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SECTION 1

INTRODUCTION AND DESCRIPTION OF METHODS USED

As part of a study of the chemical corrosion of rocket liner
materials, Aeronutronic has carried out many computations of the chemical
equilibria between rocket liner materials and corrosive gaseous or condensed
materials. These computations required a knowledge of the thermodynamic
properties of all the chenical species involved in each equilibrium over the
temperature range 298 to 6000°K. Wherever pussible, the thermodynamic pro-
perties were caken directly from the literature, such as the JANAF Interim
Thermochemical Tablesl. However, in many cases it became necessary to de-
velop thermodynamic properties for species not found in the literature. These
properties were published in the quarterly reports as they were developedz.

As a convenience to readers, who may be interested in the thermo-
dynamic properties for their own sake, all the properties developed during
the contract period are collected in this single volume

For each species considered, the literature was searched to uncover
whatever data were available; these were then evaluated in an attempt to use
the most reliable data. For most species direct experimental results were
lacking in some particular, and judicious estimates of the missing data were
required.

For gaseous species where the requisite molecular constant data

were available, thermodynamic functinas were calculated by standard statistical
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thermodynamic methods. Where molecular constant data were not available,
they were estimated from bond angles, bond distances, and appropriate valence
force equations. For the larger, more complicated molecules of uncertain
structure, heat capacities and entropies were estimated by analogy with
values for related molecules. Heats of formation were estimated from bond
energy considerations.

For condensed species the statistical thermodynamic approach for
evaluating thermodynamic properties is not ugseful. The methods of Kubaschewski
and Evnn326 are quite applicable and have been used extensively in this work
The reader should, however, be warned that relatively little good thermo-
dynamic data exists on heavy metal species so that the results are in many
cases more questionable than desired. No attempt has yet been made to access
the uncertainty in the results.

Refractory solld compounds in particular are difficult to characterize
thermodynamically, as such materials are ''compounds" in a somewhat more res-
tricted sense than condensed species usually considered in rocket performance
calculations. These compounds exist over a considerable range of composition,
and generally exhibit complex behavior on melting or vaporizing. The thermo-
dynamic data for solids such as these are generated, based on what are con-
sidered to be reasonable procedures, but no claim is made as to exhaustive
treatment of the various systems. Only a single compound of each type has
been considered. Obviously, very little of the information obtained by
phase diagram studies can be included with this approach.

The particular assumptions, estimates, etc. #ssociated with the

individual species are discussed in the following.
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SECTION 2

DISCUSSION OF INDIVIDUAL SPECIES

2.1 TANTALUM SPECIES
2.1.1 Ta(g)

The heat of formation (186.8 kcal/mole) was taken from Stull and
3
Sinke™.

of Barriault et al.4

Enthalpy and entropy values were taken directly from the compilation

2.1.2 Ta(c
Entropy (9.90 e.u.) was chosen from Stull and Sinke3. The heat

capacity to the melting point (5.90 + 0.00043T cal/mole®k) was based on pub-

lished data3.

melting point of 3270°K and a heat of fusion of 7.5 kcal/mole. The heat

Stull and Sinke's reported data were also used to estimate a

capacity for molten tantalum between 3270 and 6000°k was estimated to be 8.0

cal/mole®k based on corresponding values for similar elements.

2.1.3 TaO(g)

The heat of formation (50 kcal/mole) was calculated from the dis-

sociation en2rgy determined by Inghram et 315, and the heat of formation of
Ta(g), taken from Stull and Sinke3. Thermodynamic functions were calculated
using the ground state vibrational frequency of 926 cm-l estimated by Brewet6,

a bond distance of 1.825K 7, and a moment of inertia of 8.14 x 10-39 gm-cmz.

2.1.4 TaOz(g)

Frequencies used were 864, 244(8) and 935 cm-l as given by Btewer6.

A linear structure was assumed and an interatomic distance the same as that

-3-
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for Ta0; the moment of inertia was calculated to be 17.7 x 10'39 gm-cmz.

The heat of formation (-41 kcal/mole), was estimated from experimentally

measured atomization energiels.

2.1.5 Tuzos(c)
The heat of formation (-488.8 kcal/mole) was taken from Humphreyg.
The entropy of the solid (34.2 e.u.) was taken from the compilation of Kelleylo.

Using the enthalpy values of Ortll, the heat capacity equation 37.00 + 6.56

x 10731 - 5,92 x 10° 172
point (2150°K), the heat of fusion (36.120 kcal/mole) of the solid, and the

heat capacity (56 cal/mole®k) of the liquid were taken from the work of

cal/mole’k was developed. Values for the melting

Inghrams.

2.1.6 TaF(p)

The average bond energy for TaF(g) was estimated using the bond
energy (B.E.) of TaCl(g) and the inverse square law of Somayajulu12

2
r
TaCl
B.E. = B.E. x
TaF(g) TaCl(g) [rmp]

A bond energy of 106 kcal/mole for TaCl(g) and bond distances of 2.3 and
1.95% 13 were taken for TaCl(g) and TaF(g), respectively. Using the known
heats of formation of gaseous fluorine and tantalum and the estimated bond

energy of TaF(g), a heat of formation of 60.7 kcal/mole was calculated.

39

The moment of inertia was calculated to be 10.85 x 10~ gm.-cm.? based on

an interatomic distance of 1.958. The wave number was calculated to be
545 cm.-} from a force constant of 3 x 10S dynes/cm. This force constant
was the average of calculations made using the method of Vatshn114 (2.76 x 10

dynes/cm.) and Somayajulu12 (3.27 x 105 dynes/cm. ).
2.1.7 Tlrz(g)

A heat of formation of -65.5 kcal/mole was calculated in the same
way as was done for TaF(g). A moment of inertia of 23.98 x 10.39 gm.-cm.2
was obtained,using the TaF(g) interatomic distance. Use of the TaF(g)

stretching force constant and a bending force constant of 0.3 x 10 3

-4-
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dyncl/cn.s yielded wave numbers: 254(2), 518, and 570 em. L.

2.1.8 r-r;(g)

In the same manner used to calculate [&Hggs and I for TaF(g),
the corresponding values for T"3(8) were found to be -192 kcal/mole and
1.075 x lo‘llsgm.3-cm.6(product of moments of inertia about the three
coordinate axes using an assumed pyramidal structure). Assuming a 55°
angle between the axis of symmetry of the pyramid and an edge, the same

force constant used for Tarz(g), and assuming the valence force theory15
1

the wave numbers were calculated to be 237(2), 251, 545(2) and 546 cm. .

2.1.9 Tlra(g)

Heat of formation and moment of inertia were calculated in the
same manner as was used for TaF(g); symmetric tetrahedral structure was
assumed. These results gave Au‘f’zgs =-318 kcal/mole and I 1 I =

- xXyz
3.27 x 10 113gm.3-cm.6. The valence force theory gave the wave numbers:
257(3), 282(2), 518 and 554(3)cm. .

1

2.1.10 TeF (s)

A heat of formation of -444 kcal/mole was calculated in the
manner used for TaF(g). From a plot of entropy versus molecular weight
for known tantalum halides and oxyhalides and niobium chlorides and oxy-
chloride, s® at 298°k for Tars(g) was estimated to be 81 e.u. By ex-
trapolating plots of C_ versus valence for TaF species, values of heat
capacity were obtained and fitted to derive the following function:

3

C,(T) = 31.00 + 10.17 x 10737 - 0.507 x 10%7°2 (cal/°K mole)
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2.1.11 TaCl(g)

Good agreement was obtained from two independent methods for
estimating the force constant. Using an interatomic distance of 2.308 13.
the method of Varshni 14 gave 1.91 x 10° dynes/cm (2.904 and 0.203 were
used for the constants a and b, respectively), while that of SOmayajululz
gave 2.02 x 10s dynes/cm. The vibrational frequency (335 cm-l) based on an
average of these force constants was used in the calculation. The moment
of inertia was calculated to be 26.1 x 10'3.9 gm-cmz. The heat of formation
was calculsted to be 110 kcal/mole, from the values for TlCls reported by
von Schafer,16 assuming the Ta-Cl bond energy to be independent of the

valence state of tantalum.
2.1.12 TnClz(g)

Based on an assumed linear structure, the interatomic distance
and force constant used for TaCl, and the second force constant of Ticl4
(0.1 x 105 dynes/cm), the vibrational frequencies were calculated to be
305, 115(2) and 360 cn” .
62.4 x 10'39 gm-cmz. The heat of formation was computed in the same manner

as for TaCl and found to be 33 kcal/mole.

The moment of inertia was calculated to be

2.1.13 Taclg(g)

A pyramidal structure was assumed, with a TaCl bond distance of
2.308. The angle between an edge of the pyramid and the axis of symmetry
was calculated to be 58°, using the valence force theory. The product of
the three moments of inertia was calculated to be 124 x 10-114 gms-cm6. With
the same force constants which were used for TaClz(g), the following vibra-
tional frequencies were calculated: 108, 332, 104(2) and 338(2) ot s The
heat of formation (~44 kcal/mole) was calculated assuming the same bond
energies as derived from the heat of formation of Tacls(g) reported by

von Schafer16.
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2.1.1¢ tac1a(z)

Heat of formation (136 kcal/mole) and entropy (92 e.u.) were

taken from estimates by von Schafer and Kahlenbergl6. Their estimated

heat capacity equation, 25.8 - 2 x 10s T'z

the temperature range (298 - 6000°K).

cnl/moleok., was used throughout

2.1.15 TaCla(c) and TaCla(c)

Heats of formation, entropy and heat capacity for these species
were both estimated by von Schafer and Kahlenberg16, and are tabulated
below. Use of the heat capacity functions to 6000°K must be considered a

rough approximation until further data becomes available.

Q 0,
Speci H s C (cal/mole’k
pecies Z& £298 208 p(ca /mole K)
(kcal[mole) (e.u.)
TaCl,(c) -130.5 37. 23.0 + (3.9) 1073 - (1.7) 10°1°2
Tacl, (c) -168.8 46. 31.9 - 2.9 x 10°T 2

2.1.16 TlClS(s)

Values of heat of formation (-183 kcal/mole), entropy (100 e.u.)
and heat capacity (31.6 - 3.7 x 105'1‘-2 cal/mole’k) were used as reported by

von Schafer and Knhlenbergl6

2.1.17 TaC/c
Huber's
kcal/mol was used. This value, being more recent, is presumably better
than the value of -38.5 + 0.6 published by Humphrey® in 1954. Kelley's
value for entropy, 3298, of 10.11 e.u./mole was used. Mezak121 gives
10.10 + 0.2, in essential agreement. The melting point was taken as 4100°K,
?2 (za1abai?3

as given in NBS 500
Schwarzkopf and Kiefer24 quote 3800°C, based on the 1943 work of Ellinger

18 value for the standard heat of formation, -34.6 + 0.9

20

found a maximum of 4030°K with decomposition.)
25
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Kubaschewski 4 and Evans
inorganic compounds lie in the range of 1.4 (c.rz) to 3.3 (Hsnrz)e.u. per
gram atom. A value of 2.5 was used for both TiC and TiN by the JANAF groupsl;

2 26

point out that entropies of fusion for

for 2rC and ZrN s roughly equivalent value was used. Thus in the absence of
better data, the entropy of fusion is estimsted as 5.0 entropy units for
TaC. The heat of fusion follows directly as 20.5 kcal/gm-atom.

Experimental specific heat measurements on TaC are given by

27

20 at low temperatures, and by Mezakizl(wisconsin), Neel et al

Kelley
(Southern Research Institute), and by Barrigult gs_gla (AVCO), at high
temperatures. The "additivity'" approach is often used to estimate the heat
capacity of refractory compounds; this consists of simply adding the data
for the individual elements. The experimental data and the''additivity" data

nl7 plot, and an averaged line selected, leading

were compared on a ''Shomate
to the equation.

3

G, = 10.015 + 2.60 x 107’ - 1.776 x 10072

This equation was used to 2200°K above which point the Southern Research
data indicate Cp is constant at 15.8 cal/mole-°K. Heat capacity of the
1iquid above 4100°K was also assumed to be 15.8 cal/mole-°k.

2.1.18 TaN/c

The heat of formation of tantalum nitride was taken as -60.0
+ 0.6 kcal/mol, as given by Mah and Gilbertzs. The entropy at 298°K is
given by Hezakizl,ns 12.4 + 2.0, whereas KubaschewskiZ® gives 12.2 + 1.0.
The value of 12.2 was used. The melting point was taken as 3363°K, as
given by Kunaschewsk126. Assuming 2.5 e.u./gm-atom, as was done for TaC
and as was done by JANAF1 for ZrN, the entropy of fusion is 5.0 e.u.,
the heat of fusion following directly as 16.816 kcal/mol.

Kelley20 gives for molar specific heat, the equation:

C, = 7.73 + 7.80 x 10731 298-800°K
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This equation gives Cp = 10.05 at 298°; NBS 50022 gives 9.7. No high

temperature heat content data for TeN are given by Nulu or by lunkin, but
Nul27 gives data on HfN which shows an apparent peak in heat capacity at
1000-1100°K of 15.0 cal/mol-°K, and an overall aversge to about 2800°K of
13.8. (The drop off with temperature above this value seems unreasonable.)
Kelley's equation at 1000°K would give a value of 15.53,but this is presum-
ably high because of the extrapolation of the linear relationship involved.
JANAF values for Cp of 2rN, which would be expected to be somewhat lower
than for TaN, are for example, 12.6 at 1000°, 14.4 st 2000°, and 16.1 at
3000°k. As no good technique for combining these various fragments of
information appeared to be evident, an arbitrary approach was used, in
which Kelley's equation was used to 934°K. at which point Cp = 15.0;

above 934°K the specific heat was held constant st this value.

2.1.19 Tle/c

Brewer and ultlldl3029 give limits on heats of formation for

various borides. Leitnakerso reviews these data in light of his own ex-
o
periments, and gives the Auf298 for ‘th as

o
-126.0 <uf298 (TCBZ) <-45.5
o

Brewerz9 gives the limit as -26 kcal/mole boron or «-52 for AHf298 of TaBz.
Hiller31 quotes Sm:mom:w32 as reporting -45 kcal/mole. Quite obviously
considerable uncertainty exists; a value of -50 was selected. The heat of

33 very recently, a value

formation of Zrnz has been reported as -71.61
less negative than -76 as used by JANAF, and on which considerations of
boride heats of formation have been based.

Margrave My' give the entropy of Tasz at 298°k as 11.3 e.u.
This is derived by noting Hectrum'o” experimental value for Zrnz or 8.59,
whereas the sum of the constituents would be 12.1; the boron entropy

contribution is thus apparently -1.8 e.u./B atom. On the same assumption,
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but using a tantalum metal entropy of 9.90 based on our previous tabulation
(2.1.2) and the non-rounded value of -1.75 as the boron contribution, a
figure of 9.18 e.u. is calculated. This was the value used. According to
Schvarzkopfza. Tllz decomposes before it melts, at about 3000°¢. Aronlon36
lists a value for the melting point of 3200°C (3470°K), the value selected.
Based on 2.5 e.u./gm-atom as the entropy of fusion, the entropy of fusion
is 7.5 e.u., and the hest of fusion follows as 26.025 kcal. Mzzakizl gives
heat content data for TaBz to IZOOOK. and provides a hest capacity equation
linear in temperature. Neelz7 gives heat content data for '"TaB" but its
composition was not specified; the data were not used. The enthalpy data
of Mezaki were used by noting the ratio of measured enthalpies to the pre-
dicted enthalpies based on additivities ~f the elements, as follows:

T,% Additivity  Mezaki?! Ratio
500 2.750 3.002 1.092
700 5.961 6.330 1.061
900 9.462 10.008 1.058

1100 13.178 14.036 1.065

1200 15.101 16.182 1.072

2000 31.512 -- --

The significance of the minimum in the ratio is doubtful. The
procedure used was to assume a value of 1.07, and assign an enthalpy at an
arbitrarily selected 2000°Kk of 1.07 x 31.512 or 33.718. An enthalpy
equation was then derived by using values at 298.16° (the zero), 700°K,
1200°K, and 2000°K in the form

T b c
H298 aT + ETZ " T + K

The resulting equation gave specific heat as follows:
C, = 18.2%+ .0C247T - 7.879 x 10°12

which was used to 2000°K; above this temperature the heat capacity was
held constant at 23.0 cal/°K-mol.

