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ABSTRACT 

Tnis la the thirteenth semiannual report on the current experimental, 
theoretical, and evaluative program, at the National Bureau of Standards, 
on the thermodynaraic properties of selected light-element and some related 
compounds of primary Interest In high-temperature research.  Included are 
new experimental results in several areas; and a number of tables of ther- 
raodynamic functions, heats of formation, ionization potentials, and elec- 
tron affinities resulting from literature surveys and critical data 
evaluations. 

New experimental work on the borohydrldes of aluminum and beryllium 
is reported.  The mean value found for the standard heat of formation cf 
Ai^BHi^j (293eK) is +2 kcal/mole for the gas and -5 kcal/mole for the 
liquid, with an estimated possible ^rror as great as 17 kcal/mole. The 
infrared spectra of MgPo (in a krypton matrix), A/(BHij.)j, ant? 3e(BElt.)2 
were measured, and a new band system was discovered for'l^. 'The bending 
fundamental of MgF2 appears to be 242 cm"1, and continuing spectroscopic 
work is expected to provide additional molecular const'Ants for the other 
substances. High-temperature mass-spectrometric data on the BeO-A.igOj 
system wre treated thermodynamically, and lead to heats of atomization 
for O2,  AigO, and the new molecule AAOBe (as well as the heat of vapori- 
zation of liquid BeO-Al^j)-  l^6 values for O2 and AAgO agree well with 
previously available values.  Recent precise measurements of the relative 
enthalpy of graphite over the range 1200-2600oK are summarized. Liquid 
Aig0^ "wss vaporized in vacuum and the condensates subjected to varying 
programs of annealing. The progress from amorphous to the stable alpha 
crystalline form was followed in detail by X-ray and electron diffraction. 

The report Includes four appendices. The first is a formula- 
property index of the twelve preceding semiannual reports. The second 
comprises new tables of the standard thermodynamic properties of con- 
densed phases of 17 substances, including 15 "mixed" oxides. The third 
appendix gives thermocheralcal values for additional compounds of several 
elements which have resulted from a current revision of NBS Circular 500 
(Series l). The fourth appendix includes the table of ionization 
potentials and electron affinities of light-element atoms and molecules 
presented in the last report but now considerably revised and augmented 
by recent information. 

Thomas B. Douglas        ^ 
Pr jject Leader 

f ik & L- 
Charles W. Beckett 
Assistant Division Chief for Thermodynamics 
Heat Division 

■»;.' ,. "•" 
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Chapter 1 

HEA ' OP CHLORINATION OF ALMINDM BOROHYDRIDE 

by A. A. Gilllland and D. D. Wagman 

I. 'Xntroductlon 

Alumlnun borohydride is a colorless volatile liquid, »pontaneoualy 
flammable in air, and violently reactive with moisture. It is reported 
to react with hydrocarbon stopcock lubricants, but is inert with respect 
to Kel-F grease, although it does apparently dissolve and diffuse 
slowly through the grease. 

Initial attempts to obtain a suitable calorimetric reaction 
involved bomb reactions with N2 under pressure, Cl2(g) and with water 
vapor. In all cases a mixture of unidentified reaction products were 
obtained, Including strong odors indicating the probable presence oi 
boron hydrides. Attempts to bubble A1(BII4)3 vapor into dilute hydro- 
chloric acid solutions also failed to produce well-defined products. 
The reaction that was finally selected was the vapor-phase chlorinatlon 
using a flow calorimeter designed to maintain a steady flame at the 
burner tip. The general procedure is similar to that used for the 
oxygen flame combustion of hydrocarbons [1]. No spark ignition is 
required as the chlorinatlon reaction proceeds spontaneously. 

II, Materials 

The sample of A1(BH4)3 was obtained from the Union Carbide and 
Carbon Corporation, South Charleston, W. Virginia. It was stored in 
a steel cylinder at -20oC except during transfer operations. Samples 
for measurement, approximately 0.4-0.5 g, were transferred by vapor 
distillation intu Email glass bulbs and stored in a freezer chest 
until used. 

The only information we have with respect to the purity of the 
A1(BH4)3 comes from the analysis of the reaction products as described 
in the Section on Procedure and shown in Table 2. A small amount of 
a black solid powder was formed during each calorimetric run and was 
carried by the gas stream out of the reaction vessel into the collecting 
line and traps. An analysis of this sample indicated it to contain 
approximately 15% carbon, and significant amounts of Si, Al, and B. 
No crystalline structure was detected. Attempts co determine the 
amount if  hydrogen in the sample by evolution as H2 did not prove 
satisfa:tory.  Because of the excess of CI2 used in the reaction, the 
amc-uiiL tf  HC1 formed could not be determined. 

Initially the chlorine used was obtained from Matheson Corp. 
Subsequeitly a highly purified sample was obtained through the courtesy 
of Dr. G. Sinke of the Dow Chemical Company, Midland, Michigan.  Their 
analysis indicated a purity of 99.9% for the liquid phase. We were 
unable to notice any difference resulting from the different chlorine 
samples. 



III. Procedure 

The small bulb containing the sample was placed In a special glass 
vessel containing a glass hammer, flushed with He, and weighed. On 
shaking, ths small bulb was broken and the vessel was placed In the 
calorimeter gas flow line. The vessel Is so constructed that He gas 
may be allowed to flow thiough it, carrying the A1(BH4)3 vapor into 
the reaction vessel, at the beginning of the reaction period. At the 
end ?f the reaction time th»^ He may be diverted around the vessel 
v/ithout removing it from the ll-ie. 

The reaction vessel consists of a large diameter Pyrex tube 30 mm 
OtD., through one end of which enter two concentric tubes which form 
the burner tube. The mixture of borohydrlde and helium enters through 
the inner tube; the outer tube carries He gas used to prevent thermal 
cracking of the borohydrlde before it reaches the burner tip. A separate 
inlet tube in the side of the vessel is connected to the Cl2 supply 
cylinder. 

The exit end    he vessel leads to a glass, coll for thermal 
equilibration ot  the product gases with the calorimeter water. The 
gases then pass through two large traps ccoled with liquid N2 to 
condense the BCl^ and HC1 produced In the reaction as well as the 
txcess CI2. A small amount of AICI3 is occasionally found in the 
second trap (possibly carried over by the solid residue previously 
mentioned); some BCI3 Is also retained on the AICI3 In the reaction 
vessel. 

IM 1 
! 

I 
I. 

When the calorlmetric measurement is completed, the traps are 
connected to two bubblers ,'n series, each containing about 300 ml 
of H2O. Upon removal of the liquid N2, the condensed HC1, CI2 and 
BCI3 volatilize and bubble through the water, the excess CI2 being 
vented to the outdoors. 

i  - 

I 
After the traps are emptied, the bubblers are titrated for H3BO3 

produced by the hydrolysis of the BCI3. The calorimeter vessel, exit 
tubes and the N2-traps are washed with water. Tha washings are combined 
and four allquots taken. In two, A1(0H)3 is precipitated by adjusting 
to pH - 7, filtered, and the H3BO3 remaining In the filtrate determined 
by tltration using Mannltol. The total amount of BCI3 produced Is 
obtained by combining the amount: determined here with that found in 
the bubblers. 

I 

In the remaining allquots, the Al is determined by precipitation 
as the 8-hydroxyqulnolate. 

The weight of A1(BH^)3 reacted is obtained by weighing the large 
sample holder before and aftf, the  reaction. Because of the tendency 
of the borohydrlde vapor to dufzusf through the grease, the final weighing 
usually had to be made rajjidly, without waiting for the dissipation of 
static charge, etc. 

L 
1. 

_. 1 

.* ■•• f- 



IV. Results 

Four electrical energy calibration experiments were periormed, 
as Indicated in Table 1. Helium gas flowed continually during the 
measurements, at the same rate as was used during the calorimetric 
runs. 

The results of six calorimetric experiments are given in 
Tables 2 and 3. The results of several other experiments were 
discarded because of premature losses of sample, failures in the 
analytical train, etc. In Table 3, the values of qtotaj have been 
corrected for the energy supplied by the CI2 gas entering the system, 
the correction amounting to 5-9 joules for the various runs. 

The valves of AHf for Al (8114)3 given in Table 3 are based on 
the following considerations. The weight of borohydride sample is 
used to calculate the total amounf of HCl(g) produced, assuming 12 
moles HC1 per mole of borohydride. While this stoichiometry is not 
correct, since a small amount of carbonaceous residue is produced, 
we assume that metal alkyl impurities are present in the sample and 
that the heat of chlorinatlon is comparable to that of the A1(BH4)3. 
In view of the fact that the solid residue also contained Al and B, 
the amounts of AICI3 and BGI3 formed are computed from the individual 
analytical results for Al and B respectively, as shown in Table 2. 
The heats of formation of the HC1, AlCl3(c), and BCI3 formed are 
listed in columns 4, 5, and 6 of Table 3, based on the molar values 
of AHf from NBS Circular 500 [2]. 

On the basis of these assumptions, the value of AHf for AKBH^^Cg) 
at 250C = 8.7+2.8 kl/mole ( 2«1±0.7 kcal/mole) 

It Is difficult to assess the validity of the assumptions made 
for these calculations. However it is possible to make an estimate of 
their elgnlficance, If we were to assume that the sample were of high 
purity and reacted stolchlometrlcally, we can obtain from the weights 
of sample a value of AHf0 = -14.7±1.6 kcal/mole. On the other hand 
If we base our measure of the amount of reaction solely on the amount 
of boron recovered in the analyses, we obtain a value of AHf = +15.9±1.6 
kcal. 

On the basis of these calculations we believe that the value for 
Mf of Al(BH4)3(g) is bracketed between thevalues +^6 and -15 kcal/mole 
but that the most reasoruible estimate is about 2 Leal/mole. 

The vapor pressure equation of Schleslnger et ai. [3] leads to a 
heat of vaporization of 7.2 kcal/mole at a mean temperature uf -10oG. 
Correcting with an eötimated A3p = -15 cal/deg to 250C yields AHV = 
6.7 kcaL/mole. This corresponds to a value of AHf for Al(BH4)3(iiq) = 
-5 kcal/mole. 
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Table 1 

Results of Electrical Calibration Expts. 

Expt. No. 
ohms :! j^Shiu. 

1 .108695 17,697.06 162,813.9 

r" 2 .129058 21,011.14 162,803.8 

3 .129036 21,008.07 162,807.8 

! 4 .115310 18,772.90 162,803.7 

Mean 

Standard deviation of the mean 

162,807.3 

3.85 



Table 2 

Analytical Results on Chlorinatton Experiments 

Expt.   Moles A1(BH4)3  Moles Al  ^  Moles B found    % Al 
No.    weighed, x IQJ  found x 10^  as H3BO3 x 103 

1  B 

1 5.076 4.944 14.456 97.39 94.94 

2 5.955 5.839 17.347 98.06 97.94 

3 5.328 5.153 15,394 96.71 96.30 

4 6.735 6.520 19.382 96.82 95.93 

5 5.594 5.379 16.025 96.16 95.53 

6 7.761 7.531 22.213 (97.03)* 95.40 

*Based on the average of preceding 5 experiments. 
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Chapter 2 
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INFRARED SPECTRUM OF ALUMINUM BOROUYDRIDE AND BERYLLIUM BOROHYDRIDE 

By Arthur G. Makl 

Introduction 

We have measured the infrared spectrum of aluminum borohydride 
(AI(BH,)3) and beryllium borohydride (Be(BH.)2). ultimately we 
would nope to be able to improve the assignments for the fundamental 
vibratlonal frequencies of the aluminum compound and to make a 
corresponding set of assignments for the beryllium compound. The 
present report, however, will be concerned with general observations 
regarding the spectra which have thus far been obtained. More 
spectral dat« will soon be available and at that time more detailed 
consideration will be given to the assignments. 

Aluminum Borohydride 

Emery and Taylor have measured the Raman spectrum of A1(BH,), 
while Price^ has reported the infrared absorption spectrum. The 
Infrared work of Price was done with a low resolution instrument 
and it was hoped that higher resolution work would y^eld information 
on the band contours. Such information would be very helpful in 
making assignments. 

We have observed the gas phase spectrum of A1(BH,)_ in the 
region from 4000 to 325 cm"! with a resolution of about 0.8 cm"^-. 
In addition, the B-H stretching fundamental bands have been 
observed (from 2400 to 2600 ciW) on a high resolution instrument 
capable of resolving two lines 0.08 cm"l apart. 

In an ideal situation, a resolution of 0.8 cm"^ would be 
expected to give different band contours for vibrations of different 
symmetry species. A rough calculation of the geometry of the 
molecule indicates that parallel bands should have a strong central 
Q-branch and P- and R-brancbes separated by about 16 cm"l. 
Perpendicular bands, howevor, would be expected to be broad and 
featureless with a width of about 25 cm"l. Under higher resolution 

the perpendicular bands would be expected to have a series of 
lines 0.16 cm"^ apart while the P- and R-branches of a parallel 
band would have a line spacing of 0.30 cm~l. 
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The observed bands have no rcoolvable fine structure even 
under conditions such that lines 0.08 ctn"l apart could be easily 
resolved. This means that the band contours are of no help in 
making the assignments for A1(BH,),. The cause of this difficulty 
is apparently two-fold. First or all we know that there is at 
lesst one low frequency vibration and we can expect several others. 
As a consequence there will be a fairly largo number of molecules 
in excited vibratlonai states thus giving rise to so-called hot 
bands which will overlap the fundamental bands. In addition, the 
normal Isotopic ratio for boron is 18.8% B10 and 81.2% B11. 

Consoqua&tly our sample contains 53% AlCB11!!,),, 37% A1B10H, (B11!!,)-, 
9% AlBllH4(3lOH.) , and 1% Al(BlOH.) . The molecules containing 
both BlO and Bl* will of course be asymmetric rotors and their 
vibration-rotation spectrum will be rather complex. 

We have also measured the law temperature infrared spectrum 
of solid A1(BH,)„. Since the sample was at a temperature near 
-150oCs the possibility of difference transitions (transitions 
originating In an excited vlbrational state) is eliminated. The 
fact that the solid and gas phase spectra are very similar indicates 
that none of the strong absorption bands can be attributed to such 
difference transitions. The spectruw of solid A1(BH,). has only 
been obtained from 4000 to 625 cm-1. Future work is planned whic 
will extend the spectrum to longer wavelengths. 

which 

Table 1 gives tentative wavenumber measurements for the 
absorption bands of aluminum borohydrlde. The Raman measurements 
of Emery and Taylor are also given. 

Beryllium Borohydrlde 

Initial attempts at obtaining the gas phase infrared spectrum 
have not been successful. The difficulty is caused by the 
reactivity of this compound.  In addition to attacking the usual 
infrared window materials (NaGl or KBr) we find that It rapidly 
attacks small amounts of Impurities adsorbed on the walls of our 
absorption cells. At present, however, we feel that these diffi- 
culties can be overcome. 

In spite of the fact that we were unable to obtain any helpful 
information from the band contours of the aluminum compound, we 
have hopes that the gas phase spectrum of the beryllium compound 
will be of aid in making the vibrational assignments.  Since this 
molecule has fewer atoms and is lighter, it is expected to have 
fewer low-lying vibrations thus ameliorating the difficulty caused 
by hot bands. This gain could be off-set, however, if the torslonal 



frequency Is lewer. The presence of only two boron atoms per 
molecule also improves the difficulty caused by the mixture of 
isotopes. Finally, the smaller moment of inertia for the 
beryllium compound will cause the bands to be more spread out 
and the band contours should be better defined. 

We have obtained the spectrum of solid Be(BH.)2 at about -150'C. 
[3 seems to be The spectrum of Be(BH,)2 reported by Price et al
J 

Price later reported2 that Be(BH.)2 reacts with the 
tic- 

erroneous, 
window material used in the Infrared absorption cells. We have 
found that dlborane is one product of this reaction. The spectrum 
reported by Price et ial is evidently due to dlborane and the 
solid product of the reaction between Be(BH,)2 and the window 
material. Since the reaction with the usual window materials Is 
extremely rapid (the reaction goes to completion in times of the 
order of seconds or less), it is most unlikely that earlier workers 
could have observed the infrared spectrum of Be(BH,)2. 

spectrum for solid Be(BH,)2 is  al»o given in Table 1. 
id  there are striking similarities between the spectra 

The sj 
As expected there are striking 
of dlborane, beryllium borohydrtde, and aluminum borohydride. As 
an aid to the assignments, however, we should still like to have 
the gas phase spectrum of Be(BH,)?. The band contours of this 
compound may be of Immeasurable help in making the assignments. 
Work in this direction is continuing. Further work is also planned 
in order to extend the spectrum of solid Be(BH,)9 to wavelengths 
greater than 15 n. 
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Table 1 

Infrared and Raman Spectra of Aluminum Borohydrlde and Beryllium 

Borohydrlde Given In Wavenumbers (cm ) 

1                  A1(BH4)3 Be(BH4)2     j 

I.R. absorption 
Raman spectrum of I.R.-solid of solid at 
liquid (see Ref. 1) I.R.-gas at -ISO'C ca. -150,C 

3922 (w) 2515 (m) 
2966 (w) 2455 (m) 
2932 (w) 2340 (s) 
2890 (w) 2110 (s) 
2800 (w) 1998 (w) 

2549 2556 (s) 2544 (s) 1553 (s) 
2491 (s) 2474 (s) 1436 (s) 

2473 (polarized) 1325 (s) 
2226 (w) 2219.6 (w) 2235 (ro) 1131 (m) 
2069 (polarized) 2070 (w) 2065 (m) 1010 (w) 

2031 (s) 2030 (s) 905 (w) 
2010 735 (s) 

j 1925 1930 (w) 1920 (w) 
J 1884 (w) 

1521 (w) 1523 (b^oad) , 1523 (s) 
j 1495 (polarized) 

Overlapped 1455 (s) 
1420 (broad) 1415 (s) 

1392 (w) 
1149 
1116 (polarized) 

1112 (s) 1104 (s) 
976 984 (m) 970 (w) 

764 (w) 774 (m) 
602 607 (s) 
510 (polarized) - 
318 

w ■ weak 
m ■ medium 
s m  strong 
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CHAPTER 3 

TRANSITIONS  IN VAPOR-DEPOSITED AlflMINA 

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

In the course of vaporization studies  in vacuum on a  liquid 
alumina drop at the end of a polycrystalline AljOij   rod,  a transparent 
film developed on the pyrex flask surrounding the sample.    When the 
deposition time exceeded 40 minutes,   the film often peeled loose from 
the surface and tended to curl up evidencing the presence of some strain. 
The film v.'as subjected to analysis with an x-ray diffractometer and with 
electron diffraction,  neither of which gave any pattern,   indicating an 
"amorphous" film within the limits of detectabillty. 

In addition,  petrographlc eomination showed an Isotropie film 
with a refractive index of 1.614.    Its surface area was 0.6 square 
meters per gram, as determined by ^  adsorption in B.E.T.  equipment. 
Infrared absorption showed the water band at  2.9|i and several absorption 
"fringes" because the film was of the same order of thickness as the 
wave length of the incident radiation.    The film was generally transparent 
from 1 to 8\i;   the transmission fell smoothly to 10.5|i and the film was 
essentially opaque beyond that to 16|i.    The material lost about 4% in 
weight when ignited tc 1200*0.    The material is  thus a slightly 
hygroscopic,  slightly porous,  amorphous,  essentially unhydrated alumina. 

Stumpf et.  ai- [1]  reported  that an amorphous  phase formed  Initially 
upon dehydration of hydrated aluminas, but their material shewed a broad 
band at 4.5A in contrast to ours which shqwed none.    Amorphous  films were 
reportedly formed on aluminum foils by oxidation in air and in oxygen 
and by anodization [2,3,4]. 

The manner of preparing the initial AL, 03-form is known to 
determine  the path by which  the material  transforms   to a-AlgOg.    Since 
our method of preparing amorphous alumina differed from previous 
techniques, an investigation was undertaken of the transition of our 
film to a-Al^Ol, . 

Method 

To form the film, the end of a polycrystalline Al^Og rod was 
melted in a vacuum of 1 x lO-6 torr using an A. D. Little arc image 
furnace, with the arc operated at 1.S0 A. The specimen rod was held 
near the "cool" end in a spiral of platinum-rhodium wire and supported 
along the optical axis of t.he furnace in the middle of a 500-ml. pyrex 
round-bottomed flask. The specimens used were rods of Morganite alumina, 
0.25 and 0.312 inches in diameter.  The purity of the material as 
supplied was determined by emission spectroscopy to be about 99.7-99.9% 
Al^O,, the major impurities being Si, Fe and Ga. The samples were 
further purified before use to 99.95-99.997. AlgOg by preferential 
vaporization of the volatila impurities from the molten tip in vacuum. 

j 
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The flasks were rinsed several times with distilled water and 
dried in a di-ying oven at 125"C.    Cleaning of the surface with dichromate 
or nitric acid solutions  caused  the film to bond  too strongly to  the 
flask.    Flasks could  not be reused after the crop of separated  film had 
been removed because new layers bonded too firmly to the remaining uneven 
surface. 

A sapphire disk,   0.75 inches  in diameter, was cleaned in the same 
manner as   the tiastes and  inserted in ä  flaök during a series  of runs   to 
test the effect of  the substrate on the  formation of the film. 

Samples of the film were pulverized in an alumina mortar,  examined 
with x-ray diffractometer for crystallinity and subjected  to the following 
heat treatment: 

Sample Is     700°   (16 hours),   800°   (16 hours),   900°   (16 hours), 
1000°  (16 hours),   1100°  (16-1/2 hours),   1200'  (17 
hours) and 1300°   (6 hours); 

Sample 2:    650°  (16 hours),   750» (16 hours),  850°  (16 hours), 
950°  (16 hours),  980*  (16 hours) and 1200°  (24 hours); 

Sample 3:    at 700°  for successive total annealing times of 1/2, 
2-1/2,   10-1/2,   16 and 32 hours; 

Sample 4:    900°  for successive total annealing times  of 1/2,   2, 
8,   16 and 32 hours; 

Sample 5:    same as 4 except at 600oC. 

The anneals were carried out In an electrically-heated,  box-type furnace, 
and the temperature of the furnace was  read from the controller with an 
uncertainty of +10<,C.    X-ray diffraction patterns were obtained after 
each anneal.    As a check on the  temperature readings,  an additional 
sample was annealed at 50° intervals begit ilng at 650°  (furnace  tempera- 
ture)  for durations  of 24 hours, and the ttaparatuira was measured with 
a Pt/Pt-Rh thermocouple.    A correction i '  -^0oC was  found  to be required 
over the temperature range of 650°  to lOSO'c.     Oils correction must be 
applied to the heat  treatment temperatures given ...bove. 

A thin film was  prepared for examination by electron microscopy 
and diffraction by depositing  the film on a section of microscope sliOe 
placed inside the flask.    Deposition was discontinued once peeling  of 
the film began,  and a fragment of  the  film was mounted in a heating 
stage of the electron microscope.     The  film was  observed before heating 
and at 4006,   6208,   630c and 760°.    A sample of film obtained from 
deposition on a sapphire disk was also analyzed without h ating  the 
film. 

13 
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.presentatlve d-spacings and line  intensities are  illustrated 
in Fi{.   1 for x-ray diffraction analysis.    The broad lines have been 
drawn to correspond with the diffuse peaks  of the diffraction pattern. 
The diffuse lines common at temperatures below 970aC can be ascribed 
to small crystal size or to crystal imperfection. 

A very weak  line appeared first at; d=1.39Ä after anneal of 
one-half hour at 570*C;   lines next appeared at 1.98 and 2.08Ä aftar 
annealing for a  total of 8 hours at 570*C  (Fig.   la).    All  lines  obtained 
at 570<>C were very weak and often nearly indistinguishable from 
background.    The certainty of a  line was determined by Its  presence 
in more than one pattern. 

Sample 3  (annealed at 670oC,  corrected)  corresponded  to Fig.   la 
for a--< annealing time of 2-1/2 hours,   except  for the absence of the 
line at 2.08A.    Sample 3 showed a pattern similar Lo Fig.  lb after 
10-1/2 hours at 670* whereas sample 1 showed a less developed stage of 
this  pattern after annealing for 16 hours at 670°.    This suggests  that 
the transition to the form of alumina giving the pattern lb occurs 
between 660° and 680'C and that sanple 3 was above sample 1 in this 
range of temperature. 

S      3 
i 

The form represented by Fig. lb was present up to 900° for 
16 hours annealing time. Its d-spacings and intensities are compared 
in Table 1 with those of the delta and theta aluminas reported by 
Stumpf [5], the delta al'imina reported by Rooksby [6] and the results 
of Jellinek and Fankuchen [7] for alumina gel annealed at 800oC for 
one hour. Although many of Stumpf's delta and theta lines are absent 
from our form, his strongest lines are present. Howe "»r, our transition 
alumina has a line at 2.39%. which is not present in either the delta or 
theta forms of Stumpf. The delta form reported by Rooksby shows little 
correspondence with our form. The d-spacings of Jellinek and Fanki-chen 
correspond with ours for their strongest intensities although their 
relative intensities differ. Our transition alumina thus approximates 
most closely a mixture of the delta and theta aluminas reported by St  ?f. L 

Annealing of the film for 16 hours at 920° or for 32 hours at 
870° resulted in the appearance of lines of CK-alumina. Dijappearance 
of the trancltion form was very nearly completed by 1070°. The 
patterns obtained at 950° and above began to show sharp lines indicating 
that the grain size was increasing. 

Studies of the film were carried out along its edge with the 
electron microscope where the film was expected to be thinner. Fig. 2a 
shows the edge of the film (white area) which was deposited on the 
sapphire disk. Grain sizes in Fig. 2a are estimated to be on the order 
of 2200A (28,000 magnification). Heating the film from the glass slide 
to 630oC produces the appearance of feathering along the edge due to 
areas of higher transmts3ion having a breadth of —11000A (11,000 X). 
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Table 1 

Transition Aluminas 

This Expt.    1 Stumpf  [5]                  1 Jellinek & 

700°.   32 hrs Delta Theta       j Rooksby 16] Fankuchen [7] 
' ?      - 800°,   1 hr 

- 
1 - 

5.02 

1 

3 

d 

5.2 

I 

3 

- 
7.97 
6.58      I 

5.07 

I 

8 
10 

20 

-     1 I 

4.54 2 4.55 
4.07 

3 
2 

4.5 

3.53 

6 

2     j 

4.05     j 

3.56 
3.40 
3.28 
3.21 
3.03 

20   j 

7 
10   j 
15   | 
10 
10 

4.53 

3,90 

3.38 

8 

4 

4 

2.8i9 4 2,87 4 2.85 8 
2.783 30 

2.82 8 

2.732 4 2.73 8 2.72 8 2.737 30 
2.58   1 3 2.56 3 2.593 70 

2.444 3 2.43 6 2.43 8 2.457 70 

2.393 2 2.38 24 

2.312 2 2.31 6 2.311 40 

|   2.278 3 2.28 4 
2.24 

2.01 

1 

8 

2.277 

2.156 

30 

25 

2.27 

2.09 

12 

4 

1.974 6 1.^9 
1.95 
1.91 

8 
3 
2 1.91 4 

1.989 
1.950 

70 
65 

1.98 62 

1.80 2 1.80 3 1.793 7 1.81 1 

1.73 1 1.701 4 1.70 4 
1.61 2 1.616 

1.602 
10 
15 1.60 4 

1.54 4 1.54 6 1-543 10 1.53 i    12 

1.52 i       1 1.51 
1.49 

3 
4 1.49 4 

1.507 
1    20 

1.45 3 1.45 
1.43 

4 
1 

1.462 1      8 
1.40 6 1.40 6 1.407 j    60 1.40 100 

1.394 1   io 1.39 

1.29 

10 

2 

1.39 
1.34 
1.29 

10 
1 
3 

1.392 100 

1.26 1 1.26 
1.23 

j       1.14 

2 
2 

1     2 

1.250 
1.238 
1.180 
1.134 

4 
9 
4 

10 

15 

1 



Heating to a higher  temperature caused a  fragment  of the film to break 
off and larger crystalline areas  to appear. 

The film deposited on the glass slide showed no diffraction 
pattern before heating,   faint rings at 620°  to 630'C  (2c) and sharp 
rings at 7b09C  (2d) after the larger crystaliinp areas had appeared. 
The film obtained from deposition on the sapphire disk showed one 
faint  ring nearly masked by a diffuse halo (2e).    The d-spacings are 
given in Table 2. 

Table 2 

Electron Diffraction d-spacings  for AlgO^   Films 

AlgQ,   on sapphire 
no heating 

AlgQj   on Glass 
620"-630oC 760oC 

2.166 a 
1.966 6  or 9 

1.147  (?) a 

2.554 a 
2.379 a 
2.166 a 
1.966 6  or 9 
1.374 a 

1.190 a 
1.25 6  or 

A designation has been placed opposite of each d-spacing to indicate 
the form of alumina  to which  it most closely corresponds. 

In contrast to the x-ray analysis  of the film deposited on glass, 
the electron diffraction showed a  transition of  the amorphous  film to 
a-alumina without going through an intermediate  form.    On the one hand 
this could arise from different crystallization along the edge as  opposed 
to the bulk of the film.     On the other hand,  although the film vas  only 
exposed to the intense electron beam used for diffraction during short 
intervals,   some beam crystalliiration may have resulted in the heated 
film.    An effective  temperature for the electrons  can be estimated  to 
lie between 150° and 400oC,  depending on the rate at which the film 
loses heat  to its  surroundings.    Consequently,   the additional heating 
produced by  the beam may have been easily sufficient to cause  the 
transition to a-alumina. 

The  film which separated  from the sapphire disk did not grow 
epitaxially on the sapphire as  evidenced by  the small grain size. 
Although the crystallinity of  the substrate appears   to have induced 
some crystallization of the film,   the single faint  ring of a   transition 
form suggests  that  the impinging vapor species,   primarily Al and 0  [8], 
cool  too rapidly  to form  the ordered a-alumina structure and possibly 
transfer enough energy  to the atoms  near the surface of  the substrate 
to disrupt  them. 
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The Transition Alumina 

Ervln  [9]  suggested that the strongest line which occurs at  1.39Ä 
in many of the transition aluminas arises because the oxygen atoms are 
in cubic close-packing and corresponds  to the  (440)   line of the spinel 
unit cell.    He also proposed that the strong line which occurs at 
1.985-2.03A corresponds  to the  (400)  line of the spinel pattern.    Our 
transition alumina had a strong line at 1.9741, but this may be a 
combination of the  1.95 and 1.99A lines  of 5-alumina,    Ervln explained, 
on the one hand,   the  formation of a-alumlna directly  from the monohydrate, 
diaspore,   on the basis  that both contain oxygen atoms  in hexagonal close- 
packing.    On the other hand,   the monohydrate,   boehmite,   forms Y"alumina 
because of a  similar cubic close-packing among  the oxygen atoms.     The 
aluminum ions are assumed to be randomly distributed among octahedral 
and  tetrahedral interstices  in the metastable,   transition forms.    The 
transition aluminas result from an Increased ordering of the ailuminuui 
ions.    At a sufficiently high  temperature  the cubic close-pecked oxide 
lattice shifts  to the hexagonal close-packed lattice of corundum. 

Plummer  [10]  carried Ervln's  theory a step  further in his  study 
of the lormation of metastable alumina by rapid cooling of droplets of 
molten alumina.     Rapid quenching of particles  of y- or a-alumlna,   less 
than 15^. diameter,  melted  in an oxy-hydrogen flame,   gave almost entirely 
a mixture  of 6- and 9-aluminas.    Slew cooling of molten alumina,  however, 
produced a-alumlna.    A meohat   sm thus was  required which gave  the 
transition alumina in preference to the thermodynamlcally more stable 
a-alumlna.    He suggested that  tetrahedral  (T) and octahedral  (0)  groups 
of oxygen atoms  tend to exist  longer in the liquid due to their symmetry 
and mass and are held together by the more mobile aluminum atoms.    At 
high temperatures,   the T-groups are in the majority.    If the melt cools 
rapidly,   the aluminum atoms  in T-holes will direct new aluminum atoms 
to positions above 0-holes.    These in turn will cause the next group of 
oxygen atoms  to take  the 0-sites creating a spinel structure.     If 
cooling proceeds slcwly,   the aluminum atoms have time to rearrange and 
oxygen groups are directed to sites above T-holes  resulting in hexagonal 
close-packing. 

The formation of  the transition aluminas, which are metastable 
with respect to a-alumlna,   from the amorphous  film possibly follows a 
luerhanism similar to that  outlined by Plummer.    The oxygen atoms  first 
group into T-groups with most of  the aluminum ions  in T-holes.    These 
groups  of oxygen are bound together by aluminum ions  in 0-holes which 
causes  the cubic close-packing of the oxygen atoms.    Since the oxygen 
atoms are not very mobile only ssall grains are formed at first 
resulting in the diffuse diffraction patterns  of the transition forms. 
At 870*0 or above  transformation to a-alumlna takes  place in the manner 
proposed by Ervln.    Above 900*0,   the x-ray diffraction lines become 
sharper because  the oxygen atoms have greater mobility resulting in 
detectable grain growth. 

17 



References 

[1]     H.  C.   Stumpf,  A.   S.   Russell,  J. W.  Newsome and 0    M.  Tucker,   Ind. 
Eng.  Chetn.   42,   1398-1403  (1950). 

