq

-64,73
-60,72

-41.9
-43,69

27.

46,8
23.
-14.8

N
2
H
5
Br

std state, m = 1

c

aq
-37,2
-30,8 -5,2 55,7 -17.1

NH4I
std state, m = 1

c

aq

-48 , 14

-44,86
-26,9
-31.30

28,

53,7 -14.9

NH NI "nitrogen
triiodide" c 36,9

NH,HS
4

c -37,5 - 12,1 23,3

200 H20 aq -34,8

H^NSO^H c

aq

-161,3

-156,3

NH, HSO^
4 3

c -183,7

300 H
2
O aq -181,3

NH^HSO^ c -245.45

200 H2O aq -245,65

NH20H*H2S0^ aq -246,7

(NH4>2S03 c - 211,6

400 H
2
.O aq - 211,0

(NH^) 28030 H2
O c -283,8

(NB4) so,^

std state, m = 1

c

aq

-282,23
-280,66

-215,56
-215,77

52.6
58.6

44,81
-31.8

10 H
2
O aq -280,72

50 H
2
O aq -280.51

100 H
2
O aq -280,407

1

500 H
2
O aq -280,242

1000 H
2
O aq -280,217

(NH20H) 2
*H

2S
0
^

aq -281,3

<™4>2=208 c -392,5

aq -383,

3

1
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Substance State AHfJ cbt* a* Cp

0 ®K 298^15 *K

kcal/mole kcal/mole 1 cal/deg mole

(NjH ) so
Bta state, m = 1

c -229.2 i

aq -221.0 .-138.6 77. -36

c -291.3

NSF g 62.07 10.55

NSF
3 g 68.48 .17.18

NH.HSe
4

c -31.18 -5.6 23.1

NH, Te
4

c 0.3

P, O', III, white c 0 0 0 9.82 5.698

red, trlcllnlc c -3.78 -4.

2

-2.9 5.45 5.07

black c -9.4

red amorph -1.8
I

g
1 38.978 4.968

In CS
2

0.5

^2 g 34.5

g 15.83 14.08 .5.85 66.89 16.05

P03
-

aq -233.5

PO^ , std state, m=l aq -305.9 -244.0 -53.

P-0_ , Btd state11 1m = 1 aq -542.8 -459.8 -25.

c -392.0

P^Oj^Q hexagonal c -705.82 -713.2 -644.8 54.70 50.60

amorph
1
-727.

PH
3 g 3.20 1.3 3.2 50.22 8.87

std state, m = 1 aq -2.16 0.35 48.2

< g 243, 242.8

^2«4 1 -1.2

g 5.0

HPO
3

c -226.7

aq -233.5

HPO
3

--
aq -229.4

HPO^ std state, m = 1 aq -309.37 -260.91 -8.0
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Substance State

i

2sHfJ AHf* ZCf* £;• Cp*

0*K 298.15^
i

kcal/mole kcal/mole cal/deg mole

HoPOo”
2 3

aq '-229.5

H^PO^ Btd state
^ m = 1 aq -310.88 -270.73 21.6

{

3 2
c -144.5

f

200 H^O aq -144.4

V°3 c -228.3

aq -228.4

V°4 c -301.293 -305.7 -267.5 26.41
I

25.35

1 -302.8

std state
^ m = 1 aq -307.92 -273.10 37.8

j

1 H^O aq -304.69
i

1.5 H^O aq -305.26
i

2 H^O aq -305.60
\

\

3 H
2
O aq -306.23

\

\

4 H^O aq -306.60 ; i

5 H
2
O aq -306.87 ;

!
1

7 H^O aq -307.20 ^
t

10 H^O aq -307.48 ]

20 H^O aq -307.831
\

50 H
2
O aq -308.067

i

100 H^O aq -308.176 i

200 H^O aq
j

-308.276 i

500 H2O aq -308.403
I

)

1000 H^O aq -308.532 i

2000 H
2
O aq -308.696

3000 H^O aq ' -308.818

5000 H-0 aq -308.982

10000 H^o aq -309.197
!

!