-10-
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2.1.20 7Ts0F(g) and Te0C)(g)
The following values of bond distances and force constants were
taken from previous estimates (2.1.3, 2.1.11, 2.1.6) and used in the valence

force theory cquttonlls to obtain moments of inertia and wave numbers:

bond distance (R)  k(ilESf) il (Den,
Ta-0 1.827 7.42x10° 0.14x10°
Ta-Cl 2.30 1.95x10° 0.1x10°
Ta-F 1.95 3.0x10° 0.3x10°

Values of the effective bending force conltanto for linear TaOCl(g) and
TaOF(g) were calculated from the equation :

R _ ax.,e..[.] [ 1
71—,“' A 74]4—![

5|

where:
k. is the effective bending force constant for the two
}‘ ) bonds of lengths

eFt
'-h .] is the beading force constant for bond 1.
[...ij is the bending force constant for bond 2.

From these constants the moments of inertia for TaOF and TaOCl were cal-
culated to be 20.82 x 10.39 and 38.08 x 10.39 gm.cm.z, respectively. Wave
numbers for TaOF were 208.5(2), 540, and 926 cn.-l. For TaOCl the corres-

ponding wave nuwbers were 157(2), 331, and 926 cm.-l.

2.1.21 Ta0,Cl(g), TaO,F(g), TaOF,(g), TlOClz(g) and 1‘&0!'3(3)

Thermodynamic properties for these species were estimated from
bond energies, additivity laws, and correlations with compounds including
the species ToOCl(g), TeaOF(g) and Taoc13(3) reported herein. Procedures

-11-
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used are outlined below:

The heats of formation were obtained from bond energies based on
the heats of formation of TlCla(a). Tc!s(g). Tea0(g) and Taoz(g). the heat
of sublimation of Ta(s),and the JANAF values of the dissociation energies
of ?2(8) and Clz(g). An independent check of this method for the tantaslum
oxyhalides was made by calculating the heat of formation of TIOCI3(3)
(-180.7 keal/mole) ,and comparing the result with Schafer's>°
(-187.2 kcal/mole).

Again, entropies at 298°K were obtained from a graphical corre-
lation of compounds of tantslum and niobium following the method of
Kubaschewsk126.

By adding up the component heat capacities of the tantalum
oxyhalides from TaO(g), Clz(g) and Fz(g), heat capacities of the individual
oxyhal ides were estimsted st various temperatures. The calculation of

reported value

thermodynanmic functions subsequently made use of these heat capacities
fitted to the general equation

Cp(T) = A + BT + cr?

Table I summarizes the results from the foregoing calculational methods.

IABLE 1
o o C (T) = A+ BT + CT-zcallmoleOK
Ax s °p
£298 298 3 3

Species (kcal/wole) (e.u.) A Bx10 -Cx10
Ta0,C1(g) -117.9 69.5 19.01 0.1320 0.3087
Ta0,F(g) -167.2 71.0 18.95 0.1734 0.3322
TaOF,, (8) -202.5 72.5 17.52 0.2655 0.2391
raoc12(s) -103.8 7.0 17.64 0.1826 0.1922
TaOF , (g) -335.3 76.0 21.92 0.3818 0.299

-12-
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2.1.22 Ta0CL,(5)

Estimates by von Schafer and Sibbing
(-187.2 kcal/mole) and entropy (86.4 e.u.) were used. Heat capacity was

38 of the heat of formation

estimated by summing the contributing heat capacities of TaO(g) and
3/2 Cl,(g). The resulting dats was approximated by the equation

C, = 19.6 + 0.00413T (cal/mole’k) from 298 to 1000°
from 1000 to 6000°K.

, and 22.5 + 2.2 x 10741

2.2 TUNGSTEN SPECIES
2.2.1  WF,(g)

A heat of formation of -3.3 kcal/mole has been estimated from
the average WF bond energy in HF6(3)39. A linear structure with W-F
distance of 1.89% was assumed °. The corresponding moment of inertia

was calculated to be 22.6 x 10-393m-cm2. Fundamental frequencies of 526,

147(2) and 578 ¢:m"1 vere egstimated by the valence bond methodls using a
stretching force constant of 3.1 x 105 dynes/cm, and bending force

constant of 0.1 x 10° dynes/cm.

2.2.2 wr4(g)

A heat of formation of -210 kcal/mole has been estimated,using
the average W-F bond energy in HF6(3)39. Using the same force constants

as for wrz, fundamental frequencies of 526, 164(2), 561(3) and 149(3) cm
were estimated. A tetrahedral structure was assumed, with a W-F bond dis-
tance of 1.89% 13; the product of the moments of inertia was calculated

to be 27.2 x 10-1143m3cm6.

1

2.2.3 HPE(S)

A heat of formation of -384 kcal/mole was estimated,using the bond
energies of WF(g), 916(3) and HOFa(g). These latter bond energies were de
dermined from the JANAF heats of formation of these compounds. An entropy
of 85 e.u. was estimated from values of 3298 for the gaseous species WF, HPZ.

-13-
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wra and HF6. Heat capacities for H?s(g) were estimated by cross-plotting
values of cp for these same tungsten fluorides at various temperatures, and
fitting to the equation C_ = A + BT - CT'Z. The resulting heat capacity
function between 298°K and 6000°Kk was taken as:

5

C,(T) = 30.805 + 3.69x107°T - 5.42 10°7"2 (cal /mole-°C)

2.2.4 WOZFZ(g) and worz(s)

By analogy and correlation of the values of entropy and molecular
weight for other tungsten compounds, estimates for the entropy at 298°Kk for
wozrz(g) and HOFz(g) were taken to be 74 and 70 e.u., respectively. Heats
of formation from bond energies were calculated to be -246 kcal/mole for
wozpz(g) and -96 kcal/mole for worz(g). Bond energies used in these calcu-
lations were derived from JANAF values for the heats of formation of F(g),
W(g), Wo(g), WOZ(S), 0(g), WF(g) and UP6(g). The additivity assumption
used to obtain heat capacities was found to give results which checked
reasonably well with JANAF values for W02C12(g). Heat capacity functions

at temperatures between 298°K and 6000°K were found to be:

3

C,(T) for WO,F, () = 22.44 + 0.2748x10°T - 0.375x10°1" 2 (cal /mole-°k)

3

C, () for WOF,(s) = 17.60 + 0.2548x107T - 0.229x10%1"2 (cal /mole-k)

2.2.5 WuWc(c)

Schwarzkopf and Kieffer24 describe reactions of tungsten and
carbon in detail. The only tungsten-carbon compound which appears to have
been described thermodynamically is WC; this is the species considered.
However, the simplification introduced by treating only a single carbide is
evident by considering the work of Sara and l)oloff"o at National Carbon.
The WC system, like most metal-carbon systems, is complex, and neither ch

nor WC are stable compounds,as such,to the melting points. The composition

2

-14-
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corresponding to wzc first forms a liquid phase at 2760°C; this composition
does not completely melt until about 2790°C. The composition corresponding
to WC dissociates at 2730°C into WgC, and C prior to melting. An of -WC
goes to @ -WC at 2755°C. The first liquid forms at 2785°C. The temperature
corresponding to complete melting, at the composition corresponding to WC, was
not measured, but was apparently considered by them (judging the sketched in
portion of the phase diagram) to be at 2890°C or 3160°K, in good agreement
vith an older value of 3140°k22 A number of other quite different values
have also been reportedza.
Kubnuchewck126 gives the heat of formation of WC at 298°K as
-9.1 + 2.5 kcal/mole. McGraw and coworkers4l data, corrected to the JANAF
value for w03(s), give a A\Hg value of -9.7 + 0.9. The latter value was
selected. KubaschewskiZ6 gives the entropy at 298°K as 8.5 + 1.5 e.u.
A value of 9.19 is estimated, based on additivities, but values based on
additivities tend to be somewhat high. (Thus, based on JANAF values, 3398
for TIC is 5.803 vs. 8.689 by additivities; S§99g for ZrC is 9.30 vs.
10.669 by additivities.) The value of 8.5 was used.
The melting point was assigned at 3160°K, corresponding to the

40. Entropy

temperature of complete liquefaction given by Sars and Doloff
of fusion was again taken as 5.0 e.u., giving a heat of fusion of 15.8
kcal/mol.

Kubaachewsk126

gives the heat capacity equation
C, = 7.98+2.17 10731 298-3000°K

claiming accuracy to 6 percent. At 298°K this equation gives Cp = 8.63;
the additivities rule gives 7.835. Boosz>8
carbide as 6.85, but the abstract did not defime the stoichiowmetry. The

JANAF tables permit estimation of heat capacity by the additivity rule for

gives heat capacity of tungsten

comparison with Kubaschewski's equation, as follows:

-15-
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WC Heat Capacity by Additivities

T,%K fzfgl fnffl : c_(wc) Ep(Kubalchewoki)
298 5.797 2.038 7.835 8.63
300 6.114 3.496 9.610 9.06
1000 6.547 5.149 11.696 12.15
1500 6.920 5.669 12.589 13.23
2000 7.286 5.865 13.151 14.32
2500 7.648 5.974 13.622 15.40
3000 8.009 6.057 14.066 16.49

The two results agree within about 10 percent. The additivity values
based on JANAF data were selected, and fitted at 298, 1000 and 3000°K, to
give the following equation:

5, -2

C, = 11.375 + .00091T - 3.388 x 10°T

Above 3160°K, heat capacity was assumed constant at 14.5 cal/°K-wol.

2.2.6 WB(c)

Leitnnker3o estimates the heat of formation of WB as between -15
and -12 kcal/mole. A value of -13.5 was chosen. The entropy was estimated
from the JANAF entropies for W and B, assuming a B contribution of -1.75 e.u.
as before, resulting in a value of 7.47 e.u. Schwarzkopf and Kiefferz4 give
a welting point of 2860°C; a value of 3130°K was used. Aronson36 gives a
melting point for W B, of only 2200°C, implying some doubt of the 2860°C
value for WB; no value is given by Aronson for the WB compound, however.
Assuming 2.5 e.u./gm atom as the entropy of fusion as before, the heat of
fusion follows at 15.65 kcal/mol.

-16-
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Mezaki's 21,34 data were again used in the under 1200°K region,

and extended to 2000° by empirical correction of additivities as follows:

LK Additivity Mezaki Ratio
500 1.968 2.061 .955
700 4.201 4.459 . 942
900 6.605 6.953 .950

1100 9.139 9.475 . 965

1200 10.448 10.738 .973

2000 21.612 (20.964)

Again the trend is noted but was not deemed convincing; an enthalpy value
at 2000° of .97 x 21.612 or 20.964 was used, as with TaBz. The Cp equation

resulting was

3 52

C =13.129 - .162 x 10 °T - 4.26 x 10°T

This equation has a maximum at 1770°K; above 1800°K cp was assumed to
increase linearly to a value of 14.0 at the melting point.

2.3 HAFNIWM COMPOUNDS

2.3.1 HE(g)

The heat of formatiom, 145.5 kcal/mole, was taken from Panish
and Retffsa. Values of enthalpy and entropy were taken from Barriault gg_gl&
(Entropy and enthalpy data at 3000°K are only 0.15 units higher than corres-
ponding data from Kelley and x1n343. Also, Poland gg_glageport a value for
the enthalpy of 6000°k which is 0.21 kcal/mole higher than that used.)
2.3.2 Hf(c) A

Data from Barriault gs_glf were used for the solid and liquid

states of hafnium. The values from Kelley and King“3 at 3000%K are again

slightly lower (29.54 vs. 30.23 e.u. for entropy and 26.11 vs. 27.72
kcal/mole for enthalpy). The data for the liquid were extended to 6000°Kk
using a constant heat capacity of 8.00 cal/deg mole.

-17-
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2.3.3 Hfo(g)
From the bond energy calculated using the heat of formation of
HfO(g), HE(g), and O(g), the heat of formation of HfO(g) at 298°K was
estimated to be 30 kcal/mole. Using the bond distance, 1.74 A, given by

Bteweraa, the moment of inertia was calculated to be 7.38 x 10'39 gm-cmz.

The wave number taken from the same source was 895 cm'l. A statistical

weight of unity was again used for the ground state.
2.3.4 Hfoz(g)

The heat of formation of HfOz(g) was estimated to be -85 kcal/mole
at 298°k from the corresponding heats of formation of gaseous Tio2 and ZrO2
given by JANAFI. The Hf-O bond length was taken to be 1.74 A, as given by
Breweraa. Assuming a linear structure the moment of inertia is 16.08 x 10

gm-cmz. The wave numbers were taken from Chandrasekharaiahas to be 244(2),

860 and 935 cm”l.

to be unity due to complete pairing of electrons.

39
The statistical weight of the ground state was assumed

2.3.5 afoz(d)

The heat of formation, -266.1 kcal/mole, and entropy at 298°Kk,

14.18 e.u., were taken from Kelley's work43. The melting point, 3170°K,

was taken from Goldsmi.t:h(‘6 et al. The entropy of fusion was taken as 7.0
e.u./mole, based on considerations given by Kubaschewsk126, giving & heat
of fusion of 19 kcal/mol.

Ort47 gives the heat capacity equation

3 5,2

C, = 17.39 + 2.08 x 10°°T - 3.48 x 10°T (298-1800°K)

This equation gives a value of 21.75 cal/moleox, or 7.25 cal/gm-atom-oc,

at 2115°Kk. A value of 7.25 is reasonable for heat capacity at a melting

or transition point9, 80 that it seemed reasonable to use this value as an
approximate maximum, even though the melting point is much higher (3170°K).
The equation was thds used to 2115°K, above which temperature Cp was assumed

to be constant at 21.8 cal/mole-°C.

-18-
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2.3.6 HfCl(g)

A bond length of 2.50 A was obtained by adding the atomic radii,
and multiplying the sum by the ratio of the observed Hf-Hf bond length13 to
the atomic diameter of hafnium. The moment of inertia was then calculated
to be 30.7 x 10-393m-cm2.

Estimation of the stretching force constant for hafnium chloride
was based on the valence force theory,15 using an obgerved frequency, j/3,
for chla(g)as, and bending force constant determined from correlations
using electrostatic theory37. A similar calculation was made for hafnium
fluoride using an observed ftequency,)/ , for Hfra(g)as. From these two
stretching force constants, the empirical values, a and b, in Gordy's
equat:i.on':'9 for estimating force constants for large groups of compounds
could be calculated, assuming the electronegativities of hafmium and zir-
conium to be equal. The stretching force constant obtained using the
values a = 3.93 and b = 0.66 in Gordy's equation gives 2.54 x 105 dynes/cm
for HfCl(g). This value was used to obtain 382 cm-l for the wave number.

A statistical weight of 2 for the ground state was based on the
presence of an unpaired electron.

The heat of formation was calculated from the measured heats of
formation of H£014(3)50’51 Hf(g)a, and Cl(g)lby assuming the change in bond
energy with valence is the same as that used for the corresponding Zr and Ti
halides by the JANAF committeel. Smoothed curves having these energy/valence

slopes indicate & heat of formation at 298°Kk for HfCl(g) of -3 kcal/mole.

2.3.7 H£Cl,(g)

The same bond length used for HfCl(g) was taken from HfClz(g).

-39gm-cm2 was calculated, based on an

A moment of inertia of 73.6 x 10
assumed linear molecular structure. The bending force constant was

calculated from a previously determined value for Zrclz(g)37, by assuming
that Hf and Zr have the same electronegativities and accounting for diff-

erences in bond lengths. The bending force constant was found to be
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0.045 x 10s dynes/cm. Using this force constant and the stretching force

constant used for HfCl(g) in equations derived from valence force theory,ls

wave numbers were calculated to be 77.6(2), 349, and 412 cn'l.
A statistical weight of 1 for the ground state was used. By the
same methods used for HfCl(g), the heat of formation at 298°K was found to

be -86 kcal/mole.

.3.8 3
2.3 HfCl, (8)

A planar trigonal structure was assumed with the same Hf-Cl
distance used for the diatomic species. The moment of inertia for this
configuration is 336.2 x lo'llagma-cm6,and the symmetry number is 6. A
statistical weight of 2 was used for the ground state.