[2]    G.  D.  Preston and L.  L.  Bircumshaw,   Phil. Mag.   22,   654-65  (1936). 

[3]    V.  G.  Hass,   Optik jy   134-43  (1946). 

[4]    M.  S.  Hunter and  P.  Fowle, -J.  Electrochem.  Soc.   103.  482-5  (1956). 

[5]    J. W.  Newsome,  H. W.  Heiser, A.  S.   Russell and H.  C.  Stumpf, 
Aluminum Company of America, Alcoa Research Laboratories,   Tech. 
Paper No.   10 (revised,   I960),  p.   12. 

[6]    H.  P.  Rooksby,  J.  Appl.  Chem.  8,  44-49  (1958). 

[7]    M.  H.  Jellinek and I.  Fankuchen,   Ind.  Eng.  Chem.  41,   2259-65  (1949). 

[8]    J.  Drowart,  G.  DeMaria,   R.  P.  Burns and M.  G.   Inghram,  J,  Chem. 
Phys.  32,   1366  (1960). 

[9]    G.  Ervin, Jr., Acta Cryst.  5,   103-8  (1952). 

[10] M.  Plummer,  J. Appl.  Chem.  8,  35-44  (1958). 

18 



m 

o —- • 

rd 

O 

1 
10 

I 
73 

"= 

to O 
o 

1 

«   s 

o    « 
O -c 

(A o 
o 

ü CO»"0 

19 

|^ CM 
.a to ro 

ü 
0      W) 

es 

m   o» 
cvi  .E 

o 
o 
Q. 
0) 

cvi  ^ 

m 

o 
I 
M-l 
o 

§ 

a 
«i u 
H 

D 
00 

in 
o 



Figure  2.  Electron Microscopic and Diffraction Study of Vapor-deposited 
AlaQ,   Films 

Edge of Film,   No Heating, 
(28,000 X) 

b.   Feathering of Edge,   630BC, 
(11,000 X) 

c.  Film from Deposition on 
Glass,  620°  to WC 

d.  Film from Deposition on 
Glass,   IbO'C 

e.  Film from Deposition on 
Sapphire, No Heating 
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Chapter 4 

THE ENTHALPY OF GRAPHITE FROM 1200 to 2600oK 

by E, D. West and S« Ishihara 

Experijnental 

Under a related NBS project, measurements have oeen made of the 
increase in the enthalpy of graphite between the temperature of a calorim- 
eter near room temperature and a furnace operating at temperat "es from 
1200 to 2600oK. 

The apecimen was a solid cylinder machined from a larger piece of 
grade CCH graphite (National Carbon Company) density 1,6 g/cm^. Accord- 
ing to the supplier, this grade is purified by the same treatment used 
for spectroscopic grades. After machining, it was heated in our furnace 
at temperatures up to 2700oK for several hours before measurements were 
begun. Spectrographic analysis showed less than 0.002^ Impurities. 

The enthalpy data fit the equation 

HT~H298.15 = 28.9004T-1.04.5 x W'V-l6l26,2 log10T/313.15-8907.3 

where H is in absolute. Joules per gram atomic weight (12.01115) and T ia 
in degrees Kelvin« The estimated standard error for an enthalpy value 
calculated from the equation does not exceed 0.14$» Systematic errors 
in measuring the furnace temperature are estünated to be not more than 
0.3^ due to the pyrometer calibration and not more than 0.4$ due to the 
difference between the observed temperature and the average temperature 
of the capsule. 

Enthalpy differences calculated from the equation agree with those 
reported by Evans [l] in Table 2-39 in a previous report (NBS No» 664.5); 
differences range from a maximum of 1%  below Table 2-39 at 1200oK to 
0.7^ above at 2500oK. 

This work is to be presented along with a description of the method 
at the Third Symposium on Thermophysical Properties at Purdue University 
in March 1965. 

Discussion 

In the case of carbon, two questions mast be considered in a presenta- 
tion of the thermodynamic properties of the standard state: (I'l are the 
data sufficiently accurate in themselves? (2) Do they refer to a 
standard crystalline form of carbon? 
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Enthalpy differences calculated from our equation lie consistently 
about 0,7%  below the smooth data of McDonald [i] for spectroscoplc 
grade SPK graphite (density 1,9)o They agree with recent reviews of 
older data, maximum deviations being 1%  below Dergazarian [3] et al, 
at 1200oK and 0.7^ above Evans [l] at 2500oKo The heat capacity 
derived from our enthalpy equation are well within the scatter of the 
observations and the estimated accuracy of Rasor and McClelland [4-] 
in the range 1500-2600oK, Since the older experimental work includes 
measurements on natural graphite, this consensus supports reasonable 
confidence that the enthalpy and heat capacity are known to a faw 
percent from room temperature to 2600oK, 

Regarding the second question, there is experimental evidence to 
indicate differences in the heat capacity of different graphites» 
DeSorbo [5] reports enthalpies at 298,150K for Ceylon natural graphite 
and an Acheson graphite which differ by 88 j/gfw, almost twice the 
tolerance on the heat of formation of CO2 set by Rossini and Jessup [6] 
in thflir paper recommending graphite as the standard state for carbon. 
The corresponding difference in heat capacity might be expected to 
extend at least to somewhat higher temperatures. There ere obvious 
systematic trends amounting to several percent in the hi^h temperature 
data for the four samples of Rasor and McClelland, but they state that 
these differences are not significant. The specific heat for pyrolytic 
graphite is reported to be from 10 to 50%  above that of "ordinary" 
graphite in the temperature range 300 to 1300oK [7], The difference in 
Hj-Hgog between our measurements and those of McDonald on kl20^  near 
1200oK is about 0,3^. Taking this to represent the. systematic differ- 
ence between the two methods, we have Qa5% difference between smoothed 
values at 1200oK to ascribe to random errors of measurement or to a 
difference in the samples. Considering our standard error of 0,14$ 
and a slightly larger value for McDonald's data, the 0,5% difference 
is too large to claim no significant difference in samples, but too 
small to be reasonably sure of a significant difference. 
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Chapter 5 

HIGH TEMPERATURE MATRIX SPECTROSCOPY 

by D, E. Mann 

1, MgF?i Magnesium Fluoride» The infrared spectrum of MgF2 isolated in 
a dilute solid krypton aatrix at 20oK is presently being Investigated 
in the apparatus described briefly belcw» Preliminary results in the 
region below 300 cvT^- have revealed J moderate]y intense band at 
242 cm"-1-*, as well as a few weak features at lower frequencies« The 
matrix was wcrmed from 20oK to 60oK and the 24-2 cm"-1 band was found 
to decrease in intensity suggesting that it is monomeric rather than 
polymeric in origin, (Diffusion at the higher matrix temperatures 
would be expected to lead to increased band intensity if a di- or 
polymeric species was responsible for its occurrence») Further 
experiments now la progress may provide corroboration of the assignment 
of the 242 cm"1 band to the V2 bending fundamental of MgFg» 

The apparatus now in use comprises (a) a variable-temperature 
oryostat which employs a Gryo-Tlp liquefier unit; (b) an electron- 
bombardment furnace, and a Perkin-Elmer 301 far-infrared spectrometer, 

2, Emission Spectrum of F2 t    In the course of a recent investigation 
of the orange emission bands of F2 (with Dr. T, L, Porter) a new band 
system was discovered which has now been assigned to the heretofore 
unrecorded species F2+. This is of special interest for the present 
program because F2+ is isoelectronic with the molecule FO, Twelve 
bands in the region 5300-4-300 A have now been analyzed and have led 
to the conclusion that a portion of A^-X^jt system of F2+ has been 
observed. It is expected that molecular constants for both states as 
well as estimates of their dissociation energies can be reported in 
the near future. 

In agreement with Linevsky's results« 
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Chapter 6 

HIGH TEMPERATURE, MASS SPECTROMETRIC STUDY OF 

THE COMPOUND, AlsO^BeO 

by J.  Efimenko 

I.    The AL,03-BeO System 

A mass spectrometric study of this system is being made by observing 
the vapor species in equilibrium with selected, well characterized initial 
compositions as given in the -o1id-liquid phase diagram (Lang, Flllmore and 
Maxwell,   T.  RPS.  NBS  48^   301  (\932)). 

Experimental 

The Al^Oj'BeO compound was synthesized from alumina,  having a carbon 
content below 0.0034,  and beryllia by  fusion in an arc  image hot spot by 
A.  Dragoo at NBS.    During the preparation the  fused material did not come 
into contact with any metallic" container.     The solid was crushed in a 
diamond mortar and ground in an alumina mortar.    A sample of the material 
was placed  in a  tungsten cup and  inserted into a  tungsten effusion cell. 
Temperature-intensity data were collected for the species;    Be+,  0+,  Al+, 
0L,+ , A10Be+, AlgO*  and  (BaO)a

+   in the temperature range 2180*-2570oK. 

Discussion 

The reactions selected for consideration are the following: 

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

(2) 2Al(g) +0(g) ^AL)0(g) 

(3) Als0(g) + Be(g) A AlOBe(g) + Al(g) 

(4) l/2Q,(g) 3 0(g) 

(5) AlflVBeOd) ^ 2Al(g) + Be(g)  +4 0(g) 

Table 1 contains the partial pressures in atmospheres of the species 
considered. ■ 
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Table 1 

Mass Spectrometric Temperature-Partial Pressure Data 

r "K 
Atmos pheres 

PBe 
po "Al pA10Be ^o \ 

xlO-7 xiO-7 xl0-R xlO-10 xlO"10 xlO-8 

2152 0.225 0.360 0.840 0.0152 0.207 
2211 0,513 0.914 2.09 .162 0.593 
2290 1.27 2.15 6.26 Ü.70P 2.27 

2179 0.275 0.394 0.980 0.0523 2.15 
2226 0.480 0.800 1.37 0.151 0.54 
2279 0.931 1.61 0.435 0.468 1,35 
2337 1.88 3.43 10.10 1.280 3.95 

2205 0.397 0.554 1.   : 0.0952 0.0426 
2290 1.12 1.96 5.J0 0.592 1.94 
2290 1,11 1.88 5.30 0.592 1.88 
2343 2,14 3.90 11.60 1.57 4.73 
2417 4,77 9.00 29.70 4.27 12.60 1.05 
2470 8,20 16.70 53.50 8.26 24.80 1,84 
251C 1,17 29.20 95.00 17.00 49. CC 3.57 
2567 17.80 42.40 135.00 19,30 50.80 4.35 

These partial pressures were computed from the relation, p ■ -—,  where 
S is the instrument sensitivity for each spec^ej CT, relative rSXization 
cross-section; y,   the multiplier efficiency for each specie; 1% the ion 
intensity. The instrument sensit-ivity for silver, the calibrating 
material, was converted to specie sensitivity by the relation: 

Ag 

TA 

JAg rAg 

Table 2 lists auxiliary computation datj. 

fable 2 

Auxiliary Computation Data 

Sensitivity Values 
Specie CT(1) Y(2) 

T "K 

Ag 34.8 2000 1275 
Be 6.3 2800 
0 3.3 4200 
Al 15.4 2500 
Cfe 6.6 5000 
AlOBe 25.0 5000 
Al^O 34,1 5000 
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Note:  (1) J. W. Otvos and D. P. Stevenson, J. Am. Chem. Soc. TJb 
546-551 (1956) 

(2) Averaga values obtained experimentally by the author 
(3) Silver sensitivity SAg - 5.0 x lO"7 amp/tm Hg 

Free Energy Functions 

Be Table A-4, NBS Report 6928, July, 1960 
0 Table A-8, NBS Report 6928, July, 1960 
Al Table A-13, NBS Report 6928, July 1960 
CL, Table A-83, NBS Report 7437, January, 1962 
Al^O Table A-57, NBS Report 8186, January, 1964 
AlOBe Table A-90, NBS Report 8504, July, 1964 

With the aid of free energy functions and equilibrium constants 
for the reaction (l)-(4), the enthalpies change at absolute zero were 
computed and listed in Table 3. 

Table 3 

Enthalpy Changes fron Free Energy Functions 

Reaction    (1) £2} Q) (4) 

1 

T "K 
kcal/mol kcal/mol kcal/mol 

-MBS 
kcal/mol 

2152 223.14 260.65 37.51 
2211 228.11 248.05 19.94 
2290 230.51 249.36 18.85 

2179 129.30 260.39 31.09 
2226 232.26 253.79 17.10 
2279 231.71 250.51 18.80 
2337 231.64 263.22 31.58 

2205 229.25 250.38 21.63 
2290 231.15 250.34 19.19 
2290 231*16 250.69 19.53 
2343 231.32 251.00 19.68 
2417 235.92 250.16 14.24 59.29 
2470 235.96 251.00 15.04 59.92 
2518 247.72* 250.01 2.29* 60.23 
2567 235.91 250.38 14.47 57.67 

<231.24> <253.ia> <21.30> <59.28> 

Note (1) < > , the arithmetic mean value 
(2) * enthalpy not included in mean value. 

Experimental data permitted graphical derivation of the ^sH values also 
&nd a summary is presented in Table 3A. 
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Table 3A 

Enthalpies Changes-Summary 

Method van't Hoff Equation 
Free Energy 
Functions 

Reactive 

(1) 
(2) 
(3) 
(4) 
(5) 

-228.0 
-275.0 
+ 24.8 

4626.0 

kcal/mol 

-221.8 
-269.5 
+ 25.5 

kcal/mol 

-231.2 ± 3.3 
-253.1 ±4.6 
+ 21.3 ± 6.2 
+ 59.3 ± 1.0 

Note: (a) The error shewn is the mean square deviation 

Reactions (2) and (4) permit a check on the reliability of the 
data since both reactions have been already studied. The enthalpy for 
dissociation of O, (g) is 58.983 kcal/mol (NBS Report 8504, p. 165, 
July, 1964)) and the value from this st^dy is Z^D - 59.28. The enthalpy 
change for reaction (2), &£  = -253.1 kcal/mol, is within experimental 
error of other reported values, -254 ± 7 kcal/mol (R. F. Porter, 
P. Schissel and M. G. Inghram, J. Chem. Fhys. 23, 399 (1955)) and 
-243.4 ± 7 (J. Drowart, G. De Maria, R. P. Burns and M. G. Inghram, 
J. Chem. Phys. 32, 1372 (I960)). These comparisons indicate that the 
present data may be somewhat high. 

For reaction (5) the enthalpy change could be obtained only by 
use of the van't Hoff relation since free energy functions are lacking for 
AL3O, •BeO liquid in the experimental range of temperatures. 

Various sources of errors must be considered in the experimental 
data. At the conclusion of some runs, it was observed that the initial 
orifice area was decreased by a deposit of crystals about the pertmetei. 
Under the microscope they had a metallic appearance and very likely were 
tungsten. The effect occurred in spite of the fact that the orifice 
half of the cells appeared approximately 50° hotter than the bottom half 
of the effusion cell. The magnitude of error this effect caused is 
uncertain but assumed to be small or negligible since the sampling area 
of the beam was less than the orifice image area. Experimentally the 
beam intensity was noticed net to decrease until the orifice closed to 
a very small size. 

An analysis of systematic errors will not- be made at the present 
time since one assumes that they remain constant throughout an 
experiment. Evidence is being accummulated on the effect of temperature, 
ion-intensity, multiplier efficiency and instrument sensitivity. 
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For  the enthalpy changes  for reactions  (1),   (2),   (3) and  (4) ar 
computed the Mean-Square. Deviations, a. 

' a m {      )      ,  where d = Xn-X and X  is   the 

arithmetic mean. 

Preliminary measurements were made on the SAlpC^'BeO compound in 
the temperature ran".e 1800,-2100,C  (uncorrected).    The mass  spectrometric 
peaks  detected correspond  to the  following ions:    Be+^  0+, Al+, A10+, 
AlgO    plus alkali and alkaline earth Impurities.    An arc  image sample of 
the 3:1 mol ratio compound has  been prepared and will be examined at 
high temperatures. 

I 
i - 
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APPENDIX I 

FORMULA-PROPERTY INDEX FOR THE FIRST TWELVE PRELIMINARY REPORTS 

by Howard W. Flieger, Jr. 

An index has been prepared for the first twelve Preliminary 
Reports to assist the reader In searching for the properties of 
materials in his interest. The present (13th) report is excluded 
in this index. 

For the purpose of this index the NBS report numbers are 
referred to as the following Volume numbers: 

NBS 
REPORT 
6297 
6484 
6645 
6928 
7093 
7192 
7437 
7587 
7796 
8033 
8186 
8504 

VOLUME 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

The arrangement of the chemical formulae In the index Is 
alphabetical. The placement of the chemical symbols within a 
given formula is also alphabetical. Chemical isoraers are not 
distinguished. In general four printing spaces are allocated 
to a chemical symbol and its numerical occurrence in a fromula. 
For example, lithium aluminum fluoride, Li^AlFg, will be found 
in the index as AL F 6LI 3. The components of chemical systems 
are separated by a series of hyphens. Thus A^Oj-TiO, appears 
as AL 20 3----0 211. In future versions of the index the 
spacing may be condensed and the numbers may appear as subscripts. 

The property and/or study reference consists of two parts; 
a letter foiloved by a number. The letter indicates the property 
or study and tiie iiumbet indicates the source or treatment of 
the information. Toe Interpretation of the letters and numbers 
is found in the Key below. 

The location of the references in the reports appaears as 
the Volume number above followed by the page number in 
parentheses. An exception to this rule occurs for Volumes 2, 3 
and 4 where the pages in the appendices have not been numbered. 
For reference to be found in these appendices the Table number 
appears within the parentheses. 
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The extensive bibliographies found in several cf "ha 
Preliminary Reports have not been included in the inde;. 
These bibliographies are listed below. 

TITLE VOLUME PAGES 

A Brief Review of the He^t Relationships 
Among the Crystalline Oxides and Oxyhydrates 
of Aluminum. 7^-85 

References to Recent Values for Heats 
of Formation. 169-173 

The Heats of Formation of Inorganic 
Fluorine Compounds--A Survey, 

Recent Additions to the Litarature or the 
Chemistry of the Light Elements. 

Thermochemical Data for Some Simple Hydrides 
and Inorganic Oxidizers. 

Recent Additions to the Literature Related 
to the Heats of Formation of Compounds of 
Selected Elements. 

92-175 

39-60 

79-89 

76-89 

New Literature Relating to Heats of Formation 
of Che Light Elements and Their Compounds.       9      40-81 

Substance-Property Index for 1962. 9      82-156 

A Bibliography Relating to Heats of Formation, 
Enthalpy Changes Resulting from Phase Changes, 
and the Heat Capacities of Aluminum and 
Beryllium Fluorides, Oxyfluorides, Chlorides, 
and Oxychlorides, and of Lithium Fluoride.       10      22-35 

New Literature Relating to Heats of Formation 
of Fluorine Compounds of Selected Elements.      11      122-142 

Preliminary List of lonization Potentials or 
Electron Affinities of Light Element Compounds.  12      185-202 
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KEY to property or study: 

Property 
or Study 
Letter 

C 
D 

F 
G 

H 
J 
K 
L 
M 

Interpretation 

Heats of reaction, dissociation and formation. 
Thermodynamic functions of solids, liquids and solutions. 
Thermodyiiamic functions of gases. 
Vapor pressure and vaporization equilibria, decomposition 
and dissociation studies, and heats of vaporization and 
sublimation. 
Data of state and related physical properties. 
Phase diagrams. 
Absorption and emission spectroscopy including molecular 
constants. 
Kinetic studies. 
Chemical preparation and/or purification studies. 
Electrical discharge (exploding wire) studies. 
Calorlmetry techniques. 
Mass spectioscopy studies. 

Source and 
Treatment 
Number Source and/or treatment of information 

1 NBS reported. 
2 Literature (non-NBS) reported. 
3 NBS critical evaluation, review and analysis of data. 
4 Non-NBS critical evaluation, review and analysis of data. 
5 Tables at a standard state. 
6 Ideal Gas tables. 
7 Theoretical or empirical estimate. 
8 Apparatus description. 
9 Tables of thermodynamic properties with temperature or 

pressure argument and other tables. 
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FORMULA-PROPERTY INBKX FOR IHs i iRST HALVE PRELIK^HARY REPORTS 

i 
^            FORMULA 

AG 
AC, CL 
AC,   ? 0 

Afi + 
Al 
AL 
AL 
AL 
AL 
AL 
AL 
AL 

= AL 

AL 
AL 
Al 
AL 

AL 
AL-f 
AL- ■e 
AL B      3H   12 

AL B   10 
f" AL B    1 ! 
1 AL- -BF 
1 AL 

Al. 

RF 0 
0 

Al RR 1 
i AL C 

Al. C 

AL C 

AL c 
AL CL 

AL CL 
AL CL 
AL CL 
AL CL 
AL CL 
AL Cl 

AL CL 
AL CL 
AL CL 
AL Cl 

AL CL 
AL CL 

•- AL CL 
AL CL 
AL CL 

1 AL CL F      ' 

AL CL F      7 

AL CL F      7 

AL CL F       J 

AL CL 0 
AL CL 0 

AL CL 0 
■• AL CL 0 

AL CL 0 

AL CL ? 
AL CL 5 

' 
AL CL ^ 
AL CL ? 
AL CL ? 

, AL CL ? 
1 AL CL ? 

i AL Cl ? 
'- AL CL ? 

AL CL ?f 
AL CL 2F 

AL CL 2F 

1 AL CL 2F 

AL CL ? 

AL Cl ■! 

Al Cl 1 

AL CL 1 

AL U ^ 
AL CL 1 

Al CL 1 

AL CL 1 

AL CL 3 

AL CL 7 

4L CL fl 

PROPWTV VOLUME 

OR  STUDY ANB  PAGE 

d 121 ISA 1 
a 171 ISA) 
a 12t1RA1 

r*. 121IflAI 

^ 1 (    SB) 

A 2 211011 
A', 4tC   11 
P? 11      M 

R2 2 1   221 

B? 11   251 

B5 1 (      91 

P5 21    201 
nc ?(2-   !) 
pq MB  11 
Cb ?n-ii) 
C5 A (Am 

DJ 11   «81 

Kl 121   26) 

C6 612291 

FZ 5(1871 
A? 7(    921 

E2 5(1501 
F? 5(1501 

F7 S(188l 

a> 12(140) 

G7 12(    S5I 

R7 51    SA | 

A 2 i(      21 

a? ■M    651 

A5 A(C   2 1 

02 A(   «SI 
A2 1 (    591 

A2 1 (   661 
A? 2(    89) 

A? 2(1021 
AS A(C   2) 

C6 1(1251 
Cft 2(1-10) 

Cf, MA^I 
Dl 8( 1 HI 
01 12(    57) 

52 1 (    A?) 

G2 Al    »D 

G6 12(   64) 

06 12(   65) 

C.6 121    66) 
ft 9 21    50) 

Cft 2(1-61) 

C6 A(A6S) 

fi? 11   i,ü\ 
S<5 7 1    51! 
PS 1 (      'M 
ce 211-58) 

C6 A(A621 

G? 1 (    AA ) 

G<) 7 1    51) 
A? 11    591 

A? 7 1    8 9 1 
A2 2 n n •■> 1 
AS A(r   3 1 

C6 7 1 1-6^1 

C6 AlA67) 

rn P. 11 1 A 1 

G? 1 (    AA 1 

59 21    5 1) 

C6 7(1-621 

C6 'i IA66 1 

62 11    A41 

G9 7 1    51) 

A2 11    c c ) 
A? 11    Aft 1 

A2 7 1    HO) 

A? 7lin-l 

Al A!    -<6 1 
AS A(C    7 1 
R? 1(    64) 

B3 11    76) 

85 11      9 1 

65 71    20) 
B '(7      6) 

FORMULA 

CL      N 0 

CL      N 0      2 
CL      N 0      2 
CL      N 0     5 
CL      N o    s 
CL      N 0      6 

CL      N n    6 
CL      NA 
Cl       NA 
CL      NA 
CL      NA 
CL      NA 
CL      NA 
CL      NA 
CL      NA 0      A 

CL      NA 0      A 

CL      0 
CL     n 

CL     0 
CL      0 

CL      0 
CL      0 
CL      0 

CL     0   ■ 
CL      0 2 
CL      0 2 
CL      0 2- 

CL      0 3 
CL      0 3- 

CL      0 4- 
CL      0 6N 
CL      0 6N 

CL      0 6N 

CL      0 6N 
CL      RR 
CL   2 
CL   2 
CL   2 

CL   2 

CL   2 
CL   7 

CL   7 
CL   7 
CL   2 
CL   2 
CL   2 
CL   2 + 
CL    2CR 
CL   2F 6 
CL   2H 2 MC, 0 

CL   2H JHG 0 

CL   7H 2MG 0 
CL   7H 2MG 0 

CL   2H 2MG 0 

CL   2H 2M6 0 

CL   2H JMfi n 
CL    ?H 7MG 0 

CL   7H Z MG 0 

CL   2H 4 MO o 2 

CL   2H AMG o 2 
CL   2H AMG 0 2 
CL   2H A MS 0 2 
CL   2H 4 Mr, Q 2 

CL   2H A Mr, 0 2 

CL   ?H i. Mr, 0 7 

CL   7H ft Mr. n 2 
CL   2H A MO n ft 
CL   7H AN 5 

CL   7H 8MG n 4 

CL   2H BMC, 0 ft 
Cl     711 BMG 0 ft 
CL   2H 8 MG 0 ft 

l                    CL   7H BMG 0 4 

|                    CL    2H 8MG 0 4 

Cl    ?H BMG 0 A 

i                    CL   ?H BMG 0 ft 
i                    CL    ?H 8 MG n A 

CL   7H 12 MG Cl 6 
CL   71! 1 7 MT, o A 

1                    Cl     2H 17 MG n 6 

PROP" TV VOLUME 

OR  STUDY AND PAGE 

C5 121178) 

A2 7(    94) 

C5 12(178) 
A2 7(    941 
B5 12(178) 
A2 7(   94) 
R5 12(178) 

A2 7(   901 
32 9(    21) 
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NA 40  4SI 
'A 40  4SI 
NA 40  4SI 
NÄ+ 
NA + 
NF 
NE 
NF + 
0 

0 
0 
0 
0 
0 
0 
0 *■ 

0 ♦ 
0 - 
0 - 
0 PR 
0 PB 
0 PB 
0 PB 
0 PR 

0 PB 
0 PB 
0 PB 
0 PR 
0 5 
0 TI 
0 TI 
0 2 
0 2 
0 2 
0 2 
0 2 
0 2 
0 2 
0 2 
0 2 
0 2 + 

0 2PP 
0 2PR 
0 2PB 
0 2PB 
0 2PB 
0 2PB 
0 2S 
0 2S 

0 2S! 
0 2SI 
0 2SI 
0 2TE 
0 2TI 
0 2TI 
0 2TI 
0 2rl 
0 2T! 
0 2TI 
0 2TI 
0 ?T1 

B2 91 23) 
B9 91 31) 
B2 91 241 
B9 91 311 
62 9( 24 1 
B« 9( 31) 
82 9( 24) 
B9 9( 31 ) 
A? 6( 83) 
A3 6( 83) 
R2 9( 2S) 
B9 91 11) 
B9 91 31) 
A2 6( 83) 
A3 61 831 
A2 61 831 
A3 61 631 
B2 91 241 
B9 91 311 
CS 1211841 
C6 6(22S) 
C6 2(1-10) 
C6 41A10I 
C6 612231 
A2 11 SB) 
A2 2(1011 
A2 7( 94) 

AS 4(C 1) 
CS 12(165) 
C6 211- 81 
C6 4 A 8) 
02 1 , 54) 
CS 1211651 

f6 612191 
CS 1211651 
C6 1211261 
B2 61 521 
B2 81 971 
B2 8( 981 
B3 81 971 
B3 8i 981 
BS S11021 
B5 811021 
BR 8(1581 
R9 811601 
CS 121171) 
S2 511761 
B9 5(231) 
A2 1( 581 
A2 2(101) 
A2 7( 94) 

A 6 4(C 11 
A7 21 411 
BS 12(1651 

CS 12(1651 
C6 7(1131 

02 1 ( 541 
CS 1211651 
C6 1211341 

82 61 531 
82 81 981 
B3 5( 531 
B3 81 98) 
B5 811021 
S9 8(1611 
BS 12(171) 

CS 1211711 
BS 1211741 
üi   — 7{ 68! 
B2 1Z( 991 
B? 12(1001 
B5 12(1751 
A? 31  51 
A3 31  51 
AS 41C 21 
B2 511771 
B? 5(1761 
BV 5(2371 
B9 512391 
E2 611601 

45 
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c ill    ? 
c 3CR 7 
c ■IMG ? 
c IMG ? 
c IMG ? 
c 3M6 ? 
c 3MG ; 
c ?MG 7 
c IMG 2 
c 3MÖ 2 
f IMG 2 
c 3MG 2 
c 4H 1?N U 
c 6CR23 
CA 
CA CL 2 
CA F  ? 
CA FE 70  « 
CA H 
CA 0 
CA 0  VSI 
CA 0  3SI 
CA 0  IS! 
CA 0 in 
CA 0  3TI 
CA 2FE 20  ! 
CA 20 <(SI 
CA 20 «sr 
CA 20 «SI 
CA 30 5SI 
CA 30  5SI 
U jo 5c-; 
CA 30  751 2 
CF H  2 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL* 
CL + 
CL- 
CL- 
CL- 
CL cs 
CL 
CL 
CL 
CL 
CL 
CL 
CL F   LI 2 
CL F   LI ? 
CL F   LI 7 
CL F   112 
CL F   LI 7 
CL F   MG 
CL F   MO 
CL F   MG 
CL F   MG 
CL F   0  3 
CL F  3 
CL F kH 
CL f sr. 
Cl H 
CL H 
CL H 
CL H 
CL H   MG  0 
CL H   MG  0 
CL H  Mr,  n 
CL H   0 
CL HO? 
Ci, HOT 
CL H        0      it 
CL HO« 
Cl H  7L I  n 
CL H  21. I  0 

B9 3(2-33) 
B? 121 92) 
A? 21 96) 
A2 2(10«) 
A5 «IC 2! 
B2 31 12) 
B5 31 16) 
P? 3( 21) 
R9 31 221 
69 3(2-361 
B« «(636) 
.12 «( 21) 
A2 7( 91) 
82 12( 93) 
B2 12( 87) 
B2 I2( OR) 
B2 121 B8) 
P2 12( ft9) 
C6 12(15«) 
B2 1?( 88) 
A2 6( 83) 
A3 6( 83) 
B? 12( 901 
A2 6( 83) 
A3 6( 83) 
02 121 90) 
A2 6( 83) 
A3 6( 83) 
B2 12( 90) 
A2 6( 83) 
A3 6( 83) 
n* 3 21 911 
B2 12( 91) 
A2 7( 93) 
A2 U 58) 
A2 2(1011 
A2 7( 90) 
A5 «(C 11 
C5 12(1671 
C6 2(1-17) 
C6 «(A)7) 
Ci 12(167) 
Cf> 6(237i 
B5 121167) 
C5 12(167) 
C6 12(130) 
G? 10( 191 
C5 12(168) 
C6 1(133) 
C6 2(1-36) 
C6 «(A39) 
r,2 1( 42) 
C,9 2( 50) 
A? 1( 61) 
A? H 73) 
A7 ?( 99) 
A? 71)05) 
A5 «(C 7) 
Cb 2(1-5?) 
C5 «(A56I 
S2 1 1 «3) 
G9 2( 511 
r5 l?(168i 
B1» 12(168) 
C! 17(15fl) 
c? 12(17«) 
AJ 71   901 
c? 1711671 
r^ 2(1-3«) 
C6 «(A37) 
B2 1( 16) 
R1? !( 17! 
R; v i  20: 

P5 121168) 
B5 12(158) 
P^ 12(168) 
A2 7( 9«) 
HS 1211681 
R7 K 21) 
ns 11 27 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
c 
o 
o 
o 
o 
o 
o 
0 
o 
o 
o 

o 
o 
0 
Ö 
0 
0 
0 
0 
o 
o 
o 
0 
0 
0 
0 
0 
o 
0 
o 
o 
o 
0 
0 10P 
p 
p 
p 

2TI--0 
2TI—0 
?W 
2W 
2W 
2W 
2W 
2ZP 

2ZR 
21H 
3 
3 
3P - 
3PB  S 
3PB s: 
3PB s: 
3PB  SI 
SfS 2 
3F3 2 
SOB 2 
"ü ? 
3PP 2 
JS 
35 
35 — 
3S 2- 
3SE 
3SE — 
3TE— 
3TI 2 
3TI 2 

3W 
3W 
3W 
4P 
«PR 
«PB 
4PB 
«PB 
4PB 
4PB 
«PB 
4P8 
«PB 
«PB 
45 ■ 
4SF- 
«SI 
5TI 
5TI 
6P 
7P 
8fi 

2ZR 
72P 

-3 
751 
2SI 
2il 
2SI 
3 
3 
3 
3 
3 
3 

ZR 
0 

3 
« 
2-« 
2— 
« 

P  2 
P  2! 
P  « 
PB 
PB 
PB 
PD 
PB 
PB 
PB 
PB + 
S 
S 

S 
s + 
5 + 

S - 

S  2 
S  3 

F? '»(1581 
F2 5{;i6) 
B? 6( 51) 
B2 8( 92) 
83 8( 92) 
85 811021 
89 81139) 
R2 51179) 
B9 5(2«81 
E2 5(1601 
A2 71 94) 
C5 1211651 
B5 12(180) 
B2 8( 99) 
B3 8( 99) 
85 8(102) 
B9 8(164) 
B2 6( 52) 
82 8( 98) 
B3 8( 98) 
85 8(102) 
89 8(162) 
65 12(172) 
C5 12(172) 
65 12(172) 
B5 12(172) 
85 121174) 
B5 12(174) 
85 12(175) 
82 5(176) 
B9 5(233) 
Bl a f m ) 

B3 8( 92) 
B5 8(102) 
B9 8(141) 
B5 12(180) 
82 8( 99) 
83 81 99) 
B5 8(102) 
89 6(165) 
82 6( 52) 
82 8( 98) 
83 6( 52) 
63 8( 98) 
85 8(102) 
89 81163) 
85 17(177) 
85 12117«) 
82 7( 67) 
62 5(177) 
69 5(235) 
65 12(180) 
BS 12(180) 
B5 12(172) 
85 12(180) 
65 12(180) 
C6 2(1-15) 
C6 4(A1.5) 
C6 6(233) 
65 12(180) 
65 17(18?) 
BS 1211801 
BI 8( 96) 
B? 6( 51) 
R? 81 96) 
B3 61 51) 
B3 •  8( 96) 
85 81102) 
89 81156) 
C6 6i759) 
65 17(171; 
CS !?(!71) 
C6 2(1-16) 
C6 «(A16) 
cs 12(171) 
C6 5(235) 
cs 12(171) 
65 12(171) 
CS 12(171) 
CS 12(1711 

4.6 



1 

I 

r 

CL  H  7LI 0 
CL  H  *N 
CL  H  »N 0 
CL  H  *N 0 4 

CL  H  «.N 0 4 
CL  H  «N 0 4 
CL  H  »N 0 4 
CL  H  SN 2 
CL  H  *N 20 4 
CL  H  5N 20 4 

CL  HG 
CL  HG 
CL  I 
CL  T 
CL  I 
CL K 
CL  K 
CL  IC 
CL  K 
CL  K 
CL  K 
LU  K   0 3 
CL  K  0 3 
CL  K   0 3 
CL  K   0 3 
CL  IC   0 It 

CL  K   0 * 
CL  K   0 4 
CL  K   0 4 
CL  K   0 4 
CL  K   0 4 
CL  IC   0 4 
CL  IC   0 4 
CL  K   0 4 
CL  K   0 4 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  L! 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
C.  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  1 I 
CL  LI 
CL  LI 
CL  LI 
CL  LI 
CL  LI--F LI 
CL  LI—F LI 
CL  LI  0 4 
CL  LI  0 4 
CL  LI  0 4 
CL  MG 
CL  MG 
CL  M6 
CL  MG 
CL  MG 
CL  MG 
CL  MG 
CL  MG 
CL  MG 
CL  MG 
CL  N   0 

R? 21 201 
B-S 12(178) 
M 12(1781 
M 3( 531 
Al 41 28) 
A2 71 94) 
B5 12!!7>») 
B;. 121178) 
A2 7( 94) 
B* 12(179) 
B? 9( 30) 
B9 9( 32) 
A? 7( 94) 
R>> 12(171) 
a l?fl71) 
A2 7( 90) 
B2 7( 701 
B2 IK 911 
63 11! 91! 
B9 11(173) 
G9 10( 19) 
B2 9( 26) 
B3 10( 40) 
B9 9( 321 
C5 12(184) 
Al 3( 531 
Al 4( 28) 
A2 7( 95) 
A9 7( 10) 
Bl 7(  3) 
is 9( 26) 
B3 10( 40) 
B9 91 32) 
B9 10( 7») 
C5 12(184) 
A2 1( 61) 
A2 1( 72! 
A2 2( 99) 
A? 2(105) 
A5 4(C 2) 
Bl 1( 20) 
Bl 2( 30) 
Bl 3( 63! 
Bl 5(176! 
62 1( 20! 
B2 2( 30! 
B2 3( 631 
B2 5(176! 
B3 1( 27! 
r?5 1( 22! 
B5 2( 20! 
R9 2(2-26) 
89 4(B26! 
B9 5(2291 
C6 1(109! 
C6 2(1-21) 
C6 41*11) 
02 2( 79! 
Gl 10( 13! 
Gl 10( 18! 
G2 1( 42! 
G9 2( 501 
G9 10( 18! 
G9 10( 191 
F? 6(163) 
F2 5(217) 
Al 3( 53) 
Al 4( 281 
A2 7! 951 
A2 1( 601 
A? 1( 701 
A2 2( 95! 
A? 2(104! 
AO 4(C 21 
Cb 1(1191 
Cb 2(1-271 
Cb 4(A27I 
G2 1( 421 
G9 2( 501 
A2 7( 94! 