H
3
P0^. 1/2 H^O c -336.899

1

-342.1 -296.9 30.87 20.12

HP^O^ Std state^ m=l aq
<

-543.7 -472.5
1

H
2
P20^“’std stata^ m=l aq

,

;

\

1

-544.6 -481.6

i

42
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Subitiince State AHfJ • AHf*

0*K
'

Cp*

298.15*K

kcal/mole kcal/mole i cal/deg mole

atd state, m =1 aq -544.1 -484.7
1

i
54

4 2 7
c -535.6

supercooled 1 -533.4

std state, m = 1 aq -542.2 -486.8 68

500 H
2
O aq -543.0

c -640.9 '

1 -637.3

PF
3

g -216.05 -217.4 -212.3 65.28 14.03

PF
5

g -381.4

P0F
3

g -285.19 -287.3 -275.7 68.11 16.41

PCI
3

1 -74.25 -62.9 51.7
i

g -65.65 -66.4 -61.8 74.49
1
17.17

PCl
3

-^

g 182. 183. 1

PCl^ c -106.0

g -86.03 -87.3 -70.7 87.11 26.96

POC 13 c -145.81

1 ; -142.7 -124.5 53.17 33.17

g -133.48 -122.60 77.76

PH, Cl
4

c -34.7

P(0H)^C10^ c -325.3

PBr
3 1

1
1

;

-41.9 -39.8 57.4

i

1 g -31.1 -36.7 83.17 18.16

POBr^
i

!

c

g
;

-109.6
1

85.97
1

21.48

PH, Br
4

1

c -30.5 -11.4 i 26.3

PI
3

c -10.9 ! 1
/

g ! 89.45 18.73

PH, I
4

c J -16.7 0.2
i

29.4 26.2

c -19.2
j

i

PSClj g (

t

80.47 ' 21.39

PSBr^ c i

1 1

1

i 55.2

g f

t

89.07 . 22.69
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Substance State

\

^0
0*K

S® Cp®

298.15°K

kcal/mole kcal/mole cal/deg mole

PN g : 50.437
j

l/n(PN)
n

c -15

Vs c -71.4 ' 36.

c -345.94 -289.89 36.32 34.00

std state^ m = 1 aq -342.05 -289.70 48.7
*

15 H2O aq -342.157

50 H2O aq -342.113

100 H^O aq -342.088

500 H^O aq -342.059

1000 H^O aq -342.055

« V aq -342.05
\

<««4>2®°4 c -374.50 i 45.

Std state, m = 1 iiq -372.71 -298.85 ' 46.2

15 H^O aq -370.40

50 H2O aq -370.85

100 H^O aq -371.22

500 H^O aq i

i

-371.4

1000 H^O aq -371.44

c '

i

-399.6

600 H^O aq
i

1 -391.3
f

(NH^)^P0^-3H20 c
!

-610.8
i

1

1

!

c
1

g I

169.98
)

171.291 160.442 ^ 37.760 4.980
^

1diamond c
1

0.5797 0.4533 0.6930 -568 1.4615
.

I

grapuiice
1

c ' 0 0 0 ' 1.372 2.038

CO g

.

-27.200
1

-26.416 -32.780 ^ 42.214 6.965

CO2 g i -93.964 -94.051 -94.261 51.072 8.874

std state, m = 1
1

undissociated aq ;

1

-98.85 -92.26 28.3

CO^ std state, m = 1 aq \ -161.79 -126.17 -13.4

HCOg std state, m = 1

undissociated aq
1

-165.34 ! -140.26 22.0

H
2
CO

3
std state, m = 1

1

> 1

1

1

undissociated aq
;

( -167.17 -148.94 45.0

I
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Substance State AHfJ AHf* S*