Methods described for HfClz(g) were used to obtain 0.037 x 10s
dynes/cm for the bending force comstant. An out-of-plane force constant of
0.033 x 105 dynes/cm was calculated from the following relation previously

determined for ZtCl3(g)37:

k ks

—2 . 0.145k, +0.491 (—2) - 0.353
2 )| 2
1 1
where
kA; kS
-3 kl’ and 2 are the out-of-plane, stretching and
1 1

bending force constants respectively
(dynes/cm x 10-5)

Using these out-of-plane and bending constants and the stretching force
constant used for HfCl(g), the following wave numbers were calculated:
50.2, 80.7(2), %9, and 398(2)cm I

The heat of formation was found to be -159 kcal/mole at 298°K
by the method described for HfCl(g).

-20-
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2.3.9 ufcl, (g)

A tetrahedral structure was assumed with the same Hf-Cl bond

length used for HfCl(g). This configuration has s moment of inertia of
%4 .4 x 10-114'n3_cm? and a symmetry number of 12. The statistical weight
for the ground state was taken to be one. Calculations of bending force
constants described for HfCl(g) give the value 0.062 x 105 dynes/cm for
HfCla(g). Using this value and the stretching force constant calculated

for HfC1(g), the following wave numbers were derived from valence force

theory: 91.6(3), 94.4(2), 349, and 393(3) cm-l.

The heat of formation is obtained from the heat of sublimation
(23.8 kcal/mole) by Palko, et a151 and the heat of formation of

HfCla(c)So, and found to be -213.0 kcal/mole at 298°K.

2.3.10 HfC14(c)

cross'sso value was used for the heat of formation (236.88

+ .22 kcal/mole). Kelley'343 value for the entropy (45.60 e.u.) at 298°K
wvas used along with his value for the fusion of 10.5 kcal/mole at the
melting point (705°K). The heat capacity equation of Orr47 (C_ - 31.47

- 2.38 x IOST-2 cal/mole-oc, -298-4850) was used (and extrapolgted) to the
melting point, and a constant value of 36.2 cal.mole-°C (7.25 cal/gm-atm-°C)

was used to 6000°K.

2.3.11 HfF(g), HfF,(g), HfF,(g) and HfF, (g)

Methods used to calculate force constants, heats of formation
and moments of inertia for these species are identical to the chlx species.
The following table summarizes the results of these computationg. A bond
distance of 2.22 A and a stretching force constant of 4.07 x 10 dynes/cm

was used throughout.
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Species Moment of Inertis (dynes/cm) Wave Numbers(cm ') (kcal/mole)
HEF(g) 14.0x10-39gm-cm2 -- 634 -21
HEP,(8)  31.1x10">ga-ca’ 0.059  113(2),603,664 -143
HEFy(g)  25.3x10 M4gm’-en®  0.044  116(2),175,603,650(3)  -280
HEF, (8) 70.5x00 4gnd-cn® 0,072 131(3),139(2),603 410933

¢ 622(3)

The statistical weights of the ground state for these species are the same

as those of the corresponding hafnium chlorides.

2.3.12 HfF4(c)

The heat of formation at 298°Kk (-461.4 kcal/mole) was taken from
Greenberg 55_51.52 Kelley43 lists entropy (31.50 e.u.) and heat content data
from which heat capacities were determined to the melting point (1200°K).
The resulting function, CP(T) = 22.49 + 10.43 x 10-3T - 1.77 x 104T cal/
mole-°C, differs at 1000°K from independent data53 by 1.2 cal/mole-°c. A
heat of fusion of 18 kcal/mole was used, and a constant heat capacity of 36.2

cal/mole-°C (7.25 cal/gm-atm-°C) between 1200 and 6000°K.

2.3.13 HfOCl(g)

The heat of formation ( -59 kcal/mole) at 298°K, was calculated
from the heats of vaporization of Hf(c), given by Panish and Reifsa, and
heats of dissociation of Oz(g) and Clz(g) from JANAF datal.

Assuming a linear molecular with bond lengths for Hf-O and Hf-Cl
of 1.7 A and 2.5 A, respectively, the moment of inertia is 42.18 x 10-39 gm-cmz.
The bending force constants for Hf-O2 and Hfrclz were calculated from the
wave numbers reported for Hfoz(g) and calculated for HfClz(g). Using electro-
static force theory37, these force constants were combined to obtain the bend-

ing force constant for HfOCl(g) of 0.093 x 105 dynes/cm. This constant and
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those stretching force constants calculated for HfO(g) and HfCl(g) were
used in the valence force equationsls to obtain the wave numbers 145(2),
379 and 896 cm L.

A statistical weight of 2 for the ground state was used.

2.3.14 HfOF(g)
In the same manner that thermodynamic data were estimated for
HfOCl(g), the corresponding values for HfOF(g) were found to be:
Moment of inertia - 23.43 x 10.393m-cm2
(linear molecule with Hf-P
bond length of 2.22 A.)
Heat of formation at 298°K =-109 kcal/mole
Bending force constant (HfOF) - 0.107 x 105 dynes/cm
Wave numbers = 162(2), 630 and 898 cm

Ground state statistical weight = 2

2.3.15 ufoc12(g) and HfOFZ(g)

The simple valence force theory has its limitations, as pointed
out by Herzbergls, who cites a number of cases where theory and experiment
diverge. A case of the failure of the theory was encountered in estimating
wave numbers for ufoc12(g). Estimates were being made based on the sparse
experimental data available (consisting only of wave numbers for HfO(g)
and the 1/3 frequencies for HfCla(g) and HfPa(g) )and on a correlation of37
models built from point charges according to laws of electrostatic theory
As is always the case, it was desired to maintain consistency in values
between the different halides, so that force constants used with these species
were based on work with other species, as described earlier. In the present
instance, however, the valence force theory led to complex numbers for
two of the six wave numbers for uf0012(g). (No such problem arose with
HfOFz(g); similar cases have, however, been cited by Herzberg.) It was
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evident that this implied either an inadequate model in the theory (which
is possible), or else substantially erroneous force constant ratios.
Neither alternative seemed worth pursuing, as results are not overly sen-
sitive to the values selected for these two wave numbers. Tentative functions
were thus computed by simply neglecting the imaginary components; the results
were found to be nearly identical to the corresponding results for ZrOCl, and
were accepted until more experimental dats become available.

Values of the effective out of plane force constants were obtained

from the relationl5

" k
1.1, |2 -4r, 42
112 2 '
1 2

172 eff (11 + 2313 12)2

which is derived from a force balance on the non-rotating molecule.

Calculations of moments of inertia were based on a planar symmetric
molecule with equel bond angles, using the bond lengths for hafnium halides
and monoxide which were described for these individual species. A symmetry
number of 2 and a statistical weight of 1 for the ground state were used.

The heats of formation were calculated in the same manner des-
cribed for HEOC1(g) and HfOF(g).

Results of these calculations are summarized below:

AC 111
£298 3y 6 Wave nfmbets

Species (kcal /mole) (gm~cm’) (cm™ )

HEOCL, (8) -149 1.056 x 10”112 88,230, 307,307,
363.5,896

HEOF, (&) -248 0.14247 x 10°112 123,269, 314,619,
646,875.5
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2.3.16 uflz(c)

The heat of formation of Hflz(c) wvas taken from Pademoss
et al., as -74.2 kcal/mole. Entropy was calculated as 9.52 e.u., based
on a boron contribution of -1.75 e.u.(as described earlier for Tllz(c),
and an entropy of Hf as 10.666 e.u. The melting point was taken as
3250°C (352001), as given by Aronson36. As with other carbides and
borides, the entropy of fusion was set at 2.5 e.u./gram-atom, giving
a heat of fusion of 26.4 kcal/mol.

Hnrguve'sa4

enthalpy data were again compared to additivities
in the range 298-1200°K, and an empirical constant relating measured

values to additivities used to extend the data to 2000°K:

I, K Additivities Mezaki Ratio
500 2.804 3.633 774
700 6.100 6.353 .961
900 9.715 9.988 .972

1100 13.574 13.938 .972

1200 15.580 16.030 .972

2000 32.931

The assigned value at 2000° was .972 x 32.931 or 32.009. Using

these data the heat capscity equation was derived:

6

3 2

cp = 20.807 - .256 x 10 °T - 1.0164 x 10°T

This equation shows & maximum at 1990°k; above 2000° the heat capacity
vas assumed to increase linearly to the welting point, at and above which
value s heat capacity of 21 cal/mole-°K was used.
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2.3.17 HfC(e)

The heat of formation was taken from Kslley“3. who estimates
l&u:293 as -44.7 kcal/mole. Knl.leyl‘3 assumes the entropy at 298° to be
the same as the entropy of the metal, which he places at 10.91 e.u. The
value for standard entropy of Hf selected for our purposes, from the AVCO
repotta, is 10.666 e.u.; we note, however, that for TaC the selected
entropy is 1.159 units less than the sum of graphite plus tantalum or
0.20 units greater than the metal. With this same approach, a value of
10.866 would be placed on HfC. A value of 10.9 was used.

The melting point was determined in 1930 by Agte and Alterthum56
as 3890°C; no more recent value has been found. The value of 4160°K was
uged. Following previous procedure, the entropy of fusion was set at
5.0 e.u., and the heat of fusion at 20.8 kcal/mole. Kelley43 gives
estimated heat content data at 2000°K. Southern Research Institute
reports experimental data to approximately 3000°K, with heat capacities
peaking at 13.7 cal/mol-°k. Kelley's heat content estimates were fitted
to points at 298.15, 700, 1200, and 2000°K. The equation resulting was

C, = 8.290 + .00316T - 754012

This equation was used to a temperature of 2000? above which temperature

the heat capacity was assumed constant at 14.61 cal/mol-°kK.

2.3.18 HfEN(c)

Humphrey57 gives the heut of formation as -88.24 kcal/mole.
Entropy at 298°K was taken from Kelley“a, who estimates 8298 at the same
value as the metal, or 10.91 e.u. Correction to the value of 10.666 e.u.
for the metal, as used here, did not seem merited. Humphrey57 estimated
13.1 e.u. The melting point was taken from Brewer 25_51%9 who gave the
melting point at 3580°k. The entropy of fusion and heat of fusion were
taken a8 5.0 e.u./mol and 17.9 kcal/mole. Kelleysa gives heat contents to

2000°k. Nee127 gives data to 4750°F(2900°K); their data however show an

«26-
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spproximate 30 percent decrease in heat capacity between s peak vslue of
15.0 at 1500°7 (1100°K) and the value at 4500°F (2760°K) of 10.2. At
about 1100°K, Kelley estimates (as computed from his heat content values)
the heat capacity to be about 12.6 increasing to 14.2 at sbout 2000°k.
Kelley's dats seem more reasonsble, and were fitted at 298.15, 700, 1200
and 2000°K as before. The equation resulting was

3.-2

c, = 9.889 + .0219T - 6.634 x 10°T

which was used to 2000°. Above this temperature the heat capacity was
assumed to be constant at 14.27 cal/mol-°K.
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SECTION 3

TABLES OF THERMODYNAMIC PROPERTIES

3.1 INTRODUCTION

The computed thermodynamic properties are presented in the
following pages. Properties are computed at intervals of 100°Kelvin.
The temperature base of 298.15° Kelvin is abbreviated in the table
headings as 298. The heading “:98 refers to the usual term, (H: - “298)'
The term ZS“:298 refers to the heat liberated in the process of forming
the specified species from the elements in their standard states at

298.15°K. The heading § refers to the absolute entropy.

-28-
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3.2 TANTALUM SPECIES
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THERMODYMANIC FUNCTIONS OF To(s)

o
Algagg ® 186,8 XCAL/NOLE

(P~ T
T (F-4,00) /T c’ o
(°k) (cal/mole °%) (cal/mole °K) (cal/mole °X) (kcal/mole)
298,15 44,243 44,243 4,985 0,000
300 44,243 44,274 4,986 0,009
400 44,440 45.719 5.081 0.512
500 46,015 46,872 5.278 1,029
600 48,241 47,857 5.541 1,570
700 45.679 48,733 5.82.7 2,138
800 46,111 49,530 6,110 2,735
900 46,532 50,265 6,376 3,359
1000 46,940 50,949 6,621 4,009
1100 47.33% 51,591 6,844 4,683
1200 47.714 52,195 7.044 5,377
1300 48,081 52,766 7.221 6,091
1400 48,435 $3,307 7,317 6,821
1500 48.777 53,821 7.514 7,565
1600 49,108 54,310 7.633 8.323
1700 49.428 54,776 7.739 9.092
1800 49.737 55,221 7.832 9.870
1900 50,037 55,647 7.916 10,658
2000 40,328 56,055 7.993 11,453
2100 50,610 56,446 8,064 12,256
2200 50,884 56.823 8.132 13,066
2300 51,150 57.186 8.196 13,882
2400 51,409 57.536 8,258 14.705
2500 51,661 57.874 8,319 15,534
2600 51.906 58.202 8,378 16.369
2700 52,145 58,519 8.437 17.210
2800 52,378 48,827 8.495 18,056
2900 52,606 49,126 8,552 18.909
3000 52.828 59.417 8,610 19.767
3100 53,065 59.700 8,667 20,631
3200 53,258 59.976 8,725 21,500
3300 53,465 60,246 8,783 22,376
3400 53.669 60,509 8.841 23,257
3500 53.868 60,766 8.900 24,144
3600 54,063 61,018 8.959 25,037
3700 54,254 61.264 9,019 25,936
3800 54,442 61,505 9.079 26,841
3900 54.626 61,742 9.139 27.752
4000 54,807 61.97% 9.200 28.668
4100 54,984 62,202 9.261 29,592
4200 55,159 62,426 9.322 30,521
4300 55,330 62,646 9,383 31.456
4400 55,499 62.862 9.444 32,397
4500 55,665 63,075 9.504 33,345
4600 55,829 63,285 9.564 34,298
4700 55.989 63,491 9.623 35,258
4800 56.148 63.6% 9.680 36,223
4900 56,304 63.89% 9,737 37.19%
5000 56,458 64.092 9.792 38.170
5100 56,609 64,286 9.846 +39.152
5200 56.759 64.478 9.897 40,139
5300 56,906 64,667 9,947 41,131
5600 57.052 64,853 9,995 42,128
5500 57.195 65.037 10,040 43,130
5600 57.337 62,218 10,083 44,136
5700 57.477 65,397 10,124 45,147
5800 57.615 65,573 10,161 46,161
5900 57,751 65,747 10,197 47.179
6000 57.886 65.919 10,229 48,200
-30-
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298,15
300.00
400.00
%00.00
600,00
100.00
400.00
900,00
1000.00
1100.00
1200.00
1300.00
1400.00
1500.00
1600, 00
1700.00
1800.00
1900.00
2000.00
2100.00
2200.00
2300.00
2400, 00
2500.00
2600,00
2700, 00
2800,00
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500. 00
3600.00
5700.00
3800.00
3900, 00
4000.00
4100.00
4200.00
4300.00
4400.00
4500.00
4600.00
«700.00
4800.00
4900.00
$000.00
$100.00
$200.00
$300.00
$400.00
5500.00
5600.00
$700.00
$800.00
$900.00
6000, 00

Alu“ * 0 KCAL/OLE
(r-lm)/r s
-]

9.900 9.937
10,137 11.678
10.586 13,037
11.091 18,156
11,598 15. 108
12.090 15.930
12,559 16,677
13.00% 17,342
13.427 17.947
13.82¢ 18.503
16,20/ 19.019
14,564 19.499
14.912 19.949
15.240 20,373
15.554 20,773
15.85% 21,154
160143 21.516
16,420 21.861
16.687 22,192
16.945 22.510
17,194 22.815
17.434 23. 109
17.667 23.393
17.892 23,667
18.11) 23.933
18.324 24,190
18.530 24,441
18,731 24,684
18,927 24,920
19. 114 25.150
19.325 27.675
19.574 27.914
19.816 24. 145
20.050 26.37)
20.278 28.590
20.500 28.803
20.715 29.01)
20.925 29.214
21.130 29,411
21.327 29,604
21.524 29.792
21,710 29.97¢
21.900 30.156
22.081 30.332
22.254 30.504
22.432 30.672
22.602 30.837
22.768 30.999
22.93) 31.157
23.09) 31.313
23.2%7 31.465
23.401 3t.615
23,552 31.761
25.699 31.905%
23.845 32.087
23.987 32.186
24,127 32.323
24,265 32.85¢
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o616
1.226
1.439
2.457
3,079
3.706
8.337
8972
5.611
6,255
6.903
7.556
4,212
8,873
9.538
10. 208
10.882
11.560
12.242
12,929
15,0620
14,316
15.015
15.219
16.427
17. 180
17.857
18.57¢8
19.403
27.55%
28.354
29.154
29.954
30.754