-Tl 
-ZR 

S 
SE 
SE 
Sf 
SI 
SI 
SI 
si 
si* 
si- 
si- 
TE 
TE 2 
TI 
n 
TI 
TI 
TI 
TI 
TI 
TI 
TI + 
TI—B 
TI—2R 
W 
H 
W 
M 
w 
M 
y + 
ZR 
ZR 
ZR 
ZR 
ZR 
ZR + 

C5 1211711 
C5 !2!1711 
C5 12(171) 
C5 12(171) 
Ci 12(171) 
BS 121174) 
C5 12(174) 
C5 17(174) 
S2 7( 68) 
B2 12( 981 
C5 2(1-141 

C6 4 1 A 14 ) 

C6 6(231) 
F? 5(202) 
F? 5(203) 
BS 12(1741 
€S 12(1751 
A5 4 (C 1) 
B2 3( 15) 
B3 H    15) 
85 3( 16) 
85 3( 211 
B9 3( 22) 
B9 3(2-40) 
B9 4(B40I 
C6 5(245) 
F? 5!194) 
F? 5(204) 
B7 6( 511 
82 8( 911 
83 6( 51) 
83 8( 91) 
85 8(102) 
B9 8(1371 
C6 6(2491 
Bl 5(HiO) 
B2 5(178) 
B2 5(180) 
B9 5(241) 
B9 11(1541 
C6 6(251) 
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APPENDIX II 

THSRMODYIMMIC FUNCTIONS OF SOME SELECTED 
SUBSTANCES IN THE SOLID AND LIQUID STATES 

Oeorge T. Furukawa and Martin L. Heilly 

The low-temperature heat-capacity and the high-temperature relative- 
enthalpy data on some selected substances that should be of interest to 
the light-element thermodynamics program were analyzed. Sources of 
literature data that were compiled for the analysis have been given for 
most of the substances in a previous report of this series [1], The low- 
temperature heat-capacity data were examined and selected for general 
consistency and joined smoothly with the values of heat capacity at the 
high temperatures calculated from the enthalpy equations reported by the 
original investigators or given by Kelley [2], Where the lower temperature 
limit of the data was fairly high (e.g. abovt 50 K), the equation selected 
by the original investigator was used for extrapolation to ü K and joined 
smoothly with the experimental data, T'r thermodynamic functions were 
calculated from the smoothed tabular values of heat capacity by numerical 
integration using the l(-point lagrangian integration coefficient method 
[3] in conjunccion with the usual thermodynamic relations. Sources of 
data actually used in obtaining the thermodynamic functions are given 
along with each of the tables, ' 

The 1961 atonic weights based on C-1^ [■'.]  and the energy relation: 
U.1840 joules = 1 defined calorie, were used in calculating th~  gram 
molal thermodynamic functions given in the tables. 
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Mines Bulletin 3&k,  i960. 

[3] "Tables of lagrangian Interpolation Coefficients" Columbia 
University Press, New York, 19^. 

[k]    "IUPAC Revises Atomic Weight Values", Chem. Eng. News 39, ^2 (1961). 
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TABLE   6-116 

THEHMODYNAMK   FUNCTIONS   fOR   CRYOLITE   fNA,AL   F,) 
SOlIO   AND   LIQUID  PHASES 

CRAM  MtHFCULAP   \IT,=   209.9An   GRAMS 
T   DEG   K   =   ?73,1!>   +   T   DFG  C 

T 

DER   ( 

.0     C 
3T-H01 

o ,,c. 

DEG   MOLE      OEG   MOLt        OEG   MÖLt 

(HI-H.I 

CAL^.l^O ABS .1 

,0 

MOLE  ÜEG'MÖLE MOLE 

SOLID PHASE (ALPHAI 

n.nn 0,000 0.000 n.noo 0.000 0,000 O.nno 
<;.ftn n.on2 Q.OnS 0,006 0.024 0.019 0,008 

10.00 0,011 0.039 0.052 0.389 0.155 0.130 
15.on 0,043 0.129 0.172 1.931 0.502 0.662 
?0.00 0.101 0.290 0.391 5.810 1,088 2.018 
J5.00 0,190 0,527 0.717 IS.ITO 1.893 4.743 
30.00 0,312 0.837 1 .149 25.109 2,920 9,361 
IS.00 0,'i69 1.222 1.691 42.771 4.179 16,416 
40» 00 0,661 1,680 2,341 67.211 5.621 25,454 
1.5.-Ö 0.889 2,203 3.092 99.156 7.171 39.999 
■SO.00 1.150 2.780 3.931 139.0! 8.777 67.522 
S6.00 1,444 3.399 4,843 186.95 13.403 79.428 
SO.fio 1,768 4.061 5,818 243.04 12.032 106.06 
6S,QO 2,118 4.727 5,845 307.26 13.654 137,70 
70.00 2,494 5.422 7,916 379.54 15.253 174,66 
75.00 2,892 6.130 9.0J2 469,72 16.811 216,92 
80,00 3,311 6.844 10,155 547.56 18.314 264,85 
85.00 3,747 7,562 11.309 542.77 19.762 318.50 
90.00 4.200 8.279 12,478 746,10 21.1b6 3V7.96 
95.00 4.666 8.993 13,660 864,38 22,536 443,30 

100.00 5.146 9.704 14,850 970,43 23,879 514,58 
105[f'0 5,636 10,411 16,047 1093,1 26,187 591,82 
110.00 6,137 11.111 17.248 1222.2 26.456 675.06 
115.no 6.646 11.805 18,451 1357.6 27,684 754,30 
120.no 7.163 12.492 19,665 1499.0 28.870 869.65 
U5.P0 7,687 13.170 20,857 1646.2 30,016 960,84 
130.00 8.216 13.839 22,056 1799.1 31,126 1058,1 
135.00 8.751 14.499 23,251 1967,4 32.199 1181.4 
US.00 9.290 15.150 24,440 2121.0 33,236 1300,6 
145.00 9.833 15.791 26,624 2289.7 34,232 1425,8 
150.00 10.3^9 16,422 26,801 2463.3 36.187 1656,9 
155,00 lu.928 17,042 27,970 2641.5 36.100 1693,8 
160.00 11,478 17.651 29,130 2824.2 36.971 1835.5 
US.00 12,031 18.250 30.280 3011.2 37.803 1985,1 
170.00 12.584 18.836 31.421 3202,2 38.600 2139.3 
175.00 13,139 19.412 32.551 3397.1 39.365 2299,3 
180.00 13,693 19,977 ^3,670 3696,8 40.101 2464,8 
185.00 14.248 20.630 34,778 3798.1 40.809 2535.9 
190.00 14.803 21.073 36,876 4003.8 41.49Z 2812,5 
195.00 15.357 21.605 36,962 4213.0 42,149 2994.7 
200.00 15.911 22,126 38,037 4426.3 42.783 3182.2 
205.00 16.464 22.638 39,101 4640.7 43,393 3376.0 
210.00 17,015 23.139 40.154 4669.2 43.980 3573.2 
215.00 17.565 23.630 41.196 6080,5 44.646 3775.6 
220.00 18.114 24.112 42,226 6304,6 46.090 3986.1 
225.00 18,661 24.5ij4 43,245 5631.4 45.615 4198.8 
230.00 19,207 25.047 44,253 5760.7 46.122 4417.6 
235.00 19.750 26,500 46.261 5992.6 46.612 4541,3 
2A0.00 20.292 25.945 46,237 6226.8 47,086 4870.0 
2'>5.00 20.331 26,381 47,212 6463.4 47,545 6103.7 
2'Q.OO 21.369 26,809 48,178 6702.2 47,988 5342.1 
255.00 21,904 27.228 49,132 6943.3 48,417 5586.4 
260.00 22,436 27,640 50,076 7186.4 48,832 5833,4 
265.00 22.967 26.044 51.010 7431.5 49.231 5086,2 
270.00 ?3.495 28.440 51.934 7678.7 49,615 6343,5 
273.15 23.826 28,685 52.511 7835.3 49,860 6608.0 
275.00 24.020 28,828 52.848 7927.7 49,984 5505,5 
280,00 24.543 29.209 53.752 8178.5 50.338 5872,0 
285.00 26.063 29.683 54.646 6431.0 50,675 7143.0 
290.Hi' 25.581 29.949 55.530 8685.2 50.990 7418.4 
295.0" 26.0as 30.308 56,404 8941.0 51.308 7598.3 
298.15 -6.419 30.531 56,950 9102.9 61.495 7875,8 
300.00 26.608 30.661 57.269 9198.3 51.603 798?,6 
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■;AflLe B-l!6 (CONT.I 

THFRMODYNAMIC FUNCTIONS FOR CRYOLITE INA AL F6> 
SOLID AND LIQUID PHASES     J 

CRAM  MOI frill AR   WT.=   ?09.9'il3   GRAMS 
T   DEC,   K   -   273.15   ♦   T   DEG  C 

-,4-H^,r   IH^I/T     (ST-S°) 

CAL CAL LAL 

,HH. 

CAL=*.1B<|0   ABS   J 

^0 

CAt,. ^AL 
B8CE I5E5~HöLE 

300.00 
310.00 
320.00 
330. )0 
jAfl.ut) 

350.:f 
360.on 
370.00 
373.15 
360.00 
390.00 
itOO.OÜ 
»25.00 
450,00 
475.00 
500.00 
550.00 
600,00 
650.00 
700.00 
750,00 
800,00 
845,00 

26,608 
27,625 
28,630 
29,625 
TO,60« 
31,581 
32,542 
33.492 
33,789 
34,431 
35,359 
36,276 
33.524 
40,707 
42,831 
44.896 
4B.fl65 
52,637 
56,231 
59.667 
62,959 
66.121 
68,865 

SOLID PHASE lALPFA) 

30.561 
31,345 
32.004 
32.637 
33,?4? 
33.R-" 
34,400 
34,945 
35,!15 
35.475 
35.986 
36.482 
37.667 
38.753 
39.781 
40.749 
42.535 
44.161 
45,660 
47,058 
48.372 
49.619 
5P,692 

5 7.26V 
58.970 
60.634 
62,?62 
63.855 
i?-414 
66,942 
68,438 
68,90' 
69,905 
71.345 
7?.758 
.v,. li.i 
79,461 
82.611 
86.644 
91,400 
96.798 
101.89 
106.72 
111.33 
115.74 
119,56 

9198,3 
9717,1 
10241, 
10770. 
11304. 
11B42. 
12384. 
12930. 
13103. 
13480. 
14035. 
14593. 
15004. 
17439. 
18896. 
20374. 
23395. 
25497, 
29579, 
32940, 
36279. 
39695. 
42835, 

61.603 
52,154 
52.662 
53.135 
54.581 
"j -.  , «no 

54,423 
54.826 
54.952 
55.223 
55.612 
56.995 
56.930 
57.833 
58.711 
59.568 
61.233 
52.853 
64.440 
55.004 
57.550 
69.084 
70.454 

-<"o' 
CAL 
MOLF 

7982.5 
8553.7 
9161,7 
9T76.2 
10407. 
11053. 

12392. 
12608. 
13084. 
13790. 
14511. 
15373. 
18318. 
20345. 
22448. 
25876. 
31582, 
36550. 
41757. 
47219. 
52897. 
58191, 

5 

I I   I 

SOLID PHASE IBETAI 

846.00 
850.00 
900.00 
950.00 
1000.00 
1050.00 
1100.00 
1150.00 
1200.00 
1250.00 
1300.00 

68.85'./ 
69.179 
72.247 
75.;t>7 
78.009 
80.724 
83.342 
85.869 
88.314 
90.681 
92.978 

63.248 
53.321 
54.027 
54,700 
55.346 
65.968 
55.569 
57.153 
67.721 
58.275 
58.817 

122.11 
122.50 
126.27 
129.89 
133.35 
135.69 
139.91 
143.02 
146.03 
148.95 
151.79 

44996. 
45323. 
48524. 
51965. 
55346. 
68756. 
62226. 
55725. 
69256, 
72844, 
75462, 

65.552 
55.531 
65.424 
57,217 
58.010 
58.803 
59,596 
70.389 
71,182 
-1.775 
72.758 

58191. 
58803. 
65023. 
71427. 
78009, 
84761, 
91676. 
98750. 
105977. 
113352, 
120871, 

LIOUID PHASE 

1100.00 
1350.00 
1400.00 
1450.00 
1500.00 

92.978 
96.009 
98.948 
101.80 
104.57 

80.079 
80.572 
81.030 
81.457 
81.855 

173.06 
176.58 
179.98 
183.26 
186.42 

104102. 
108772. 
113442. 
118112. 
122782. 

93.400 
93.400 
93.400 
93.400 
93.400 

120871. 
129612. 
138527. 
147608. 
155851. 

HJ? AND Sg APPLY TO THE REFERENCE STATE OF THE SOLID AT ZERO DEO K 

King,  E. G., 
lev Tompsrature Heat Capacities and Entropies at S'm.V) K. of 
Cryolite, Anhydrous Aliminum Fluoride and Sodium Fluoride 
J. Am. Chem. Soc. 79, 2056-8057 (19^7) 

Kelley, K. K., 
Contributions to the Ceta on Theoretical Metallurgy. 
XIII.    High-Temperature Heat-Content, Heat-Capaelty, 
and Entropy Data for the Elements and Inor^nic Coapounds 
U. S. Bur. Mines, Bull. 5*, 232 pages (I960) 
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TABLE B-117 

THERMOOVNAMIC FUNCTIONS FOR SODIUM OftTHOSItICATE INA SI 0^1 
SOLID PHASE 

GRAM  MOI.FCULAR   HT.^   IBfi.O'iJS   GRAMS 
T DE6 K = 273.15 t T DEG C 

T 

DEG K 
CAL    CAL    CAL__ 

5EG M5LE 5EG~MOLE  5EG MOLE 

'"?-HCo' 

CAL^'i.iaftO ABS J 

,0 

CAL     CAL 
MOLE  ÖEG'MÖLE 

CAL 
MOLE 

0.00 0.000 0.000 0.300 0.000 0,000 0.000 
5.00 0.000 0.001 0.002 0.006 0.005 0.002 
10.00 0.003 ","10 0.01 J U • U ' ' «.;;fl 0.033 
15.00 0.011 0,034 0.045 0.503 0,134 0.167 
20.00 0.027 0,080 0.107 1.S02 0,326 0.530 
25.00 0.052 0,161 0.213 4.024 0.677 1.308 
30.00 0.092 0.293 0.385 8.785 1.276 2.772 
35.00 0.152 0.494 0.646 17.299 2.178 5.309 
40.00 0.235 0.776 1.011 31.052 3,364 9.407 
«.5.00 0.347 1,140 1.486 61.282 4,754 15.601' 
50.00 0.489 1,576 2.064 78.775 t,26B 24.442 
55.00 0.662 2.073 2.734 113.99 7,835 35.401 
60.00 0.865 2.619 3.484 167,15 9.433 51.917 
65.00 1.098 3.204 4.302 208,26 11.002 71.357 
70.00 1.357 3.816 5.173 267,11 12,527 95.024 
75.00 1.642 4.446 6.088 333,44 13.997 123.15 
80,00 1,949 5.087 7,036 405.97 15,401 155.96 
85.00 2,277 5.733 8,010 487,33 15,732 193,57 
90.00 2,623 6.380 9,003 574,18 17,993 236.09 
95.00 2,985 7.023 10.009 667.22 19.209 283.52 
100.00 3,362 7,662 11.024 766.20 20.377 335.20 
105.00 3,751 B.295 !?,046 870.93 21,510 393.87 
110.00 4,151 8,920 13.072 981,23 22.607 466.65 
115.00 4,562 9.539 14.100 1096,9 23.667 624.69 
120.00 4,981 10.149 15.129 1217,8 24.583 597.55 
125.00 5,407 10.749 16.156 1343,7 25.552 675.88 
130.00 5,840 11.341 17.181 1474.3 26.573 759.22 
135.00 6,279 11.921 18.200 1509.3 27,445 847.67 
no,no 6,723 12.490 19.213 1748.7 28,275 9*1.21 
145.00 7,171 13,O^ 20.219 1892.0 29.069 1039.8 
150.00 7.623 13,595 21.218 2039.3 29,830 1143.4 
155.00 8.077 14,131 22.208 2190.3 30,554 1252.0 
160.JO 8.534 14,656 23.190 2344.9 31,277 1365,8 
165.00 8.993 15.170 24.163 2503.0 31,969 1483,8 
170.00 9.453 15.674 25,127 2664.6 32,641 1607,1 
175.00 9.915 16,168 26,083 2829.4 33.292 1736,1 
180.00 10.377 16,652 27.030 2997.4 33.920 1867,9 
185,00 10.840 17,127 27.967 3168,6 34.522 2005,4 
190.00 11.303 17,593 28.896 3342,6 35.100 2147,5 
195.00 11.766 18,049 29,814 3519,5 35.553 2294,3 
200.00 12.228 18,496 30,724 3699,1 36.183 2445,7 
205.00 12.690 18.933 11,624 3881,3 36.693 2601,5 
210,00 13.152 19.362 32,514 4066,0 37.187 2761,9 
215,00 13.612 19.782 33,394 4263,2 37.655 2925,7 
220,00 14,072 20.194 34,266 ':442,6 38.131 3095,8 
225.00 14.530 20.598 35,128 4534,4 38,585 3259.3 
230.00 14,987 20.993 35,981 4828.5 39,030 3447.1 
235.00 15,443 21.382 36.825 5024.7 39,463 3629.1 
240,00 15,897 21.763 37.660 5223.1 39,885 3815.3 
245.00 16,350 22.137 38.487 5423.6 40.295 4005.7 
250,00 16,801 22.504 39.305 5526.0 40.592 4200.2 
255,00 17,250 22.865 40.114 5830.5 41.076 4398.7 
260,00 17,697 23.218 40.916 6036.8 41.445 4601.3 
265,00 18,143 23.566 41.708 6244.9 41,801 4807.9 
270,00 18,587 23.906 42,493 6454.8 42,141 6018,4 
273,15 18,865 24.118 42,983 6587.8 42,349 5153.0 
275,00 19,028 24.241 43,269 5566.3 42,468 5232.8 
280,00 19,468 24.569 44,037 6879,4 42,780 6451.0 
285,00 19,906 24.891 44,797 7094,1 43,078 5573.1 
290.00 20,341 25.207 45,549 7310.2 43,362 5899.0 
295.00 20,775 25.517 45.292 7527.7 43.533 5128.5 
298.15 21,047 25.712 45.759 7665.4 43.796 5275.2 
300.00 21.206 25.822 47.028 7745.5 43.890 6361.9 

H£ AND S^ APPLY TO THE REFERENCE STATE OF THE SOLID AT ZERO DEC- K 

Kelley, K. K., 
The Epeclflc Heats at Low Temperatures of Crystalline 
Ortho-, Heta-, aniDl- elllcates of Sodlur, 
J. Am. Chem. Soc. 61, U7l-lt73 (1939) 
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TABLE R-ne 

THERMODYNAMIC FUNCTIONS TOR BARIUM OXIDE (BA 0 1 
SOLID PHASt 

GKAM MOLfCULAR WT. = 153.339't GRAMS 
T DEG K = 273.15 + T DEG C 

-(5T-Hnt/1 JIL-H.WT  (Sr-S„) 

nF(-, K  —CAL— __C4L—  ._C4U— 
BEG MOLE  DEG MOLE   DEG MOLE 

CAL^.lBltO ABS J 

(H°-H^)    Cp       -(fi°-Hp) 

£4L_ —£4L       CiL- 
MOLE  DEG MOLE       MOLE 

■i.OO 
10.00 
is,00 
20.00 
2t.00 
30.00 
35.00 
it".00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
86.00 
90.00 
95.00 

100.00 
106,00 
110.00 
116,00 
120.00 
IZS.OO 
130.00 
135,00 
lAO.OO 
H.5,00 
160.00 
156.00 
160.00 
165,00 
170,00 
175,00 
180,00 
185.00 
190.00 
195.00 
200.00 
206.00 
210.00 
215.00 
220.00 
22^.00 
230.00 
235.00 
2<tO,00 
2*5.00 
250,00 
265.00 
260.00 
255,00 
270,00 
273,15 
275,00 
280,00 
285,00 
290,00 
29'>.00 
298.15 
300.00 

o.ono 
0,00! 
0.007 
0,025 
0,059 
0,113 
0,188 
0,282 
0,393 
0.519 
0.657 
0.804 
0.960 
1,123 
1,292 
1,456 
1.643 
1.82? 
2.005 
2, '89 
2,374 
2.660 
2,745 
2.931 
3.115 
3.301 
3.485 
3.668 
3.850 
4.031 
4.210 
4.388 
4.555 
4.740 
4.914 
5,086 
5.2^7 
5,426 
5,593 
5,759 
5,923 
6.0B5 
6,246 
6.406 
6.563 
6.719 
6.874 
7.027 
7.178 
7.328 
7.476 
7.523 
7.758 
7.912 
8.055 
3.144 
8.195 
8.335 
8.474 
8.611 
8,745 
8,831 
8.881 

0.010 
0,003 
0,022 
0,075 
0, 175 
0,32? 
0,509 
0,72? 
0.950 
1,187 
1,429 
1,573 
1,917 
2,159 
2.399 
2,634 
2.863 
3.084 
3,298 
3,605 
3.704 
3,896 
4,064 
4.255 
4.441. 
4,608 
4,771 
4.928 
5,079 
6,225 
6.365 
5,502 
5.633 
6,759 
5,881 
5,999 
5.113 
6,223 
5.329 
6,432 
5.632 
6.528 
5,722 
6.812 
b.r,00 
5.985 
7.059 
7.149 
7.228 
7,304 
7.378 
7,460 
7,520 
7,586 
7.665 
7,595 
7,720 
7.783 
7.645 
7.905 
7.964 
8.000 
3.021 

0.000 
0.004 
0,o3n 
0,101 
0,234 
0,436 
0.697 
1.004 
1.344 
1.706 
2.066 
2.477 
2.877 
3.263 
3.591 
4.100 
4.606 
4.907 
6.303 
5.594 
6.079 
6,457 
6.830 
7.196 
7.656 
7. 909 
8.256 
8.596 
8.929 
9.255 
9.676 
9.890 

10.198 
10.499 
10.795 
11.065 
11,370 
11,649 
11,922 
12,191 
12,455 
12.714 
12.968 
13.218 
13.464 
13.705 
13.943 
14.176 
14.405 
14.532 
14.854 
16.073 
16.286 
16.500 
16.709 
16.8'9 
15,915 
15,116 
15,318 
15,515 
15,710 
16,631 
16,902 

n.nnn 
0.014 
0.225 
1.132 
3.492 
8.054 

15.272 
25,269 
36.017 
63.433 
71.44 3 
91.989 

114.99 
140.35 
167.93 
197.65 
229.00 
262.13 
295.81 
332.93 
370.43 
409.24 
449,29 
490,49 
532,76 
576,05 
520,25 
665,29 
711,11 
767.66 
804,69 
352.75 
901.22 
960.23 
999.77 

1049.8 
1100.3 
1151,2 
1202.5 
1254.2 
1306.3 
1356.8 
1411.6 
1454.7 
1518.1 
1571.8 
1525.8 
1580.1 
1734.5 
1769,4 
1844.4 
1899.7 
1955.2 
2010.9 
2055.6 
2102.1 
2122.9 
2179.2 
22^5,7 
2292.4 
2349,3 
2385,2 
2406,3 

0,0or, 
0.011 
0,0=0 
0,299 
0,671 
1,169 
1,721 
2,277 
2.619 
3,344 
3.858 
4.356 
4,841 
5,299 
5.725 
6,113 
5,454 
5,764 
7.063 
7.366 
7.633 
7.868 
8,128 
8.362 
8.569 
8.750 
8.926 
9.066 
9.239 
9.380 
9.511 
9.534 
9.749 
9.867 
9,957 

10.052 
10.141 
10,225 
10.305 
10.382 
10.455 
10.624 
10.590 
10.554 
10.714 
10.772 
10,828 
10.881 
10.932 
10,981 
11,026 
11,074 
11,118 
11,151 
11,202 
11,228 
11.242 
11,282 
11,319 
11,356 
11.392 
11,415 
11.427 

0,000 
r,    f\ne> 

0.076 
0.378 
1.185 
2,632 
5,642 
9,879 

16,738 
23.355 
32,830 
44,231 
57,612 
73,009 
90,443 

109,92 
131,43 
154,97 
180,60 
207,99 
237,43 
258,77 
301,99 
337,06 
373,94 
412,51 
453.02 
495.'.5 
536.97 
684.44 
531.52 
680.19 
730.41 
762.15 
635.39 
690.09 
946.23 

1003.8 
1052.7 
1123.0 
1184.6 
1247.6 
1311.7 
1377.2 
1443.9 
1611.8 
1581.0 
1551.3 
1722.7 
1796,3 
1659,0 
1943,8 
2019.7 
2095.7 
2174,7 
2224.4 
2253.8 
2333.9 
2415.0 
2497.1 
2560.1 
2533.0 
2664.2 

*'-.    ! 
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'ARIE   B-118   (CONT.i 

IHfRMOOYNAMIC   FiSl'TIONS   fOR   RAR1IIM   OXIDE    (BA   0   ) 
SOLID   PHASE 

GRAM  MOLECULAR   WT.«   153.3394   GRAMS CAL = '(.ie40  ABS   J 
T   DEG   K    =   ?73.16   +   T   DFG   C 

T -(r,"-Hnl/T    (H^-H^l/T      i^-^) 'HrHoi Cp -iS^-HQ) 

nrr i-     CAL_      CAL        CA(, CÄL,  __CAL_ _       TAl 
'''■"     ÖEG'MOLE  DEG'MüLE   DEG'MÖLE       MOLE  DEG'MÖLE       MOLE 

300.00 8,881 8.021 16.902 2405,3 11,427 2554,2 
310.00 9,145 6. 132 17.277 2520.9 11.495 2835.1 
3?0,00 9,405 8.236 17.643 2635.2 11.560 3009.1 
■ El.00 9.660 6.340 18.000 2752.1 11.621 3187.9 
3ir 00 9,911 8.437 18.348 2859.6 11.680 3369.7 
J*   ) 10.157 8.531 !'>,687 2985.7 11.737 3554.6 

äaö.-io 10,398 8.6?0 lO.OlO 3103,4 11.792 37<,3.4 
"•0.00 10,636 8.707 19,343 3221,5 11.645 3935,2 
373.16 10.710 8.733 19,443 3258.9 11,8D1 3995,3 
3R0.00 10.869 8.790 19.659 3 34 0.3 11.895 4130.2 
390.00 11.098 8.870 19.969 3459.5 11.944 4328.3 
400.00 11.324 8.948 20.272 3579.1 11.991 4&29.6 
425.00 11.872 9.130 21.002 3880.3 12.101 5045,6 
450.00 12.399 9.298 21.097 4184.1 12.201 5579,4 
475.00 12.905 9.453 22.359 4490.3 12.293 5130.1 
500.00 13.394 9.597 22.992 4798.7 12.378 6597.0 
550.00 14.321 9.857 24.179 5421,6 12.533 7875.7 
600.00 15,189 10.086 25.275 5051.8 12.674 9113.4 
650,00 16,005 10.290 26.295 6688.7 12.804 10403. 
700,00 16.774 10.474 27.248 7332,0 12.925 11743. 
750.00 17.502 10.642 28.144 7981,3 13.044 13127. 
800.00 18.194 10.795 28.990 8535.3 13,157 14555. 
850,00 18.853 10.936 29.791 9295.9 13,255 15025. 
900.00 19.482 11.070 30.552 9962.9 13.373 17534. 
950.00 20.084 11.194 31.278 10634. 13.479 19080. 
1000.00 20,661 11.311 31.972 11311. 13,582 20561. 
1050,00 21.216 11.421 32.637 11992. 13,684 22275. 
1100,00 21,749 11.526 33.275 12579. 13.785 23924. 
1150,00 22,26': 11.627 33.891 13371. 13.885 26603. 
1200,00 22,761 11.7?3 34.484 14058. 13.985 27313. 
1250,00 23.241 11.816 35.057 14769, 14,084 29052. 
1300,00 23.706 11.905 3«.611 16476, 14.182 30818. 
1350.00 24,157 11.991 3. ,. '48 15188, 14,280 32512. 
1400,00 24.595 12.074 35.659 15904, 14,377 34433. 
1450,00 25,02il 12.155 37.176 17525, 14,474 35279. 

1500,00 25.434 12.234 37.658 18361, 14.571 38150. 
1550,00 25,836 12.311 38.147 19082. 14.557 40045. 
1600,00 26,228 12.386 38.514 19816. 14.754 41956. 

1650.00 26.510 12.460 39.070 20558, 14.650 4 3907. 