0*K 298. 15 •K

kcal/mole kcal/mole cal/deg mole

Ag
+

Ag std state^ m = 1

c

aq

0 0

25.234

jo

'18.433

10.20

17.40

6.10

Ag20 c -7.42 -2.68 29.0

AgCl C -30.370 -26.244 23.0

PbCl- c -85.9 -75.05 32.5
+ ^

Na std state ^ m = 1 aq -57.39 -62.593 14.1 11.1

NaOH std state ^ m = 1 aq -112.36 -100.189 11.5 -24.4

std state^ m = 1 aq -60.32 -67.70 24.5 5.2

KOH std state ^ m = 1 aq -115.29 -105.30 21.9 -30.3

KCIO^
f

c -93.89 34.17

std state^ m == 1 aq -84.0 -68.5 63.3

KCIO,
4

c -103.43 36.1 26.34

std state, m = 1 aq -91.23 -69.76 68.0



APPENDIX IV

PRELIMINARY LIST OF IONIZATION POTENTIAI5 OR
ELECTRON AFFINITIES OF LIGHT ELEMENT COMPOUNDS

Charles W. Beckett

Ionization potentials and electron affinities of a large
number of substances are needed for thermodynamic calculations
at temperatures from 2000 to 6000®K and higher and involving a

fairly large number of elements. Recent reports by Kiser [l]

include compilations of the large number of values that are
needed. However, these reports do not give selected ’TDest"

values that would be most helpful to those who are concerned
with thermodynamic calculations.

The table No. 1 below lists ionization potentials and elec-

tron affinities for a fairly large group of substances that are
likely to occur in at least small amounts in complex mixtures at

high temperatures. The first ionization potentials of monatomic
gaseous species were obtained in a private communication from Dr.

Charlotte M. Bitterly [2]. Majay of these values are changed only
slightly from values reported in her publications [J>]. In most
cases slight changes were due to a change in the physical con-
stants used in conversion of reciprocal wave length to electron
volts. The new conversion factor is 0.000123981 e.v,/cm“^. In

a few cases more accurate ionization potentials have become
avallablej however, the changes are small as compared to the
errors in the ionization potentials of most other substances.

The ionization potentials and dissociation energies of a
niomber of diatomic molecules have been reviewed critically by
P. G. Wilkinson [^]. His values have been adopted for many of
the diatomic molecules listed in the table below.

Spectroscopic and photolonlzatlon determination of the
ionization potentials of a n\amber of polyatomic molecules have
been compiled by W. C. Price [5] iu a recent issue of the
Handbuch der Riysik . The ionization potentials of some of the
polyatomic molecules given in the table below were taken from
this review. In other cases values for polyatomic molecules
were obtained by a selection from those listed in the compilation
of Kiser [l], with first preference being given to values obtained
by photoionization or spectroscopic methods when these data are
available. The second preference was electron impact data which
are in general less precise and more discordant.
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In some cases values for the ionization potentials were ob-
tained from recent literature. The ionization potential of HO^
and H2O2 were reported by S. N. Foner and R. L. Hudson [6 ]

.

Verhaegen, Stafford and Drowart [7] have reported ionization
potentials for molecules containing boron, carbon, and silicon.
Berkowitz and Chupka [8 ] and Berkowitz and Marquart [9] give
ionization potentials for S0 which differs from earlier values.
They give a value for S5. Nakayama and Watanabe [lO] and Dibeler
and Reese [ll] report very accurate determinations of the ioniza-
tion potential of acetylene with good agreement with previous
measurements. Schoen [12 ] reports retarding potential measurements
of electrons photoemltted by N2^ CO, and P2 in satisfactory agree-
ment with previous values. J. H. Yang and D. C. Conway [13] report
a value for the binding ^nergy of the ion cluster 0]^ very close to
the value obtained for Ni^ by R. N. Varney [l4 ]. From these data
one can compute ionization potentials for the corresponding neutral
cluster that may be of some interest in the study of the electrical
properties of dense gases. Two recent quantum mechanical studies
[15] and [16] yield new values for the binding energy of the ion.

When these values are combined with the binding energy of the
corresponding neutral molecule [17] and [I8], one can obtain the
ionization potential of the latter.