32,554
33.154
33.954
34,75
35.55.
36.354
37.154
37,954
38.754
39.554
40. 354
b1,.15%
41,954
h2.754
43,55
b, S5
5. 15
85.954
86,754
47.554
L8, 354
9. 154
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268.15
3C0.CC
4(C.CC
$CC.CC
6C0.CC
1C0.CC
8(C.CC
9CC.CC
1CC0.CC
11¢0.CC
12¢C.CC
13C0.CC
14C0.CC
15C0.CC
16C0.CC
17C0.CC
18C0.CC
19C0.CC
«CCO.CC
«1€0.CC
¢2CC.CC
¢3C0.CC
¢4C0.CC
«5CC.CC
«6C0.CC
¢1C0.CC
<8CC.CC
€9C0.CC
o] o Y o]
21cc.0C
12¢0.cC
23CC.CC
24C0.CC
25CC.CC
2¢C0.0C
:7C(C.CC
8C0.CC
39¢C.cCC
4CCO.CC
41CC.CC
€2€0.CC
43CC.CC
44CC.CC
45C0.CC
46C0.CC
47¢C.CC
€8C0.CC
«9C0.CC
€Ccc.cC
f1cc.cC
t2C¢Cc.CC
£3CC.CC
£4C0.CC
£5(C.CC
SE€CC.CC
£1CC.CC
£8C0.CC
t9CC.CC
€ccc.cc

59.4¢6
6C.132
6C. 781
61.4C4
61.666
62,%¢4
63.1C2
63.¢€12
64.CS9
64.%¢2
65.CC4
65,427
65,621
66,216
66.56]
66,549
67.264
67.€21
67.541
68.257
68.%57
68.€47
69.12¢
65.4C1
6G.€6€¢
69.524
7C. 174
7C.417
7C.L5¢
7C. EE¢
71.111
71.221
Tl.S4¢
71.7%5
71.6¢C
72.16C
72.35¢
T72.548
T2.123¢
72.52¢C
73.1CC
73.217
73.45C
73.621
73.7€7
73.6%1
T4.112
14,27C
Thob2¢
T4.578
T4.726
Ta.E7¢
15.C22
T€.1€8
75.2CS

€4, T44
€2.817
€¢.888
€1.799
68,627
€5.387
1C.C88
7C.74C
71.348
11.917
12,453
12.959
12.438
12.893
74.326
14,739
1€.134
7%.512
75.875
1¢.224
1€.56C
7¢.884
11.196
17.468
171.791
78.C14
TE.348
1t.614
1€.8173
75.124
75.368
16.6C¢
75.838
8C.064
€C.284
€C.499
ec,7¢9
8C.915
El.115
€l.311
€1.503
el1.691

81.876

8z.056
82.233
82.4C¢
82,576
82.74)
82.907
e2.068
€2,226
62,382
€2,534
82,685
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« 776
1.571
2.391
3.228
4.077
4.935
5.800
6.669
7.543
8.419
9.298
10,179
11.061
11.945
12.830
13,716
14.603
15.490
16.378
17.266
18.155
19.045
19.935
20,825
21.715
22.606
23,497
24,388
25,279
26,171
27.062
27.954
28.846
29.738
30.63cC
31,522
32.415
33.307
34.200
35.092
35.985
36.878
37.771
3R.664
39.556
40,449
4l.343
42,236
«3.129
44.022
44,915
©5.808
46,702
47.595
48,488
49,382
50.275
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T
0

298.15

300.00

400.00

500.00

600.00

700.00

800.00

200.00
1000.00
1100.00
1200.00
1300.00
1400.0C
1500.00
1000.00
1700.00
1800.0C
1900.00
2000,00
2100.00
2200.00
2300.00
2400.00
2500,00
2600.00
2700.00
2800.00
2900.00
3000.00
3100.00
3200.00
-300.00
340C.00
3$500.00
3600.00
3700.00
3800.00
3v00.00
4000.00
4100.00
4200.00
4300.00
4400.00
4500.00
4600.00
4700.00
4800.00
4900,00
$000.00
5100.00
$200.00
5300.00
54CC.0C
$500.00
%600.00
5700.00
$800.00
5v00.00
6000.00

TUERNODYMAMIC FUNCTIONS OF Mz(.)

-’*':m = «4] KCAL/WOLE

.(p.lz")lf

62.054
62,053
62,5117
63,422
LIFY Y1)
65.543
66.582
6/.5%
68.562
69.48084
70.363
71.199
71.996
12.756
73.483
th. 178
Tu.843
75.482
76.096
76.680
77.255
77,804
73,333
78,845
79.340
79.820
80,285
80.736
8l.175
81.601
82,015
82.418
82.811
B3. 194
83,567
83,931
84,287
BL,0634
B, 974
85.3006
85.631
85.949
86.261
86.5606
86.865
87.15%4
8l.kk6
8r.724
€8.005
AR 217
88,544
88.8006
A%.0064
89,314
49,567
89.812
90.0%3
v0.291
v0.52%

62.0%3
62,124
65.57%
68,429
70.861
712,975
ThoBy)
76.508
78,014
19.386
80.646
81.810
82,891
83,900
Bu.847
85,737
86.578
8l.315
84,132
88,852
89.539
90,197
90.827
Pl.431
92,012
92.571
93.110
93.631
LPRELY
94,620
95.092
95.549
95.992
96.423
96.841
97.248
97.645
98.031
98.407
98,774
99.132
99.482
99.824
100. 159
100. 485
100.80%5
101.119
101,425
101.726
102,021
102.510
102.593
102.871
103, 1ab
103,413
103.670
105.93>
104, 190
10k, 440

33~

%

11.506
11,926
12,459
15.110
13,553
15,859
H.076
Te,234
T4.392
T, 842
14,512
14,567
14,612
14,648
14,678
14,703
Tu,724
T, 742
14,758
W, 771
14,783
W, 793
14,802
14,810
14,817
1,823
14,829
14,834
14,838
1,842
14.850
14,853
14,856
14,858
14,801
1h.863
14,865
1u.867
14,869
14,870
16,872
1,873
16,875
14,876
e.82¢
4,878
16,879
14,880
te.88)
Tu.882
16,803
14,8084
14,0884
14,885
1. 886
16,886
V6. 887
e R8¢

T
H9s
ke
0
.02)
1.223
2. 504
3,838
5,210
6.60/
8,023
9,453
10,892
12. 340
15,19
150253
16716
18, 183
19.652
21,123
22.596
24.071
25.548
27.026
26.504
29.984
31,465
32,946
34,428
35.911
37,39
38,877
40.361
41,846
u3,33)
hu.816
46.301
W7.787
49,273
50,759
52.245
53,732
55.219
56. 706
SU. 1938
59.660
61,168
62.655
64,143
65.631
67.118
68.606
70.09%
71.983
75,001
Th,359
T6.040
77.536
79.025
80.513
#2.002
83.491
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298.15

300.00

400.00

500.00

600.00

700.00

800.00

900.00
1000.00
1100.00
1200.00
1400.00
1400.00
1500.00
1600.00
1700.00
1800.00
1900.00
2000.00
2100.00
2200.00
2300.00
2400.00
2500.00
2600.00
2700.00
2800.00
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3/00.00
3800.00
3900.00
4000.00
4100.00
4200.00
4300.00
4400.00
4500.00
4600.00
4700.00
48C0.00
4900.00
5000.00
$100.00
5200.00
$300.00
5$400.00
$500.00
$600.00
$700.00
$800.00
$900.0C0
6000.00

THERMOOTMANIC FUMCTION OF u,o,(e)

Algagg= -488.8 BCALNOLE

“(FPlye, ’:’

34,200
34,200
35.52)
8. 117
wJn
bh, )08
4l.23)
50. 166
52.983
59%.679
58.257
00. 724
63.087
65,353
67.53)
69.626
71.645
73.593
To.bl7
77.300
79.450
81.888
8. 225
B6.007
88.624
90.700
92.702
4,63
96.504
98.312
100. 064
101.762
103. 411
105.012
106.969
108,084
109.559
110,996
112.397
113,764
115,098
116.402
17.675
ti18.921
120. ) 49
121,531
122.499
123.642
124,763
125.862
126.939
127.99¢
129,034
130.053
151.058
132,037
153,003
133,954
13¢.840

34.200
34,400
4,260
52.508
59,548
65,649
The lib
76.061
80.546
Bu.677
88.51014
92.10)
995,475
98,664
101.692
104,578
107. 338
109.9485
112.531
114,985
138,268
13647517
1394141
. 627
143,623
J4H.736
W7.773
19,735
150.624
153.473
155.251
156,974
158,646
160.269
161.847
163. 381
164.874
166.429
167.747
169.130
170.479
V71.297
175,084
174,343
175,573
176.778
177.957
179. 111
180,243
181.352
182.439
183,506
184.553
185.580
180.589
187.560
188.55%
189.4512
190,453

~34-

[
Pl %
32,296
32.390
35,924
37.912
39,292
40.30%
41,323
42,173
42,968
3. 727
bh406)
Ly, 178
5,882
46.5717
47.265
N7.987
48.625
49,300
49.972
50.642
$6.000
%0.000
56.000
56.000
56.000
56,000
56.000
56.000
56.000
56.000
56.000
%6.000
56.000
56.000
56.000
56.000
56,000
56,000
56.000
56,000
56.000
56.000
56.000
50.000
56.000
$6.000
56.000
56.000
56.000
56,000
$6.000
56.000
56.000
%6.000
56.000
56.000
$6.000
%6.000
$6.000

T
Ba9s

0

«060
3,496
1.195
11.059
15,044
19.13)
23.306
27563
31.898
36.308
40.790
45.343
49.9606
S4.0658
59.419
6. 247
69. 1ub
T4.107
719.138
120,598
126.198
131.798
137. 398
142.998
8.598
154,198
159. 798
165,396
170.998
176.598
182. 198
187.798
193,398
198. 798
204,598
210.198
215,798
221,398
226.9948
232.598
238.198
2u3.798
249,398
254.998
26C.598
266. 198
271,798
271,398
282,998
288,598
294, 198
299.798
305.398
310.998
316.598
322.198
327.198
333.499¢
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TUERMODYIAMIC PUNCTIONS OF TaP(g)

Aif,gq = 60.7 KCAL/MOLE

T “(Pellygg)/T s c 3.
| 4
°x) (cal/mole %)  (cal/mole °x) (csl/mole *K) (ksal/usle)
268.15 51.¢618 $1.610 2,106 [
3C0.CC 57.¢18 57,660 8.11) «019
4CC.CC 57.64C ¢C.067 8.412 « 843
%¢C.CC 58,557 el 944 8.581 1.69)
6CC.CC 56,2517 ¢2,518 0.682 2.9%7
7CC.CC 56.5¢4 646,8¢1 R, 747 3.420
9CC.CC 6C.€%1 ¢e.C32 8.791 4,30%
9¢0.CC 61.,2C7 £7.01C v,821 5.186
1€CC.CC 61.52) ¢E.COC Y L1} 6,069
11¢cc.CcC 62.%422 CE 8644 €.,060 6,95%%
12¢0.CC 63.C81 €5.¢15 p.87 T.841
13¢C.CC 63.€11 1C. 326 8.48) 4,729
14CC.CC 64,115 1€ . 985 2,891 Ve.0ld
1%5CC.CC 64,552 71.598 ¢,898 10,507
16CC.CC 65,045 12.173 8.90) 11.397
171¢C,.CC 65,464 .13 #.508 12,288
18CC.CC 65.6CC 12,222 8,911 13,178
16¢C,.CC 66,258 12,704 #.914 14,07C
eCC.CC eé,EHC 14,161 8.917 14,962
¢l1CC.CC &l.C47 14 .59¢ 2.519 15,854
¢?2€0.CC 61,4CC 1¢.Cl1 8.521 16.74C
¢ 3ICLL.CC 67,128 1t .4C8 8.923 17.63¢
e4(C.CC 6e,.Cé7 75,788 8,929 18.,53C
¢%CC.CC bR, 2E2 ¢.152 €.526 19,423
¢6CC.CC 68, EEE 1€.5C2 e,927 20.315
¢e7¢C.CC 68.S5€4 7¢.838 a,928 21,208
‘#CC.CC 66.217C 17.164 8,929 22,10t
eGCC.CC 65,848 17.4717 £.83C 22,994
2¢CC.nC 6S5.E17 11.78C 8,931 23.887
i1C0..1C 7C.C7S 7¢.C172 4,932 264,.,78C
220¢.CC 7C. 222 160 35¢ 8,932 25,674
23CC.(C rc.t8el Tt.631 #.933 26,5617
iqCC.LC 7C.¢21 1€ .858 68.934 271,460
:19(C.CC T1.C5¢ 1. 157 8.93¢4 28.39%4
$6CC.CC Tl.2F4 79 .4C9 8.935 29,247
ircc.cCC T1.5C? 15.653 8.935 30,141
sACC.CC 71,72¢ 15.892 2.635 31,034
iRCC.CC T1.6217 €C.124 8.936 31.928
eCCL . (C 12.145 8C.35C 8,936 32.821
41CC.CC 12,2417 8C.5171 8.53¢ 33,715
42CC.CC 12.%54L €C. 08¢ €.537 34.608
42Cu.CC T12.74C EC.99¢ 8,537 35,502
C4qCl.CC 72.523C #l.2C2 8.937 36,396
«5CC.CC 73.11¢ €1,40) 8,937 31.,29¢C
4ELC,.CC 73,258 €1.569 £.638 38.183
L47CC,CC 73,6217 €l.791 8.938 39,077
£8(0.CC 73.€52 ¥1.979 8,938 39,971
46CC.CC 73.626 82,164 8,538 40,865
fCLLLCC 73.593 024344 8.938 4l.758
s1CC.CC 14,158 82.521 8.538 42,652
t2¢0.CC T4.221 82,655 #.938 43,546
¢3Cu.CC T4.48C €z.865 €.,938 44,440
€4(GC.CC 74,27 e2.C32 8,536 45.33¢
£5¢C.CC T4.761 €2,19¢ 8,539 46,228
$eCu.CC 764,642 €2,357 0.938 47,122
$2C0L.CL 7%.C62 €2,51% 8.936 en,016
se(c.CC 75.228 €2,671 8.536 48.91C
£5¢0.CC 7%5.202 2,824 0639 49,804
(CC0.CL 715.%24 E2.974 8.54C 50,698
-35-
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TUERMODYWAMIC FUNCTIONS OF ih’z(l)