1700.00 26.983 12.532 39.515 21304. 14.955 45672. 
1750.00 27.343 12.602 39.950 22054. 15.051 47868. 
1800,00 27.704 12.572 40.376 22809. 15.147 49856. 
1850,00 .-8.052 12.740 40,791 23559. 15.242 61896. 
1900.00 28.392 12.807 4 1,199 24333. 15.338 53945, 

1950.00 28.726 12.873 41,599 25102. 15.433 55015. 
2000,00 29,053 12.938 41,991 25876. 16,526 56105. 

Anderson, C. T., 
The Heat Capacities at Low Temperatures of the Oxides of 
Strontium and Barlun 
J. An. Chero. Soc.  57' ^S-^l (1935) 

Kej.ioy, f\.  h,, 
Contributions to the Dato on Theoretical Metallur®-. 
X1I1.    nigh-Teriperature Heat-Content, Heat-Capacity, 
and Entropy Data for the Elements and Inorganic compounds 
U. S. Bur. Mines, Bull. 5BJ(, S38 pages {I960) 



TABLE   B-119 

THERMODYNAMIC   FUNCTIONS   FOR   CALCIUM   CA-OIOE   !CA   CJ) 

SOL ID   PHASES 

SRAM   MOLFOJ'.AR   WT.=   64.1021   GRAMS 
f   DFG   K   •   273.15   +   T   DFG   C 

T .(6°-t4l/T   (H?-H0I/T     tST-S6) 

Dft' DEG   MOI E      DEG   MOLE        DE6   MOLE 

CAL = 4.1B<i0   ABS   J 

4 
MOLE      ÜEG   MULE MOLE 

SOLIP PHASF IALPHAI 

ft.oo 0.000 0.000 0.000 0,000 0,000 0.000 

5,00 0.000 0.001 n.ool 0,004 0.003 0.001 

10,00 n.oo? 0.005 fl.008 0,056 0,023 0.019 

15,00 0.nn7 0.020 0,n27 0,303 0,083 0.099 

20,no 0.116 0.149 n,n65 0,973 0,195 0.318 

25,"0 n.mi 0,095 0,1?6 2,377 0.379 0.784 

30,00 n#n«w. 0.163 0.218 4,899 0,643 1.532 

35,00 0,086 0,255 0.342 8,939 0,984 3.016 

40,00 0.128 0,371 0.499 14,344 1 ,385 5,103 

<t5,00 0.179 0,508 0.68 7 ??,855 1,827 8.065 

50,00 0.240 0.653 0.903 33,136 J.JSB 12.019 

56,00 0.311 0,831 1.143 45,728 2.754 17.125 

60.00 0.391 1,012 1.403 50,722 3.2'.7 23.482 

65.00 0.480 1.204 1.664 78,241 3.754 31.191 

70.00 0.576 1.406 1.982 '16,373 4,289 40.347 

75.00 0.680 1,615 2.295 IJ'!,13 4,811 51.034 

80.00 0.792 1,831 2.622 U6,45 5,323 53.324 

85.00 0,909 2.051 2.960 174.34 5.825 77.276 

90,00 1,033 2,274 3.307 204.69 6.313 92.940 

95,00 1.162 2.499 3.661 237.44 6.786 110.36 

100,00 1.296 2.725 4.021 27!.62 (.242 129.66 

105,00 1.434 2.951 4.385 30".84 7.683 150,57 

110.00 1.576 3.176 4,752 34V.32 6.108 173,41 

115.00 l.?23 3.399 5.122 390.89 8.517 196.10 

120,00 1,872 3.621 5.493 434.47 8,910 224.53 

125,00 2,024 3.840 5.854 479.95 9,284 253,02 

130,00 2,179 4.056 6.235 527.27 9,535 283,27 

135,00 2,336 4,269 6.605 575,27 9,963 315.37 

140.00 2,495 4.478 6.973 626„87 10,270 349,32 

145.00 2,656 4.682 7.338 578.94 10,558 385,09 

'.50,00 2,818 4.883 7.701 732.42 10.829 422,69 

155.00 2,981 5.079 8.050 787.22 11.088 462,10 

160,00 3,146 5.270 8.416 843..>8 11.356 503,29 

165,00 3,311 6,458 8 . 758 900. -'5 11.571 645,26 

170,00 3,476 5.541 9.117 958.'.^ 11.796 590,97 

175.00 3,642 5.820 9.452 1018.5 12.012 537,42 

180,00 3.809 5.995 9.604 1079.1 12.216 585,58 

186,00 3,975 6.166 10.141 1140.6 12.407 735.45 

190.00 ■,,142 5.332 10.474 1203.1 12.586 765.99 

195.00 4,309 5.495 10.803 1256.5 12.754 840.18 

200,00 4,475 5.653 11.128 1330.5 12.912 895.01 

205,00 4,641 5.808 11.449 1395,6 13.060 951.46 

210,00 4,807 6.956 11.765 14.U.2 13.201 1009.5 

215,00 4,973 7.105 12.078 1627.6 13.334 1059.1 

220,00 5.138 7.<'48 12.386 1514.6 13.461 1130.3 

225,00 5.302 7.387 12.689 1662.2 13.583 1193,0 

230.00 5.466 7.523 12.989 1730.4 13.700 1257,2 

235.00 5,629 7.556 13.286 1799.2 13.813 1322,6 

240.00 5,792 7.785 13.577 1868.5 13.923 1390,0 

245.00 5.963 7.912 13.865 1938.4 14.029 1458,6 

250.00 6.116 8.035 14.150 2006.8 14.133 1528,6 

255.00 6.275 8.155 14.431 2079.7 14.233 1600,1 

260.00 6.434 8,274 14.708 2151.1 14.331 1572,9 

?65.00 6.593 8,389 14.982 2223,0 14.426 1747.3 

270.00 6.751 8,501 16.252 2296.4 14.518 1822.8 

273.15 t..e6ü 8,571 15,421 2341.2 14.675 1671.1 

275.00 6.906 8,512 15,520 2366.2 14.608 1899.7 

280.00 7.064 8.719 15,784 2441.6 .'.4,696 1978.0 

285.00 7,219 8.825 15,044 2515.2 14.761 2057.5 

290.00 7,374 8,929 16,302 2589.3 14.854 2138,4 

295.00 7,527 9.030 16,667 2563.8 14.944 2220.6 

29B.15 7,6^3 9.093 15,716 2710.9 14.99» 2272.9 

300.00 7,680 9.129 16,809 2738.7 15.023 2304.0 
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TABLE   B-U9   (CONT.I 

THFRMOrvNAMtf   FltNCTION«,    'Off   CAl.ClUM   CAN»!DE    (CA   ',) 
SULID   PHASES 

r,RAM   MOLECULAR   WT.=   64.1021   GRAMS CAL-^.IB'O   ABS   J 
T   DEG   K   =   273,15   ♦   T   DFG   C 

T    -,G°-H^/T ,H?-H^/T   S^J^i      (H^l    C° -(a?-B|) 

DFG K        --^t—  -£4k-...   .-£«L-..-       CAL.  „CAL        CA^. 
DEG MOLE  DEG MOLE   DEG MOLE       MOLE  DEG MOLE       MOLE 

SOLID PHASE (ALPHA) 

300,00 7.680 9.129 16.805 2738.7 16.023 2304.0 
310,00 7,982 9.322 17.304 2889, t 15.173 2474;5 
320,00 1.281 9.607 17.788 3042,2 '5.317 2650.C 
330,00 8.577 9.685 1B.J61 3196.0 15,453 2830.3 
340,00 8,866 9.856 )8-7-'5 3361.2 15.5S2 3015.2 
350.00 9.156 10.022 19.178 3507.6 15.706 3204.7 
360.00 9,441 10.161 19.622 3666.3 15.624 3396,7 
370.00 9,722 10.336 20.057 3624.1 15.936 3597.1 
373.15 9,610 10.363 20.193 3674.3 15.971 3550.5 
360,00 10,000 10.484 20.484 3984,0 16.043 3799.8 
390.00 10,274 10.626 20.902 4144.9 16.145 4006.8 
400.00 10,HS 10.767 21.312 4305,9 16.241 4217.6 
425.00 11,207 11.096 22.303 4715,7 ii.4Cl 4.63.1 
450,00 11,650 11.39? 23.250 5129,7 16.666 5 3 32.5 
476.00 12.474 11.681 24,155 5548.3 16.832 5925.3 
500.00 13.080 11.942 25.022 5971.2 16.992 5540.1 
550,00 1'!.241 12.415 26.656 6828.1 17.278 7B32.5 
600.00 15,J39 12.63! 26.170 7698.4 17.529 9n03.6 
650.00 16,381 13.201 29.58.; 0530.6 17.755 10o48. 
7'10.00 17.372 13.534 30.906 9473.7 17.966 12160. 
720.00 17.755 13.668 31.413 9633.8 16.045 12764. 

SOLID PHASE (BETAI 

720.00 17.755 16,605 33.260 11164. 16.840 12763. 
760.00 18,389 15.550 33.949 11670. 16.900 13792. 
BOO,00 19,396 15.647 •"5.04? 12617. 17.000 15517. 
B50,00 20.347 16.729 ^6.076 13370. 17.100 17295. 
900.00 21,246 15.806 37.067 1422 7. 17.200 19124. 
950.00 22,105 16.864 37.989 •6090. 17.300 21000. 
1000.00 22.922 16.957 38.879 15967. 17,400 22922. 
1060.00 23.702 16.029 39.731 16830. 17.600 24887. 
1100.00 24.449 16.098 40.547 17707. 17.600 . 26894. 
1150.00 26.166 16.165 41.332 18590. 17.700 28941. 
1200.00 25.856 16.231 42.087 19477. 17.800 31027, 
1250.00 26.520 16.296 42.816 20370. 17.900 33160, 
1300,00 27.160 16.360 43.520 21267. 18.000 35308, 
1350.00 27.779 16.422 44.?nj 22170. 18.100 37501, 
1400.00 28.377 )6.«64 44.86! 23077. 18.200 39728. 
1450.00 28.957 16.545 46.501 23990. 18.300 41987. 
1500.00 79.518 16.605 46.123 24907. 18.400 4427H. 

H*; AND S* APPLY TO THE REFERENCE STATE OF THE SOLID AT ZERO DEG IC 
Ö      0 

Kelley, K. K., 
Specific Heat of Calcium Carbide at Low Temperatures 
Ind. Eng. Chem. 33, Mo. 10, 1311»-1315 (19^1) 

Kelley, K. K., 
Contributions to the Data on Theoretical Itatallurg/, 
XUI.    High-Temperature Heat-Content, Heat-Capacity, 
and Entropy Data for the Elements and Inoiganlc Compovuds 
U. S. Bur, Mines, Bull. J8jt, 832 lages {i960) 
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TABLE   B-120 

THEPMOnvN/lMir   FUNCTIONS   FOR   TRICALCIUW   *Ll«!N*TI    I'CA   0   .ALJOJ! 

SOLID   PHASE 

GRAM   MOLcCULAR   WT,=   7.70,119't   SRAHS 
T   DtG   K   -   273.)S   +   T   DEft   C 

-IG;-H   l/T    IH.-iUl/T IST-S„I 

DEC, MOLE  DEO MOLE   DfG MOLE 

0  C, 
IHT-Hrl 

CAL»*.1840 ABS J 

-<*K. 
SftL-  ..Säk  
MOLE  DEG MOLE MOLE 

O.no n.ono 0.000 o.roo 0,000 o,ono 0,000 
5.on n.nni 0.003 0.004 0.116 0,013 0,006 

10.00 0.009 0.026 n.n36 0,269 0.104 0.086 
IS.00 0.029 0.087 0.! 16 1.302 0.343 0.436 
20.00 n.068 0.200 0.268 3.998 0.765 1.364 
2S00 0„130 0.358 0.497 9.191 1.332 3.245 
30.00 0.215 0.584 0.799 17.505 2,010 6.468 
35.00 0.324 0.643 1.167 29,497 2.603 11.345 
40.00 0.456 1,146 1.602 45,827 3,747 18.239 
45.00 0,611 1,493 3.104 57,705 4.825 77.475 
50.00 0.786 1,886 2.673 94,279 6.021 39.391 
55.00 0.968 2,319 3.306 127.53 7.289 54.315 
60.00 1,209 2,78/ 3,996 167.24 8.600 72.549 
65.00 1,452 3,286 4,738 713,59 9.946 94,364 
70.00 1.714 3,810 5,525 2&£,,73 11.311 120.00 
75.00 1.996 4.356 6,352 316,71 12,580 149,68 
80.00 2.295 4,919 7,214 393.52 14,045 183,58 
86.00 2,610 5,495 8,106 467,14 15,401 271,87 
90.00 2,941 6,083 9,024 547,51 16,744 264,68 
95.00 3.286 6,680 9,965 634,55 18,071 312,15 

100.00 3,644 7,282 10,926 728,20 19,383 364,37 
105.00 4,014 7,889 11,903 828,35 20,677 421,43 
110.00 4,395 8,499 12,894 934,93 21,948 483,42 
115.00 4.786 9,111 13,697 1047.8 23,192 550.39 
120.00 '.,187 w, 7?^ 14,910 1166.« 24,407 677,40 
125.00 5,596 10,334 15,930 A2vi ,o ii.iii ^?9.-0 
130.00 6.013 10,942 16,955 1472.5 25,714 781.71 
135.00 C.437 11,647 17,984 1558,8 27.615 869.06 
140.00 6,868 12.147 19,015 1700,5 28,885 961.55 
145.00 7.305 12.742 20,047 1847,6 29.924 1059.7 
150.00 7,747 13.332 71.079 1999,8 30,933 K52.0 
155.00 8,194 13,916 22,109 2156,9 31,912 1270.0 
160.00 8,645 14,493 23,137 7318,9 32,860 1383.\ 
165.00 9.099 1^,053 24.163 7485,5 33,779 1501»* 
170.00 9.657 15,627 25,184 2656,5 34.666 1624.7 
175.00 10.01S 16,163 26.207 2837.! 15.624 1753.2 
180.00 10,482 16, 732 27.214 3011.8 35.352 1885.7 
185.00 10,94C 17,273 28.221 3195.5 37.153 2025.3 
190.00 11.416 17,807 29.222 3383.3 37.928 2158,9 
195,00 11,885 13,332 30.217 3674.8 38.679 2317,5 
200.00 12,356 18,850 31.706 3770,0 39.407 2471,1 
205.00 12,827 19,360 32.187 3958.6 40.115 2629.6 
210.00 13,300 19,663 33.162 4171.1 40.803 2793.0 
215.00 13.773 20,357 34.130 4375.8 41.47? 2951,2 
220.00 14.247 20.845 35.091 4585.8 42,123 3134,3 
225.00 14.720 21.325 36,046 4798.G 42,755 3312.1 
230.00 15.194 21,797 36,992 6013.3 43,371 3494.7 
235.00 15.668 22,263 37,931 5231.7 43,958 3682,0 
240,00 16,142 22,721 38,862 5453.0 4*.649 3874,0 
245.00 16.615 23.172 39,767 6577.2 45.112 4070.6 
250.00 17,067 23.616 40,704 5904.1 45.1.39 4771.9 
255,00 17.569 24,054 41,513 5133.7 46.189 4477.6 
260,00 18.031 24,484 42.515 6366,0 46,703 4688.0 
265.00 18,501 24,908 43.409 6600.7 47,202 4902.8 
270,00 18.971 25,326 44.296 6833.0 47,686 6122.1 
273.15 19.266 25,685 44,851 5980.6 47.984 5262.6 
276.00 19.439 25,737 45,176 7077.6 48.156 6345.7 
280.00 19.906 26.141 45,047 7319,5 48.612 5573.8 
285,00 20.373 26.539 46.912 7563,7 49.065 6806.2 
290.00 20.838 26,931 47,769 7810,0 49.487 6947,9 
295.00 21.301 27,317 48,518 8058.5 49.906 6283.9 
298.15 21.593 27,557 49,150 8216,1 60.165 5437.9 
300.QC 21.764 27.697 49,460 8309,1 60,314 6529.1 

I 
i 

I 
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T.APLF   P-1,-0   (CONT.l 

THfRMOriYNAMIC   FUNCTIONS   FOR   TRICAUIUM   ALUMINATE    (3CA   0   .ALjO,! 
SOL 10   PHASF 

GRAM   MOLECULAR   WT,«   2~0.1V9i>   GRAMS 
T   OEG   H   =   273.15   +   T   OEG   C 

[)    t. 0    c c 
T -iG,-H0l/T    (HT-H0I/T <'>,-?nl 

DEG K        --CSL—  „iiL-.. ..iil.— 
DBG MOLE  DEC HOLE DLC MOLE 

CAL=4.18«0 ABS J 

-H?-H£0.    4 
k«L. —CAL  
MOLE  DEG MOLr 

-(OJ-H.) 

Ml., 
MCLE 

300.00 21.764 27.697 49.460 8309,1 50.314 6529.1 
310.00 ?2,b-4 28.439 61.123 6915,2 51,100 7032,0 
320,00 23,598 29,159 52,757 9330,9 51,848 7551,* 
330,00 24,506 29,858 54.364 5853,0 52,669 8087,1 
340,00 25.408 30.535 55,943 10362, 63.235 8538,6 
350,00 26.302 31.193 57,496 10918, 53.675 ■•205,8 
360,00 27,190 31.832 59,022 K459, 54,480 9788,5 
370,00 25,071 32,452 60,522 12007, 56,048 10386, 
373,15 28,3*7 32,643 60.990 12181, 66,219 10576, 
380,00 2«,i)44 33,053 61.996 1255D. 55,580 10999, 
390.00 29,810 33,537 53.448 13119, 55,076 11526. 
itOO,On 30,66') 34.204 64.873 13682, 56,538 12268. 
't?5,00 32,784 35.649 69,332 15108. 67.557 13933. 
450,00 34,851 36.796 7 1,547 16558, 56,411 15663. 
A75„l)0 36.872 37,953 74,825 18028, 59,138 1751*. 
500,00 3P.84 7 39,028 77,875 19514. 59.770 19421. 
5S0,00 42.659 40,964 33.623 22530. 60.829 23*63. 
600,00 46.298 42,656 68.954 25594. 61.692 27779. 
650,00 49.772 44,149 93.922 28697. 62.415 32352. 
700.On ■33.094 45,477 99.570 31834. 63.035 37155. 
<50,00 56.272 4f,656 102.94 34999. 53.580 *220*. 
600,00 59.319 47,738 107,06 38191. 64.058 *7*55. 
850,00 62.243 48,712 110,95 4)405. 64,511 52o06, 
000,00 65.05? 49,601 114,6'. 445»1. 64.920 5BS4^. 
050.00 67.757 60.418 118,17 47897, 55.301 54369, 
1000.00 70.362 51,171 121.53 51171, 55.559 70352. 
1050.00 72.876 5!,869 124,74 54*62. 65.000 75519. 
I10C."0 7 5,:.04 52,519 127,82 57771, 65.325 8283*. 
1150.00 77.6SS 55i. m 130,78 61096. 56.539 89300. 
1200.00 79,925 63,696 133,62 64*34. 56.942 95910. 
1250.00 82.128 5s,231 136.35 67799. 67.236 102550. 
1300.00 84.265 54,737 139.00 71150. 57.523 1095*4. 
1350.00 86.3'.0 55,216 141.66 74641. 67,80* 115559. 
UOO.CO 88.356 55,670 144.03 77938, 68,079 123698. 
1450,00 90.317 56,103 146.42 81349. 68.350 130950. 
1500,00 92.226 56,615 148.74 84773. 68.516 136339. 
1550,00 94,086 56,910 151,00 88210. 58.879 145833. 
1600,00 95.899 67,288 153,19 91651, 59.139 153438. 
1650,00 97.667 57.651 165,32 9612*. 59.395 161151. 
1700,00 99,393 58.000 157,39 98500. 59.550 168959. 
1750,00 101.08 58.337 150.42 102089. 59.903 175889. 
1800.00 102.73 58,665 161,39 105691. 70.153 184909. 

c    c 
AND S0 APPLV TO THE REFERENCE STATE OF THE SOLID AT ZERO DEG K 

King,  E. G., 
Heat capacities at Lov Temperauires   ,nd Entropies at 
298.16 K. of Crys-talUne Oalclum and Magnesium Aluninates 
J. Phys. Chetn. ^g, S18.E19 (1955) 

Donnickson, K, Rt, 
High Temperature Heat Contents of Acuminates of Calcium and Magnesium 
J.   Phys. Chem. fj).  P-P-O-ZSl \i955) 
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TAPLF P-121 

THERMODYNAMIC FUNCTIONS fOf. CALCIUM ALUMINATE ;12CA 0 .7AL?0,I 
SOLtn PHA5F1; 

GHAM  «nLECULAR   WT.=    lüitWi   CjPAWS 
t   OfC,  K   =   !.Ti,\b   +   T   DEG   C 

I 

OfC,  K 

C     C 0     C C 
-<ST-H0)/T   (HT-H0WT      (ST-S01 

DEG'MöLE     DEü  MOLE       BIS  MOLE 

CAL=A,1»'.0   ABS   J 

MOIE      UEG   MOLE 
s*k 
MOLE 

^OLI»   PHA^E   (ALPHA) 

o.nn 0,000 0,000 n,noo n.,nnn o.oon 0,000 
5,00 0,005 0.015 n,o?o 0.67« 0,041 n.n?6 
in.oo 0.04! 0.1?2 0.153 1,222 0.489 0.407 
15.00 0.137 0.4,1 0.546 5.163 1 ,631 2.060 
?n.on 0.323 0.953 1.27* 19.065 3,683 6.455 
?5,on 0.619 1,775 2.394 44.375 6.662 15.*78 
»0.00 1.035 2,857 3.892 85.721 10.062 3;.0*1 
35.00 1.571 4,171 ',742 145.99 14,146 64,982 
ao.oo .',226 5,706 7,9 32 228,25 10.853 89,027 
45,00 2,a97 7,459 10.455 335.67 24,207 134,85 
co.no 3,883 9,42^ 13.^08 471.?ft 30,105 194,14 
55.00 4,S81 11,591 i5.472 637,46 36,457 268,46 
60.00 5,989 13,940 19.929 836.42 43,159 359,34 
b5.00 7,203 16,454 23.638 1059,5 »0,103 458,20 
70.00 8.519 19,108 27.627 1337,5 67,112 596,32 
76.00 9,931 21,875 31.805 1540.7 64,124 744,82 
80,00 11,434 24,7 35 36.168 1978,8 71.117 914,59 
H5.00 ».02a ''7,668 »0,688. 2351.7 78.059 1105.3 
90.00 14,687 30,658 45.345 2759.7 84,vl4 1 32I.8 
«.OO 16,425 33.692 50.117 3200.7 91,566 1^60.4 
100.00 18.231 36,757 54.988 3676.7 98,318 1623,1 
105.00 20,099 39,845 50.944 4183.7 '04,87 ?no.* 
110.00 ??,U25 42.948 fA.972 4724.2 111.31 2*22,7 
115.00 24,002 45.057 70.060 5795.6 117,51 2760.3 
120,00 26,028 49.167 75.196 5900.1 123,75 3123.4 
125.00 28,098 52.271 80.369 6533.8 129,72 3512.3 
130.00 30,209 65.351 85.570 7197.0 135.51 3927.1 
135.00 32.356 50,435 90.790 7886.7 141,16 4366.0 
140.00 34.536 51.487 96.023 8508.2 146.64 4835.0 
1A5.00 36,747 54,515 101.26 9354.8 151.97 5328.2 
150.00 38.984 67,618 106.50 10128. 167,15 5647.7 
155.00 41,247 70.492 111.74 10926. 162,21 5393.3 
160.00 43,531 73,435 116.97 11750. 157.10 5955.0 
165.00 45,836 75.346 12?.18 U597. 171.64 7562.9 
170.00 48,158 79,222 ,27.36 !3"6 8, 176.44 8186,6 
175,00 50,495 82,055 132.56 14361, 180.88 8836.7 
1B0.O0 62,346 84,869 137,72 15275, 185,19 9612.4 
185.00 55,210 of,637 142,85 16213, 169,36 1021*. 
190.00 57,583 90,367 147,95 17170, 193.40 109*1. 
195.00 69,966 93,059 153.02 18147, 197,33 11693. 
200.00 62.355 95,714 158.07 19143, 201.1* 12*71. 
205,00 64,751 96.331 163,j8 20158, 20*.66 1327*. 
210.00 57,151 100.91 168,05 21191. 208,*7 1*102. 
215.00 69,555 103,45 173,01 22242, 2M.99 1*95*. 
220.00 71,963 105,95 177,92 23311, 215,*2 15832. 
225.00 74,37! 108,43 182,80 24396, 218,76 1573*, 
230.00 76,781 110,85 187,64 25498, 222,03 17560. 
235.00 79,191 113,26 192,45 26617, 225,21 18610, 
240.00 81.601 1'5,63 197,23 27750, 228,32 ms^. 
245.00 84.009 1x7,96 201,97 28900, 231,36 20582, 
250.00 86.415 120.26 206,67 30064. 234.31 2160*. 
255.00 88.819 122.62 211.3» 31243, 237.20 22549. 
260.00 91.220 124.75 215.97 32436. 240.03 23717. 
265,UO 53,617 126.95 220.57 33643, 242.79 24803. 
270.00 96.010 129,12 225.13 3*854, 2*5.49 25923. 
273,15 97,516 130.48 227,99 35639, :*7.15 26636, 
276.00 98,399 131,26 22°,66 36098. 2*8,12 27050, 
280.00 I0n,78 133,37 234,16 37345, 250.70 28219, 
286.00 103.16 135,45 238,62 38604, 253,21 29*01. 
290.00 105.64 137,51 243,04 39877, 255.6V. 30505. 
THK An 107.9n i39.5^ 247.43 41161, 258.03 31832, 
?98;i5 109139 140.79 250.18 41975, 269.*9 32515, 
300.00 110,27 141,52 251.79 42467, 260.3* 33080. 
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tAHLF   R-l?l   (CONT.I 

TH "RM(..[,YNAM|(:   FUNCTIONS   FOR   OICIUM   ALIJMlNiTE    I12CA   0   .TALJOJI 

SOLID   PHASES 

SRAM   MCLFCULAB   »T.»    \38fc,6612   GRAM? 
I   DEC-   K   ■   J??.!^   *   T   OET.   C 

n     C 0     C 
•ir,,-H. 1/T    (HT-H,,I/T      (■ r •i{,i 

515 MOLfc  BfS HOLE   UFt. MOLE 

CAL=i..l8A0 ABS J 

0  C 
(H,-H„l 

CAL     CAL_ 
MÖLt  (JEG'SÖLE 

CAL 
MÖLt 

SOLID PHA?,E I ALPHA! 

300.00 110.27 141,52 251,79 4246 7. 260,34 33080, 
310.0(1 m.,97 146.43 260,40 46082. 264,7^ 36641, 
320,00 119.65 149,22 268.87 47761. 268,89 38287, 
330.00 124.30 162,91 277,20 60469, 272,75 41018, 
3*0.00 120.91 156,49 286,/.O 53205. 2 76,35 43831, 
850,00 133,50 169,V6 293,46 56 986. 279,71 46726. 
360,00 138,05 163,33 301,38 58798, 282,84 49700. 
370.00 142,57 166,60. 309,17 61642, 285,77 52752, 
373.11. 143.99 16/.61 311.60 62543, 286,65 63730, 
J80.0Q 147.06 169,77 316,83 6*513, 288,52 65883, 
JSO.OO 161,51 172,86 3 24,36 57411, 291.11 59089, 
»00,00 165,92 175,84 331,76 70336. 293.56 62369, 
425,00 166,80 '82,93 349.73 77745, 299.14 708R9, 
450,00 177.44 ,89,53 366,97 852%', 304,10 79850, 
475,00 187,86 196,68 383,53 92946. 308,56 89232, 
500,00 198,04 ,•'01,42 399,46 100711, 312,60 99021, 
550,00 217.74 211,86 429,60 116'>24, 319,72 11975;, 
600,OC ?3(-..68 221,11 467.69 132668. 326,91 141947. 
650,00 254,61 22?,39 484,00 14910'. 3 31,44 J65MS. 
700.00 .? 71 . 89 236.86 608.75 I ^RO'., 336,53 190321. 
750.00 283,46 243.67 632,13 182750. 341.25 216348, 
800.00 304.39 249.91 554,30 199925, 346,72 743514. 
850.00 3H,72 256.67 676,39 ;i73la. 349,98 271760, 
900,00 3 34,48 261.02 595,61 ;'34920, 354.08 301036. 
950,00 348,73 266.03 614,76 262724, 368,06 331297, 

1000,00 362,60 270.72 633,22 270725, 361.il3 362499. 
1050,00 376,82 275.16 660,97 288916, 365.72 394607. 
1100,00 388,71 279.36 668,07 307295. 369.44 427586. 
1150.00 401.2? 283.36 6 84.58 325869, 373.10 461404, 
1200.00 413, ;-6 287.17 fOn.53 344616, 376.72 496034. 
1260.00 475. !6 ?Qp#ß? 71^.9» 16J530, 380.30 531449, 
1300.00 436.63 294.'3 730,97 382634, 383,84 667625, 
1310.00 438.89 295.92 733.91 386476, 384,64 574949, 

SOLIT PHASE («FTAI 

1310.00 438,89 296,02 733,91 386.t76, 357,48 674949, 
1350,00 447,79 296,93 744.72 4G0H64, 361,41 604522. 
1400,00 468,64 299,32 757,96 4 19347, 366.34 64209   . 
1450,00 469,18 301,72 770.90 4 3 7487, 371,26 680313, 
1600,00 479,45 304,12 783.67 456173, 376,18 719176, 
1660,00 489,46 306,6? 796.98 475106, 381,10 758666. 
1600,00 499,23 308,93 808.16 494283, 1e6.02 798770, 
1660,00 508,77 311,34 p20,ll 513708, 390,95 839477, 
1700,00 518,10 313,76 831.86 633178, 396,87 880777, 
1750,00 627.23 316,17 843,40 663?94, 400.79 922660, 
1800,00 636,17 318,59 864,76 673467, 405,71 966115, 

H? AND 5° APPLY TO THE REFERENCE STATE OF THE SOLID AT ZERO DE& IC 
0      0 

King, B. G., 
Heat Cajftcities at Low Temperatures and hJntrüpies at 
£Ob..lD K, of Crystalline Caleiuin and Magneslujit Alunilnates 
J. Phj-B, Chem.  52/ 210-219 (1955) 

IJo/üiickfion, K. R., 
High Temperature Heat contents of Alumlnates of Calclun. and Hagnesii-ji 
i. Phya. Chem. jS£, SPÜ.221 (1955) 
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TABLE   R-122 

THERMODYNAMIC   FUNCTIONS   FOR   MONOCAICIUM   ALUM'NATE    (CA  0   .AL;,0,) 
SOLID   PHASE 

GRAM  MOLECULAR   «T,»   ISS.CtOb   GRAMS 
T   DEG   K   -   273.1 ■-   +   T   DEG   C 

-IGJ-H^I/T (HJ-H-I/T    (f-T-s°i ^-"n"1   '"T-'^O' 

CAL. _CAL. H—.. 