The electron affinities of a few monatomic and diatomic species
have been determined accurately by Berry and others [ 19 ] and [ 20 ],

and by Branscomb and Smith and their collaborators [ 21 ], [ 22 ], and

[25]. (See also Chantry and Schulz [ 24]). Edlen [25] and [ 26 ] and
Clement! and others [27] and [ 28 ] give values for electron affinities
of monatomic species in the first two rows of the Periodic Table that
have been obtained by a combination of quantum mechanical calculation
and semi-empirical correlation of isoelectronlc series of ions. The
recently determined accurate experimental values are listed in the
table below 'vdiere available. Values for the other monatomic negative
ions in the first two rows of the Periodic Table were obtained by
taking an average of the values by Edlen [ 25 ] and [ 26 ] and by
Clement! and others [27] and [ 28 ]. The value given for the electron
affinity of monatomic hydrogen has been computed accurately by quantum
mechanical methods which have been discussed recently by C. W. Scherr
and R. E. Knight [29], [30 ]^ and [3l]^ Pekeris [32], and Kinoshlta

[33]* The total energy in atomic imits for the hydrogen negative ion
H is -O.5277 5101 and the corresponding value for neutral helium He

is -2.9037 2434.
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D, CXiblcclottl [3^] has reviewed the earlier electron affinity
data from the alkali halides in his Table 7^ page I65O. Revised
values are given by him in subsequent notes [3^]

.

R, E. Honig [35] has observed negative ions to Cg in a mass
spectrometric study of the sublimation of graphite. He lists rela-

tive ion intensities at 2iK)0®K of all of the above species and
heats derived from the temperature derivative of the intensities
of three species t CZ, and From these data he gives the
following electron affinities: 1.2 e.v. for 3*1 to 4.0 e.v.

for C2f 1.8 to 2,5 e.v. for C^. The value for Cj is quite close
to the recently determined value 1.25 ± .03 e.v. given by M. Seman
and L. M. Branscomb [23]. From the relative ion Intensities for
Cij. to Cg and from data on the neutral molecules from more recent
mass spectrometer and theoretical investigations [38 ], [4D], [4l],

and [42], one may estimate approximate electron affinities for
Clj. to Cg which appear to be quite high, about 4 ± 1 e.v. Thus it
seems that the polyatomic negative ions of carbon may be signifi-
cant in many fuel- rich combustion mixtures.

The occurrence of many other negative ions of carbon, hydrogen,
and oxygen has been reported in a recent paper on "Negative Ion
Mass Spectra of Hydrocarbons and Alcohols, " by C. E, Melton and
P. S. Rudolph [37]. Relative intensities are given, but electron
affinities cannot be obtained from this data, since the experimental
conditions do not approach thermodynamic equilibrium. However, the
observations si:iggest that many of these same species could occur in
a combustion mixture. Electron affinities of a few additional
diatomic and polyatomic molecules or free radicals were taken from
the compilation by R. W. Kiser [l].

Time did not permit a comprehensive search of the literature,
nor a critical evaluation of the data. It is expected that such
work will be carried out duilng the next few years in connection
with a new program, the National Standai^ Reference Data System.
Infoimation concerning this new project on the critical evaluation
of ionization potentials of molecules can be obtained by communicating
with Dr. H. Rosenstock, Chief, Mass Spectrometry Section, Hiysical
Chemistry Division.

The preparation of this survey was carried out to obtain quickly
a preliminary listing of values that would be useful in determining
what substances are likely to be important in high- temperature
thermodynamic research on mixtures of the lighter elements. Estimates
of error are often in themselves of very dubious value and hence
should be regarded as provisional.

187



In addition to the prohlem of selecting "test" values from
discordant literature, there is a high prohahllity that some im-
portant substances (l.e,, species having ionization potentials
less than 6 volts or electron affinities greater than l/2 volt)
may he omitted due to the lack of information. A noteworthy case
of this type is discussed in a recent communication hy Kistlakowsky
and Michael [58] in the Journal of Chemical Riysics in which the
authors suggest that an unstable hydrocarbon radical C^H^ may play
an Important role in cheml- ionization of hydrocarbom combustion
mixtures. They have estimated the ionization potential of the
cyclopropene radical, to be quite low, probably about 5 to
k e.v. In another communication G. P. Glass and G. B. Kistlakowsky

^
[59] suggest methods of obtaining the corresponding molecule ion
The stability of the ammonium radical was calculated by D. M.