“’zn = «635.3 ECALAOLE

f
T “(Pellyg0) /T ] c oW,
4
(°x) ' (eal/mele °k)  (esl/mole °X)  (csl/mele °X) (ksal/mele)
258,19 63,473 €1.40) 17,773 L
3Lc.cC 63,434 ¢2.%51) 12,793 « 024
4C0.CC 63,54¢ €1,31) 13.58¢C L3467
$CC.CC 64,53¢ 7€, 394 18.01C 2.728
6CC.CC 66,C6¢ 12,912 14,264 4o14)
7€0.CC 67.21¢ 15,184 14,429 5.570
fCC.CC 68,2138 1.110 14,533 1.026
6CC.CC 65,48 16,834 14.608 8.483
1CCC.CC 7€, 426 eC,37¢ 14,663 9.97
H(C.CC Th.26€ Bl.77¢ 14,704 11,419
12¢C.CC 12,2017 £2,05¢ 14,738 12,887
1ce.cC 73.18% E4,237 14,760 14,362
14€0.CC Th,CLE €£.331 14,779 15,839
15¢0.CC T4,6Ce 6¢,352 14.79% L7.318
1€C0.CC 15.55¢ £7.307 14,808 18,794
17€C.CC T6,217€¢ EEL20C5 14,819 20,278
18CC.CC T6.5¢2 £$,C52 14,028 21,702
19CC.CC 717.£2C 5,854 14,.83¢ 23,245
«CCU,.CC T€.2%1 §C.615 14,843 24,729
c1cC,CC 16,6517 S1,.34C 14,848 26,214
e2CL.CC 71§.44C 52.031 14,853 27,699
edC,CC ac.cc2 SZ.691 14,857 29,184
eh(C,.CC ¥C.c44 62.323 14.861 30.670
£5CC,.CC Rl.Ce? §2,93C 14,865 32,15¢
«6CC,CC 81,5172 $4.51) l4.868 33,643
«7CC.CC 82.C¢2 55,074 14.87C 35,13¢C
<8CC,.CC 82,¢3¢ S€.&15 14,873 36.617
+9(0.CC £2.5%¢8 SE.137 164,875 38,104
ICCC.LC B3.464 Ge.64) 14,877 39,592
itle.LC B2.e7F Gl.129 14,078 41.08C
1209.CC 84,259 $7.6C2 14.680 42,568
23Ce.CC 84,17CS SE.056 14,881 44,056
4CC.CC 85,1C¢ $€.504 14,883 45,564
i5CC.CC 85,457 S€.935 14,884 41.032
1eCC.CC BELETE §5.35¢4 14,885 48,521
1CC.CC 8¢6,24¢ §5.7¢2 14.886 50.009
2eCe.cC ae,eC? 1€C, 159 14.887 51.498
IS(C.CC A€.5¢C 1CC,54¢ 164,808 52.987
4CCCLCC 87,2C4 1€C.92) 14,8689 54.475
£1(C,.CL BT.841 1C1.261 14,889 $5.964
«2C¢c.CC 81.87C 1C1.649 14,89C 57,453
¢3CL.CC 4h,262 1cz.0CC 14,891 58,942
a(u.CC 2, eCP 1Cz.342 14,491 60,631}
€5CC.CC HEL,5117 1C2.6127 14,892 61,920
«6CC.CC 85,214 1C2,C04 14,892 63,41C
«7€C . (C 85.%1¢ 1€2,324 14.893 64,899
cacc,cc 8S.ECT 1C2,638 14.893 66,388
49C0C.CC 9C.C52 1€2,945 14,09« 67.078
£CCC.CC 9C. 2172 1C4 . 246 14,094 69.367
£1¢C.(C 9C.E47 1C4,5¢1 14,894 10,856
£2¢0.0C 9C.5117 1C4,083C 14,095 12,348
$20C.CC 9eled 1CS.114 14,298 73,835
t4(C,.CC .442 1€5.392 14,896 15,325
£9CC.CC .05 1C%.669 14,896 T6.816
€eCC.CC 91.6%1 1C2.934 14,896 18.3064
LICC.CC 92.186 1Cé, 1908 14,096 19,794
L8(C.CC 92,642 1C¢ 487 14,097 81.263
t9Cul.ll 9v2.¢682 1C¢. 711 14,007 02,713
€cec.CC 92.51¢ 1Ce.9¢2 164,897 84,263
-36-
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¢x)

268,19

#19.CC

4(C.CC

$Co.CC

6CC.CC

7C0,CC

8CC.CC

SCC.CC
1€CC.CC
11¢c.CcC
12C0.CC
13¢C.CC
14CC.CC
15¢c.CC
16CC.CC
11(C.CC
l8cc.CC
18¢C.CC
¢CCu.CC
¢lCC.CC
¢2CC.CC
¢3CC.CC
e4C0,CC
¢5C0.CC
¢€C0.CL
él1{C.CC
¢8CU.CC
¢9CC.CC
iCiC.CC
Ilcc.CC
22CC.CC
23CC,CC
34C0.CC
25CC.CC
26(C,.CC
:1CG.CC
FECC.CL
3I§CC.CC
«CCC.CC
¢1(C.CC
42CG.CC
43CC.CC
44CC.CC
L5¢C.CC
«¢C0,CC
€7¢0.CC
&ACC.CC
46CC.CC
¢cCo.CC
£1C0.CC
t2¢C.CL
£3CC.CC
t4(0,CC
¢£8C0.CC
€6CC,CC
L7CC.CC
c8CC.CC
£5CC.CC
€cCe.cC

TUERMODYMANIC FUNCTIONS OF Ta?

an®
(cal/mole %K)

13.3127
73,328
T4.CC1
75.23C¢
TE. 168
T8.21¢
18.167
8l.218
#2.%512
83,657
85.C7¢
86,222
87,334
88,1361
85.28C
9C.234
9.24¢
92.12C
72,659
93.2¢¢
94.54]
95,2¢€¢
9%6.0C%
9€,17CE
97.27¢
98.C2C
98,£¢)
95.213
9S. €€t
1CC, 445
101.CCe
101.£52
102,C€2
102,¢€C1
103.1C5
103,£6¢
104.C78
106,247
105.CCe
105,4%4
105.£613
106,222
106,742
107.1%3
107, 5%¢
107,$%52
108, 23¢
108.718
106.€62
106.4%¢
108, €18
11C.171
1c.%1e
11C. e85
1. 185
11,224
111,646
12.1¢¢
112.4€)

2208 © ~192 RCAL oL

[ ]
(cal/mole k)

12,327
12.431
18.420
8é.50)
8%.919
€e,055
Sle426
§2.7C8
9%.760
57,623
§6.329
1€C.9C1
1€2.359
1C2.718
1C4,961
1Ce. 187
1C7.31¢
1C€,38%
1€6,399
11C, 3¢5
111,286
112,166
112.0C8
112.817
114,595
11¢,343
11€.C63
11¢&.759
117,431
11€.082
116,712
116,322
116,914
12C.486
121.C48
1é1.592
122.121
122.617
122,13¢%
122,629
124,1C8
124,575
128,031
12¢.478
12%.914
126,341
L2¢&.759
127,168
t21.51¢C
121.5063
126,348
12e.727
1258.098
126,462
12§.82¢
12C.172
12C.517
13C.027
131,19¢C

«37-

’(')

c’
(cal/mole k)

L4
16,757
17.917
10,95}
18,826
19,164
19.32)
19.43%
19.516
19.576
19.62)
19.4659
19.600
18.711
19.731
19.747
19.760
18,771
19.781
19.790
19,797
19,203
16.809
15.814
19.818
16.822
19.825
19,0829
19.831
19,834
19,836
19.938
19,840
19,842
15.844
19.845
19.841
19.848
15,846
19.850
19.451
19.852
19.853
19.8%4
19.85%
19,058
19.8%6
15.8%7
19.057
19,858
19.0508
15.0899,
19,0859
19.86C
19.860
1§.861
19.0061
19.8061
19,062

T
.
(kesl/mele)

«031
le?71
3.997
5.473
T.379
9.30)

11,241
13,188
15,142
17.103
19,068
21,035
23,005
24977
26,951
28,926
30,903
32.8R1
34,859
J6,83¢8
38,818
40,799
42,78C
64,762
46, Th4
48,726
50,1708
52,692
54,675
56,659
58,6642
60,626
62.61C
64,595
86,5175
68.564
70,549
72.533
74,518
76,503
78,489
80.474
82,4939
84,449
86,430
88.416
90,401
92,387
94,373
96.,3%9
98,349
100.330
102,3)¢
104,302
106,209
108,275
110,261
112,267
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THERMDYMAMIC FUNCTIONS OF Ta?(5)
| AUGygg © -318 KCALMOLZ

. T
: (709077 s % Yane
°x) (cal/mole %)  (call/mole °K) (cal/mole °K) (keal/mole)
268.15 76,5¢C 1¢.560 21.218 [+
3CL.CC 76,561 7€,68) 21.262 +«03§
4C0,.CC T7.4180 82,07C 22.98C 2.261
€CG.CC 16.C¢S €E.308 23.911 4,610
6CC.CC 81.CC2 §2.720 24,459 1.030
7CC.CC 82.654 S€E,310 24,805 9,495
#CC.CC 84,.6¢2 $6.846 2%.037 11.988
$C0.CC B8E.L654 1€2.808 28,199 14,500
1cCe.CC He.44) 1€C£.467 25%5.317 17.026
11¢C.CC 9C.)CC 1C7.884 25,405 19.%62
12CC.CC .75 11C.0NS87 2%5.472 22.106
13C0.CC 9%.1712 11Z.138 25,525 264,656
14CC.CC 94,565 114,0131) 29.567 27,211
15€C.CC 95,65C 115,797 25,601 29,766
1eCC.CC 97.¢42 117.45C 25.629 32,331
p7CC L 98,4 17¢ 116.0C4 25.652 34,894
1HCC.CC 96.¢L5% 12C.4121 25.6171 37,461
16(C.CC 1CC. 751 121.85%9 25,668 40,029
«C(C.CC 101.,€678 122,117 2%.702 42,.%98
el1C0.CC 102,622 124.432 25.714 45,169
¢e2(C.CC 103,627 12,628 25,725 47,741
¢3CC.CC 104,€6¢ 12¢.772 25.734 50,314«
¢4CC.CC 105,€2C 127.867 2%.T42 52.088
¢SCC.CC 106,123 12€.918 2%, 749 55,462
¢t(C.CC 107.¢C¢ 126.928 2%.75% 58,038
eTCC..CC 108,451 12C.9CC 25.761 60,614
¢e8CC.CC 105,268 131.637 25,766 63.19C
¢9CC.CL 11C.C63 L2z2.741 25.771 65,767
ICCG.CC J11C.F 24 122,615 25. 7175 68,344
:1cc.CC 111,582 1%4,400 25.178 70.922
:2CC.cC 112.,21C 143%,278 25.782 73.50C
I3CC,.CL 113.C18 12¢.C72 25.785 16.078
4(C.CC tL3,1¢2 12¢,H42 €, 788 78,657
zvCC.CC 114,276 137.590 25,790 B8l.236
¢CC.CC 115,024 128,316 25.793 83.815
27C0.CC 116.€173 136,023 25.795 86.394
:R(C.CC 116,267 136,711 25. 71917 88.974
i6(C.CC 116.5C¢ 14C.381 25,799 91.55%4
4CCe.LL 117.5C1 141.C34 25.801 %.134
41¢3.0C 118,C€2 141,671 25,802 9%6.714
L)CC.LC 1le.€52 142.29) 25.804 99,294
&3CC.CC 119,2C¢ 142.,9CC 25,005 10t.874
“qKCC.CC 119.7%4 142,493 25.806 104.45%
45CC.CL 12C.7EE 144,07) 2%.807 107.036
4eCC.CC 12C.¢11 144,661 25.809 109.616
47CC.CC 121,224 14%.196 25.81C 112.197
48C0.CC 121.€217 14%,.736 2%.811 114,778
€6C0.0C 122.22C 146,271 2%.812 117.360C
£CCC.CC 122.¢6C¢ 14¢,79) 25.812 119,94]
S1CC.CC 123.28C 147.304 25.813 122,522
£2(C.CC 123.747 147.8C5 2%.816 125,103
£3C0.CC 124,2C% l4€.297 2%.815 127.685
¢4(C.CC 126.0%¢ L4E. 1178 25.815 130.266
L9LC 0L 125.€8% 146,253 25.816 132,848
t6C0 L 125,524 145.718 2%.0817 135.63C
SICG.CC 125.5¢2 15C.175% 25.017 138,011
ceCC.CC 12¢.284 15C. 626 2%5.818 1640.59)3
$5CC.C 126,188 1%91.066 2%.018 143,178
€CCCL.CC 127, ¢C? 151.499 2%.019 145,757
38~
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°x)

290.15
300.00
400.00
$00.00
600.00
100.00
000.00
900.00
1000.00
1100, 00
1200.00
1300.00
1400.00
1500.00
1600.00
1700.00
1800.00
1900.00
2000.00
2100.00
2200.00
2300.00
2400.00
2500.00
2600.00
2700.00
2800.00
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3000.00
3900.00
4000.00
4100.00
4200.00
4300.00
4400.00
4500.00
4600.00
4700.00
4800.00
4900.00
$000.00
$100.00
$200.00
§300.00
$600.00
$500.00
$600.00
$700.00
$800.00
$900.00
6000.00

THERMODYMAMIC FUNCTIONS OF Tl's(l)

M‘;m ® <444 KCALNOLE

(F-Hygq) /T
(cal/mole %K)

e1.000
81,000
82,033
04,052
86.370
80.73%
91.065
93.244
95.378
97.306
99.293
101. 104
102.025
104,464
106.020
107,521
108.950

110.319 .

111,633
112,895
Tkl 1}
115,282
116,612
117,504
118,559
119.581
120.5N
121.531
122.4463
123.369
124,250
125.106
125.941
126.754
127.546
120.320
129.075
129.812
130.532
131.237
131.92¢6

132.601.

133.2610
133.9086
134.562
135.164
135,776
136.372
136.959
137.53¢6
136. 102
138.650
139.208
130,762
140.270
180.790
181,300
181,805

142,300

s
(cal/mole k)

1,00
81,187
88.853
95.210
100.562
105. 164
109. 193
nz.rmn
115.908
118.909
121.503
126,088
126.33%
128. 867
130,465
132.343
136,116
135.704
137,307
138.90%
140,351
181,735
143.060
18k, 333
145,556
16,733
167,866
148,964
150.023
151,068
152. 081
153.003
153.938
154,845
155. 727
156.586
157.422
158.236
159,031
159.806
160.562
161.300
162.023

162.729
163.420
164.097
164,759
165.400
166.004
166.668
167.279
167.000
160,469
169,008
149,610
170. 175
170.72s8
171.260
171,798

-39-

c I .
P 98
(cal/mole %K) (kesl/mole)

25.397 .MT
27.872 2.728
29.023 $.879
29,653 8.516
30.03¢ 11.502
30.209 8509
30.466 17.887
30,595 20.610
30,493 23,675
30.770 26.788
30.832 29,020
30,804 32,908
30.927 36,005
30,965 39.099
30.997 82,198
31,027 45,299
31.053 48.403
31.077 $1.509
31.099 Ss.018
Jl. 109 57.729
31.138 60.062
31. 156 63.9%¢6
3.173 67.073
31.109 70,191
31.208 73.30
31,220 Téo432
31,2358 79.58%
31.289 02,0679
31.263 85.805
3t.27¢6 08.931
31.209 92,060
31.302 95.109
31.315 98.320
31.327 101.452
31.339 104.586
31.351 107.720
31.363 110.056
31.375 113,993
31,307 M.
51.398 120,270
31.440 123.810
.82 126.552
31.433 129,695
31004 132,839
31.485 135,983
51.466 139.130
31.077 182,277
31.480 165,428
31.499 168.576
351.510 151.728
31,521 158,076
31.532 150,029
31.503 161. 103
31.553 168,338
31.564 167493
31,578 170.450
31,508 173.008
51,50 176,97
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Ngaes * 110 ReALAOLE

- T
: Feilyg, )l: s <, L
%_J%FWH n ‘gﬁ‘Fu :n ‘ba!{*
L] L] * L]
300.00 60.276 60,329 8.56% «0l6
400.00 60.614 62.816 8.718 .88}
500,00 61.25? 64.77) 8.795 1.757
602.00 61.981 66.379 8.839 2.639
700,00 62.709 67.743 8.866 3.524
800.00 63.416 68.929 8.88)3 4612
900.00 64.086 69.976 8.8%6 5.331
1000.00 64,722 70.913 8.9)¢ 6.191
1103.00 65.324 71.762 8.911 7.082
1200.00 65.89¢ 72.538 8.916 7.973
1300.00 66.433 73.252 8.920 8.865
1400.00 664944 73.913 8.923 9.757
1500.00 67.429 74.528 8.925 10.649
1600,00 67.89) 75.10% 8.927 11.562
1700.00 68,331 75.646 8.929 12.435
1800.00 68.752 76.156 8.931 13.328
1900.00 69.154 76.639 8.932 14,221
2000.00 69.540 17.097 8.933 15.114
2100.00 69.911 77.533 8.934 16.037
2200.00 70.267 77.949 8.934 16,971
2300.00 70.609 78.346 8.935 17.79¢4
2400,00 70.940 78.726 8.936 18.688
2500,00 71.258 79.091 8.936 19.581
2600.00 71.566 79.441 8.937 20.475
2700,00 71.864 19.779 8.937 21.359
2800.00 72.153 80.104 8.937 22.253
2902.00 12,432 80.417 8.934 23.156
3000.00 72.704 80.720 8.938 26.050
3100.00 72.967 81.014 8.938 264.964
3200.60 73,223 81.297 8.939 25.838
3300.00 73.472 81.572 8.939 26.732
3400.00 73.714 81.839 8.939 27.626
3502.00 73.950 82.098 8.939 28.519
3600.00 74.180 82.35¢0 8.939 29.413
3700.00 74.404 82.59% 8.940 30.327
3800.00 74.623 82.833 8.960 31.291
3902.00 74.836 83.066 8.940 32.095
4000,00 75,045 83.292 8.940 32.989
4100.00 75.249 83.513 8.960 33.883
4200.00 75.448 83.728 8.940 36.777
4300.00 75.643 83.939 8.940 35.671
4402.00 75.834 84.144 8.940 36.565
4500.00 76.021 84,345 8,9¢1 37.6459
4600.00 76.204 84.5642 8.961 38.353
4700,00 76.383 84.73¢ 8.941 39.248
4800.00 76.559 84.922 8.9%) 40.162
400,00 76.732 85.106 8.941 41.036
5000.00 76.901 85.287 8.96¢1 41.930
5100.00 77.067 85.4664 8.941 ©2.82¢
$200.00 77.230 85.638 8.941 43.718
$300,00 77.391 85.808 8.9¢1 44,612
$600.00 77.548 85.975 8.9¢1 45.506
5500,00 77.703 86.139 8.941 46.420
$600.00 17.85% 86.300 8.961 47,296
$700.00 78.00¢ 86,459 8.9%1 48.189
5800.00 18.152 86.614 8.9¢1 49.083
$900.00 78.296 86.767 8.941 49.977
6000.00 Te.439 86.917 8.9%1 s0.87
«40-
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THICOTMANIC PUNCTION OF TaC, (5)
2Ngyee = 33 RCALADLE