CAL=*.1B40  ABS   J 

UEG MOLE  BEG MOLE   DEG MOLE 
CAL-  „CAL... 
MOLE  0C6 MOLE 

-4-4' 
CAS.. 
MOLE 

0.00 
5,00 

10.00 
IS.00 
?o.oo 
'5.00 
10.00 
■»5.00 
^0.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95.00 
100.00 
105.00 
i10.00 
115.00 
i?0,00 
li'5.00 
no.oo 
135.00 
140.00 
145.00 
150.00 
155.00 
IC'J.OO 
1O5.00 
170.0Ü 
176.00 
180.00 
185.00 
190,00 
195.00 
200.00 
205.00 
210.00 
215.00 
220.00 
225.00 
330.00 
236.00 
240.00 
245.00 
250.00 
265.00 
260.00 
256.00 
270,00 
273.16 
275,00 
260.00 
285.00 
290.00 
296.00 
298.15 
300.00 

0.000 
0.001 
O.O04 
0,014 
0.033 
0.064 
0.108 
0.168 
0.242 
0.330 
0.433 
0.560 
0,679 
0.821 
0.973 
1,136 
1,3C9 
1.48V 
1,678 
1,875 
2,077 
2,286 
2,500 
2,719 
2.943 
3,171 
3,402 
3,637 
1,875 
4,116 
4,369 
4,605 
4,853 
5,102 
5,353 
6,606 
5.860 
6.115 
5.372 
6.529 
6.885 
7.146 
7.404 
7.663 
7.923 
6.183 
S.443 
8,""04 
f '364 
', TS 
9.'- ^5 
9,7ft? 
10.00f 

10.255 
10,SS* 
10.688 
10,783 
11,042 
11,301 
11,559 
11,815 
11,978 
12,073 

o.ono 
0.01:2 
0.012 
0.042 
0,098 
0.188 
0.311 
0.467 
0.651 
0.863 
1.098 
1.354 
1.626 
1.913 
2.210 
2.516 
2,829 
3,144 
3.467 
3,791 
4,116 
4,442 
4,758 
6,093 
0,419 
5.743 
6.066 
5.387 
6.706 
7,022 
7.337 
7.648 
7,956 
6,264 
8,568 
8.868 
9,166 
9,461 
9.752 
10,041 
1>.,326 
10,''09 
10,888 
11.164 
11.437 
11.707 
11.974 
12.239 
12,500 
12,768 
13,013 
13,265 
13,514 
13.760 
14.004 
14.156 
14.245 
14.483 
14.718 
14.951 
15.181 
16.325 
16.408 

0.000 
0.OO2 
0.017 
0.056 
0.131 
0.251 
0.420 
o.ss« 
0.893 
1,193 
1.632 
1.904 
2.306 
2,■'33 
3.183 
3.662 
4.137 
4.535 
5,146 
6.566 
6.193 
6.728 
7.256 
7.813 
8.351 
8.913 
9.458 
10.024 
10.561 
11,138 
11,596 
12.253 
12.810 
13.365 
13.921 
14.476 
16,026 
15,575 
16,124 
15,669 
17.213 
17.754 
18.292 
18.827 
19.360 
19.891 
20.418 
20.942 
21.464 
21.982 
22.498 
23.010 
23.519 
24.025 
24.626 
24.844 
26,028 
26,625 
26,019 
26.510 
26.997 
27.303 
27.482 
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0,ono 
0,008 
0.124 
0.526 
1.954 
4.590 
9.336 
16.334 
25.055 
38.83' 
54.919 
74.476 
97.688 
124.33 
154.71 
166,72 
226.31 
267.44 
U2,06 
350,14 
411,60 
455,38 
624.45 
686.75 
550.2* 
717,94 
788,52 
862,18 
938,77 
1018,2 
1100,5 
1185,5 
1273,2 
1363,5 
1455,5 
1552,0 
1649," 
1760,2 
1853,0 
1958,0 
2065,3 
2174,8 
2286,5 
2400,3 
2516.2 
2634.2 
2754,1 
2875,1 
2999.9 
3126.6 
326 3,? 
3362,5 
3513,7 
3646,5 
mj.i 
3855,7 
3917,3 
4056.2 
4194.7 
4336.7 
4476,4 
4569,0 
4622.5 

o.ooo 
0.006 
0.05O 
0.167 
0.387 
0.721 
1.161 
1.660 
2.240 
2.879 
3.551 
4.264 
4.983 
5.713 
5,441 
7,161 
7.873 
6,577 
9,272 
9.956 
10.525 
11.287 
11.938 
12.680 
13.211 
13.830 
14.435 
15.028 
15.507 
15.174 
15.730 
17.27* 
17.808 
16.330 
18.8*1 
19.341 
19.829 
20,307 
20.775 
21.232 
21.581 
22.121 
22.553 
22.975 
23.189 
23,795 
24,191 
24,579 
24,958 
25,329 
25,593 
25,049 
25,396 
26,742 
27.079 
27.289 
27,411 
27.737 
-6,068 
26,373 
28,681 
26,872 
28,983 

o.ono 
0,003 
0.041 
0.209 
0.859 
1.595 
3.253 
6.869 
9.570 
14,859 
21.657 
30,2*3 
'»0.755 
53,343 
58,127 
86,209 
104,68 
125,60 
'51.05 
178,08 
207,72 
240.02 
275,01 
312.71 
353,14 
396,33 
442,28 
491,01 
6*2,52 
596,81 
653,90 
713.77 
776.43 
8*1.87 
910,09 
081,08 
1064,8 
1131.3 
1210,5 
1292,5 
1377,3 
1*54,7 
155*,8 
15*7,6 
1743,1 
18*1.2 
19*2.0 
2045.4 
2151,4 
2250,0 
2371,2 
2465,0 
2501.3 
2720.2 
2841.6 
2919.3 
2965.5 
3091.6 
3220.7 
3352.0 
3*65.8 
3571.3 
3622.0 

a* I 
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TAPLP B-l?? (CONT.l 

THEPMOOYNAMIC FUNCTIONS FOR MONOCALCIÜM ALUMINATE ICA 0 .ALpO^I 
SOLID PHASE 

GUAM MOLECULAR «T. = i5B,O't06 GRAMS 
T 0E6 K = 273.15 + T DFG C 

CAL = '».1'J'.U AUS J 

T 

DFG K 

0  C      0  C C 
-ir.T-H0l/T (HT-Ho)/T f^T'So1 

—CÄL C4L  ..CÄL.— 
DFG MOLE  DEG MOLE DEG MOLE 

0  C, (HT-H0I 
0 

Cp 

CÄL_  —C41.—- 
MOLE  DEG MOLE 

0  C 
-(GT-H0I 

CfiL- 
MOLC 

1 

100,00 
310.00 
320.00 
330.00 
340.00 
350.00 
360.00 
370.00 
373,15 
3ao,oo 
390.^0 
400.00 
425.00 
450.CO 
475.00 
500.00 
550.00 
500.00 
650.00 
700.00 
750.00 
8on.no 
850.00 
900.00 
950.00 
1000.00 
1050.00 
uon.no 
1150.00 
1200.00 
1250.00 
1300.00 
1350.00 
1400.00 
1450.np 
1500.no 
1550.00 
1600.00 
1650.00 
'. mo.00 
1750.00 
1800.00 

12.073 
12.586 
13.096 
13.504 
14.109 
14.512 
15.112 
15.609 
15.764 
16.10? 
15.593 
17.0B0 
18.283 
19.453 
20.622 
21.757 
23.955 
26.072 
28.099 
30,046 
31.917 
33.715 
35.450 
37,121 
3B.7'»5 
40.294 
41.804 
43.265 
44,683 
45.059 
47.395 
48.695 
49,95? 
51.194 
5?.3°5 
53.559 
54.714 
66.833 
55,925 
57.995 
59.044 
60.059 

15,408 
15.665 
15.293 
15.720 
17.137 
17.543 
17.938 
1B.324 
18.443 
18,599 
19.063 
19.418 
2C.253 
21.051 
21,787 
22,475 
23.725 
24,833 
25.822 
25.711 
27.517 
28.253 
28.929 
29.554 
30.1^5 
30.676 
31.186 
31.563 
3?.116 
32.545 
32,955 
33.346 
33.719 
34,078 
34,424 
34,758 
35,080 
35.392 
35.695 
35.989 
36.275 
36.554 

27.482 
28,442 
29.389 
30.324 
31.246 
.2.155 
33.050 
33,932 
34,207 
34.801 
35,666 
36,498 
38.546 
40.614 
42.408 
44.232 
47,586 
50.905 
53.921 
56.757 
59,434 
61.970 
54.379 
66.576 
58.859 
70.971 
72.988 
74.929 
75.799 
78.605 
80.351 
82.041 
63,681 
85,273 
86,820 
88.32(< 
89.794 
91.224 
92.521 
93.985 
95.319 
96.624 

4522,5 
4916.' 
6213.8 
5617.6 
5825.4 
5139.9 
6457.8 
5779.8 
6882.0 
7105,5 
7434,7 
7757,? 
8611.7 
9472.8 

10349. 
11237. 
13049. 
14900. 
15784, 
18698. 
•>0638. 
22603. 
24690. 
25599. 
28628. 
30676. 
32744. 
34830. 
36934. 
39055. 
41193. 
43349. 
45521. 
47710. 
49915. 
52136. 
54374. 
55627. 
58896. 
51181. 
63482. 
65798. 

28.983 
29.566 
30.119 
30.538 
31.124 
31.575 
31.997 
32.388 
32.505 
32.752 
33.092 
'3.410 
34,127 
34,751 
35.303 
35.796 
35,547 
37.355 
37,990 
38.64? 
39,056 
39,524 
39.954 
40.381 
40.780 
41.154 
41.535 
41.898 
42.262 
42.699 
42.940 
43.277 
43,609 
43,938 
44,253 
■.4,685 
44,907 
45.226 
46,542 
46.857 
45.170 
46.482 

3622.0 
3901.5 
4190,0 
4489.4 
4 797.2 
5114.2 
3440.3 
5775.2 
5BB2,5 
5118,9 
6471.2 
5831.9 
7770.2 
8758.6 
9795.2 
10878. 
13177. 
15543. 
18264. 
21032. 
23937. 
25973. 
30132. 
33409. 
35798. 
40294. 
43894. 
47592. 
51386, 
55271, 
59245. 
53305. 
67448. 
71572. 
75974. 
80353. 
84805. 
89332. 
93928. 
98694. 
103325. 
108125. 

I 

Hg   AND   sjj   APPLY   TO   THE   RFFERENCF   STATE   OF   TH^   SOLID   AT   ZERO   DFG   K 

King,  E.  G., 
Heat Capacities at Lou Temperatures and läntropies at 
298.16 K. of CryBtalilne caloluto and Magnesium Alumlnates 
J. Phys. Chem. ^ 218-fllJ (1055) 

Bormickson, K. R., 
High Temperature Hoet Contents of Alumlnates of Calcium and Magnesium 
J. Phys, Chcm. », SgO-Sai (1955) 

.11. 
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TABLE B-123 

THERM0DYNAM1C FUNCTIUNS FOR CALCIUM OlALUMINATE (CA 0 ,2AL,0 ) 
SOLID PHASE 2   3 

GRAM MOLFCUL4R WT,= J60,00IB GRAMS 
T DFG K = 273.15 + T DFG C 

I 

DFG t 

ft C     0 c        c -(nT-H0l/T (H^Hn,/T -5,-^, 

CAL       CAL  _ _ CAL_ 
DEG mil    BES^SSLI BfSwCf 

CAi"«i 18JiO  ABS   J 

tH?-H^ C" -tST-H0) 

SSk.     —5*k_ CAL 
MOLE     DEG  MOLE MOLE 

o.on 0.000 0>000 0.000 O.OOO 0,000 0.000 
5.00 0.00] 0.002 0.003 0.012 0,010 0.004 

10.00 0.007 0.020 0.OJ6 0.196 0.07B 0.055 
15.no n,o?7 0.066 0.088 0.O90 0.252 0.331 
?n.0o 0.052 0.153 0,205 3.067 0.694 1,036 
?5.0P O.lno 0.286 0.386 7.146 1.056 2,489 
30.00 0,166 0.459 0,625 13,772 1.506 4.993 
35.oft 0.252 0,666 0.916 23,313 2.225 8,831 
40,00 0.355 0.904 1.261 36.164 2.931 14.259 
AS.00 0,478 1.173 1.651 52.785 3, 734 21.616 
5P,00 0.617 1,474 2.091 73.685 4,643 30.862 
55.00 0.773 1.807 2.580 99.398 5.6-;8 42.509 
60.00 0,946 2.174 3.119 130,42 6.752 56.738 
65."0 1.135 2.671 3.706 167.09 7,912 73.762 
70.00 1.341 2.994 4.335 209.55 9,071 93.666 
75.00 1,563 3.437 5.000 257,79 10.225 117, 19 
SO,00 1.799 3.898 5.696 311,80 11.378 143,92 
85,00 2,049 4.371 6,421 371.57 12,527 174,20 
PC.00 2.313 4.866 7,169 437.06 13.568 208.15 
95.00 2.689 6,350 7,938 508.23 14.713 245,92 

100.00 2.876 6.660 8,726 585.01 15,915 287,58 
106.00 3,173 5,356 9,529 667.35 17.022 333.21 
110,00 3.iHi 6,866 10i346 756.21 18.117 362.89 
115,00 3,797 7,378 11,176 848.61 19.199 436.59 
120.00 4,122 7,893 12.015 947.18 20,266 494.67 
125.00 4.455 8,409 12.864 1061.1 21.315 556.86 
130.00 4.795 8,926 13.720 1160.3 22.34? 623.32 
135.00 5.141 9,441 14,683 1274.5 23.361 594.08 
UO.OO 5.4<- . 9,956 16.450 1393,9 24.355 759,16 
1*6.00 6.852 10,470 16.322 1518,1 26.334 848,68 
160,00 6,216 !0.981 17.197' 1647,2 25,296 932,38 
156,00 6,584 11.491 18.075 1781.0 27,240 1020.6 
160,110 6,957 11,997 16,954 1919,6 28,168 1113,1 
165.00 7,334 12.501 19,835 2062.7 29.080 1210,1 
170.00 7,715 13.002 20.717 2210,3 29.976 1311,6 
176,00 8,099 13.500 21.698 2162.4 30.852 1417,3 
180.00 8,486 13.993 22.479 2618.8 31.710 1527,5 
185.00 8.876 14.484 23.360 2579.5 32.661 1542.1 
190.00 9.269 1ft.*7a 24,239 2844.3 33.375 1751.1 
195.00 9.664 16.452 25.116 3013.2 34,181 1884.5 
200.00 10.061 15.930 25.992 3186.1 34,970 2012.2 
205.00 10.460 16.404 26.665 3362,9 35.743 2144.4 
210,00 10.861 16.874 27.736 3543,5 36.501 2280.9 
216,00 11.264 17,339 28.603 3727,9 37.242 2421.7 
220,00 11.668 17,800 29.467 3916,9 37,968 2555.9 
225,00 12.073 16.266 30.328 4107.5 38.679 2716.4 
230,00 12.479 18,707 31.186 4302.7 39.375 2870.2 
235.00 12.886 19.154 32.040 4601.2 40.058 3028.2 
2AO,00 13.294 19.597 32.691 4703.2 40.728 3190.5 
245.no 13.703 20.035 33.737 4908,6 41.387 3367.1 
260.00 14.112 20.468 34.580 5117,1 42.036 3627.9 
255.00 14.521 20.897 36.419 5328,9 42.678 3702.9 
260.00 14,931 21.322 36.254 5643.8 43.313 3882.1 
265.00 15,341 21.743 37.085 6762,0 43,942 4055,5 
270.00 16,752 22,160 37.012 598 3,2 44.655 4262,9 
273.15 16,010 22.421 38.431 6124.2 44,966 4373.2 
275.00 16.162 22.573 36.736 5207.6 46.187 4444,6 
280.00 16.672 22.963 39.656 5435.1 46,803 4540.3 
285.00 16.983 23,388 40.371 5>,55.6 45,415 4840.1 
290.00 17.393 23,790 41.164 6899.2 47,021 5044.0 
29^,00 17.603 24,189 41.993 7135.9 47,6^2 5251,9 
298.16 18.061 24,439 42.500 72S6.6 47.996 5385.0 
300.00 18.213 24,686 42.796 7376.4 48.214 5463,9 

I 
i - 

I . 
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TABLE B-l?3 (f'ONT. I 

THERMODYKAMIC FUNCTIONS FOR CALCIUM DIALuMINATE (CA 0 .SALjOil 
SOLID PHASE 

CRAM MOLECULAR WT,:: ?60.0018 PRAMS CAL = A.le«0 ABS J 
T DS6 K   •   J73.15 ♦ T DEC, C 

0  C      OC          C OC      0 OC 
T    -(GT-Hnl/T (HT-H0I/T  (ST-S01      IHT-'^O

1 CP       -'OT'HO1 

ßFG K  —CSU— —CfiL-—  ..C41.       CAL   .SAL       C4L- 
DEC MOLE  DEG MOLE   DE6 MOLE       MOLC  OEO MOLE       MOLE 

300.00 18 213 24,585 42,796 7375.4 48.214 5453,9 310.00 ">,032 25,366 44.396 7663.4 49.371 5899,9 
320.00 ,9,049 26,133 45.983 8362.7 50.480 6361,6 330.on 20,665 26,687 47.663 8672.8 SI.533 6819,6 340.00 21,479 27,627 49.106 9393.1 52.523 7302,8 3'iO.no 22,290 29,352 50.642 9923,0 53,446 7801,6 360.00 23,099 29,061 52.150 10452, 64.305 8315,6 370,no 23,t)0"! 29,7^4 53.65« 11009, 56.100 8844.7 373.IS 24,168 29,969 54.127 11183, 65,339 9014.5 
380.00 24,707 30,431 55.136 11654. 55.838 9388.7 390.00 25.506 31.091 65.597 12125, 55.521 9947.4 
itOO.OO 26.301 31,736 6E.036 12594, 57.157 10521. A?5,00 t3.272 33.273 61.645 1*141, 66.667 1201b. '(50,00 30,216 34,712 64.927 15621. 59.767 13697, 
'.76.00 32,128 36.059 68.167 17128. 60.605 16261, soo.oo 34,010 37,319 71.330 16560. 61.710 17006, 550.00 37,677 39,606 77.266 21704, 63.220 20722. 600.00 41.212 41,628 82.839 24977, 54,434 24727, 650,00 44,616 43.422 88.038 20224, 65.439 29000, 700,00 47,091 46,026 92.919 31618, 56.294 33525, 750,00 51,050 45,469 97.519 34862, 57.035 38287, flOO,no 64,091 47.775 101.87 36220, 67.693 43273, 350,oO 67,024 48,965 105.99 41620. 68.284 4 8470, 100,00 59,B64 50,053 109.91 45046. 56.825 63869, 960,00 62,697 51,064 )13.64 48502, 59.324 69466, 1000,00 66,230 51,980 117.21 51980. 69.790 65230. 1050,00 67,797 62,638 120.63 55460. 70.230 71175. 

1100,00 70,264 53,636 123.90 59002. 70.547 77290. 1150,00 72,656 54,387 127.05 52546. 71.045 83554, 1200,00 74,994 ,:'S,099 130.08 66107. 71.430 89993. 1250,00 77,257 55.750 133.0) 696S7, 71.801 96571. 1.300,00 79,466 55.374 135.83 73265. 72,151 103292. 1350,00 61,694 65.965 136.56 76903. 72.511 110152, 
1400,00 83,676 67,527 141.20 80537. 72.854 117147, 
1*S6.00 85,706 58,061 143.77 64168, 73.189 124272, 
1500,00 87.682 68.671 146,25 87866, 73.619 131522, 
1560,00 89,610 69.068 148.67 91540. 73,843 138896, 
1600,00 91,493 59,526 15 .02 95240. 74.163 146388, 
1650,00 93,33' 69.973 153.30 98956. 74.478 153996, 1700,00 96,128 50,405 166,53 102666. 74.790 151716, 
1750,00 95,885 50.620 157,71 105435. 75.099 169549, 1000.00 96,604 61.22! 159,62 110198. 75.405 177487, 

c c 
HQ   AND   S0   APPLY   TO   THE   REFERENCE   STATE   OF   THE   SOLID   AT   ZERO   DEG   IS 

Kine,  E.  0.^ 
Heat Capacities at Low Temperatures and Entropies at 
298.16 K. of Crystalline Calcium and tagneslum "ilumimteB 
J. i'hys. Chem. jg. 210-210 (1955) 

Bonnlckson, K. R,, 
High Temperature Heat Contents of Aluminates of Calcium and Magnesium 
J. Phys. Chem. Sg, 220-221 (1955) 
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TABLL   P-l?it 

THFRM0DYNAM1C   f-UNCtlOMf.   FOR   TRICALC1U«   DtSlLKATE    (3CA   0   .JSi   Oj] 
SOLID   PHA!,F 

GRAM   HOl.CdJLAR   WT.»    PSB.IO.'B   GNAWS 
T   DFfi   <   -   273,1^ +   T   "EC.   C 

o    c o    r c o 
T -IQ   -H   WT    (HT-H„1/T       1S.-S»! (HT-F 

CAL^if.lBftO   ABS   J 

DFr, K      -.cau—    „£ÄU...      -_CAL.__ 
DEG   MOLE      DEG   HOLE DEG   MOLE 

CAk        -_£AL-_ 
MÖlt      DEG   MOLE MOLE 

0.00 0,000 0,000 0,000 0.000 0.000 0.000 
5.00 0.001 0.003 0,004 0.O13 0.0! 1 3.004 
in.on 0,0(17 0.021 0.028 0.713 0.085 0.071 
I'.oo 0,074 0,077 0.096 1.075 0.284 0.359 
70.00 0,056 O.lf,., 0,773 3.•'77 0.644 1.1 ?8 
25.no n,10R 0,311 0,419 7.775 1.160 2.703 
10.no ft. 181 0,^05 0.687 15.180 1 .877 5.439 
35.00 0,277 0.752 1.029 26.328 2.651 9.699 
40.00 0.397 1.052 1.449 42.099 3.676 16.852 
45.00 0.54O 1.408 1.948 63.354 4.849 24.37? 
50.00 0.709 1.816 2.526 90.776 6.135 35.475 
55.00 O.903 2.259 3.173 124.81 7,488 4 9.690 
60.00 1.122 2.752 3.664 165.75 8,897 67.307 
55.On 1,364 3.290 4.664 213.85 10,353 68.529 
70,on 1.62° ■'.847 5.476 769.3? 11,830 113.93 
75.09 1.9P 4.429 6.341 332.14 13,298 143,46 
SO.GO 2.218 5,028 7.7 46 402.25 14,745 177,41 
86.00 2.541 5.642 8.183 479.56 16, m 215,96 
90.00 2.881 5.266 9.147 563.9B 17,589 259,28 
95.00 3.237 5.899 10.135 665.42 18.98? 30 7.48 
100.00 3,507 7.537 11.144 753.75 20.34? 360,57 
106.00 3,990 6.179 12.169 856.77 21.660 418,96 
110.00 4,385 8,821 13.205 '•70.2 7 3?. «2 ^62,38 
115.00 4,791 9,451 14.763 1068,0 24.162 651,07 
l.'O.OO 5,208 10.0*9 15.'05 1211.8 26.335 624,91 
125.00 5,533 10.732 16.361) 1341.5 26.520 704,09 
130.00 6.066 11,351 17,477 1477,0 27.556 768,57 
136.00 6.505 11,985 18.492 1618,0 28.764 678.37 
140.00 5.954 12.604 t9.55H 1754.6 29.640 973.49 
145.00 7.407 13.217 20.523 1916.4 30.683 1073.9 
15 0.00 7.865 13.822 21.587 20 7 3.3 ii.oau 1179.7 
155=00 8.328 14.421 22.749 2235.2 3-2.658 1290.8 
160,00 8.795 15.012 23.807 2401.9 33.791 1407.2 
165.00 9.266 15.594 24.650 2673,1 34.690 1528.V 
170.00 9.740 15.159 25.909 2748.7 35.557 1555.8 
175.00 10.217 15.735 25.962 292ft.6 36.397 1787.9 
leo.no 10.596 17.292 27.989 3112.6 37.212 1925.3 
18^,00 11.177 17.842 20.019 3300.7 38.004 2067.8 
190,00 11.560 18,38? 30.043 349 2.6 38.774 2215.5 
196,00 12.145 18,915 31.060 3688.4 39.524 2368.2 
700,00 17.630 19.439 32.070 3887.8 40.254 2626.1 
205.00 13,117 19,965 33.07? 4090.9 40.963 2688.9 
210.00 13.604 20,454 34.068 4297.4 41.553 2&56.8 
215.00 14.091 20,955 35.056 4507.4 47.324 3029.6 
220.00 14.579 21.468 36.036 4720.7 42.975 3207.3 
275.00 15.066 21.943 37.009 493 7.1 4 3.609 3389.9 
230.00 15.554 22.421 37.974 5156.7 44.227 3 677.4 
235.00 15,041 22.891 38.932 5379.4 44,876 3750,7 
240.no 15,528 23.354 39.882 5605.0 4 6.414 3966,7 
245.00 17,014 23.610 40.824 5833.5 45.985 4166,6 
^n.no 17."00 74.759 41.7^9 6054.8 46.543 4374,9 
266.nn 17,985 24.701 42.686 5298.9 47.086 4586,0 
260,00 18,468 25.137 43.605 6535.6 47.517 4801.8 
265.00 16,951 25.555 44.517 6775.0 48.135 5022.1 
770.00 19,433 25.989 46.422 7017.0 A-fi.539 6246.9 
273.15 19,736 26.252 45.988 7170.7 46.950 5390.9 
27b.OO 19,914 25.405 46.319 7251.4 49.130 5476.3 
280.00 20,393 75.816 47.708 7508.2 49.609 5710.1 
286.00 20.P71 27.719 48.091 7767.6 50.074 6948.* 
290.00 21,348 77.517 48.955 8009.0 50.528 5191.0 
295.00 21,824 28,009 49.833 8252.7 50.959 5436.0 
298,15 22,173 28,255 50.379 8423.7 51.240 6696.8 
300,00 72,299 28,395 50.693 8516.6 51.308 5689.3 

i      I 

[ 

n 
i 
I 

1 

L 

Hy AND 5° APPLY TO THE REFERENCE STATE OF THE 50LID '.'   ZERO DEG K [ 
King, B. 0., 
Low Temperature Heat Cajacltles and Entropies at 
298.15 K.  of Some Cryetalline Silicates Containine Calcium 
J. to. Chem. Soc. 72»  j'tJT-S'tSS (1957) 
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TAPLE   e-l?,> 

THFRMODYN/iMir   FUNCTIONS   FOR   CALCIUM   ORTHOSILICATE    (2CA   0   .51   0,1 
SOL If) PHASE   ;GAMMAI 

GRAM MOLECULAR WT.= 172.2i.36 GRAMS 
i  DEG K  •-  ?Ti,M +  T nrr, r 

BFa K 

n     c n     c     . c -(GT-H„1/T    (HT-H^/T      (St-Sn, 

CAl. CAL 
PEG   MOLF      DFG   MOI F        DEG   MOI F 

,HT-V 

CAL=".i8<iO   ABS   J 

^0 

CAL_ CAL 
MOLE      DEG'MOLE 

CAL 
MOLE 

SOL ID PHASF (GAMMA I 

I 

L 

n.nn o.ono 0.000 0.000 0.000 0.000 0.000 
5.00 n.ooo O.nol O.on? 0.005 0.005 0.002 

10,00 0,003 0,009 0.013 0.094 0,0'S 0.031 
I'.OI n.OH 0.03? 0.04? 0.477 0,177 0.169 
?0.00 0,025 0,076 0.100 1.502 0.298 0.602 
J^.OO 0,OA9 0,145 0.194 3.619 0.664 1.221 
•■(l.OP 0,OCA 0,743 0.377 7.300 0.97? 2.605 
Tj.no 0. ! 30 0,371 0.501 12.98-' 1.365 4.558 
aO.op 0,190 0.527 0,717 21.091 1.893 7.566 
45,00 0.26? 0.712 0.974 32.053 2.505 11.797 
50.00 0«i*8 0.926 1.274 45.285 3.199 17.400 
56,00 0,'tA7 1.166 1.614 64.156 3.958 24.602 
50.00 0,560 1.432 1.992 85.945 4,764 33.502 
65.00 0.686 I.1?! 2.407 111.84 5.597 44.586 
70.0(1 0,825 2.028 2.852 141,94 6.444 67.720 
75,00 0.975 2,350 3,326 175,29 7,294 73.155. 
80.no 1.138 2.686 3,624 214,86 8,141 91.019 
66.00 1.311 3.C32 4,343 267,69 8.983 111.43 
50.00 1,!.9A 3.386 4,881. 304.70 9.619 134.47 
96.00 1,687 3,74 6 6.433 355.86 10.644 160.25 

100.00 1,888 4,111 5.999 411.11 11.455 168.62 
106.00 2,098 4,480 6.677 470.37 12.245 220.25 
110.00 2.316 4.860 7.165 533.54 13.016 254.51 
116.00 2.638 5.222 7.760 600.51 13.755 291.92 
120.00 2.769 5.593 8.362 671.15 14.493 332.23 
125.00 3.004 5.963 8.968 745.40 15.201 375.55 
130.00 3.2A5 6.332 9.577 623,13 15.691 421.91 
135.00 3,A91 6,698 10.190 904,28 16.564 471,3? 
IAO.00 3,741 7,067 10.804 9Rfi,74 17,219 523.81 
1A6.00 3,996 7,424 11.419 10 V 6 , 4 17.054 679,37 
150.00 4,253 7,782 12.035 1157,3 18.470 538,00 
156.00 4,614 8,136 12.560 1261, 1 19.066 699.72 
160.00 4,778 8,487 13.766 1357,9 19.538 764,50 
165.00 5,045 8.833 13.878 1457,4 20.190 832,35 
170.00 6.313 9, 1 76 14.488 1669,7 20.723 903,28 
176,00 5.584 9,512 15.096 1664,6 21.238 977.24 
180,00 5.867 9,845 16.702 1772.1 21.736 1054.2 
185.00 6.131 10.171 16.304 1882,0 27.220 1134.3 
iSO.OO 6.407 10.496 15.9n3 1994,1 2 2.690 1217,3 
196.00 6»683 10.816 I 7.4<JP 210H,9 23.147 1303,3 
200.00 6.9f.] 11.129 13.090 2225,7 23.591 1392,2 
205,00 7.240 11.438 18.678 2344,8 24.024 1484,2 
21C..10 7,519 11.74? 19.262 2466,9 24.445 1679,0 
215.00 7,799 12.043 19.842 2589.2 24.854 1575,8 
7?n,on 8,079 12.338 20.418 2714,s 25.252 1777,4 
225.00 8,360 12.630 70.989 2841.7 25.639 1880.9 
230.00 5,640 12.917 21.557 2970.8 26*016 1967.3 
236.On 8,921 13.199 22.121 3101.8 25.383 2095.5 
?A0.00 9,.'02 13.« 16 22.680 323-..6 26.740 2208.5 
2A5.00 9,483 13,752 23.235 3369.2 27.090 2323.3 
250.00 9.761 14.022 2 3.?86 350 5.5 27.431 2440.9 
?55.0n 10, 04'. 14,288 24.33? 354 3.5 27.753 7651.1 
260.00 10.324 14', 551 24.874 3783.1 28.088 2584.2 
266.on 10.603 14,809 2 5.412 3924.4 28.405 2809.9 
?70tnfi 10.883 16,064 26.946 406 7.2 28.713 2938.:; 
273.1'. 11.058 15,222 26,280 4157.9 28.902 3020.6 
276.  H- 11.16 1 16,316 25.476 4211.5 29.012 3059.3 
280.00 11.439 16,562 27.001 4357,3 29.30? 3203.0 
285.00 11.717 15,806 27,522 4504.6 29.532 3339.3 
290.00 11.994 16,04 6 28.039 4663.1 29.852 3478.2 
295.no 12.270 16,?81 28.552 4803.0 30.111 3519.7 
298.15 12.«44 16,': 28 78.87? 4898.1 30.270 3710.2 
300,OO 12.'■■'16 ! 6 » «1 * 29.060 4954,7 30.351 3763.8 
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"I iyixi~ | ^  r visv t H 

TABLE B-125 ICONT.I 

N5   FOR   CinlUM   ORTHnsRlCAlE    It'CA   ü   .51   O, 
JOLit)   PM*SS   IGAMMA) 

6SAM MOLECULAR WT.= ITJ^iSS 5RAMS 
T DEG < = J73.16 + T DEG C 

T 

DEG K 

-((5°-HQI/T (H"-H^UT  ISy-^l 

CAL _    _CAL      CAL_ 
DE&'MOLE  ÖEG MOtC   ÖEG fQLE 

CAL=*. 1840 ABS J 
EG C 

(H?-H0
C. 4 -«H> 

CAL 
MOLE 

CAL 
DE« MOLE MOLE 

■   i 
»   i 

SOLID PHA'lF iCAMMA) 

300.00 
310.on 
320,00 
330,00 
3fc(1.00 
350,00 
360,00 
370,00 
373.15 
380.00 
3<J0,00 
400,00 
425,00 
450,00 
4 75,00 
500,"0 
550,00 
600.00 
650.00 
700.00 
750.00 
800.00 
850,00 
900,00 
9rju.00 
1000.00 
1050.00 
1100.00 
1120.00 

12.546 
13.095 
13.641 
14.183 
14.721 
15.256 
15.787 
16.313 
16.478 
16.836 
17.354 
17.868 
19,133 
20.370 
21.5B0 
22.762 
25.049 
27.236 
29.329 
31.337 
33.266 
35,121 
36,909 
38.634 
40.502 
41.916 
43.481 
45.000 
45.596 

16.514 
16.968 
17.408 
17.834 
18.247 
18.646 
19.032 
19.407 
19.522 
19.769 
20.120 
20.461 
21,270 
22.023 
22.726 
23.386 
24,591 
25.669 
26.646 
27.540 
28.364 
29,131 
29.«4° 
30.526 
31, i h 7 

31,778 

32.362 
32.9?3 

33.141 

29.060 

30.063 

91.0*9 
32.017 
32.968 
33.902 
34.819 
35,f20 
36,000 
36,605 
17,47'- 
38,329 
40.403 
42.303 
44,306 
46,148 
49.639 
62.905 
55.976 
58.877 
61.630 
64.252 
66.758 
69.160 
71.469 
73.694 
75.843 
77."73 
78.737 

4954,2 
5260,2 
5570.7 
5885,4 
6203,9 
6526,1 
6851,7 
7180.4 
7284.6 
7512.2 
7847.0 
8184.5 
9039.8 
9910,4 
10795, 
11693, 
13525, 
15402. 
17320. 
19278. 
21273. 
23305. 
25372. 
27473. 
29609. 
31778. 
33980. 
36215. 
37118. 