Bishop [45]. He gives 3.94 for the ionization potential of NH4.

It is a pleasure to acknowledge private communications from
Dr. Billings Brown of the Boeing Company, Seattle, Washington, [44]

who has conducted a survey entitled, ”A Survey of Ionization
Potentials of Combustion Products," by L. K. O’Bryan and Billings
Brown, July 10, 1964. I should also like to acknowledge information
received and helpful discussions with Dr. Charlotte M. Sitterly, Dr.

Harold S. Boyne, Dr. William H. Evans, and Dr, Henry Rosenstock, all

of whom are Interested in the status and needs for ionization
potentials and electron affinities.
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PRELBUNARY LIST OF IONIZATION POTENTIAI5 OR
ELECTRON AFFINITIES OF LIGHT ELEMENT COMPOUNDS

Fonmila
I. P. (or E. A, )

e.v.

Est. Error
e.v.

h" 0 . 75^ 0.001

H 13.598

15.426

=3 9.0 1.0

0" 1.465 0.005

0 15.618

°'2 0.58 0.1

°2 12.075 0.01

\ 11.65 0.1

OH" 2.7 0.4

OH 15.36 0.2

H^O 12.61 0.02

HOg 11.53 0.02

=2°2 10.92 0.05

F" 3 o 448 0.005

F 17. 422

^2 15.7 0.2

HF 15.77 0.2

OF 13. 0.5

0I-2 15.7 0.2

+ 0.42 e.v.
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Foimil*
I.P. (or S.A. )

e.v.

Kst. Error
e.v.

Cl" 3.615 0.005

Cl 12.97

11. k& 0.05

Hd 12.7k 0.01

Cl/, 13.0 0.4

CIO ^ 10.il- 0.2

CIO,
5

H.7

s" 2.07 0.07

S 10.560

®2 8.5 1.

% 8.9 (9.6) 1.

SH" 2.6 0.5

HS 11.1 0.2

H2S lO.ii-7 0.1

SO 12.1 0.3

“2 12. 5 i»- 0.2

s'e 16.15 0.5

n" O.Oif o.o4

N 1^.53

hV 29.59

®2 15.580 0.005
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Formula
I. P. (or E.A.) Eet. Error

e.v. e.v.

5.13 0.3

15.07 0.1

RH 13.10 0.1

NH‘ 1. 22 0.5

NHg 11.6 0.4

NH^ 10.154 0.05

NH^ 3.94 1.

NO 9.267 0.01

RO'^ 50.6 0.3

NO’

CVJ
9.78 1.

N2O 12.94

NF 12.2 0.3

11.6 0.5

13.0 0.3

Vl, 12.0 0.3

NHF^ 12.0 0.3

p" 0.77 0.2

p 10.486

^2 0.3 0.3

^2 11.8 0.5

9.0

+ N2 0.5 e.v.

(Calculated "by D. M. Bishop)
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Jtonmu.la

I.P.(or E»A»).

e,v*

Est. Error
e.v.

10.1 0.2

PCl^ 12.2 0.2

m 9.5 0.5

c" 1.25 0.03

5.1 1.

1.8 1.

if.O 1.

c H.26

12.0 0.4

S 12.6 0.4

12.6 0.4

s 12.5 0.4

CH 10. 61<- 0.01

0H
2

10.396 0.01

OH, 9-Oh 0.01

CHj^ 13.0 0.1

ll*i|06 0.01

10.51 0.01

11.65 0.1

°6=6 9.2kj 0.05

W2 8.5 0.1

lyrene 7.55 0.1
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Formula
I. P. (or E.A.) Est. Error

e.v, e.v.