T
T “(-lygg ) s c, LHW
. L ] [ ] L ] ‘ ". ‘

300,00 70,104 70.191 14.087 .026
€00.00 70.661 74,289 14,404 1.451
$00.00 71.721 17.52) 14.577 2.91
600.00 72,917 80,190 16,674 6356
700.00 74,122 82,457 14.733 5.03%
800.00 75.290 84,427 16,773 7.310
900.00 76.404 86.169 14.800 8.789
1000.00 77.459 87.729 14.820 10.270
1100.00 70.458 69.142 14,834 11.753
1200.00 79,403 90.434 14.845 13.237
1300.00 80.298 91.622 14,054 16.722
1400.00 8l.147 92.723 14,861 16,237
1502.00 81.953 93.749 14.866 17.694
1600.00 82.721 9.708 14.871 19.180
1700.00 83.453 95.610 14.875 20.668
1800.00 84.152 96460 14.878 22.15%
1900.00 84.821 97.265% 14,880 23.663
2000.00 85,462 98.028 14.883 25.131
2100.00 86.078 98.754 14.895 26.620
2200.00 86.670 99.447 14.886 26.108
2300.00 87.240 100.109 14.888 27.597
2400 .00 87.790 100.742 14.889 31.086
2500.00 88.320 101,350 14.890 32,575
2600.00 88.832 101.934 14.891 34,064
2700.00 89.328 102.496 14.892 35.553
2800.00 89.808 103.038 14.893 37.062
2900.00 90.273 103.560 14.894 38.532
3000.00 90.725 104.065 14.895 40,021
3100.00 91.163 104,556 14.895 41.511
3200.00 91.589 105.027 14.896 43,000
3300.00 92.003 105,485 14.896 44,490
3400.00 92.406 105.930 14.897 45.980
3500.00 92.799 106,361 14.897 47.459
3600.00 93.181 106.781 14.897 ©8.959
3700.00 93.556 107.189 14.898 50.469
3800.00 93.919 107.587 14.898 51.938
3900.00 94.274 107,974 14.896 53,428
4000.00 94,621 108.351 14.899 54.918
4100.00 94.961 108.719 14.899 56.498
©200.00 95,292 109.078 14.899 57.898
©302.00 95.617 109.428 14.899 $9.388
4400.00 95.93s 109.771 14.900 60.878
4500,00 96.246 110.106 14.900 62.358
©600.00 96.551 110.433 14.900 63.858
©700.00 96.850 110. 756 14.920 65,348
4800.00 97.143 111.067 14.900 66.838
©900,00 97.430 111.374 14.900 68.328
5000.00 97.712 111.676 14.901 69.818
5100.00 97.989 111.971 14.931 71.3d8
$200.00 98.260 112.260 14,901 72.798
5300.00 96.527 112.544 14.901 7¢.288
5400.00 98.789 112.822 16.991 15.778
$500.00 99.047 113.096 14.931 77.258
2600.00 99.300 113,364 14.901 70.758
$700.00 99.549 113.628 16.991 80.2¢9
5800.00 99.794 113.087 14.991 81,739
$900.00 100.038 114,142 14,992 03.229
6000.00 100.272 114,392 14.902 se.719

4]~
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5 (cal/wole k) (col/mole %K) (col/mile k) (kcol/mole)
298, 1% 78,465 18,465 18.59% 0
300.00 78,469 18,580 18,608 «+034
400.00 719,202 4,013 19,126 1924
500,00 80.609 88,312 19.383 3.,8%)
600.00 82,197 ?1.860 19.528 5,797
700.00 83.799 Qu.877 19.817 Tel4y
800,00 8%.35) 97.500 19,676 9.720
900.00 86.832 99,0821 19. 747 11,690
1000.00 88.237 101,900 19.746 13,663
1100.00 89.566 103,783 19.768 15,634
1200.00 90.823 105.503 19. 784 17.616
1400.00 92.01% 107.087 19,797 19.595
1400,00 93, Ml 108.555 19.807 21.575
1500.00 h.211 109,922 19.816 2%.557
1600.,00 99%.239 111.201 19.822 2%.538
1700.00 Q6.2 14 112,403 19.828 27,5210
1800, 00 97. 145 113,536 19.833 29.504
1900.00 98.036 114,609 19.837 31.0888
2000,00 98.890 115.626 19.840 33,471
2100.,00 99.7101 116,594 19.843 35%.456
2200.00 100,499 117.517 19.846 37.440
2300.00 101,258 118.400 19.848 39.42%
2400.00 101,990 119244 19.850 Ml 410
25%00.00 102,697 120.055 19.852 43.39%
2600.00 103.380 120,833 19.853 hbh, 580
2700.00 106,040 121.583 19.85% 7365
2800.00 104,679 122,305 19.856 49,351
2900.00 105,299 123.0010 19.857 51.336
3000.00 105.901 123.675 19.858 53.322
3100.00C 1C6.485 124,326 19.859 55.308
3200.00 107.052 124,956 19,860 57.294
3300.00 107.604 125.567 19.860 59.280
3400.00 108. 141 1264160 19.861 61.266
3500.00 108.664 126. 736 19.862 63.252
3600,00 109. 174 127.296 19.862 65.238
3700.00 109.671 127. 840 19.863 67.225
3400.00 110.156 1284 369 19.863 69.211
3900.00 110.630 128,885 19.864 1. 197
4000.00 111.092 129, 388 19.864 73.016%
4100.00 111545 129.879 19.864 75.170
4200.00 1.987 150,358 19.865 77,156
4300.00 112.420 130.825 19.865 79,143
w400.00 112.843 131,282 19.865 8l.129
4%00.00 113,258 131.728 19.866 83,116
4600.00 113,664 132. 165 19.866 8%.104
4700.00 114,062 132.592 19,8066 87.0489
4800.00 114,453 133.010 19.866 89.07¢0
4900.00 114,836 133.420 19.867 91.062
5000.00 11%.201 133,821 19.867 93,089
$100.00 1194580 136,215 19. 867 95.036
5200.00 115,942 136,600 19.867 97.023
5300.00 116,290 136,979 19.867 99.009
5400.00 11e.647 135.35%0 19.868 100.990
$900.00 116.991 135.715 19.868 102,985
5600,00 117,328 136,073 19.868 104,970
$700.00 117,660 136,824 19.868 106.956
$800.00 117.987 136.770 19.868 108.94 3
%900.00 118,308 137.010 19.868 110.930
6000,00 118,624 137,043 19,808 112,917
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298.1%

300.00

4€0.00

$500.00

600.00

700.00

800.0¢C

900.00
1000.00
1100.00
12€0.00
1300.00
1400.00
1500.00
1600.00
17¢0.00
1800.00
1900.CC
2000.00
2100.00
2200.00
2300.00
26C0.00
2500.00
2600.00
2700.C0
2860.C0
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3600.00
3900.00
4000.00
4100.00
4200.00
4300.00
44C0.00
%450C.00
4600.00
4700.00
48C0.00
4900.00
5000.00
5$100.00
§200.00
$300.00
5$400.00
$500.00
$600.0C
§7C0.C0
5800.00
5$900.00
6000.00

TUERNDOTMANIC FUNCTION OF TaGL, (s)
Al:”. * =136 KCAL/MOLE

92.000
92.000
92.940
98,740
96,7719
98.838
100.838
102.748
104,560
106.276
107.901
1C9. 440
110.901
112.289
113.611
1e.872
116,077
117.231
118.337
119,369
120.420
121.403
122.351
123,267
128,151
125,007
125.835
126.639
127.418
128.175
128.910
129.625
130.322
131.000
131.681
132.305
132.934
133.548
136,308
138,734
135,308
135.869
136.418
136.956
137.483
137.999
138.5C5
139.002
139.489
139.968
140,437
140.89¢
141,352
81,797
142,235
182,665
1843.089
143,506
3,916

(

92.000
924146
99.082
108.604
109,196
113,099
116.496
119.502
122, 197
124,639
126.870
128.925
130.829
132.4603
134,262
135.822
137.293
138.685
140.005
141,262
142,460
143,605
Tek.702
145,753
146. 764
Wr.737
148,674
149,579
150.452
151.298
152. 116
152.910
153.679
156,027
165. 153
155.859
156.547
157.217
157.870
158.507
159. 128
159.735
160,328
160,907
161,474
162.029
162,572
163. 104
163.62%5
164,135
164.636
165.128
165.610
166.083
166.548
167.008
167.453
167.89
168.327
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23.550
23.578
24,550
25.000
25.244
25.392
25.487
25,553
25,600
25.635
25.661
25.682
25.698
25.710
25.722
25.731
25.738
25.745
25.750
25.755
25.75¢
25.762
25.765
25.768
25.770
25.713
25.778
25.776
25.778
25,719
25.780
25.782
25.783
25.78%
25.785
25.785
25.786
25.787
25.787
25.788
25.789
25,789
25,790
25.790
25.791
25,791
25.79)
25.792
25.792
25.792
25.793
25.793
25.793
25.793
25.79%
25.79%
25,79
25.79%
25.794

)
Hage

0
T
2.487
N.937
7.450
9.983
12.527
15.079
17,637
20,199
22,764
25,331
27.900
30.470
33,042
35,615
38.188
40.762
¥3.337
45.912
48.488
51,064
53,640
56.217
56, 794
61,371
63,948
66.526
69.10%
71.68)
T4.259
76.838
79.416
81.99%
84.572
87.151
89.730
92.308
94.867
97.466
100.045
102.623
105.202
107.78)
110.360
112,939
115.519
118.098
120,677
123.256
125.83%
128.415
130.99%
133.513
136. 153
138.732
181.301
143,891
146,470
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e e et

4
!‘i.'! "chb; k’.goi 22,250 ]
300.00 37.000 37,138 22,281 «08)
4€0.00 357.89) 43,731 23.497 20336
$00.00 39.609 49.062 28,270 b, 727
600.00 41,568 $3.582 26,060 7. 100
700.00 43.561 S7.415 25,303 9.697
000.00 45.511 60,835 25,854 12.260
900.00 a7.307 63.906 26.300 14,0867
1000.00 49,101 66.700 26.730 17.519
1100.00 $0.892 69.267 27.150 20,213
12€0.00 52.523 Ti.687 27.562 22.949
1300.00 Sk.081 13,869 27.969 25.725
1400.00 $8.569 15.957 28.373 28,542
1500.00 56.995 77.928 20.77s 31.400
1600.00 58.362 79.798 29.17s 36,297
1700.C0 59.676 81.579 29.5T7) 37.235
1800.00 60,940 83.280 29.968 s0.21)
1900.00 62.159 84.91) 30.363 83.228
2000.00 63.336 86,476 30.757 46.284
2100.00 S .uTh 87.988 31.151 49.379
2200.00 65,577 89.407 31.545 52.514
2300.00 66,645 90.858 31.938 55.6488
2400.00 67.683 92.225 32.330 58.902
2500.00 68.69) 93.553 32.723 62,155
2600.00 69,672 94,844 33.115 65,446
2700.00 70.628 96.101 33.507 68.717
28C0.00 71.560 97.327 33.898 T72.148
2900.00 72,469 98.523 34.290 715.557
3000.00 73.357 99.692 34.68) 79.006
3100.00 4,225 100.836 35.072 82,493
3200.00 75.078 101,955 35.463 86.020
3300.00 75,905 103.053 35.854 89.586
3400.00 16,720 104,129 36.245 93.191
3500.00 17.518 105.185 36.636 96.835
3600.00 7€.30! 106,223 3r1.027 100.518
3700.60 719.069 107.243 37.418 106,240
3800.00 19.824 108.246 37.808 108.002
3900.C0 80,565 109.233 38.199 111.002
4000.00 81.29% 110,205 38.589 115,682
4100.00 82.01 111,162 38.980 119.520
4200.00 82.717 112,106 39.370 123,437
4300.00 e3.ul} 113,037 39.761 127,39
44C0.00 84,095 113,956 40,151 131.390
4500.00 €s.760 114,863 80.582 135,424
46C0.00 85.432 115.758 40.932 139,498
4700.0¢C 86.007 116,682 81,322 13,611
48C0.00 86.733 Nr.sir 81,713 We,.762
49C€0.00 8r.310 118.381 42,103 151,953
$000.00 &t.999 119.235 82.493 156,108
$1C€0.00 80.619 120.080 42,883 160,452
$200.00 89.232 120,917 83.27% 168.760
$300.00 89.838 120. 78S 83,664 169,107
$400.00 20,437 122.565 h&, 0858 173,892
$5$00.00 91.020 123.3717 hh bbb 77,917
$600.00 91.613 124, 181 44,835 182,381
$700.00 92,191 128,978 85,228 186,804
5600.00 92.763 125. 768 45.615 191,826
$§9C€0.0C 93.329 126.55) 46.009 196.007
6000.€0 93.890 127,327 86.395 200.6027
4l
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298,15 46.0CC 46.000 - 28,630 0
300.00 46.001 6. 177 28,678 «053
400,00 67,186 Sho 49 30.067 3,001
500.00 49,349 61,4410 30,740 6.000
600.00 51,840 67.080 31.09% 9. 160