30,361 
30.832 
31,265 
31.667 
32.040 
32.389 
32.719 
33.031 
33.127 
33.329 
33.614 
33.888 
34.526 
35.112 
35.655 
36.163 
37.101 
37.962 
38.769 
39.536 
40.274 
40.989 
41,687 
42.371 
43.046 
43.714 
44.376 
4^-mn 
45.289 

3763,8 
4059,4 
4355,0 
4680,3 
5005,2 
6339.6 
5683.2 
i035.9 
6148.9 

6397.6 
6768.0 
7147,0 
8131.3 
9166,4 
10260. 
11381. 
13777. 
16341. 
19064. 
21936. 
24949. 
28097. 
31373. 
34771. 
38287. 
419)6. 
46655. 
iORnn. 
51068; 

H0 AND 5  APPLY TO THE REFERENCE STATE OF THE SOLID AT ZERO DEC K 

King, li. 0., 
low Temperature Heat Capacities and Entropies at 
S98..15 K. of Sane Crystalline Eilicates Containing calcium 
J. Am. Chen. Soc. T^, S^T-S^O (1957) 

Kelley, K. K., 
Contributions to the Data on Theoretical Metallur©'. 
XIII.    Hlgh-Temperature Heat-Content, Heat-Capaolty, 
and Entropy Eeta for the Elements and Inorganic Compounds 
U. S. Bur. Mines, Bull. 501*, 232 piges (i960) 
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TABLT   B-l?6 

THERM0DYN4MK   FUNCTIONS   FOP   CMCIUM  ORTHOSILICATE    l?CA   (1   .^1   O.I 
SOLID   PHASES 

GRAM  MOLECULAR   WT.=   17?.21.36   GRAMS 
T   DFG   K   »   273.15   *   T   DEG   C 

nFG K   DEG'HÖLE  ÖEG'MOLE   DEG MOLE 

IMS-M-I 

CAL'X.tBlO ABS J 

CAL     CAL 
MOLE  ÖEG"MÖLE 

■<e0,-HSi 

§lb 
SOLID PHASE IfiFTAl 

1 

n.nn o.oon 0.000 0,000 0.000 0,000 0.000 
5.00 0,000 0.001 0.00? 0.007 0.006 0.00? 

10.00 0,004 0.012 0.015 0.115 0.046 0.038 
15.00 O.OH 0.039 0.05? 0.584 0.155 0.196 
20.00 0,031 0.092 0.12? 1.833 0.362 0.614 
25.00 0,060 0.176 0.235 4.388 0.679 1.489 
30.00 0.101 0.293 0.394 3.777 1.092 3.042 
55.00 0,157 0.442 0.59" 15.464 1.598 5.506 
41.00 0.225 0^623 0.850 74.908 2.195 9.110 
A5.00 0.313 0.835 1.148 37.562 2.880 14.087 
50,00 0,411 1.077 1.490 53.839 3,543 20.663 
55.00 0.528 1.347 1.876 74.105 4.474 79.060 
60.00 0,658 1.645 2.303 98.677 5.353 39.489 
65,00 0.802 1.9'i6 2.768 127,79 6.287 52.152 
70,00 0.960 2.308 3.268 161.56 7.218 67.230 
75.00 1.132 2.666 3,798 199.95 8.13V 84.884 
80.fO i.316 3.036 4.35? 242.92 9.045 105.25 
85.00 1.511 3.416 4.927 290.37 9.934 128.44 
90.00 1,717 3.803 5.520 342.23 10.804 154.55 
95.00 1.933 4.193 6.127 398.37 11.652 183.56 

100.00 2.158 4.587 5.745 458.71 12.477 215.84 
105,00 2.392 4.982 7.374 523.11 13.281 261.13 
110.00 2.633 5.377 8.010 591.48 14.064 289.69 
115.00 2.880 5.771 8.662 663.71 14.323 33'.24 
120.00 3.134 6. 164 9.298 739.67 15.557 375.11 
125.00 3.394 6.554 9.948 819.24 16.266 424.22 
130.00 3.656 6.941 10.599 902.29 16.948 475.59 
135.00 3.926 7.324 11.261 988.68 17.605 530.22 
140,00 4.201 7.702 11.903 1073.3 IB.237 588.10 
145,00 4.478 8.076 12.563 1171.0 18.846 549.24 
150.00 4.756 8.445 13.207 1266.7 19,435 713.53 
155.00 5.040 8.809 13.849 ,365.3 70.005 781.26 
160.00 5.326 9.167 14.493 l-'66.7 20.555 852.1? 
165.00 5.613 9.520 15.134 1570.9 21.088 925.19 
170,00 5.903 9.86B 16.771 1577,6 71.603 1003.4 
175,00 6.194 10.211 16.404 1786,9 22.099 1083.9 
180.00 6.486 10.548 17.034 1896,6 22.579 1157.5 
185,00 6.780 10.879 17.669 2012.6 23.042 1254.2 
190,00 7.074 11.205 18.279 2129.0 73.490 1344.1 
195,00 7.369 11. j.'6 18.695 2247.5 23.924 1437.0 
200,00 7.665 11,841 19.506 2368.2 24.346 1633.0 
205,00 7.961 12.151 20.112 2490.9 24.765 1632.0 
210,00 6.258 12.456 20.713 2515.7 ^t   i to 1734.1 
215.00 8.554 12.716 21.310 2742.4 251642 1839.2 
220.00 8.851 13.050 21.901 TO-»l      1 25   920 1947.2 
225.00 9,1«7 13.341 22.488 3001.6 76.290 2058.2 
230,00 9,444 13.626 23.070 3134.0 26.650 2177.1 
235*00 9.740 13.90/ 23.6»? 3268.1 27,002 2286.9 
240,00 10.036 14.183 24.219 3404.0 27.344 2408.5 
245.00 10.33; 14.456 24.786 3641.5 27.678 2631.0 
250.00 10.626 14.773 25.349 3560.7 28.003 2655.4 
255.00 1U.92Ü 14.987 25.906 3821.6 28.320 ?784.5 
260.00 11.213 15.246 26.459 3963.9 28.630 2915.4 
765.00 11.606 15.501 27.007 4107.B 28.932 3049.1 
270.00 11.796 15.753 27.551 4253.3 29.228 3185.5 
273,15 11.982 15.909 27.891 4345.n 79.411 3272,8 
275.00 12.089 16.000 28.090 4400,i 29.517 3324,6 
2R0.no 12.380 16.244 28.674 4548,4 29.301 3455,4 
2B5,O0 12,670 16.486 29.154 4696,1 30.078 3510.8 
290,00 12,958 16,721 29.680 4849,7 30.350 3767.9 
295,00 13.246 16,956 30.20! 5001.6 30.517 3907.6 
298,15 13.H27 17.100 30.577 6098.3 30.78? 4003.3 
300.00 13.533 17.184 30.718 5155.3 30.678 4059.9 
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TABLE S-126 (CONT.) 

THERMODYNAMIC FUNCTIONS FOR CAUCIUM ORTHOSILICATE (2CA 0 .51 0;, 1 
SOLID PHASES 

r,RAM HOLTCULAR WT.= 17?.2<.36 GRAMS 
T RFfi K = 273.15 + T DFG C 

-1C?-H^/T rH?-H^/T  f-,-^, inW-i 

CAL«l..l8fcO ABS J 

4      '<4' 
.^, „     >'<.L       CAL        CA. CAL     CAL CAL 
RFG K  DE5-MÖLE BEC-fiöCE  BE5-iüöLf     R5LE CEG-SSCE     S5LE 

SOLID PHASE (BETAl 

3on.no 13,533 17,184 30.718 5155.3 30.878 4069,9 
310.00 14,10'. i7,63'; 31.738 5456,7 31.383 4372.2 
320.00 1'>.671 18.072 32.742 5782.9 31.865 46V4.5 
330.00 16,253 18.497 33.730 6103.9 32.322 5027.0 
3!t0.00 15,792 18.910 34,701 5*29.3 32.753 5359.2 
3'äO.nO 15,3*6 19,311 35,657 5758.9 33.168 5721,0 
360.00 16,6T5 13.701 36.596 7092.4 33.540 5082,3 
370.00 17,'»«O 20.060 37,5?0 7429,5 33.89P 5452,9 
373.1") 17.61! 20.197 37,808 7535.5 34,005 5571,5 
3flO.no 17.981 20.440 38.429 7770.2 34.235 5832.6 
390.00 18,616 20.806 39.322 8114,. 34.553 7221,4 
iOn.OO 19,048 21,153 40,201 8451,2 34.854 7519.0 
'•25,00 20.355 21.980 42,335 9341,4 35,544 8560.9 
450.00 21.633 22.751 44,3fcl4 10238, 35.161 9735.0 
'175.00 22.883 23,472 45,355 11149, 36.721 10869. 
500 I 24.104 24.147 48,251 12074, 37.236 12062. 
55C »ÜÜ 26,456 25.380 51,844 13959, 38.157 14556. 
600,00 28,721 25.479 55,200 15887, 38.974 17233. 
650.00 *o,sun 27.469 58,350 17856, 39.718 20072. 
700,00 32.949 28.369 51,319 19858, 40.409 23055. 
750.00 34.9^ 29.194 54,129 21895. 41.050 25201. 
800.00 36,84« 29.955 55,799 23964. 41,582 29475. 
860.00 38,681 30,663 59,344 25063. 42,283 32879. 
9on.no 40,453 31,324 71.777 28192. 42,853 35408. 
950.00 42,163 31.947 74.110 30349. 43,429 ■':0055. 
970,00 42,831 32.166 75.017 31220. 43.652 41545. 

SOLID PHASE (ALPHA PRIMF1 

970.00 42,831 32.639 76.471 31660. 42.849 41545, 
1000.00 43,330 32.951 76.7«! 32951. 43.180 43830, 
1050,00 45,450 33.451 78.90] 35123. 43.731 47723. 
1100,00 47,017 33.931 80.948 37324. 44,282 51719, 
1150,00 48,535 34.393 B2.V29 39562. 44.833 55815, 
1200.00 50,009 34,639 84,848 41807, 46,384 50011, 
1260,00 51,440 35.272 66,71? 44090. 46,935 54300, 
1300.00 62,83? 36,593 88,524 46400. 45,485 58681. 
1350.00 54,187 35,103 90,289 48739. 47,037 73152. 
1400,00 55,507 35,603 92,010 51104. 47.688 T7710. 
1450,00 55,795 35,H95 93,589 53497. 48,139 82352. 
1500,00 58,052 37,27- 95,331 55918. 48.690 87078. 
1550.00 59.280 37,665 96,v36 58355. 49.241 91885. 
1500.00 60,48? 38,025 98,508 50842. 49.792 96771, 
1550.00 61,668 38,39! 100,05 53346.. 50.343 101735, 
1700.00 62.800 38,75) lOi ,=.6 65875. 50.894 105775, 
1710,00 63,0^6 38,82? 101 ,85 65386. 61,004 107792, 

SOLID PHASE ( ALPHA 1 

1710,00 53,036 40,805 103,84 59775. 49,000 107792, 
1750,00 53,982 40,99? 104,97 71735. 49,000 111969, 
1800,00 65,140 41.214 106.35 74186. 49,000 117252, 
1850,00 66,272 41.425 107.70 76635. 49.000 122604. 
1900,00 57.380 41.674 100.00 79085. 49,000 128021. 
1950,00 6I«**3 41.813 I l r . " 8 81535. 49,000 133503. 
2000,00 69.524 41.993 111,»? 83986. 49,000 139048. 

L 

Toad, S. 5., 
Lew-temperature Heat Capacities and Entropies at 
£96.16 K. of Ciyatalilnc Oalclun Orthosllicate, Zinc 
urthoslllcate and Triealolum Silicate 
J. to. Chen. Soc. 73, 3277-3278 (1951) 

Kelley, K, K., 
Contribu uiüna to the Data on Theoretical Metallurgy. 
XI3   .    iliGh-Tamperature Heat-i.'ontent, Heat-Capacity, 
and "ntrup, Eata for the Elements and Inorganic Coupounrtp 
0. S, Bar, Mines, Bull. J*, 232 jages (1960) 
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TABLf B-l?7 

THERMO0VN4Mlf FUNCTIONS FO» CALCIUM FFRRITE ^CA O .FE20,1 
SOLID *NE LIQUID PHASES 

GRAM MOLFCULAR WT.^ ;15.7716 GRAI»S 
T DEG K « 273,15 * T DFG £ 

CAL=«.18'tO AP', J 

i 
1 

T (G*-Hpl/T IH'-H^I/T <v^ iH^-H^l 
'.■0P -'GT-H0» 

DFG  K CAL_ ..fi4W... CAL Sit, ...£*!=-._ CAL. 
DEG MOLE DEG  MOLE Dfci  MOLE MOl ? DEC  MOLE MOLE 

SOLID  PHASf 

0.00 1.000 0.000 O'OOO 0.000 0.000 0.000 

•,.00 n.000 O.On! 0,0(51 0.006 0.004 0.002 
in.on n.003 n.oo8 0.010 0.075 0.030 0.025 

15.00 n.ocs 0.025 0,034 0.381 0.102 0.127 
?0.00 n.020 0,060 0,08" 1,882 0.239 0.401 
?5.00 0.03Q 0.116 0,156 2.912 0.459 0.977 

30.00 0,067 0,193 C.265 5,941 0.767 2.014 
35.00 0,105 0.307 0.412 10.740 1.168 3.691 
40.00 0.155 0.445 0.600 17.766 1--567 5.204 

45.00 0.217 0.613 0.830 27.574 2.255 9.760 
50.00 0.291 0.812 1.104 40.605 2.964 14.574 

55.00 0.379 1.043 1.423 67.382 3.763 20.871 

60.00 0.481 1.307 1.788 78.3911 •'■.556 2B.879 
65.00 0.597 1.501 2.198 104.00 5.615 38.025 
70.00 0.728 1.923 2.650 134.60 6.507 50.930 
75.00 0.872 2.259 3.141 170.16 7.620 65.39' 

80.00 1,030 '.635 3.6t.5 210.84 8.655 8J.394 
85.00 1.201 3.021 4.222 ?55.75 9.712 102.10 
90.00 1.385 3,422 4.607 307.98 10.780 124.66 
95,00 1.581 3,637 5.419 354.56 11.850 150.21 

100,00 1.789 4,255 6,0'4 4 26.48 12.920 178.68 

105.00 2.007 4,702 6.710 493.75 13.985 210,79 

110.00 2.236 5,148 7.386 565.33 15.043 246.01 
115.00 2,475 5.501 8.077 644.16 15,086 284.65 

120.00 2.723 6.060 8,783 727.16 17,112 326.81 
125.00 2,980 6.522 9,502 815.25 18.125 372,61 

no.oo 3.245 6.988 10.233 908.40 19.136 421,85 

135.00 3.517 7.456 10,974 1006.6 20.152 474,65 
140.00 3,797 7.928 11,726 1109.9 21.180 531,60 
145.00 4,084 8.403 12.487 1218.4 22.213 692.13 

160,00 4,377 8.880 13,257 1332.1 23.239 555.46 
155.00 4,676 9.360 14.035 1450.8 24,239 724.71 

160.00 4.980 9.840 14.820 1574,4 25.194 796.86 

165,00 5,290 10.319 16.609 1702.6 25,092 872.92 
170.00 5.606 10v796 16.401 1835.2 25.925 952.94 

175.00 5.925 11.257 17.1V2 1971.8 27.696 1036.9 
160.00 6,249 11.734 17.983 2112.0 28.407 1124.9 
185,00 6,577 12.193 18.770 2255.7 29,057 1216.7 

190.00 6.908 12.545 19.554 2402.6 29.582 1312.6 
195.00 7.242 13.090 20.332 2552.5 30.250 1*12.3 
-00,00 7.579 13.525 21.105 2705.2 30.805 1315.9 
205.00 7.919 13.954 21.672 2860.5 31.318 1623.3 
210.00 8.260 14.373 22.633 3018.3 31.602 1734.5 
215.00 8.603 14.784 23.387 3178.5 32.255 1849.6 
220.00 8,947 16.186 24.133 3340.8 32.580 1958.4 

225.00 9.293 15.579 24.872 3505.2 33.076 2091.0 
230,00 9.640 15,953 25.603 3671,5 33.444 2217.1 
235,00 9.987 15,339 25.326 3839.5 33.786 2347,0 
240.00 10.335 16.705 27.041 400V.4 34.105 2480.4 
245.00 10.683 17.064 27.747 4180.5 34.402 2517.4 

250.00 11.031 17,413 28.445 4353.3 34.680 2757.»: 
255.00 11,360 17.755 29.134 4527.4 34.941 2901.'. 
250.00 11.728 18.087 :9.815 4702.7 35,188 3049.i 
255.00 12.075 18.412 30.488 4679.? 36.421 3199.9 
270,00 12.422 18.729 31,152 6055,9 35,643 3354.0 
273.15 12.641 18.925 31.666 5159.4 36,777 3452.8 
275,00 12,759 19,039 31.808 5235.7 35,864 3511.4 

260.00 13.115 19,341 32.456 5416,4 35.055 3572.1 
285.^O 13,46;: 19,535 33.096 5695.2 35.24f 3836.0 
290.01 13,804 19.924 33.727 5777.9 36.429 4003.0 
295.00 14,147 20.205 34,352 5960.5 36.604 4173.2 
298.15 14.362 20.379 34,741 6076.0 35.711 4262, 1 

300.00 14,488 20.480 34.968 6143.9 36.771 4346.6 
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TABLF   B-l?7   (CONT.I 

THFRMOt'VNAMIC   niNCTIONS   FOR   CALCIUM   FFRRItF    ICk   0   »FEjO,! 
SOLID   «NO   LIOUIP   PHASES 

GRAM   MOLECULAR   WT.«   ?M.77\b   5SAH5 
I   PEG   K   =   ZTJ.li   *   T   DEG   C 

CAL'^.IB-tO   APS   J 

0     C 0     C C 0    c 0 0     C 
T -IGT-Hfl(/T (HT-H0I/T (ST-V (Hr-H0) Cp -<SrH0) 

OfS «: ..CSL — ..CSL— -_£«.... £SL- ™C4L— C4L- 
DFG   MOLE DFG   MOLt PEG   MOLE 

SOLID   PHASE 

MOLE UFO   MOLE MOLE 

300,00 14,488 20.4SO 34,968 5143,9 36.771 4346.5 
310.00 16.16« 21.010 36,179 6513.2 37.084 4702.3 
320.00 15,844 si.sn 37.351 6886,5 37.370 5070.0 
330.00 16.51? 22.002 38.515 7260.5 37.632 5449.4 
3A0.00 17.177 22.465 39,642 7636.1 37.875 5840.2 
350.00 17,835 22.909 40,743 8018.0 38.100 5242.2 
360.00 18.486 23.333 41,820 8400.1 38.311 6655.0 
370.00 19.131 23.741 42.872 8784,2 3P.508 7078.5 
373.15 19,333 ?3.«66 43.199 8906.6 38.56S 7214.1 
3"0.00 19,769 24,132 43.901 9170.2 38.694 7512.4 
I'..!, 00 ?n,4ni 74.508 44,900 9«^8,0 38.870 7956.5 
400.00 21.026 24.869 45.895 9947.^ 39.035 8410.5 
425.00 22,560 25.714 48.273 10928. 39.417 9587,8 
450,00 24.052 25.485 50.536 11918. 39.755 10823, 
476,00 25.503 27.191 62.594 12915. 40.059 12U4, 
600,00 26.914 27,841 64.755 13921. 40.335 13467. 
650.00 29.623 29,000 58.624 15950. 40.820 15293. 
600.00 32.191 30,00" 52.195 18003. 41.269 19315. 
650.00 34.528 30.885 65.513 20076. 41.648 22508. 
700.00 36.946 31.657 68.61. 22167. 42.005 25852. 
750.00 39.156 32.357 71,522 24275. 42.339 29356. 
300,00 41.265 33,001 74.265 26400. 42.656 33012. 
S50.no 43.283 33,677 76,860 2S54I, 42.959 36790. 
ono.on 45.217 34.107 79.1?4 30695, 43.252 40695. 
950.00 47,074 34.596 81,670 32856, 43.636 44721. 

1000.00 48.861 35,050 83,910 35060. 43.814 48851, 
1050.no 50.581 36.474 85.055 37247. 44.085 53110. 
1100.uo 52,241 35.371 88.112 39458, 44.354 57456. 
1160,00 53.843 36.246 vo.o«c 

41682. 44,517 51920. 
1200.00 55.394 36.500 91.99 43920. 44.878 55472. 
1250.00 66.696 36.935 93.S1i 46170. 46.136 Till». 
1300.00 68.349 37,266 95.6'-6 48433. 45.391 76854. 
1350.00 59.761 37,562 97.3   4 50709, 46.645 80678. 
1400.00 61.133 37,856 98.9J8 ■^2998. 46.897 85585. 
1450.00 62,466 1R.137 inn_.,ü 51299, 46.148 90576. 
1600.00 53.764 3e   / ftfi .08,17 5761'. 46.397 95545. 
1510.00 64.019 33,452 102.48 58077. 46,447 96669. 

LIQUID   PHASE 

1510.00 64.019 66.594 119.61 8394;, 54.900 96669. 
1550.00 65.472 56.576 121.05 65143. 54.900 101482. 
1600.00 67.235 55.556 122.79 68888. 64.'J00 107578. 
1550.00 68.946 55.535 124.48 "1633. 64,900 113760. 
1700.00 70.603 55.516 126.12 Q4378. 54.900 120026. 
1750.00 72.212 55.499 127.71 97123. 64.900 125371. 
1800.00 73.775 =.5.482 139.25 99868. 54.900 132796, 
1850.00 75.■295 55.466 130.76 102613. 54.900 139295, 
1900.00 76.774 55.452 132.23 105356. 54.900 145871, 
1950.00 78.215 55.437 133.65 10*103. 54.900 152518, 
2000.00 79.518 55.424 135.04 110646. 54.900 169236, 

1 >   I 

Kim» R. o., 
Heat Capacltleä at Lev TemparatureB and Entropies at 
29G.I6 K, of Calcium and Magnesium Ferritee 
J. Am. Chem. Soc. 76, 501*9-5850 (l*1*) 

Kelley, K. K., 
Contributions to the Data on Theoretical Metallurgy, 
XIII,    High-Temi'erature Heat-Content, Heat-Caiöcity, 
and Entropy Data ror the Ellements and Inorganic Compoundö 
U. S. Bur. Mines, Bull.  58^, ?3? pages (i960) 
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TARLT   P-12e 

■I4FRM0PYNAHIC   HINCTIONS   FO»   DKAUUlM   FERRlTt   I2CA   0   «FSjO-t 
.SOLID   ANT   110U1D   PHASES 

L 

u 

KRAM MOLECULAR WT,* ?71.8bl0 GRAMS 
T D£6 K » ZTStlS + T DEO C 

CALK..1840 ABS 

T -H- •"Hi/t •v# -K' 4 -'«' 
CAL CAL CAL CAL CAL CAL 

DFC.   l SEÖ'SÖLE RFtTfiörf Bio M5EE 

SOLID   PHASE 

MOLE BIS MöLC Böit 

o«oo 0.000 0,000 o,onn 0,000 O.OOO 0,000 
5.00 n,noi 0,003 n,n04 0,014 0,011 0,004 

in,no 0,007 0,n22 o,n?9 o.?ia 0.037 0.072 
1 ^,nn 0,024 0.073 0,097 1,095 0.289 0,366 
?o,nc 0,057 0.169 0,726 3,381 0.652 1.148 
25,00 0,110 0.315 0,425 7,867 !.164 2,746 
30.00 0.184 0.508 0,691 15,227 1.798 5.508 
35,00 0,279 0.744 1,023 26,054 2.663 9,767 
40,00 0.396 1.024 1,420 40,966 3,426 15,860 
46.00 0.535 1.344 1,878 60,462 4,390 24,072 
50.00 0,696 1,699 2,394 84,961 6,422 34,730 
55,UC 0,875 2.088 2,962 114,81 6.633 48,098 
60.OC 1,074 2.507 3,581 150,44 7.728 64,435 

65,Oü 1,292 2.957 4,249 l''2,19 8,978 83,99! 
70,00 1 ,5?9 3,432 4,9M 240,24 10,245 107.00 
75,00 1,782 3,929 5,711 294,64 11,6:4 133.66 
80,00 2.052 4.442 6,494 365,38 12,782 164,16 
85,00 2.337 4.9^0 7,307 422,45 14,046 198,65 
90,00 2.636 5.509 8,145 495,80 15,293 237,27 
95,00 2.949 6.056 9,005 575,35 16,524 380.14 

100,00 3.274 6.610 9,884 661,02 17.739 327.36 
105,00 3.610 7, 16": 10,778 757,72 18,937 379,01 
110,00 3.966 7.731 11,687 850,36 20,116 436,16 
115.00 4.312 8.294 12,606 963,83 21,271 496,89 
120.00 4.677 8,858 13,635 1063,0 22,398 561,24 
125.00 5.050 9.422 14,472 1177,8 23,'!96 631,26 
130,00 5.431 9.984 16,415 1297,9 24,663 706.97 
135,00 5.818 10.543 16.361 1423,3 26,600 766,41 
140,00 6.211 11.099 17.310 1563,9 26,608 869,69 
145,00 6.610 11.661 18.261 1669,4 27,689 958.52 
150,00 7.015 12.198 19,213 1829,7 28,641 1052,2 
156,00 7,423 12.740 20,164 1974,7 29,466 1160.5 
160,00 7,836 13.277 21.113 2124.3 30,361 1263.8 
165,00 8,253 13.B08 22.061 2276.3 31,226 1J6i,8 
170,OC 8,673 14.332 2 3.006 2436.5 32,060 1474,4 
176,00 9,096 14.851 23.947 2598.8 32,863 1691,8 
180,00 9,622 16.362 24.983 2765.1 33,637 1713,9 
186,00 °,949 15.866 25.816 2935.2 34.382 1840,6 
190.00 10,379 16.363 76.74r 3108.9 36,009 1972,0 
196,00 10,811 16,862 27,662 3286.1 36,791 2108,1 
2(10, Or 11.243 17.334 28.577 3466.7 36,469 2248,7 
205.00 11,677 17,808 29,485 3650.7 37,104 2393.8 
210,00 12,112 18,275 ,0,387 3837.7 37,727 2643,6 
215,00 12,647 18.734 31,282 4027.9 38,329 2697,7 
220,OC 12,963 19.166 32.170 4221.0 38,911 2866,3 
225,0) 13,419 19.631 33.050 4417.0 39,473 3019,4 
230.0;) 13,866 20.068 33.924 4616.7 40,017 3186,8 
235.00 14,292 20.498 34.790 4817,1 40,544 3368,6 
240.00 14,728 20.921 35.649 6021,1 41,064 3634,7 
245.00 15.164 21.337 36.501 6227,6 41,649 3715,1 
260.''0 16,"99 21,746 37,345 6436,6 42,031 3899,7 
?55,r0 l»,OS3 22,149 38,182 5647,9 42,500 4088,5 
260,.10 16,467 22.544 39,012 5861,6 47,960 4281,5 
265,HO 16,900 22.934 39,834 6077,5 43,409 4478,6 
2 70,110 17,333 23.317 40.650 6295,6 ■.;.,861 4679,8 
273,15 17,605 23.556 41,160 6434,2 44.126 4808,7 
275.00 17,764 23.694 41,456 6616.0 44,284 4866,1 
280.00 16,194 24.066 42,260 5738.5 44,710 5094,4 
285,00 16,623 24.432 43,055 6963.1 45,129 6307,7 
290,00 19,052 24,792 43,844 7189.0 45,540 6624,9 
295.00 19,478 25,147 44,626 7418.5 46,943 6746,1 
29B, 15 19,747 26,308 "6,116 7563.6 46,193 6687,5 
300.00 10,904 2,i.497 45,401 7649.2 46,338 5971,2 
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TAPLE B-128 (CONT.l 

rMfRMODYHAHK FUNCTIONS FOR DIfALCIUM FERRITE I2CA 0 .FF 0,1 
SOL in AND LIQUID PHA-^FS 

GRAM MOLECULAR WT.= 271.85;o GRAMS 

T BC-S K = 273.15 + T DFG C 
CAI =4.1640 ABS J 

-IGj-Hnl/T IH^-HQI/T  IST-Spl 

—Wk   ..CSli CAL  
DEG MOLE  DEG MOLE   DEG MOLE 

££!=-  —CAL_ 
MOLE  DEG MOLE 

CAL 
MOL! 

H  1 

300,00 
310.00 
320.00 
330.00 
340.00 
350.00 
360.00 
370,00 
373,13 
380.00 
390.00 
400,00 
425,00 
450,00 
475,00 
500,00 
550,00 
600,00 
650,00 
700.00 
760.10 
100,uO 
850,00 
900.00 
950.00 

1000.00 
1050.00 
1100.00 
1150.00 
1200.00 
IJ^O.OO 
1300,00 
1350,00 
1400,00 
1450.00 
1500.00 
1550,00 
1600.00 
1650.00 
1700.00 
1750.00 

19.904 
20,751 
21.593 
22.429 
23.259 
24.083 
24.901 
25.712 
25.966 
26.516 
27,314 
28.105 
30,052 
31,955 
33,814 
35,630 
3^,133 
42,472 
45,657 
48,^"7 
51.503 
54,384 
57,049 
59,606 
62.063 
64,42 7 
66.704 
68.901 
71.021 
73,070 
75.053 
76.973 
78.835 
80.641 
32,395 
84,099 
85,755 
87.370 
88.941 
90,472 
91,955 

25.497 
2b.lB2 
26.847 
27,493 
28.120 
28.728 
29,317 
29,889 
30,055 
30.443 
30,979 
31,498 
32,725 
33.850 
34,908 
35,879 
37,617 
39,124 
4 0.441 
41.600 
42.628 
43,544 
44,367 
45,108 
45,780 
46,391 
46.950 
47,453 
47.935 
48.371 
48.774 
49.149 
'49.498 
49.824 
50.129 
50.415 
50,683 
50,935 
51,174 
51,399 
51-612 

S0LI,, PHASE 

45.401 
".5,933 
48.440 
49.922 
51.379 
52.811 
54,218 
55.501 
56,031 
55,959 
68,293 
59,603 
52,778 
55,815 
58,722 
71.509 
76.750 
81,596 
86,098 
90,298 
94,231 
97,928 

101,42 
104,71 
107,84 
110,82 
113.65 
115,35 
118,96 
121,44 
123.8: 
125,12 
128,33 
130.-7 
132,62 
134,51 
135,44 
138,31 
140,11 
141,87 
143,58 

LI0UID   PHASE 

7549,2 
8115,f 
8591.0 
9072.6 
9560,6 

10055, 
10554. 
11059, 
11219. 
11558. 
12082. 
12699. 
13909. 
15237. 
15581. 
17940. 
20689. 
23474. 
26287, 
29120, 
31971, 
34835. 
37712. 
40597, 
43491, 
46391, 
49298, 
52209. 
56125, 
68045, 
60968, 
53H94, 
65823, 
59754, 
72587, 
76622, 
78559, 
81498, 
84438, 
87379, 
90321. 

1750.00 91,965 72.245 154.21 125431 , 
1800.00 94.001 72,301 156.30 13014] , 1850.00 95,982 72,352 158.33 133851, 
1900.00 97,913 72.401 '70.31 13756], 
1950,00 
2000,00 

99.794 
101.63 

72.447 
72.491 

172.24 
174.12 

141271, 
144981, 

45,338 
4 7,099 
47,818 
48,490 
49.114 
49,689 
50,218 
50,704 
50.849 
51,151 
51,552 
51,942 
52,776 
53.474 
64.065 
'■>4.570 
65.381 
55,997 
66.476 
56.855 
67.162 
57.413 
57.623 
57.798 
57.945 
58.073 
58.181 
66,275 
56,358 
58.429 
58.493 
68.649 
68.599 
68.544 
58.684 
58,721 
58,764 
58,784 
58,811 
58,835 
58,859 

74,200 
74.200 
74.200 
74.200 
74.200 
74,200 

5971,2 
6432.9 
6909,8 
7401,5 
7908,! 
842",1 
fi964i2 
9513,4 
9689,2 

10075, 
10552, 
11242, 
12772, 
14380, 
15052. 
17815. 
2ir?3. 
25483. 
29677, 
34088. 
38702. 
43507. 
48492. 
5'645. 
68960, 
54427, 
70040, 
7^791, 
81674, 
8 7584, 
93816, 

100065, 
105427, 
112897, 
119472, 
125148, 
132922, 
1J9791, 
145752, 
153802. 
16093S. 