Coronene 7.6 0.1

1.1 0.2

=6=6 0.5^ 0.2

1
c\J>o o.ia 0.2

0.65 0.2

CO 14.01 0.01

CO^ 15.79 0.02

CHD 9.85 0.1

CHgO 10.88 o.o4

11.53 o.o4

10.85 o.o4

CF 15.8 0.2

CF2 13.3 0.2

CF^ 9.7 0.5

CF4 17.81 o.o4

"2^1. 10.12 0.2

"6^6 10.0 0.2

CCl^Fg 11.7 0.5

CCl 12.9 0.2

CCI2 13.3 0.2

CCl, 13.10 0.2

ccii, 11.47 0.1



I. P. (or K.A.) Est. Error
Formula e.v. e.v.

CJOCl^ 11.78 0.04-

CS 11.8 0.3

CSg 10.07 0.02

COS 11.3 0.07

CJf 3.21 0.3

CN 1K 2 0.3

HCN 13.73 0.1

CNCl 12.49 0.1

CH^l^ 9.5 0.2 methyl azide

CH^ON 10.84 0.1 formamlde

CH^ON 8.2 0.3 methylnltrosyl

CH^OgN 11.08 0.04-

CH^N 8.97 o.o4 methyl amine

CgN 12.8 0.3

C,N
3

14.3 0.3

C
4
N 12.3 0.3

C.N
5

12.0 0.3

OgH 12.2 0.3

C,H1I
3

11.6 0.3 cynoacetylene

CHi^S 9.44- 0.1
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Formula
I. P, (or E. A. )

e.v.

Est. Error
e.v.

Si' l.h 0.2

Si 8.151

7.3 0.3

SIH 8.5 0.5

SlHj^ 12.2 0.3

SiO 10.51 0.1

SIO2 11.7 0.5

SlgOg 10. 1.0

SIF 7.26 0.1

SIF2

SIF,

SIF4 l5 .i^ 0.4

SiCl

SiCl^ 11.8 0.4

SiCl,

SiCli^ 12.0 0.4

SiC 9.0 0.3

SiCg 10.2 0.3

Si2C 9.1 0.3
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Formula
I. P. (or KA.)

e.v.

Est. Error
e.v.

b" 0.5 0.1

B 8.298

»2 12, k 0.5

EH 10.0 0.3

BHg 8.12 0.3

BH, 11.0 1.0

BO ( 7) 1.0

Va 15.3 0.1^

®2°3 15.2 o,h

HBOg 12.6 OA

BP

BF2 9.^ OA

BF3 15.6 OA

BF" 2.17 oA

BCl lO.i^ii- oA

BClg 7.20 0.5

BCl^ 11.5 0.5

BQF

BN

B2H 10.62 0.5

=2=6 12.0 0.3

Theoretical estimate

BOCl



Formula
I.P. (or E.A.

)

e.v.

Eat. Error
e.v.

BC 10.5 0.3

BCg 10.7 0.3

BgO 10.7 0.3

BSl 7.8 0.3

BCSi 9-9 0.3

Al" 0.5 0.1

A1 5.986

AlH

AlO 9.5 0.5

AlgO 7.7 0 . 14-

AlgOg 9.9 O.k

AlO^H

AlOF

AIF 9.5 0.5

AU2

AIF^

AlCl

AICI
2

AlCl^ 12.8 0.8

AXBr, 12.2 0.8
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I. P, (orB.A.) Est. Error
Ebnnula e.v. e*v.

Be" (^0.1)

Be 9.322

BeH 8.6

BeOE

BeO 6.0

(BeO)^

(BeO)j

(BeO)i^

(BeO)j

(BeO)g

BeF

BeP^

BeCl

BeClg

Mg

Mg

MgH

MgO

M^

HgF2

MgCl

MgCl^

(<0.l) 0.1

7.61*6

8.6 0.5

Estimate

Estimate
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Forrmila

I, P. (or E.A. )

e.v.

Est. Error
e.v.

Ll" 0.7 0.2

Li 5.592

hr.96 0.2

liH 6.5 0.5

LIO 9.0 0.4

6.8 0.4

Lll 8.55 0.4

Na“ 0.6 0.2

Na 5.159

Na^ 4.87 0.2

NaH 6.5 1.

NaO 7.6 1.

NaOH 9.0 1.

Nal 8.8 0.4

NaN,
5

11.7 0.4
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