700.00 54,376 71,891 31.308 12.261
800.00 56,833 76,081 31,087 15.399
900.00 59.18) 79.791 31,582 18,549
1000.00 61,412 83,118 31,410 21,706
1100.00 63.524 86,133 31,660 24,870
12€0.00 85,525 86,890 31,699 28,038
1300.00 67.421 91,428 31,728 31,209
14€0.00 69.221 93,780 31.752 34,383
1500.00 70.932 95.972 31,77} 37.560
1600.00 12.562 98.023 31.787 %0.738
1700.00 Te. 007 99.950 31.800 3,907
18€0.00 75.603 101,768 31.810 w?1.097
1900.00 77.026 103.488 31.820 50.279
2000.00 78.390 1054121 31.827 53.461
2100.00 79.7C0 106674 31,834 56,064k
22€0.00 8C.960 108.155 31.840 59.628
2300.00 82.173 109.570 31,845 63.012
24C0.00 €3.343 110.926 31.850 66.197
2500.00 84473 112.226 31.854 69. 382
26€0.00 85.564 113,475 31,857 72.568
2700.00 86.621 14.678 31.860 75.754
28€0.C0 87.643 115.836 31.863 78.940
2900.00 88.635 116,954 31.866 82,126
3000.00 89.597 118,035 31,268 85.313
3100.00 90.531 119,080 31.870 88.500
32¢0.00 91,439 120,092 31.872 91.687
3300.00 92.323 121.072 31.873 98,874
34€C.00 93.182 122,024 31,875 98.062
3500.00 94.020 122,948 31.876 101,249
3600.00 94.836 123,846 31,878 108,437
3700.00 95.632 126,719 31.879 107.625
3800.00 96.408 125.569 31.880 11C.813
3900.00 9T 167 126,398 31.881 114.001
4000.00 97.908 127.205 31.882 17,189
4160.00 9€8.632 127.992 31.803 120.377
42CC.00 99.340 128.760 31,884 123.565
4300.00 100.033 129.51) 31.884 126. 754
44C0.00 100.71) 130.284 31.885 129.942
45C0.00 01.375 130.960 31.886 133131
%6CC.0C 102.026 131,661 31.086 136.319
4700.00 102. 664 132. 387 31.887 139.508
4800.00 103.290 133.018 31.887 182,697
4900.00 103.903 133.676 31.088 165. 886
5C0C.00 104,505 134,320 31,808 149,078
$100.00 105.096 138,951 31,8089 152.263
§2€0.00 105.676 135.570 31,809 155. 4852
$300.00 106,246 136.178 31.890 158. 641
54€0.00 1€6.8C5 136,774 31.890 161,630
$500.00 107.356 137.359 31.890 165,019
5600.0C 107.897 137.938 31.89) 168.208
$700.00 108.429 138.498 31,0801 171,597
58€C.00 108.952 139.053 ‘31,891 178,586
5900.00 109. 867 139,598 31,892 17,71
6000.C0 109,973 140, 138 31,892 180.965
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. T
4 02,0/t ] c, L
290,15 100,0C0 100,000 27.438 0
300.00 100.00) 100.170 27.489 051
400.00 101,108 108,361 29.207 2.902
$00.00 103,281 114,996 30,120 5.077
400,00 105.67% 120.532 30.572 8.914
700,00 108, 144 125.266 30.848 11.986
800.00 110,548 129. 398 31.022 15,080
900.00 112,849 133,059 31043 18.189
1000.00 115,037 1360345 31,230 21,307
1100.00 117,112 139.325 31.29% 26,438
1200.00 119,078 142,050 31.343 27.566
1300.00 120,943 144,560 31.38) 30.702
1800.00 122714 146,887 31,811 33.862
1500.00 126,399 149,055 31.436 36.984
1600. 00 12¢.00% 151,084 31,455 80.129
1700.00 127.536 152,992 31,472 43.275
1800.00 129.0C0 154,791 31,486 46.423
1900.00 130,402 156.49% 31,498 49.572
2000.00 131,788 158. 110 31.507 52.722
2100.00 133,041 159,647 31,516 55.874
2200.00 134,283 161,113 31,524 $9.026
23060.00 135.481 162,515 31.530 62.178
2400, 00 136,635 163,857 31,536 65.332
2500.00 132,750 165, 14k 31,581 68.485
2600.00 138.820 166,381 31,545 71,680
2700.00 135.870 167.572 31,549 T4.795
2600.00 140.880 168,719 31.553 77.950
2900.00 181,859 169,827 31,556 81.105
3000.00 142.81C 170,897 31,559 aL.261
3100.00 163,732 171.93) 31.561 e7.417
3200.00 148,629 172,933 31,564 90.573
3300.00 145,502 173.905 31.566 93.730
38C0.00 146,351 176,867 31,568 96.886
3500.00 187179 175,762 31.570 100.043
3600.00 147,985 176,652 31.571 103.200
3700.00 148,771 177,517 31.573 106.357
3800.00 189,539 178.359 31.57% 109.515
3900.00 150.289 179,079 31.576 112,672
4000.00 151.021 179.978 31.577 115,830
4100.00 151.737 180,758 31,578 118.988
#200.00 152,437 181.519 31.579 122, 186
4300.00 153,122 182,262 31,580 125. 308
4400.00 153.792 182,988 31,581 128,462
4500.00 150,449 183.698 31,582 131,620
4600.00 155.092 184, 392 31.583 134,778
¥700.C0C 155.723 185.071 31.583 137.936
4800.00 156.381 185,736 31.58% 141,095
49€0.00 156. 948 186, 387 31.585 164,253
$000.00 157.543 187.026 31.585 187,400
$100.00 158.127 187.651 31.586 150.570
$200.00 158.701 186. 264 31.586 153,729
$300.00 159.265 188.866 31.587 156,867
54C0.00 159.818 189.456 31.587 160.086
$500.00 160,362 190.036 31.580 163.205
$600.00 160.897 190,605 31.588 166. 364
$200.00 101,824 191. 164 31.589 169,522
$000.00 161,981 191,718 31.509 172.68)
$900.00 162,450 192,254 31,589 175.840
6000.00 162,951 192.785 31.590 178.999
-46-
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o 298’ o (J 298
298.15 10,110 10,110 8.792 0
30C.0C 10,110 10, 1os ¢.822 .016
4C0.C0 10,872 12,878 Y.985 961
500.0C 1,188 15,169 10,605 1.990
600.0C 12,020 17,180 11.082 3,076
7cC.0C 12,879 18,085 11,873 4,208
8$00.0C 13.729 20,40 11.817 5.369
900.0¢ 14,558 21,850 12,136 6.567

1000.0C 15. 389 23,108 12,437 1,795
11¢0.0¢ 16113 24, 4k 12,728 958
1200.00 16. 646 25,463 13.002 1C. 38)
13¢0.00 17,550 20.516 13.290 11,656
1500.0¢ 18,226 21,511 13,564 12,999
1500.00 1e.477 28,456 13,836 %, 369
1600.0C 19,508 29,357 15,106 15,766
17¢0.0C 20,109 30,221 W. 37N 17.190
180,00 20,694 31.050 18,680 14,640
19¢C.0C 21,260 31,408 14,906 2c.118
2060, 0¢ 21.809 32,620 15.17) 21.622
2100.0C 22,342 33,366 15,435 23,152
2200.0C 22.859 34,090 15.698 28,709
23€0.0C 23.363 $8.793 15.000 26.289
2400.00 23.453 35,465 15,800 27.869
2500.00 24,331 364110 15.800 29,449
2600.00 28,79 36.730 15,800 31.029
27¢0.0C 25.249 37.326 15.200 32.609
26€0.00 25.691 37.901 15.800 34,189
2900.0C 26.121 38,455 15.800 35.769
3000.00 26,541 38,991 15,800 37,349
31€0.0C 204951 39,509 15.800 38.929
320.00 27.352 40,011 15.800 40.509
33¢0.0C 27.743 40,497 15.R00 82,089
34€0.00 28129 40,960 15.80C 43,669
3500.00 28,494 81,426 15.90C 45,249
36€C.00 28.86% 41.871 15,400 46.829
37¢0.0C 29.221 2,308 15,800 48,409
3B80.0C 29.57) w2.726 15.800 49.989
3900.0C 29.913 43,136 15.£00 51.569
%0€0.0¢ 30,249 u3.536 15,800 55,149
%100, 0C 30.578 ¥3.926 15.800 s.729
200.00 31.019 49.307 15.800 T6.809
%300.0¢ 31,449 49,679 15.20C 7¢.389
#4C0.0C 31.867 50.062 15,300 79.969
500.0C 32.275 56,397 15.800 81,56y
46€0.0C 32.613 50,744 15.80C 83.129
%7€0.0C 33.061 51.084 15.800 64,709
48€0.6C 33,440 51417 15,800 66,249
49€0.0C 33.81C 51,743 15.800 u7.809
5000.0C se.ir2 52,062 12,860 89.449
$100.0¢ 3h.526 52.475 15.80C 91.029
$200.0C 36,812 52.682 15,800 92,609
$300.0C 35.211 52.982 15.400 9u. 189
5400.0C 35,543 53,278 15,800 95,769
$5€0.00 35.key 53,568 15,800 97,549
$6C0.0C 36, 1e? 53,452 15,800 96,929
$760.00 36,899 54, 132 15,800 100.509
5$400.00 36.405 54.407 15,800 102,089
5900.0C 57.100 56,677 15.800 103,669
#060.0C 37,801 SN. 983 15.800 105.249
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AERONUTRONIC DIVISION

All:”. = «60.0 XCALMOLX
T (Pl ) /T s c ?
298"/ o P o T )
298.15 12,200 12.200 10.0%6 o
300.00 12,200 12.262 10,070 <019
400.00 12.604 15.266 10.850 1.065
$00.00 13.394 17.1M1 11.630 2.189
600.00 14.309 19.960 12.410 3.301
700.00 15.260 21.932 13.190 “ebTl
800.00 16.208 23,746 13.970 6,029
9C0.00 17.161 25.438 14.750 7.46%
10C0.00 18.050 21,011 15.000 8.961
1100.00 18.93) 28.440 15.000 10.461
1200.00 19.77¢ 29,748 15.000 11.961
1300.00 20.592 3C.946 15.000 13.461
14€0.00 21.371 32.058 15.000 14.961
1500.00 22,119 33.09) 15.000 16.461
1600 .00 22.835 34.061 15.000 17.961
1700.00 23.523 34.970 15.000 19.461
18€0.00 24.18) 35,827 15.000 20.961
1900.00 24.017 36.638 15.000 22.461
2000.00 25,427 37.408 15.000 23.961
2100.00 26.015 38.140 15.000 25.461
2200.00 26.58) 39.837 15.000 26.961
2300.00 21,130 39.506 15.000 28.461
2400.00 27.659 4C. 143 15.000 29.961
2500.00 28.171 40,755 15.000 31.461
2600.00 28.666 41.343 15.000 32.961
2700.00 29,146 41,909 15.000 34.461
2800.00 29.612 42,455 15.000 35.961
2900.00 30.064 42,981 15.000 37.461
3000.00 30.503 43.490 15.000 38.961
3100.00 30.930 43.982 15.000 40.461
3200.00 31,345 44,458 15.000 41.961
3300.00 31.749 ©6.919 15.000 43,461
3400.00 32.198 5C.367 15.000 61.776
35C0.00 32,723 50.802 15.000 63.276
3600.00 33.231 51.225 15.000 64,776
3700.00 33.723 $1.636 15.000 €6.276
2800.00 34.200 $2.036 15.000 67,177
3900.00 34.662 52.425 15.000 69,276
4000.00 35.111 52.805 15.000 70.776
«100.00 35,5647 $3.175 15.000 72,276
4200.00 35.971 53,537 15.000 73.776
4300.00 36,384 $3.890 15.000 15.276
4400.00 36.786 54.235 15.000 76,776
4500.00 37.177 $4.572 15.000 78,276
4600.00 37.5%9 54.901 15.000 79.776
4700.,00 37,931 55.224 15.000 81.276
«800.00 38.295 55.540 15.000 82.776
4900.00 38,650 55.849 15.000 84.276
$000.00 38,997 56.152 15.000 85.776
$100.00 39.33¢ 56.449 15.000 87.276
5200.00 39.668 56.740 15.000 08.1776
$3G0.00 39.993 $7.026 15.000 90.276
$400.00 +0.311 57.307 15.000 91.776
$5C0.00 40.623 57.582 15.000 93.276
$600,00 40,928 57.852 15.000 %776
$700.00 &1.227 58.110 15.000 9.276
$800.00 s1.521 $0.378 15.000 97.176
$9€0.00 +1.808 58.635 15.000 99.276
€000 .00 42.09 se.a07 15.000 100.776
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Sora fptorCompany,

AZRONUTRONIC DIVISION

T

T (Pl 00) /T 8 c L}

‘om (cals ”.I om (cal/sol om (cals 'I om g 11:"' )
296.15 9180 9.180 10.167 0
300.00 9.180 9,243 10,281 019
400,00 9.64)3 12.838 14,3%8 1.278
$00.00 10,631 16.201 16.377 2.82%
6C0.00 11.03 19,382 17.987 4,827
700.00 13.116 22.158 18,415 6.330
800.00 14,409 26,660 19,039 8.204
900,00 15.673 26.932 19.5646 10.134

10€0.00 16.904 29.014 19.97¢ 12.110
1100.00 18.094 30.937 20,360 14.127
1200.00 19.23 32.723 20.711 16.1¥1
1300.00 20.361 36,394 21.039 18,269
14C0.00 21.402 35.965 21,350 20.308
15€0.00 22,423 37.440 21.649 22.95938
1600.00 23.406 39.855 21.938 24.718
1700.00 24,355 40,193 22.220 26.926
16C0.00 2%.270 4l.o71 22.497 29.162
19C¢0.00 26.1%5 42,693 22.769 31.42%
2000.00 27,012 43.869 23.037 33.715
2100.00 27,062 44.992 23.000 36.015
2200.00 20,646 46,062 23.000 38,315
2300.00 29.425 47.084 23.000 40.615
2400.00 30.181 40.063 23.000 42.915
2%00.00 30.916 49.002 23.000 45,215
2600.00 31.629 ©9.904 23.000 47.%15
2700.00 32,322 5C.772 23.000 ©9.815%
28C0.00 32,99¢ 51.608 23.000 52.115
2900.00 33.652 52.415 23.000 S6.415
3000.00 34.290 53.195 23.000 $6.715
31€0.00 34.912 53,949 23.000 59.015
32G0.00 35.519 54.680 23.000 61.315
3300.00 36,110 55.387 23.000 63.615
3400.00 36.687 56.074 23.000 65.915
3500.00 37.319% 64,241 23.000 94.240
2600.00 38.072 64.889 23.000 96.540
3700.00 38.805 65.519 23.000 94.840
3800.00 39.516 66.132 23.000 10l.140
39¢0.00 ©0.206 66.729 23.000 103,440
4000.00 40,877 67.312 23.000 105.740
4100.00 41.528 67.880 23.000 108.040
4200.00 42.163 68,434 23.000 110,340
4300.00 42.760 68.975 23.000 112.640
4400.00 43.301 69,504 23.000 114,960
4500.00 43.967 70.021 23.000 117,240
©600.00 44.539 70.526 23.000 119.540
4700.00 45.090 171.021 23.000 121.840
4800.00 ©5.643 71,505 23.000 124.140
4900.00 €6.175 T1.979 23,000 126.440
$000.00 46,696 12,4644 23.000 128.740
$100.00 ©7.20% 712.900 23.000 131.040
5200.00 47.704 73.346 23.000 133.340
$300.00 48.192 73,784 23.000 135.640
$400.00 40,670 Te.214 23.000 137,940
$%00.00 49.138 4.636 23.000 160,240
$600.00 49,597 75.051 23.000 142,540
$700.0C $0.047 75.458 23,000 164,040
5800.00 $0.409 75,050 23.000 167.160
$900.00 $0.922 76.251 23.000 149,440
4000.00 S1.347° 76.637 23.000 151.740
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THERODYRAMIC PUMCTIONS OF TaoP(g)
(]
au%,0q = -76.3 REAL/MOLE
T “(Pellgg) 1T s

. c . .
(cal/mole %K) (ul/:olc %) (koal/mole

frmnnny (nem— — p o

rom—

[ L] oy

(%) ' (eal/mole %K)
5

é0cc.0C

63,1392
63,4883
64,830
65,925
61,036
68,122
69,166
10,162
1. 109
72,009
72,4644
13.617
Thobb2
15,192
75.899
T6.51%
17.22%
17.840
[T TTH
19,021
T9.91017
#C. 113
FCe 630
1,13
El.615
82,086
82,542
B2.984
d3. 4104
Hs,032
84,219
84.639
85,021
€9, 397
85.T¢u
86,123
b3
86,819
ar.189
er.a?
8r. 791
8e.11¢
RE. L7
8. 71¢
¥5.013
£9,.303
89,586
69,865
9C. 134
9C.a07
9C.6T1
90,930
?1.08%
P1.438
91.682
21,925
92,163
92. 3%

63.867
67,112
70.006
12.5%
Ta, 758
76,658
78,350
79,874
83,260
42,530
83,702
84,790
85,405
86,756
47,650
88, 49N
49,294
90.052
V0. 77%
9. 464
92,123
92.754
93.359
V3.941
94,502
95082
25.563
96,066
96,554
97.C25
97.4d3
97.9217
98, 358
.16
99. 184
99.581
99.967
100. 344
160,711
104,070
101,420
101.762
102.096
102, 423
1C2. 768
103.057
103. 364
103.665
103,959
106,209
108,532
108, 810
105. 084
105,352
105.616
105.87
106. 129
106.379

-50-
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12,256
13,061
13.579
13.918
aein?
18,307
14,822
14,508
14,574
14,623
14,663
14,695
w,721
14,7083
1,761
14,776
14,789
14,800
14,809

- M.b18

14,825
14,831
th.837
V4,882
14,846
14.850
14,854
14,857
16,860
14,863
14,865
14,8686
14,870
. 071
W.u73
14,875
14.876
14,0878
14.879
14,880
14,881
14,882
14,883
14,0868
14,885
14,886
14,886
18,887
14,880
14,088
14,089
16,890
18,890
16,091
14.0010
14.89)
14.092
14,092




 ———y [ W] b

4

4 -

o~y

SN mam e

T
°x)

L
3C0.00
400.00
$00.0¢
600.00
700.00
800.00
9¢0.0¢

10C0.0¢
1100.0¢
1200.00
1300,00
1800.0¢
1500.0C
1600.00
1700.0C
18C0.60
1900.0C
20C0.00
2100.0¢C
22€0.0C
23C0.CC
2400,90
25C0.,0C
2600.0C
21¢C.CC
2800,00
29C0.0C
30¢0.GC
31€0.CC
3200.00
33co.0¢
35CC.0C
45€0.0C
3690.00
37¢0.CC
d8C0.0C°
49C0.0C
400C.00
hiCO.0C
4200.0C
43CC,.CU
8400.00
45C0.C0
46C0.0C
4700.0C
4800.00
4960.0C
506C.0C
$1CC.0C
5$200.00
$300.0¢
$400.00
%50C.0C
5600.00
$7¢0.0C
5800.0¢C
$9CC.0C
6000.00

THERMODYMAMIC PUNCTIONS OF Te0CL(g)

Bigygg° 26.9 RCALAOWS

(eal/mele %)

B
66,5%9
67,070
68,054
09. 178
7C. 3101
Tl.820
T2.683
15,495
78,856
75,364
16,233
717,056
11,837
T8.580
719.299
19.922
4C.636
81,263
#1,860
E2.846
83.0C6
83.54)5
b, 0066
Bh.57C
R5,05%
85,530
85,988
86,833
86,864
#7.245
87.694
Ed.C97
ge.n79
88,457
49,226
89.586
89.937
Y0.241
90.68100
90.9%5
91.2606
?21.5818
1,889
92.191
92.827
R2.71¢
93.062
93.3481
93,615
93.0885
V8,109
9h.809
98,0665
P8.90
95.163
99.406
95,6086
95.481

s ¢ l; .