160933. 
169201, 
177567, 
1860?4. 
194698, 
2U3257, 

H0   AND   S0   APPLY   T0   TriE   REFERENCE   STATE   OF THE   .'OLID   AT   2ER0   DEG   K 

King, E.  G., 
Heat Capacities at low Temperatures and Entropies at 
29C-.16 K.  of Calclvun and Magneaium Ferrites 
J. Am. Chem, Soc. 76, 5*9-5850 (19;A) 

Kelley, K. K., 
Contributions to the Eata on Theoretical MetaUarsy. 
xni.    High-TeEiperature Heat-Contend, Heat-Capacity, 
and Entropy -ata for the Elements and Inorganic Compounds 
U.  J.  Bur.  Mines, Bull.  5SU,   232 pages  {i960) 
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TABLE fi-129 

THERM00VNAM1C FUNCTIONS FOR COBALT FERR1TE ICO 0 .FE.O.I 
SOLID PHASE 

GRAM MOLECULAR t(T,= 23A.6248 GRAMS 
T DEG K   = 273.15 + T DEG C 

T 

DEG K 

-(G'-H0l/r IH°-H0)/T isT-s
c

nl 

CAL _     £Sk—    ._£AL__ 
ÖEG MOLE  5»G MOL5   DEC, MOLE 

<»Co> 

CAL=4.1840 ABS J 

-IGXO' 
:AL_  __(;Ak        £AL_ 
MOLE  DEG MOLE       MOLE 

n.nn 0,000 0.000 0.000 0.000 o.noo o.noo 
5.P0 0.000 0.001 n.oo2 0.006 0.006 0.002 

10.00 0.001 0.010 0.013 0.09B 0.039 0.033 
16.00 0.011 0.033 0.044 0.496 0.132 0.155 
20.00 0.026 0.078 0.104 1.667 0.308 0.622 
25.00 0,051 0.150 0.200 3.740 0.581 1.256 
30.00 0.086 0.251 0.337 7.522 0.945 2.592 
35.00 0.134 0.381 0.515 13.327 1.390 4.705 
40.00 0.196 0.539 0.734 21.653 1.914 7.812 
45.00 0.269 0.724 0.993 32,592 2.515 12.116 
50.00 0.356 0.937 1.293 46,825 3.191 17.814 
55.00 0,457 1,175 1.631 64,611 3.936 25.108 
60.00 0,670 1.438 2.008 86.271 4.739 34.190 
65.00 0.696 1.724 2.420 112.08 5.690 46.246 
70.00 0.835 2.032 2.867 l'«2.23 6.473 58.'49 
75.00 0.986 2.358 3.344 176.82 7.367 73.964 
80.00 1.149 2.699 3.848 215.90 8.263 91.932 
85.00 1.323 3.062 4.376 259.45 9,168 112.48 
90.00 1.608 3.416 4.925 307.48 10.055 135.72 
95.00 1.703 3.790 5.492 360.01 10.957 '51.75 

100.00 1.907 4.171 5.077 417.06 11.863 190.68 
105.00 2.120 4.568 6.078 478.64 12.769 222.56 
110.00 2.341 4.952 7.293 544.74 13.671 257.48 
115.00 2.570 5.351 7.920 615.33 1     9s« 295.61 
120.00 2.806 5.753 8.569 690.36 16.447 336.70 
125.00 3.049 6.158 9.207 769.78 16.319 381.11 
130.00 3.298 6.566 9.864 853.63 17.180 428.79 
135.00 3.664 6.976 10.:>28 94 1.56 ^.028 479.77 
140.00 3.816 7.384 11.199 1033.8 18.863 534.08 
145.00 4,0lil 7,794 11.875 1130.2 19.580 591.77 
150.00 4.3':.2 8.204 12.556 1230.6 20.477 562.84 
156.00 4.628 8.612 13.240 1334.9 21.253 717.33 
160.00 4.908 9.019 13.927 1443.1 22.007 785.25 
165.00 5,132 9.424 4.615 ■554.9 22.740 855.60 
170.00 5,479 9,826 6.305  , 1670.4 23.454 931.40 
175.00 ^,769 '0.225 15.996 1789,4 24,149 100947 
180,00 '..063 10.622 16.685 1911,9 24,828 1091.4 
185.00 6.359 11.016 17.374 2037,7 25,491 1176.6 
190.00 6.668 11,404 18.062 2166,8 26.139 1265.1 
195.00 S.960 11.790 18.750 2299.1 26.771 1357.1 
200.00 7.263 12.172 19.435 2434.6 27.389 1452.5 
206.00 7.568 12.551 20.119 2572.9 27.990 1551.6 
210.00 7,875 12.925 20.800 2714,3 28.575 1653.8 
216.00 8.184 13.296 21.480 2858.6 29.142 1759.5 
220.00 8,493 13.662 22.156 3005.7 29.693 1868.6 
225.00 8,806 14.025 22.829 3155,5 30.227 1981.0 
230.00 9.117 14,382 23.499 3308,0 30.744 2096.8 
236.00 9.430 14.736 24.166 3462.9 31.244 2215.0 
240.00 9,744 15.085 24.829 3620.4 31,729 2-38.5 
245.00 10.068 16.429 26.488 3780.2 32.198 2''54.3 
260.00 10,373 15.769 26.143 3942.3 32.654 2   93.4 
255.00 10,689 16.105 26.794 4106.7 33.098 272S.7 
260.00 11,005 16.436 27.441 4273.3 33.530 2P61.3 
265.00 11,321 16.762 28.083 4442.0 33.951 3000.' 
270.00 11,637 17.084 28.722 4612.8 34.364 3142.1 
273.15 11.837 17.285 29.122 4721.4 34.619 3233.2 
275.00 11,954 ;7,402 29.366 4785.6 34.767 3287.3 
280.00 12,270 17.716 29.986 4960.5 35.163 3435,7 
285,00 12.587 18,025 30.612 6137.2 35.650 3587.2 
290.00 12.903 18.331 31.234 6315.9 35.929 3741.8 
296.00 13,219 18.632 31.851 5496.5 36.300 3899.5 
298.15 13,418 18.823 32.241 6611.2 36,529 4000.4 
300.00 13,534 18,930 32.464 6578.9 36,653 4060.3 

H^ AND si? APPLY TO THE RFFERENCF STATE OF THE SOLID AT ZERO DEG K 

King, K.  G., 
Heat Capacities at Low Temperatures and Entrojjies o± 
Five Spinel Minerals 
J. Phys. Cham. ^0, ^10-^12 (X9?S) 
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7ARLE B-1SB 

THERMOCYNAMK FUNCTIONS FOR IRON COBALTITF (FE    C0^0^1 

SOLID PHASE 

GRAM MOLFCULAR WT.= 237.7110 GRAMS 
T DEG K   •   273.15 + T OEG C 

T 

r-FG K 

-(6?-H^/T (H^-h^/T  IST-S°I 

fAL       CAL        CAL 
BEG MOLE    DEG'MöLE     i5ES~S5CE 

CAL=4.1840 ABS J 

CAL     CAL 
MOLE  DEG~MOLE 

CAL 
MOLE 

0.00 
5,00 
10.00 
15.00 
2n,nn 
25.00 
30.00 
33.00 
AO.on 
«5.00 
50.00 
S5.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
TO.00 
95.00 
100.00 
105.00 
110.00 
116.00 
120.00 
126.00 
130,00 
135.00 
1A0.00 
1A5.00 
160.00 
155,00 
160,00 
165,00 
170,00 
175,00 
180,00 
185.00 
m.oo 
195.00 
200.00 
205,00 
210,00 
216,00 
220,00 
225,00 
230,00 
235,00 
240,00 
2*5,00 
250,00 
255,00 
260,00 
265,00 
270.00 
273,16 
275.00 
280.00 
285.00 
290.00 
295.00 
298.16 
300,00 

0,000 
0,00(1 
0,003 
0.012 
0,028 
D.OS* 
0,092 
0,143 
0,207 
0,283 
0,371 
0,A71 
0,582 
0,704 
0.837 
0.981 
1.134 
1,297 
l ,~o7 
1.650 
i.838 
2,035 
2,238 
2,449 
2,666 
2,889 
3,116 
3,352 
3.591 
3,836 
4.08A 
4,337 
4,694 
4.855 
5,119 
5.386 
5.657 
6.930 
6.205 
6.483 
6,763 
7.146 
7,329 
7,614 
7,901 
8.190 
8,479 
8,769 
9,060 
9,352 
9,646 
9.938 
10,232 
10.526 
10,820 
11,006 
11,114 
11,409 
11.703 
11,998 
12,292 
12,477 
12,686 

0,000 
0,001 
0,010 
0.036 
0,lfl3 
0,160 
0,267 
0,401 
0,iiO 
0. ?40 
0,941 
1.161 
1,400 
1,658 
1.934 
2,226 
'-!,6 32 
2,6' 9 

3.510 
3«ä53 
4,202 
4,557 
4,917 
6,282 
5,650 
6,021 
6.395 
6,771 
7,149 
7.627 
7,906 
8,284 
8,661 
9,037 
9.410 
1.762 

10.161 
10.518 
10.882 
11,243 
11,600 
11,954 
12,305 
12,652 
12,994 
13.333 
13,668 
13,999 
14,326 
14,647 
1A,965 
16.278 
15.588 
16.893 
16.083 
16,194 
16.491 
16,783 
17,072 
17,357 
17,634 
17,637 

0,000 
0,002 
0,014 
0,047 
0,111 
0.214 
0.369 
0.544 
0.766 
1.023 
1.312 
1,632 
1,983 
2,363 
2,771 
3,20/ 
3,666 
4,146 
>T,64H 

5,160 
5,691 
6,236 
6,796 
7,366 
7,947 
8,639 
9, 139 
9,747 

10,363 
1.1,984 
11.611 
12,243 
12.878 
13,516 
14,166 
14.797 
15,439 
16.081 
16.723 
17,365 
18,006 
18,646 
19,283 
19,919 
20,553 
21,134 
21,812 
22,437 
23,059 
23.677 
24.292 
24.903 
2 6,510 
26,114 
26,713 
27,089 
27,308 
27.900 
28.487 
20.070 
29.649 
3 0,011 
30,22« 

0,000 
0,007 
0, 105 
0,630 
1.668 
4,001 
8,002 
14,033 
22,382 
33,307 
47,053 
63,870 
84,022 
107,79 
135.39 
166.97 
202.55 
242.16 
286, n 
333,46 
385,26 
4^1,18 
501,26 
666,46 
633,79 
706,24 
782.78 
863,38 
946,00 
1036,6 
1129.1 
1226.4 
1326.4 
1429.0 
1536.2 
1646.8 
1760.8 
1878.0 
1998.6 
2122.0 
2246,6 
2378,1 
2610,4 
2646,6 
2783,4 
2923,8 
3066,7 
3212.0 
3359.7 
3509.6 
3661.8 
3816.1 
3972.4 
4130.8 
4291.1 
4393.1 
4453.3 
4617.4 
4783,3 
''96(,9 
6120.2 
622 7,° 
5291,2 

0,000 
0,006 
0,042 
0.141 
0.330 
0,619 
0,993 
1,429 
1,919 
2,459 
3,048 
3,687 
4.382 
5.131 
5,916 
6.716 
7.519 
8.321 
9.130 
9,947 
10.771 
11,699 
12,428 
13,256 
14.079 
14.899 
!6,715 
16,526 
17,324 
18,111 
18.832 
19.635 
20.369 
21.084 
21,780 
22,460 
23,123 
23,769 
24,400 
25,013 
25,610 
26,190 
26.762 
27,296 
27,823 
28,333 
28,826 
29,303 
29,766 
30,212 
30.646 
31.066 
31,474 
31,871 
32,26'- 
32,494 
32,632 
32,997 
33,352 
33,699 
34,036 
34,244 
34.364 

0,000 
0,002 
0,035 
0,177 
0,568 
1,556 
2,771 
6.013 
8.274 
12.734 
18.669 
25.908 
34.933 
46.784 
68.607 
73.543 
90.716 
110.24 
132.20 
166.71 
183,83 
213,64 
246.21 
281,61 
319,89 
361,10 
405,29 
A52,50 
502.77 
656.14 
612.63 
672.26 
735.06 
801.04 
870.22 
942.60 
1018,2 
1097,0 
1179,0 
1264,2 
1SS2,7 
Ii44.3 
1639,1 
1637.1 
1738.3 
1842.5 
1960.1 
2060,8 
2174,6 
2291,3 
2411,3 
2534,3 
2660,3 
2789,4 
2921,4 
3006,2 
3056,5 
3194,6 
3335,5 
3479.4 
3626,2 
3720.1 
3776,8 

I   i 

H^ AND ^ APPLY TO THf RFFFHFNCF STATE OF THF SOLID AT ZERO DEG K 

King,  E.  a., 
Heat Capacities at Low Temperatures and Entropies of 
Five Spinel Minerals 
J. Plxys. Chem. 60, klO.klR (I956) 
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TABLE B-13I 

THERMODYNAMIC FUNCTIONS FOR NICKEL FERRITE INI 0 >FE,0 1 
SOLID PHASE * 3 

GRAM MOLECULAR WT.= 234.'»016 GRAMS 
T DEG K   =   ?73.15 + T DEG C 

T    -(r,°-H^WT IH^-H^I/T  'S-r-Spl 

CAL       C^L        CAL 
DEG K        DEG MOLE  DEG'SOLE   DEG"HÖLE 

IHO-H^I 

CAL=<1.1840   ABS   J 

,0 

CAL CAL 
HÖCE    OEG^HacE 

-'OH. 
CAL 
HCCE 

0.00 
6.00 

10.00 
15.00 
20.00 
25.00 
3C\00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85,00 
90.00 
95.00 

100,00 
105.00 
110.00 
115,00 
120,00 
125,00 
130,00 
13^,00 
140.00 
145.00 

'150.00 
155.00 
160.00 
166.00 
170,00 
175.00 
180,00 
185.00 
190.00 
195.00 
200.00 
205.00 
210.00 
216,00 
220,00 
225,00 
230.00 
235.00 
240.00 
245.00 
260.00 
255.00 
260.00 
265.00 
270.00 
273.15 
276.00 
280.00 
285.00 
290.00 
295,00 
298,16 
300,00 

0.000 
o.ooo 
0.003 
0.010 
0.023 
0,044 
0.076 
0.119 
0.173 
0,239 
0.317 
0,406 
0,507 
0,619 
0.743 
0,877 
1,023 
1,179 
1.344 
1,520 
1,703 
1,896 
2,096 
2,304 
2.619 
2.740 
2.966 
3.201 
3.440 
3.684 
3,933 
4.186 
4,444 
4.706 
4,97t 
5.239 
5.611 
5.785 
6.062 
6.342 
6.624 
6.907 
7.193 
7.480 
7.769 
B.069 
8 . J5C 
3,642 
8,936 
9.229 
9.524 
9,B19 

10,115 
10,411 
10,70P 
ic.svs 
11.004 
11.301 
11.698 
11.896 
12.192 
12.379 
12.489 

0.000 
C.001 
0.Ö08 
0.029 
0.068 
0.132 
0.223 
0,340 
0.482 
0.647 
0.835 
1.045 
1.278 
1,532 
1.808 
2.102 
2.412 
2.735 
3.069 
3.41? 
3.764 
4.124 
4.489 
4.860 
5.236 
6.614 
6.996 
6.380 
6.765 
7.161 
7,537 
7.923 
8.308 
8.692 
9.074 
9,464 
9.831 

10.205 
10.576 
10.944 
11.309 
U.670 
12.028 
12,382 
12.732 
13.078 
13.421 
13.769 
14.094 
14.424 
14,750 
15,073 
15,391 
15,705 
16,015 
16,209 
16,322 
16,624 
16,923 
17,218 
17.609 
17,691 
17,797 

0,000 
0,001 
0,011 
0.038 
0.C91 
0.176 
0.299 
0.459 
0.656 
0.886 
1.162 
1.451 
1.785 
2.161 
2.661 
2.980 
3.435 
3.914 
4.413 
4.932 
5.468 
6.019 
6.686 
7,164 
7,754 
8.364 
8,963 
9,661 

10,205 
10,836 
11.470 
12.110 
12.763 
13.398 
14.045 
14.693 
15.342 
15.990 
16,639 
17.286 
17.933 
18.578 
19.221 
19,862 
20.501 
21.137 
21.771 
22.401 
23,025 
23.653 
24,274 
24.892 
26.506 
26.116 
26.723 
27.104 
27.326 
27.926 
28.521 
29.113 
29.701 
30.070 
30.285 

0.000 
0.005 
0.0b5 
j.431 
1.365 
3.305 
6.690 

11.901 
1.9.270 
29.110 
U.738 
57.475 
76.656 
99.602 

126.56 
157.68 
192.98 
232.47 
276.19 
324.16 
376.42 
432.98 
493.83 
558.94 
626.27 
701.79 
779.46 
861.23 
947.06 

1036.9 
1130.6 
1228.1 
1329.3 
1434.2 
1642.6 
1664.4 
1769.6 
1887.9 

?.5 

2662.1 
2601.1 
2942.6 
3086.8 
3233.4 
3382.5 
3633.9 
3687.6 
3843.5 
4001.6 
4151.9 
4324.2 
4427.5 
4488.5 
4664.9 
4323,1 
'W93.3 
5166.2 
627' .5 
5339.0 

0.000 
0.004 
0.034 
0.115 
0.272 
0.518 
0.648 
1.247 
1.711 
2.236 
2.626 
3.480 
4,202 
4.984 
5.605 
6.641 
7,480 
8.320 
9.157 

10.022 
10.882 
11.742 
12.697 
13.446 
14.286 
15.120 
15,946 
16.762 
17.666 
18.355 
19,127 
19.879 
20.612 
21.326 
22.020 
22.697 
23,356 
r ,999 

1  . :-30 
.409 

'6.973 
■.7.622 

28.575 
29.079 
29.670 
30.048 
30.613 
30.966 
31.407 
31.838 
32.258 
32,658 
32.921 
33.068 
33.460 
33.842 
34.216 
34.580 
34.805 
34.935 

0.000 
0.002 
0.028 
0.143 
0.454 
1.406 
2.281 
4.160 
6.930 

10.769 
15.849 
22.543 
30.418 
40.245 
51.98 
65,802 
81.828 

100.19 
n.oo 
144.36 
170.36 
199.06 
230.66 
264.93 
302.22 
342.49 
385.78 
432.14 
461.60 
534.19 
589.95 
646.90 

•'711.06 
776.43 
846.04 
916.86 
991.97 

1070.3 
1161.9 
1236.7 
' V4.7 

■ ,0 
'i    i,6 
16G'-:.2 
1709,1 
1813,2 
1920,5 
2030,9 
2144.5 
2261.2 
2361.0 
2603.9 
2629.9 
2759.0 
2891.1 
2976.9 
3026.2 
3164.4 
3306.5 
3449.6 
3596.6 
3690.7 
3746.6 

C C 
H0   AND   S0   APPLY   TO   THF   REFERENCE   STATE   OF   THF   SOLID   AT   ZERO   DEG   K 

Kins,  E.  0., 
heat Caiacitles at Low Temperatures and Entropies of 
Five Spinel Minerals 
J. Phys. Chem. nO, kin.h\2 (1956) 
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TABLE 8-132 

THERM0DYNAM1C FUNCTIONS FOR FERRIC OXIDE (FE,0,l 
SOLID PHASES 

SRAM MOLFCULAR WT,= 169.6922 GRAMS 
T DEG K   = 273.16 + T DEG C 

T    -(Gj-Hpl/T (H°-Hp)/T  fST-Sp) 

CAL       CAL        CAL 
QEQ K  DEC-ROCf  üCS-flOCE  DEB-ROCF 

t)     c (HT-Hft) 

2   3' 

CAL=4,1840   ABS   J 

0 

CAL CAL 
HÖCF    f!F5-BriCE 

CAL 
POtrr 

SOLID   PHASE   IALPHAI 

o.on 
6.00 

in.no 
16.00 
20,00 
26.Ü0 
30.00 
36.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
76.00 
60.00 
86.00 
90.00 
95.00 

100.00 
105.00 
110.00 
116.00 
120,00 
125.00 
130.00 
135.00 
140.00 
146.00 
150,00 
155.00 
160.00 
165.00 
170,00 
176,00 
180.00 
185.00 
190.00 
196.00 
200.00 
205,00 
2)0.00 
215,00 
220,00 
225,00 
230,00 
235,00 
240,00 
246,00 
260.00 
255.00 
260,00 
265,00 
270,00 
273,16 
275,00 
280,00 
285.00 
290.00 
295.00 
298.16 
300.00 

0.000 
0.000 
0.001 
0.003 
0.007 
0.015 
0,027 
0.044 
0,068 
0,101 
0,141 
0,190 
0.248 
0,315 
0,390 
0,474 
0,566 
0,566 
0,772 
0,886 
1.007 
1,135 
1,268 
1,407 
1,652 
1,701 
1,866 
2.014 
2.178 
2,345 
2.516 
2,689 
2,867 
3,047 
3,230 
3,416 
3,604 
3,795 
3,987 
4,181 
4.378 
4,575 
4,774 
4,976 
5,176 
5,379 
5,663 
6.788 
5.993 
6.199 
6,406 
6.613 
6,821 
7,029 
7.237 
7.369 
7.446 
7.655 
7.864 
8.073 
8.282 
8.414 
8.491 

0.000 
0.000 
0.0O2 
0,010 
0.024 
0.047 
0.086 
0.146 
0.;,25 
0,326 
0,449 
0,589 
0.748 
0,922 
1,112 
1.316 
1.631 
1.757 
1,992 
2,235 
2,485 
2.740 
2,999 
3,263 
3, 5So 
3,801 
4,073 
4,347 
4,622 
4,398 
5,174 
5.450 
5,725 
6.000 
6,274 
6,545 
6.816 
7.084 
7.360 
7.614 
7.875 
8.135 
8.392 
8.546 
8.896 
9.147 
9.393 
9.637 
9,877 

10.115 
10,351 
10,583 
10,813 
11,039 
11,263 
11.403 
11,486 
11,703 
11,916 
12.131 
12.341 
12.472 
12.549 

0.000 
0.000 
0.003 
0.013 
0.031 
0.062 
0.113 
0.1f9 
0,293 
0,427 
0,590 
0.780 
0,996 
1.237 
1.602 
1.789 
2.096 
2.422 
2.;6'. 
3.122 
3.492 
3.874 
4,267 
4.670 
5.082 
6.502 
5,929 
6.362 
6,800 
7,243 
7.689 
6.139 
8.692 
9.047 
9,504 
9,952 

10.420 
10.879 
11.337 
11.795 
12.263 
12. UO 
13.166 
13.521 
14.074 
14.525 
14.975 
15.424 
15.870 
15.314 
16.765 
17.195 
17,533 
.6,068 
18.601 
1,1.772 
It,931 
19,358 
19.762 
20.204 
20.524 
20.886 
21.040 

0,000 
0.001 
0.022 
0.157 
0.471 
1,168 
2,586 
5,073 
8,995 

14,592 
22,428 
32.422 
44,871 
59.961 
77.861 
98.656 

122.48 
149,35 
179.32 
212.35 
246.47 
287.55 
329,92 
375,25 
423,55 
475,08 
529.60 
586,85 
647.11 
710.21 
775.11 
844.76 
915.07 
990.02 

1056.5 
1145.6 
1226,8 
1310.6 
1396,5 
1464.7 
1575.2 

1762!3 
1858.9 
1957.5 
2058.0 
2150.4 
2254,6 
2370.6 
2478,3 
2687,6 
2598,7 
2811,3 
2926,6 
3041,1 
3114,8 
3158.3 
3276.6 
3396.8 
3518.1 
3540,7 
3718,5 
3764.6 

0.000 
o.om 
0,012 
0,043 
0.091 
0,199 
0«S80 
0,52B 
0.962 
1.335 
1.767 
2,238 
2,748 
3,293 
3,657 
4,451 
5.068 
5,583 
6.301 
5,916 
7,530 
8.144 
8.750 
9,374 
9.984 

10.585 
11,179 
11,753 
12.337 
12.901 
13,455 
13,999 
14,529 
15,046 
15,545 
16.034 
15,509 
16,972 
17,424 
17,655 
18,295 

19,125 
19.623 
19.911 
20.290 
20,666 
21.016 
21.369 
21.710 
22.042 
22.355 
22,680 
22,985 
23,282 
23,465 
23.671 
23,862 
24,126 
24,393 
24,553 
24,815 
24,908 

0.000 
0,000 
0,006 
0,042 
0,149 
0,374 
o.nnn 
1,544 
2,737 
4,526 
7,055 

10,468 
14,895 
20,470 
27,309 
35,629 
45,235 
65.524 
69.484 
84,193 

100,72 
119,13 
139,4^ 
151,82 
185.20 
212.65 
241,i' 
271.95 
304.86 
339.96 
377,28 
416.85 
466,68 
502,78 
549,16 
597,82 
648,77 
702,02 
757,56 
815,39 
876,51 

1002.6 
1069.6 
1138.6 
1210.3 
1284.1 
1360.1 
1438.3 
1518.8 
1501.6 
1585.3 
1773.4 
1862.7 
1954.1 
2012,8 
2047,7 
2143,4 
2241,2 
2341,2 
2443,3 
2608,7 
2647,4 

1     1 
Dl 
r I 
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TABLE   B-132   (CONT.) 

THERMODYNAMIC FUNCTIONS FOR FERRIC OXIDE IFEJO,) 
SOLID PHASES 

CRAM   MOLECULAR   WT."    169,6922   GRAMS 
T   DFG   K   =   273.15   *   T   DFG   C 

T -IGIJ-HJ-)/T    (K'-HQI/T      ISr-Snl ,HT"Ho' 

DFG  K 

2"3' 

CAL = <t.ie40   ABS   J 

OEG   MOLF      OEG   MOLE        DEG   MOLE 
CAL        _   CAL 
MOLE     DEG'MÜLE 

-,r,0-HC, 
— I  ■o 

CAL 
«OLE 

SOLID   PHASE   (ALPHA) 

300.00 8,491 12,649 21.040 3764,6 24,908 2647.4 
310.00 9.910 12,955 21.865 4016.1 25.398 2762.0 
320,00 9.327 13,351 22.679 4272.5 25.863 2984.7 
3 30.00 9,744 13,737 23,481 4533.3 25.301 3215.5 
MO.90 10,160 14,113 24,273 4798,4 26.710 3454.3 
350.00 10.574 14,478 26,062 60^7,4 27.093 3700.9 
3A0,00 10,987 14.834 26,821 5340.2 27,460 3956.3 
370.00 11,398 15.179 26,:M / 6616,4 27,78/ 4217.3 
373.15 11,527 15.286 26.813 5704,1 27,890 4301.4 
380.00 11,807 16.615 27.323 5895.8 28,108 4485.8 
390.00 12.216 15.842 28.067 6178.5 28,415 4753,7 
400.00 12.620 16,160 28.780 6464,1 28.714 5047,9 
426.00 13,623 16,920 30.543 7191,0 29.429 6789,5 
450.00 14,610 17.634 32.244 7935,3 30.105 5574.6 
476.00 16,582 18,307 33.889 8596,0 30.761 7401,3 
500.00 16,537 18.945 35.482 9472.6 31.370 8258.6 
550.00 18.399 20.129 38.528 11071. 32.546 10120. 
500.00 20.198 21,210 41,408 12725. 33.554 12119. 
650.00 21.936 22.210 44,146 14436. 34,740 14258. 
700.00 23.616 23.142 46,758 15200. 35.785 16531. 
760.00 26,243 24.019 49,262 18015. 36.808 18932. 
800.00 26,820 24.850 61,670 19880. 37.816 214S6. 
R5n,nn 28.350 26,642 63,992 21796, 38.809 24098. 
900.00 29,837 26.401 56,238 23/61. 39.792 26854. 
950.00 31,284 27.131 58,416 26776. 40.766 29720. 

SOLID PHASE (BETA) 

950.00 31,284 27.300 58,58* 25936. 36.000 29720. 
1000,00 32,696 27.735 60.431 27735. 35.000 32636. 
1050.00 34,069 28.129 62,187 29535. 36.000 35762. 

SOLID PHASE 1 GAMMA 1 

1050.00 34.059 28.129 62.187 29535. 33.558 35752. 
1100.00 35.373 28.377 63.761 31215. 33.646 38911. 
1150.00 36.640 28.608 66.248 32900. 33.734 42136. 
1200.00 37.862 28.824 66.686 34688. 33.822 45434. 
1250.00 39.043 29,026 68.068 36282. 33.910 48803. 
1300,00 40.185 29.216 69.400 37979. 33.998 52240. 
1350.00 41,291 29,304 70.686 39682. 34.086 55743, 
1400.00 42,363 29.563 71,926 41)08. 34.174 69308. 
1450.00 43,403 29,723 73,127 43099. 34.262 52935. 
1500.00 44.413 29.876 74,290 44814, 34.350 65620. 
1560.00 45,396 30.022 7o,417 45534, 34.438 70363. 
1600,00 46,351 30.161 76,612 48258, 34.525 74151. 

H^  AND  SC  APPLY   TO   THE   REFERENCE  STATE  OF   THE  SOLID  AT   ZERO  DEG  K 

Oronvold, F., and Weätrum, Jr., E. F., 
Alpha-Ferric Oxide;    law Temperature Heat Capacity and 
Thermodynamic Functions 
J. Am. Chem. Soc. 81, 1700-1783 (1959) 

Kelley, K. K., 
Contributions to the Data on Theoretical Metallurgy. 
XIII.    High-Temperature Heat-Content, Heat-Capacity, 
and Entropy Data for the Elements and Inor^mle Canpounds 
U. a. Bur. Mines, Bull. jSU, 23? pages (1960) 
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TABLE B-133 

THERMOOYNAMIC FUNCTIONS FOR POTASSIUM CHROMATE IK,CK   0 
SOL'O PHASE 

ORAM MOLFCULAR WT.= 19'i.l976 GRAMS CAL^^.IB^O   ABS   J 

'73.1?   +   T   DFG   C 

-(e"-H^)/T   (H^-Hnl/T      IS.-S?! 1T "C r   'n' '"T^O1 

„FC  K        „CAL       „CAL SSli,™ 
' rl     OEG MOLE  DfG MOLE   DEG MOLE 

-.GX' 
CAL     CAL. CAL 
MOLE  DEG MOLE       MOLE 

0.00 
5.00 

10.CO 
15.00 
P0.00 
25.00 
30.00 
'5.00 
AO.OO 
45.00 
50.00 
55.00 
60.00 
65,00 
70.00 
75.00 
SO."" 
85.00 
90.00 
95.00 

100.00 
105.00 
110.00 
115.00 
120.00 
126,00 
130.00 
135.00 
140.00 
145.00 
150.00 
155.00 
150.00 
165.00 
170.00 
175,00 
180,00 
185,00 
190.00 
195.00 
200,00 
205,00 
210,00 
215,00 
220.00 
225.00 
230.00 
235,00 
240,00 
245.00 
250.00 
255.00 
250,00 
265.00 
270.00 
273.15 
275.00 
280.00 
286.00 
290.00 
295,00 
298.16 
300,00 

0.000 
0.004 
0,033 
0.109 
0.242 
0,410 
0.570 
0.958 
1.290 
1.561 
2,055 
2.498 
2.955 
3.430 
3.920 
4.420 
4.929 
5.443 
5,951 
6.481 
7.002 
7.523 
8.043 
8,651 
9,077 
9,590 

10,101 
10,608 
11,113 
11,611 
12.107 
12.599 
13.087 
13.571 
14,061 
14,627 
14,998 
15.455 
15.^S 
15.387 
15,842 
17.293 
17,740 
i 6 . H 3 
18.522 
19.057 
19.488 
19.915 
20,339 
20,759 
21,175 
21,588 
21,997 
22.403 
22,805 
23.057 
23.204 
23,500 
23,992 
24,3fl? 
24,768 
25.010 
25.151 

0.000 
0.013 
0,099 
0,311 
0,645 
1.074 
I.587 
2.174 
2.818 
3.498 
4,195 
4,900 
5.598 
6.281 
5,941 
7.577 
8.190 
8.779 
9.347 
9.894 

10.421 
10.929 
11.419 
11,893 
12.352 
12.796 
13,227 
13,644 
14,049 
14,441 
14,822 
16,192 
15.662 
15.902 
16,242 
16.674 
16,897 
17.,12 
17.619 
17.820 
18.113 
18.400 
18.681 
10.950 
19.226 
19.4S8 
19.746 
19.999 
20,246 
20.489 
20.727 
20.951 
21.191 
21.415 
21.638 
21.775 
21.866 
22.070 
22.282 
22.490 
22,595 
22.823 
22,898 

0.000 
0.017 
0.133 
0.420 
0.886 
1.504 
2.257 
3.132 
4.1n8 
6.159 
5.252 
7.398 
8.553 
9.711 

10.861 
11.998 
13.119 
14,223 
15.308 
15,375 
17.423 
16.462 
19.452 
20.454 
21.429 
22,?»t 
23.327 
24.262 
25.150 
26.052 
26.929 
27.792 
28.539 
29,473 
30.293 
31.100 
31.896 
32.577 
33.448 
34.207 
34.956 
35.693 
''5.421 
3 /. LJV 

37.846 
38.645 
39.234 
39.914 
40.585 
41.248 
41.'; .12 
42.549 
43,188 
43.819 
44.443 
44.832 
45.060 
45.670 
45.274 
46.872 
47,453 
47,833 
48,049 

0,000 
0,063 
0,992 
4,566 

12.894 
26.853 
47.620 
76.098 

112.73 
157.41 
209.81 
265.50 
336.89 
408.25 
485,88 
568.30 
*55.17 
746.23 
841,23 
939.92 

1042.1 
1147.5 
1265.1 
1357.7 
1482.2 
15V9.5 
1719.4 
164t.9 
1966,6 
2094.0 
2223,3 
2364.8 
2466.3 
2623.8 
2751,1 
2900.4 
3041.4 
3184.2 
3328.7 
3474.9 
3522.7 
3772.1 
3923.0 
4Ö75.5 
4229.5 
4384.8 
4641.6 
4599.7 
4869.1 
5019.8 
5181.8 
6345.1 
5509.6 
5676,2 
5842.2 
6946.0 
5010.3 
6179.7 
5350.3 
6622,1 
6595.1 
5804.8 
6869.4 

0.000 
0.050 
0.389 
1.143 
2.184 
3.437 
4,899 
6.507 
8.142 
9,721 

11.224 
12.632 
13,901 
15,019 
16,018 
16,938 
17,602 
16.614 
19,377 
20.092 
20.766 
21.407 
22,022 
'2.614 
23.183 
23,728 
24,24'' 
24,740 
25,209 
25.657 
26.066 
26,600 
26.698 
27.285 
27.560 
28.026 
26.382 
28.730 
29.069 
29.400 
29.723 
30.038 
30.345 
3ö»643 
30.933 
31.215 
31.489 
31.756 
32,016 
32,272 
32,523 
32,771 
33,017 
33,262 
33.505 
33.660 
33,751 
33.995 
34.242 
34.488 
34.736 
34.692 
34.984 

0.000 
0.021 
0.334 
1.637 
4.836 

10.763 
20,103 
33.530 
51.594 
74.735 

103.27 
137.41 
177.28 
222.94 
274.37 
331.52 
394.32 
462.68 
536.52 
616.74 
700.24 
789.94 
884.73 
984.53 

1089,2 
1196.6 
ITi.l 
1432,0 
1565,6 
1683.5 
1816.1 
1952,9 
2094.0 
2239,2 
2388,7 
2642.2 
2699.5 
2861.1 
3026.4 
3195.6 
3358.6 
3645,1 
3725,4 
3509,3 
4095,7 
42B7.7 
4462,2 
4680,0 
4881,3 
6085.9 
5293.6 
6604.9 
5 719.2 
6936.7 
6157.4 
6298.0 
5381.2 
5608.0 
5837.9 
7070,7 
7306,6 
7465.7 
7545,4 

I 

I 

HJ  AND   SQ   APPLY   TO   THE   REFERENCE   STATE   OF   THF   SOLID   AT   ZERO   DEG   K 1 
Popov, M. M., and Koleoov, V. P., 
The Determination of the True Specific Heat of .Solid 
Materials at Low Temperatures 
J. Gen. Chen. (USSR) 26, 2665-2672 (1956) 
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i. 

SELECTED THERMOCHEMICAL VALUES 

Donald D, Wagman 

In the preceding semiannual report (NBS Report 8504 Hated 
I July 1964) a selection of values from the data prepared by the 
Chemical Thermodynamlc Properties Group for the revision of NBS 
Circular 500, Selected Values of Chemical Thermodynamlc Properties, 
was presented. Since that report, data on an additional number of 
compounds have been critically evaluated and values selected.  In 
order to make these values available to research groups prior to 
completion we have presented the results on compounds of possible 
Interest to this program in the accompanying table. 

These new data will form a self-conslstont set of thermodynamlc 
tables; extreme caution should be used If they are combined with 
values from other sources. 
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"Selected Thermochemical Values" 

Substance 

As 

State 

A3T 

A82 

AS4 

AsO 

A8O2 std state, m = 1 

AsO^ "std state, m = 1 

As20c 

AS4O6 

AsH3 

HAs02Std state, 
unionized, m = 1 

HAs04""std state 
unionized, m = 1 

H^AsOo std state, 
unionized, m = 1 

H2AsO^"std scute 
unionized, m = 1 

H3AsO^ 

ASF3 

AsCl2 

ASCI3 

AsBro 

c,» 

ß,amorp 

7,cubic 

g 

g 

g 

S 

g 

aq 

aq 

c 

c,octah 

c,inonocl 

g 

g 

aq 

aq 

aq 

aq 

c 

1 

g 

8 

1 

g 
c 

AHf5 
0oK 

AHf« ißi* 
298.15^ 

P — 

72.04 

298.38 

53.30 

16.83 

17.70 

-218.68 

16. 

-61.42 

kcal/mole 

0 

1.0 

3.5 

72.3 

300.12 

53.1 

34.4 

16.72 

-102.54 

-212.27 

-221.05 

-314.04 

-313.0 

-289.0 

15.88 

-109.1 

62.4 

41.1 

22.1 

-83.66 

155.00 

t-187.0 

275.46 

■275.82 

262.4 

16.47 

-96.25 

-216.62    ■■170.82 

-170.84 

-^i/.Ji»      tiöU.Ut 

•216.6 

•228.55 

■220.04 

16. 

-72.9 

-61.80 

-47.2 

-31. 

80 

140.35 

eal/deg mole 

-217.29 

-216.46 

-61.37 

-58.77 

-28. 

8.4 

41.61 

57.2 

75, 

9.9 

■38.9 

25.2 

51.2 

56. 

91. 

53.22 

30.1 

-0.4 

26.4 

28. 

43.31 

69.07 

49.6 

78.17 

86.94 

5.89 

4.^68 

8.366 

27.85 

45.72 

9.10 

30.25 

15.68 

18.10 

18.92 ( 
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i i 

n 

Substance State AHf» Mf0 ÄGf Se c • 
O'K 298.15'K 

kcal/mole cal/deg mole 

ASI3 c -13.91 -13.9 -14.2 50.92 25,28 
A82S3 c -40.4 -40.3 39.1 27.8 

AsN 8 47. 46.9 40.1 53.9 7.27 
NH^rl2As04 c -253.3 -199.1 41.12 36.13 

In 660 H2O aq -249.1 

(NH4)2HAs04 c -282.4 

in 660 H2O aq -279.8 

(NH4)3A804 c -307.4 

Sb std state c.   111 0 0 0 10.92 6.03 

g 62,63 62.7 53.1 43.06 4.97 
Sb+ 

g 261.91 263.46 

Sb2 g 56.76 53.3 44.7 60.90 8.70 
Sb4 g 50.2 49.0 33.8 84. 
SbO g 48. 47.7 

ShCf std state, m = 1 aq -42.33 

Sb02'' std state, m = 1 aq -81.32 

Sh2% c -216.9 -190.2 30.4 27.39 
Sh05 c -232.3 -198.2 29.9 28.11 
Sb406 c, cubic •344.3 -303.1 52.8 

c.orthorl -338.7 -299.5 58.8 48.46 
Sb6013 c ■670.6 

SbH3 g 36.62 34.68 35.31 55.61 9.81 
Sb(OH)3 c -163.8 
SbF g -U. -11.29 
SbF3 c •218.8 

in 200 H2O aq •217,7 

HßSbPe aq ■448.4 

SbCl g -6. -6.22 

SbCl2 g -18. -18.5 
SbClß c -91.34 -77.37 44.0 25.8 

g -74.57 -75.0 -72.0 80.71 18.33 
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Substance State £Hf6 /SHf" ^3f8 Sp cn" 
00K 298.15"K 

kcal/mole cal/de« mole 

SbCl5 1 -105.2 -83.7 72. 
1 
1 

i 

g -93.70 -94.25 -79.91 96.04 28.95 

SbOCl c 

g -25. 

-89.4 

-25.5 

SbBr3 c -62.0 -57.2 49.5 

g -46.5 -53.5 89.09 19.17 

In CS2 1 -58,4 

Sbl3 0 

aq 

-24.0 

-23.6 

Sb^S, black c -41.8 -41.5 43.5 28.65 

orange amorp -35.2 

Sb2Te3 c -13.5 -13,2 56. 
SbN g 64. 63.66 

Bl c 0 0 0 13.56 6.10 

g 49.56 49,5 40.2 44.669 4.968 

B1+ g 217.6 219.1 

Bi2 g 52.5 

Bi203 c -137,16 -118.0 36.2 27.13 

Bi(OH)3 c •170.0 

BiF g 
B1C1 c -31.2 -25.9 22,6 

BiCl^std state, m = 1 aq -14.64 

BlCl2+std state, m = 1 aq -49.1 

BICI3 c -90.6 -75.3 42.3 25. 

g -63,32 -63.5 -61t2 85.74 19.04 

In HCI.26H2O aq ■101.7 
B10C1 c -87.7 -77.0 28.8 

B1(0H)2CX e -128.71 

BlBr3 c 26. 
BiBr+^'std state, m = 1 aq -8.1 

BlBr2
+ std state, m = 1 aq -35.9 
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Substance State Mffl ÄHf0 asf Sc <V 
O'K 298.15«K 

kcal/mole cal/d< sg mole 

BiBr3 std state 
unionized; m = 1 aq -63.3 

B1I g 
:                                                    ' 

BII3 c -41.9 

BIS g 43. 29. 68. 

BI2S3 c -34.2 -33.6 47.9 29.2 

812(^)3 c -608.1. 

BISe g 42.0 

Bl2Sa3 c -2.2 

BITe g 42.8 

Bl2Te3 c -18.5 -18.4 62.36 28.8 

CH4 8 »15.970 -17.88 -12.13 44.492 8.439 
HCOO'std state, m = 1 aq -101.71 -83.87 22. 

HC03"std state, m = 1 aq -165.39 -140.26 21.8 

HCOOH 1 

i 

-101.51 

-90.48 

-86.38 30.82 23.67 

in 1 HjO aq -101.699 

2 H2O «q -101.715 

3 H20 aq -101.697 - 

5 H2O aq -101.667 

10 H2O aq -101.642 

50 H2O aq -101.654 

100 H2O aq -101.666 

1000 H2O aq -101.681 

CH3OH 1 

g 

-57.04 

-48.06 

-39.76 30.3 19.5 

SI c 0 0, 0. 4.50 4.78 

■ g 107.86 108.9 98.3 40.12 5.318 
Sl+ 

g 295.83 298.35 

si2 g 141.32 142. 128. 54.92 8.22 
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Subst&ace State Mt 3 AGfe S0 V 
0oK 298.150K 

kcal/mole cal/d eg mole 

SI3 g 146.4 147. 12.9 

SIO S -24.08 -23.3 -30.2 50.55 7.15 

SIO2 a, quartz c ■217.72 -204.75 10. oc 10.62 

cristoballte c -217.37 -204.46 10.20 10.55 

trydlmlte c -217.27 -204.42 10.4 10,66 

glass amorp 

g 

-215.94 

-77. 

-203.33 11.2 10.6 

S1H 8 86. 86.28 
S1H4 g 10.30 8,2 13 fi 48.88 10.24 

S12H6 g 23.04 19.2 30.4 65.14 IP, 31 

Sl3H8 1 

g 

22.1 

28.9 

H2ÖIO3 c -284.1 -261,1 32. 

"l4Si04 c -354.0 -318.6 46. 

SiF g 1. 1.7 -5.8 53.94 7.80 

SIF2 g -147.75 -148. -150. 60.38 10.49 

S1F4 g -384.66 -385.98 -375.88 67.49 17.60 

std state, m = 1 aq -384.2 

SlF6"'*std state, m = 1 aq -571.0 -525.7 29.2 

SIHF3 g 64.96 14.47 

SIH3F g 56.95 11.33 
H2S1F6 aq -570. 

S1C1 g 45. 

SICI4 1 •164.2 -148.16 57.3 34.73 

g -156.51 ■157.03 -147.47 79.02 21.57 

SiH3Cl g 59,88 12,20 

SiHCl3 1 ■128.9 -115.34 54.4 

g -121.40 ■122.6 -115.2 74.99 18.12 

SlBr4 1 ■109.3 -106.1 66.4 

g -99.3 -103.2 90.29 23.21 

SIHsBr g 62.69 12.63 
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Substance State Z^£3        1 ■^Hf0 &;f0 5° V O'K       | 298.15'K 

kcal/mole cal/dc R mole 

SlHBr3 1 -85.0 -80.4 59.3 

g -75.9 -78.5 83.28 19.30 

SII4 c -45.3 

SIS g 26.6 2'i.88 14.56 53.43 7.71 

sis2 c -49.5 

SlSe2 c -7. 

SIN g 116. 116.68 109.41 51.78 7.21 

(NH4)2S1F6 hexagonal c -640.94 -565.38 66.98 54.52 

cubic c -640.67 -565.40 67.99 59.25 

iu 555 HgO aq -633.60 

1500 H2O aq -633.20 

SiC ß^cubic c -15.36 -15.6 -15.0 3.97 6.42 

a,hexagonal c 

S 175.6 

-15.0 

177. 

-14.4 3.94 6.38 

Si(CH3)4 1 -63. -24. 66.27 48,78 

g -57.15 -23.93 85.78 34.39 

Si(C2H5)4 1 -68. 

S1H (00113)3 1 -199. 

81(00113)4 1 -302. 

Si(002H5)4 1 -334. 

S1F4«N(CH3)3 c -419.4 

S101(CH3)3 1 -1.5 -58.93 66,5 

S -84.32 -58.23 88.2 

Sn white c 0 0 12.32 6.45 

gray c -0.50 0.03 10.55 6.16 

g 72.18 72.2 63.9 40.243 5.081 

Sn+ 
g 241.54 243.04 

Sn** in aq HOI, m = 1 aq -2.1 -6.5 -4. 

Sri1 '"in aq HOI, m =» 1 aq 7.3 0.6 -28. 

Snü c -68.3 -61.4 13.5 10,59 

Si'>02                     , c 

a 

■138.8 -124.2 12.5 12.57 
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Substance State AHfö ^Hf0            £££* S0 V 
0oK 298.15^ 

kcal/mole cal/d eg mole 

SnH4 g 41.78 38.9 45.0 54.39 11.70 

Sn(OH)2 ppt c -134.1 -117.5 37. 

Sn(0H)4 ppt c -265.3 

SnCl2 c -77.7 

In aq HC1 aq -78.8 

SnCl2,2H20 c -220.2 

SnCl4 1 -122.2 -105.2 61.8 39.5 

g -112.16 •112.7 -103.3 87.4 23,5 

in aq HC1 aq -152.5 -124.9 26. 

SnCl6"" aq -231.9 

Sn(OH)Cl std state, nrf. aq -108.4 -93.7 30. 

SnBr2 c -58.2 

in aq HBr, m - 1 aq -58.8 -57.8 45. 

SnBr^ c -90.2 -83.7 63.2 

g -75.2 -79.2 98,43 24.71 

Sn(OH)Br atd 8t<ite/in=l aq -97.4 -86.7 35. 

Snl2 a -34.3 

in aq HC1 aq -28.5 

Snl4 c 

g 106,6 

20.3 

25.2 

SnS c 

g 

••24. 

28.5 

-23.5 18.4 11.77 

SnS2 c 20.9 16.76 
Sn(S04)2 

aq 

-389.4 

-354.2 

SnSe c 

g 

-21.7 

30.8 

SnTe c 

g 

-14.6 

38.4 

(NH4)2SnCl6 c 

aq 

-295.6 

-293.9 
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Substance State      j AHfß Mf          ÄGf0 S0 V 
0oK 298. 15 0K 

kcal/mole cal/d< ig mole 

(HH4)2SnBr6 c         j 120.2 63.97 

SnH2 (0113)2 1 

8 

14.5 

21- 

SnH(CH3)3 1 

g 

-2.1 

5. 

Sn(CH3)4 1 

g 

-12.5 

-4.5 

Sn(C2H5)4 1 

8 

-22.9 

-10.9 

Sn2(CH3)6 8 -21.6 

Sn(CH3)2Cl2 c -80,4 

Sn(CH3)3Br 1 -45.2 

811(^3)31 1 -32.4 

in CC14 -31.2 

AgBr c -23.99 -23.16 25.6 

Agl c -14.78 -15.82 27.6 13.58 

^2003 c -270.9 32.5 26.41 

std state, m = 1 aq -276.62 

in          15 H20 -278.80 

20 H20 -278.66 

50 H20 -277.83 

100 H20 -277.28 

1000 H20 -276.53 

Na2C03'H20 c -342.4 

Na2CO3'10H2O c -976.5 

NaCH02 c h159,13 24.80 19.76 

In 400 H20 aq -158.97 

NaCH02,2H20 -300.7 

Na2SiF6 c -695.4 -656,7 44.7 

in 630 H20 aq 

i 

-685.1 
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Substance 

K2CO3 

in 50 H2O 

100 H2O 

1000 H2O 

2000 H20 

K2C03'|H20 

KCHO2 

K2SnCl6 

State 

c 

c 

aq 

c 

aq 

AHfr
e 

O'K 
AHfe Zfif0 c • 

298.150K 

kcal/mole 

-366.0 

•274.3 

■281.65 

•281.58 

■281.17 

•281.0 

•310.7 

•162.3 

•161,8 

■355.6 

•352.5 

cal/deg mole 

32.23 

37.4 27.65 

S8 

1      i 

i 1 ^ 

n 

1 

I 
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APPENEIX IV 

LIST OP IONIZATION POTENTIALS OR ELECTRON 
AFFINITIES OF LIGHT ELEMENT COMPOUNDS 

(A Revision of Appendix IV, NBS 
Report 850I+, dated July 1, 196*0 

Charles W. Beckett and Esther C. Cassidy 

lonizatlon potential and electron affinity data for substances 
I        formed from elements of the first and second rows of the periodic 
I        table were given In Appendix IV of the above NBS Report S^O^.  In 

Table 1 of the present list, we have revised some of the values in 
§the light of information received subsequent to the printing of the 

last report. We have also added lonizatlon potentials or electron 
affinities of a number of substances which were not included IK the 

^        former l4st. We are indebted to Dr. W. C. Price [k^]  for many of 
these corrections and additional values, to Dr. L. M. Branscomb 
[1+93 for pre-publicatlon Information on the electron affinity of 
OH, and to Drs. J. L. Margrave and T. C. Ehlert [56] for pre- 
publicatlon information on AUg, Other values included here were 
taken from the recent report entitled "A Survey of lonizatlon 
Potentials of Combustion Products" by O'Bryan and Brown [kk],   from 
a Russian volume by Vedeneev et al [50], and from a number of recent 
publications as indicated by references [kk]  through [6h]  of the 
following list of references. In some cases the bibliography has 
been annotated with the formula of the substances and the lonizatlon 
potentials or electron affinities. 

OIn addlticn to the above, recent theoretical estimates of the 
electron affinities for negative ions of elements in the third row 
of the periodic table are given in Table 2. The values presented 
were taken from a paper by E. Clementi [65]. 

At,  stated earlier, the data given In these tables were as- 
sembled to provide a listing of values which are useful in deter- 
mining what substances are likely to be Important in high-' 
temperature research. The substances listed in this preliminary 
survey were limited to those expected to be present in high- 
temperature ionized gases containing metals in addition to stable 
gases. The substances expected in flames were of special interest 
in view of their pertinence to current practical problems in the 

|=l        missile and space field, as indicated by Jones et al [66] in their 
review of the 1962 American Rocket Society Conference on Ions in 
flames and rocket exhausts. For more detailed and comprehensive 

_,        discussion of lonizatlon in flames and high-temperauure combustion 
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systems^ the reader Is referred to the AIM Progress Series entitled 
lonization in High-Temperature Gases edited by Shuler and Fenn [67], 
to a recent paper by Miller and Calcote on "Negative-Ion Formation 
in hydrocarbon Flames" [68], and to the vorks of Knewstubb, Sugden 
and Green [69, 70; 71] on ion observations in flames and electrical 
discharges. Branscomb [72],  Nicolet fTJ, fk],  and Whitten and Fbppoff 
[75] have reviewed the closely related ionization phenomena in the 
upper atmosphere. These phenomena also occur in combustion and ex- 
haust processes (see Calcote [76]; Sugden [77]; Van Tiggellan [78], 
and Smith and Gatz [79]); in electrically conducting gases 

(see Berry [80] and Franklin [8l]), and in other applications in- 
cluding magnetohydrod^namic devices for power generation (see Brogan 
[82] and- Moore [83]). 

A. Elements Likely to Ionize Appreciably at g000oK; 

Cs, Rb, K, Ka, Li (5.9 to 5.4 e.v.) 

Ba, Sr, Ca (5.2 to 6.1 e.v.) 

fr,  M,  Ce, Sm, La, Eu    (5.1+ to 5.7 e.v.) 

In, Ga, Al, U, Tl (5.8 to 6.1 e.v.) 

V, Cr, Ti (6.7 to 6.8 e.v.) 

Zr, Hf, Th (6.8 to 7-0 e.v.) 

B. Selected Listing of Observed Negative Ions; 

H", C", 0", F", S", 01", Br', l", G^, Cj, O^ NO^, ON", OH", 

CH', NH", ItiC, 

C. Ions Observed in Hydrocarbon-Oxygen (or Air) Flames; 

H50
+, CH0+, C3H^, CgHg, CH50

+, 0^0*,  CH^O^, CH?0^ C.^o"", 

C2H502' G2H502' CN+; 0^ 0H^ C'"' C~2'  Cy   Clf'  G1' 

D. Seme Ions Obsf.rved in Upper Atmosphere (at about 100 km Altitude) 

y  ^2, .,0+, N+, Ng, 'J  '" 0", 0;, 0X, N0o, NO , N , N0, 0 , 0o, H", OH" 
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A selected list of ionized (or readily ionizable) substances is 
given below. Tills summary includes some o'f tne heavier elements 
having low lonization potentials.  Small amounts of these elements 
in a mixture are likely to have large effects on electron density at 
2000 to itO00oK.  leu* observed in flames and the upper atmosphere 
also are listed for the convenience of the reader. 
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Many of th« values listed in the tables probably have errors that 
are considerably larger than the crude estimates given in the third 
column. Some oi these difficulties can be resolved by a more compre- 
hensive review of the existing data. A new program on the collection 
and evaluation of ionization process data has been initiated at the 
National Bureau of Standards by Dr. Henry Rosenstock. This pxxDgram 
will provide mor-B comprehensive reviews of Ionization potentials, 
electron affinities and related data. 

From this preliminary survey and other surveys of Ionization 
potential data. It appears that reliable values are available for 
many of the stable molecules likely to occur in combustion mixtures. 
Furthermore, sinct the ionization potentials of these stable mole- 
cules are in general greater than 10 electron volts, even errors as 
large as one electron volt would not significantly affect the electron 
and ion concentrations in equilibrium thermodynamlc mixtures at com- 
bustion temperatures. More serious problems occur in'the data on 
less stable species, such as the free radicals which may have much 
lower ionization potentials. There is a need for continuing search 
for Information on substances with low ionization potentials. This 
will require the extension of the tables into the lower part of the 
periodic table. Negative ions obviously are of great importance in 
combustion systems as y,rell as In many other applications involving 
ionized gases, yet the nu-uber of speuies for which we have reliable 
data is extremely small. Clearly much more work is needed in this 
area. 
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TABLE 1.  PRELIMINARY LIST OF IONISATION FGTEKTIALS OR 
ELECTRON AFFINITIES OF LIGHT ELEMENT COMPOUNDS 

I.P.(orE.A.) Est. Error 
e.v. 

O.OOl 

Formula e.v. 

H" O.J5k 

H 13,598 

Ho 15.1+26 

S 9.0 

0' 1.1+65 

0 13.618 

02 0.1(6 

02 12.075 

0l 2.89 

s >11.7 

0k 11.65 

OH' 1.8 

OH 15.56 

H20- 0.9 

H20 12.61 

H0-2 3.0k 

H02 11.55 

H202 IO.92 

OH. 6.2 

F" 3.kkQ 

F 17. ^22 

1.0 

0,005 

0.1 

0.01 

0.2 

1.0 

0.1 

0.1 

0.2 

0.1+ 

0.02 

0.5 

0.02 

0.05 

0.1+ 

0.005 

0^ = o2 + 0£ 0.1+2 e.v. 

15.7 0.2 



I. P. (orE.A. )    Est.  Error 
Formula e.v. e.v. 

HF 15.77 0.2 

OF 13. 0.5 

0F2 13.7 0.2 

0F5 lk.3 0.5 

01' 3.613 0.005 

01 12.97 0.05 

C12 11.1*8 0.05 

HC1 12.7k 0.01 

OIF, 13.0 0.1+ 

010" 2.91 o.i* 

CIO ^.lO.k 0.2 

cio2 iM Q.k 

cio2 ll.l O.k 

010" 5.96 o.h 

010 11.7 o.k 

ClO" 5.82 o.k 

C10,F 
3 

13.6 0.2 

S" 2.07 0,07 

s 10.560 

SP 8.3 1. 

ss 8.9 1. 

SH" 2.6 0.5 

J   1 11 I 

I 
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I. P. (or E.A.)    Est.  Error 
Formula e.v. e.v. 

HS 11.1 0.2 

H2S 10.1+7 0.1 

SO" ^1.1 0.1 

so 12.1 0.3 

so2 12.31+ 0.2 

SF6 16.15 0.5 

csy 10.1 0.1 

N" 0.0k O.Oit- 

N Ik. 55 0.05 

N+ 29-59 0.05 

N2 15.580 0.005 

S 5.13 0.3 

\ 15.07 0.1 

HE 13.10 0.1 

NH; 
£1 

1.22 0.5 

m2 11.6 0.1+ 

^ 
10.13h 0.05 

mk k.9 0.2 

N^ 7.88 0.2 

N H 10.3 0.2 

NO' 0 

NO 9.267 0.01 

NO+ 30.6 0.3 
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Nj = N2 + Ng 0.5 e.v. 



I.P.(or E.A.)    Est.   Error 
Formula e.v. e.v. 

N02 ^.0 0.5 

NO,, 
2 10.97 0.03 

N20 12.94 0.05 

NF 12,2 0.3 

NF2 11.6 0.5 

NF3 13.0 0.3 

NF^ 8.8 0.4 

hh 12.0 0.3 

NHF 12.0 0.3 

P" 0.77 0,2 

P 10,1*06 

P2 0.3 0.3 

P
2 

11.8 0.5 

Pl| 9.0 0.5 

PH3 9-98 0,05 

PJL 
0 

12,2 0,2 

PH 10.5 0.5 

PF 
3 9.71 0.05 

PCI 
3 9.91 0.05 

c" 1.25 0,03 

C"2 
3.1 1. 

s 1.8 1. 

C'k 4.0 1. 
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I. P. (or E.A.) Est.   Error 
Formula e.V. e.v. 

C 11.26 0.05 

C2 
12.0 O.h 

S 12.6 O.k 

Ci. 
12.6 o.k 

C5 12.5 o.k 

CH" 1.65 o.k 

CH 10.6k 0.01 

CH2 10.596 0,01 

CS 1.08 0.1+ 

CH3 
9.6h 0.01 

CH^ 15.0 0.1 

C2H 11.3 o.k 

C2H2 ii,ko6 0.01 

C^ 9.^5 0.05 

^^ 10.51 0.01 

C2H5 8.80 0.05 

C2H6 
11.65 0.1 

C6H6 9.2V7 0.05 

^2 8.5 0.1 

Fyrene 7.55 0.1 

Coronene 7.6 0.1 

CH: 1.1 0.2 

C6H6 0.5^ 0.2 

(O-HJ: O.ifl 0.2 
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I.P.(orE.A.)    Est.  Error 
Formula e.v. e.v. 

cnAH; 
10 o 0.65 0.2 

CO 14.01 0.01 

co- 3.8 O.k 

co2 13.79 0.02 

CHO 9.85 0.1 

CHo0 10.88 0.0k 

CH202 11.33 0.0k 

CH^O IO.85 0.0k 

CHF2 9.^5 O.k 

CHClp 9.^ 0.1 

CH2F 9.37 0.3 

CH2C1 9.70 0.09 

CR3 9.85 0.2 

CILC1 11.3 0.1 

CF 8.91 0.2 

GF2 11.7 0.5 

OF, 10.10 0.05 

CF^ 17.81 0.0i+ 

C2\ 10.12 0.2 

C6F6 10.0 0.2 

CC12F2 11.7 0.5 

CGI 9.5 0.5 

CCln 11.0 0.5 
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I.P.(orE.A,) Est. Error 
Formula    e.v.        e.v. 

%M 

J i 
l i 

i 

r. 

I 

I 

CC1 8.78 0.05 

ccik 11.47 0,1 

coci2 11.78 0.04 

cs 11.8 0.3 

cs2 IO.07 0.02 

COS 11.5 0.07 

CN" 5.21 0.3 

CN li+.2 0.3 

HCN 13.75 0.1 

CNC1 12.1*9 0.1 

CH5N3 
9-5 0.2 

GILON 10.84 0.1 

CILON 8.2 0.5 

Cfl502N 11.03 0.04 

C^N 8.97 0.04 

C2N 12.8 0.3 

C3N • 14.3 0.3 

C^N 12.3 0.3 

C5N 12.0 0,3 

C6N 12.2 0.3 

C HN 11.6 0.3 

CHkS 9.44 0.1 
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methyl azide 

formamide 

methylnltrosyl 

methyl amine 

cynoacctylene 



I.P. (orE.A.)    Est.  Error 
Formula e.v. e.v. 

Si" l.k 

Si 8.151 

si2 7.5 

SiH 8.5 

SIH^ 12.2 

SiO 10.51 

8iO? 11.7 

si2o2 10. 

S1F 7.26 

SiP2 11,0 

SiF, 10.6 

SIF^ 15.1+ 

siA 
SiCl < 7.0 

SiCl' > 2.6 

SiClg 10.0 

SiCl 10.0 

SiCl^ 12.0 

sic' k.o 

sic 9.0 

SiC? 10.2 

SirsC 9.1 

0.2 

0.5 

0.5 

0.5 

0.1 

0.5 

1.0 

0.1 

0.5 

0.5 

o.k 

1.0 

0.5 

o.k 

o.k 

o.k 

1.0 

0.3 

0.5 

0.5 
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I. P. (or E.A.) Est,   Error 
Formula e.v. e.v. 

E- 0.3 0.1 

B 6.^B 

B
2 

12. i+ 0.3 

BH 9.75 0.01 

BH
2 

8.12 0.3 

BH5 11.3 0.1* 

BO 12.8 1.0 

B202 13.5 Q,k 

B205 15.2 O.k 

HDOg 12.6 o.k 

BF 11.2 0.5 

BF2 9*k o.k 

BF, 15.6 o.k 

BF" 2.17 Q.k 

BC1 10. kk O.k 

BC12 7.20 0.5 

BClj 11.5 0.5 

BOF 13,k 0.5 

(BOF)5 1U.2 0.5 

BN 

¥ 10.62 0.5 

B2% 12,0 0.3 

BOCl 
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I.P. (orE.A.)    Est.  Error 
Formula e.v. e.v 

BC 10.5 0.3 

BC2 10.7 0.5 

B2C 10.7 0.3 

BSi 7.8 0.3 

BCS1 9-9 0.3 

Al 0.52 

Al 5.986 

A1H 8.i+ 

A10 9-5 

A120 7.7 

A1202 9-9 

A102H 

A1.0F 

A1F 9.5 

A1F2 9.0 

A1F lh.k 

A1C1 9-0 

A1C12 8.0 

A1C1, 12.0 

AlBr- 12.2 

0.05 

o.r 

0.5 

0.1+ 

O.h 

0.5 
! 

1.0 

0.5 

1.0 1 
3 
I 

1.0 

0.8 

0.8 
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I.P.(orl.A.)    Est.   Error 

■ 

Furmula e.v. e.v. 

Be" (<0.1) 0.1 Estimate 

Be -     9.322 

BeH 8.6 O.k 

BeH2 li.l 0.5 

BeÜH 

BeO 10. i^ 0.5 

Be20 10.5 0.5 

Be302 12.5 1.0 

(Be0)2 11.1 o.k 

(BeO)3 10.7 o.k 

(BeO)^ 11.0 0.5 - 

(BeO)5 11.0 1.0 

(BeO)6 11.0 1.0 

BeF 9.1 0.5 

BeF2 Ih.-J 0.1+ 

BeCl 9.0 1.0 

BeCl.2 11.0 1.0 

Be.Cl^ 12.8 0.5 

M ' (<0.1) 0.1 Estimate 

% 7.61+6 

MgH 6.8? 0.08 

MgO 8.6 0.5 

JfeF 7.8 0.3 
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I. P.(or E.A.)    Est.   Error 
Formula e.v^  e.v. 

MgF2 13.5 o.k 

MgCl 7.0 1.0 

MgCl2 11.1 O.k 

LI" o.T 0.2 

Li 5-592 

Li2 If. 96 0.2 

LiH 7.85 0.2 

110 9.0 O.k 

li20 6.8 O.k 

Li I 8.55 o.k 

LiF ll.l 0.5 

Na" 0.6 0.2 

Na 5.159 

Na2 ^.87 . 0.2 

NaH 6.5 1. 

NaO 7-6 1. 

NaOH 9.0 1. 

Nal 8.8 O.k 

Nr,N 11.7 O.k 

SrF 5-2 0.5 

BaF h.9 0.3 
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THE ELECTRON AFFINITIES FOR NEGATIVE IONS 
OF THE SERIES FROM PCOASSIUM TO COPPER 

Tue electron p^finities for negative ions of the elements of the iron 
series, as taken fr m recent ■work [a] by Clementi, are given in Table 2. 
The affinities stated were estimated from the correlation energy of the 
corresponding neutral atoms and from calculations of the relativistic and 
the Hartree-Fock energies. The uncertainty in the data are estimated by 
the author to be from 0,1 to 0.35 e-v. 

TABLE 2.  ELECTRON AFFINITY FOR III ROW ELEMENTS 

Formula. 

K-(2S) 

Sc~(3F) 

Ti_( F) 

E. A. 
e, v, 

0.902 

0[b] 

0,591 

Est, Error 
e. v. 

± 0.05 

±  0.2 

V-(PD) 

Cr"(6S) 

MQ~(
5
D) 

Fe""( tF) 

Co~(3F) 

± 0.25 

± 0.35 

[a] E. Clementi, Riys. Rev. 135, A980 (I96I+). 

[b] Clementi reported negative values, HD.1^2 ±0.1 and -1.073 * 0.20 

respectively, for the affinities of Sc_(5F) and Mn"^). The value 

zei-o was assigned in this table since the negative values are 

p rob ably incorrect. 
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