» "
(cal/mole °x) (esl/mole *x) (kesl/mole)
L ] L ] U
66,638 12,03 «028
70.%20 15,482 1.340
73.46% 13,0810 2.705
76.00% 14,107 N, 100
78,203 14,290 5,528
40,120 1005 6.900
81,824 10,501 2,406
83,356 18,580 9,861
. TN9 Te.633 1.322
B6. 026 18,670 12.787
87.200 18.707 18.257
88,290 8.733 15.729
89,308 1198 ° Y 17.203
90.260 6,172 16,679
91,156 18,787 20,157
92.002 18,799 21,6317
92.R02 14,809 23.117
923.562 14,819 24,598
Vh . 285 14,826 26,0810
4,975 14,833 27,564
99,635 14,839 29.C07
96,261 14,804 30.531
Vo.H73 14,089 32.01¢
97.455 14,853 33.5C)
9h.C16 le.897 38,987
944556 4,860 360423
99.GTE 14.863 37,959
929,581 . 266 39,845
1C0.C69 4,068 8C.932
100.54) 14,870 82.419
100. 999 18.822 83.9006
151,843 e.876 45.393
101,376 14.876 46,8810
102,293 14,877 b, 368
10247010 14,879 49.85%6
103.C97 14,880 S51.340
105,484 14,0881 52.832
103.861 18,832 Sk. 320
104,228 14,803 55,809
104,587 14,884 57.297
108,937 14,88% S&.785
105,279 14,0886 6C. 274
105,606 14.887 61.763
105.9%1 14,888 63,251
106,261 18,880 64,240
106.575 14,809 66,229
106.082 14,890 8l 118
107. 182 14,890 69.207
1C7.677 14,890 70.696
107. 760 14,8910 72. 185
108,050 18.892 T3.676
108,324 14,892 75. 163
108.602 14,893 76.653
108. 870 h.003 76, 182
109. 034 14,893 T9.631
109,393 18,008 al. I
109.007 .00 82,010
109.898 185,896 88,009
-51-
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THERNCOVMANIC FUNCTIONS OF To0,CL(s)
AR 0q = -117.9 WALAGIE

T (Pollyg) /T ] c, u:“
(°x) (cal/mole °k)  (cal/mole °X)  (esl/mole *k)  (keal/mole)
299,19 69,500 69,500 15.873 L
300,00 69,500 69,996 15.616 «029
460,00 70,138 14,327 17,130 1.607
$00.00 71,376 18,234 17.838 4,427
600,00 72,601 81,524 18,228 5.2%
100,06 14.25% 86,356 18,409 7.070
830,00 15.6176 86,431 18,630 2,925
900,00 17,036 89,032 18,764 10,794
1040,00 8,338 91.012 14,830 12.073
11C6 .00 79.574 92,810 18,897 14,560
1200.00 B0, 146 2,456 18,951 16,452
1350.00 4l.860 95,975 18,99 18,350
1400,00 42,919 97,334 19,034 20.2%1
1920.00 43,924 99,699 19,067 22.1%6
1630.00 n4eHI0 $3.730 12,097 26,064
1120.00 55,809 171,089 19,124 25,976
183C.00 86,648 102,183 19,149 21,889
1930400 27,531 173,218 19,402 27.80%
29CC ,00 Hdo Y4l 174,292 17193 I 126
21C0.00 8. 118 109,139 17,214 33,644
2300,0U HPe867 106,03 17.233 35,566
Z300,00 90,989 1CL. 589 17,252 37,691
240U CL el 192,709 12,210 3.6l
290¢.00 Jle 159 LOM. 696 12,201 41,345
104 oGl 92,407 109,253 17,304 43,2174
2150404 3.7 3% 103,981 19, 321 43,205
S9SN 00 13,449 11J.606 17, 137 47,138
.00 ST YY il1l.36) 19,393 49,003
IR PR i12.020 17, 386R 51,009
E TR IV C il 112,679 10, 34 52.946
1200.00 TRy 113,270 174379 94 8HG
1300 .0u Yoetiun 113,464 17,414 54,820
166L0,00 I, 163 114,447 17,427 590 TR
2500,00 17,565 119.0k1 17,443 61,712
269040V I, L 56 1154209 19,435k 62.6%1
$1LL6.00 94,632 116,092 19,672 66,004
2aCCoCw 13.C 116,612 17,6447 66551
249GG .0V 19,554 117,118 19,591 68001
400 .00 Do 19 117.612 19.915 10,452
“10C.00 1:0,036 118.09¢ 19.927 12,404
4250400 LUGe =61 118.265 19.544 Tea358
43.0.00 tot.278 119.02% 19.558 .313
445,00 101,666 119.475 19.571 10,269
45GL,00 102,086 119,915 19.58% 80,227
L4640 .C0 102,419 172C. 365 19.599 82,146
470u.00 102,463 12Cc. 1617 19.613 84,167
«4CU,L0G 103,241 121.180 19.627 AL 109
«20L.00 163,611 121.585 19.6¢41 81,012
400V,00 103,976 121.782 19.65¢ 20,037
51¢0.0V 1044331 122.31 19,660 92,003
"5260,00 104,662 122.753 19,082 93,920
300,00 105.026 1723.128 19.69% 95,939
400,00 105.365 123.47% 12,709 7.91C
$500,00 1U5.598 123.858 19,722 99,4841
6LV .00 106.C25 126,216 19.736 101.0854
£ 100,00 106, 362 124.563 19.742 103,828
2400.00 106,663 124,707 19.76) 105,826
593000 106,977 12%.245 19,177 107,781
€0Cu .02 107,286 125.577 19.790 109,759
52~
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TUERNDTNANIC PUNCTIONS OF 7a0,P(s)
8N g © -167.2 ECALAOLE
. v
T (Fellyg) /T s c, iee
°x) (cal/mole k)  (esl/mole %) (csl/mle %K) (keal/uole)
298,19 71.€00 71.000 15.26) o
300,00 11.000 1.098 15.310 .028
409,00 713,62% 75.7%6 16,962 1.652
$00,00 12.850 13,628 17.707 3,389
600,00 74.,25%9 82.897 18,130 5.18)
700,00 15,699 5.71) 18,372 7.010
400,00 71,108 88,141 19,568 3.8%4
900,00 78,4662 90.375% 10,695 10,722
1000.00 79,754 92.3%0 18,790 12,596
110v.00 80,982 9,165 18,865 16,479
1206.00 R2,148 95, 789 18,926 16.369
1300.00 83.2%?7 97,306 16, 9ThH l8.264
14C0,00 8440311 98,714 19,027 20. 164
15C0.0C 85,316 13C.028 17.061 22,068
1660.00 ¥he214 101,299 19,09 24.9706
1700,.00 87,190 102,418 19.129 25,0887
1800,00 98,061 103.%12 19,158 27,802
1904 .00 HH,907 104,548 19.18% 29.719
001,00 19,714 105,533 19.212 31.619
2100 .0u 20,4490 106,4171 19.238 33. 561
2230 .00 91,237 107,367 197262 35,400
2300.00 91,957 10K, 223 19,285 JT.414
2430 .00 Q92.¢52 109,045 19,327 39,3463
25u.C0 3. 323 109.,#3) 19,329 41.275
+6HC0.00 .37 110.5%2 19,352 43,209
216C .00 94,502 111,323 19,371 45,145
2600.00 99,212 112.027 19,392 41,083
900 ,9¢ 95,404 112,708 19,417 “«9,024
4000.00 96,378 113,367 12,432 59,966
J10L. IV Vb3 116,404 17,452 $52.919
42067 ,400 97,480 114,622 17.471 54,8564
$36u.CO 9d.°08 115,221 19,490 %6.8)4
460,0,00 94,9213 115,404 19,510 53,754
15000 34.32% 116,36 19,929 6,126
620,00 49,50 116,9:0 17,567 L0650
IO GO Ve 992 1t17.45%6 17,966 GhoebhlH
38CU.UC tOuU, 454 117.976 19,5&% 66,513
39C0 .00 100,214 118,447 19,6403 63.932
«000.00 101,360V 114,943 17.622 70,496
41C0.00 161. 796 119,468 17.640 12.6457
42Ul L0V 102,222 119.941 19.658 T6.422
«300.00 102,049 120,404 19.676 T76.348
“+4L0.00 193,048 12C.657 19.695 19.357
45¢V.00 i3, 449 121.300 19.713 80.327
«600.00 103.842 121.733 17. 731 82.299
«100.00 106,227 122.158 19.749 84.273
4800.,00 106.60% 122.574 19.767 86.269
«900.00 106,976 122.3481 19.785% 8,227
$000.00 105, 340 123.3a1 19.802 90.206
3120.00 10%.698 123.71) 19.8290 92.147
520C .00 106.049 124,159 19.838 9,170
$300.00 106, 39¢ 124,537 19.85%6 96.155
5400 .00 106.734 124,908 19,974 Sd.141]
55C0.00 107.067 125,273 19.891 100,130
2L .00 107,396 12%.63) 17.909 102.120
s7uv2.00 107, 11y 12%.984 tv.927 106,11t
S8C0.00 108.C3? 126,331 19,945 106,105
2900.00 108.35%0 120,672 19.962 10#,100
¢000.00 108.658 127.007 19.980 110,097
-53-
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TIBRBYIMIGLC MNCTIONS OF Tao?,(s)

u:”. ® <202.5 RCALADLE
(L WY s ¢ !
» 9
*n (sal/mole k)  (eal/mole %K)  (esl/mele °k)  (kaai/weié)
298.15 17,500 72.500 T4, 919 )
300,00 72,500 12,592 16.9¢7 .028
400.00 73,104 77.079 16,138 1.590
$00.00 T4e277 80. 747 16,700 3.238
600.00 15,619 03,822 17,019 €.922
700,00 16,984 36,462 17,221 6,639
800,00 78,316 0.1 17,362 8,366
900.00 79,59 90.62) 17.467 10,106
1000.00 80,010 92,667 17,550 11.857
1100.00 TR 94,343 17.618 13,616
1200.00 03.062 95,879 17.676 15,380
1300.00 84,103 97,296 17.727 17,151
1400.00 85,093 98,61} 17.773 18,926
1500.00 86.0% 99,839 17.816 20,705
1600.00 86.93% 160,990 17,359 22,489
1700.00 87.79% 102.074 17.832 24,276
1800.00 88.0616 103,077 17.928 26,067
1900.00 89,404 104,067 L7.962 21,862
2000.00 90,160 104,990 17.99 29.6%9
2100.00 90.887 105,868 11,027 31 . 460
2200.00 91.567 106,708 16,058 33,265
2300.00 92,262 107,511 14,087 35.012
26400.00 92.914 108,282 19,119 Ib.H82 -
200,00 93, 544 109,022 lz.169 38,67t
2600.00 94.19%) 199,73 18,179 43,517
2700,00 9%.74) 110,421 18,204 42,337
28C0.00 95,314 111.084 16,237 44.1%4
2900.00 95,869 111.724 Lh.265 45.979
3000,00 96,408 112, 344 18,294 4T.8017
J100,00 96.932 112.944 18,322 “V.6%8
3200.00 97.44) 113.526 18,350 51.471
3300.00 97.937 114.09] 184,374 53,308
400,00 98.421 114,640 13,406 95,147
3%00.00 98.892 115.17¢ 18,433 $56.989
3600,00 99,351 115.69% 18.401 58.83)
3700,.00 99,800 116.200 18,488 60.661
3800,.00 100,238 116.69¢ 18,516 62.531
3900.00 100,666 117.175 18.54) 64.384
4000.00 101,085 117,645 18.511 66,240
4100,00 101.494 118.104 18,59 64,098
4200.00 101,495 118.5%52 16.625 69,9%9
4300.00 102.284 118.991 18,652 71.8213
400,00 102,672 119.420 18.679 73.690
4500.00 103,049 119.840 18,797 75.559
4600.00 103,418 120,251 10.734 17.431
4700,.00 103,781 120,654 18.761 79,306
«8G0.00 1064137 121.0%0 18.788 81.183
4900.00 104.486 121.437 18,815 83.063
5000.00 104,829 121.818 18,862 86,946
$100.00 105,163 122,191 10.868 86,832
$200.00 108. 49 122.5%8 16.695 83.720
$300.00 105,822 122.918 18,922 90.611
3400.00 106,161 123.272 18.949 92,594
$500.00 106.456 123,620 10.97% 94,401
9600.00 106. 766 123.962 19.003 26,299
700,00 107,070 124.299 19.030 9,201
5800 .00 107,370 126,630 19.0%6 100.165
$900.00 107.006 126,.9%0 19.003 102.012
6000.00 107. 956 125.217 19.110 103.922
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TUERMOOTIANIC PUNCTIONS OF TaOCL, (5)
Y e = “109.8 RCALAGLE
. ]
T (Veilyg ) /T s ¢y 0
*x) (cal/mole °k)  (csl/mole °X)  (esl/mole %)  (kesl/msle)
29.1% 14,000 74,000 19,932 0
300,00 74,000 14,096 15,989 «029
€30.00 74,629 70,122 16,911 1,639
$00.00 79,870 02,440 16,962 3,318
600,00 17.202 25,577 17.215 5,028
700.00 70,993 88,24) 17,378 6,798
80,00 79,948 90.571 17,4058 8,498
900.00 81,245 92,636 17,967 10,291
1000.00 82,479 94,490 17,630 12,0110
1100.00 83,644 9,173 17.682 13,7177
1200,00 06,757 97.713 17.72% 15,967
1300.00 ¥5,809 99,133 17,763 17.322
1400.00 86,4808 100,451 17,797 19.100
150,00 87,759 101.680 17.828 20.001
1600.00 08,666 102.831 17,897 22.66%
1200.00 29.5%1 103,915 17,883 26,482
1600.00 90, 359 104,938 17,909 26,242
1900.00 91.152 105,907 17.933 20,034
2000.00 91.913 106,027 17,957 29.024
2100.00 92.644 107,704 12,919 31.62%
2200.00 93,348 108,541 18,002 33,424
2300.00 94.026 109. 341 14,023 35,225
2400,00 94,680 110,109 18,044 37,029
2%00,00 95,312 110,046 18,065 38.834
2600.00 95.923 111.558 18,086 40,662
2700.00 96.51% 112,238 18,106 42,652
2800.00 97,088 112,097 16,126 44,263
2900.00 97.645 113,533 18,146 46,077
3000.00 . 186 116,169 18,166 “7,092
3100.00 98,709 116,748 18,106 3,710
3200.00 99.219 115,322 18,208 $1.530
3400.00 100,199 116,427 18.264 85,174
3500.00 100.671 116.9%6 18,269 $7.000
600,00 101.1%0 117,471 18,202 58.027
3700.00 101.579 117.972 18,301 60.656
3800.00 102,016 118.460 18,320 62.487
3900.00 102.444 116.937 18.339 64.320
4000.00 102,862 119.404 18,356 . 6,155
4100.00 103.27) 119,858 18.377 67.992
4200.00 103,671 120.298 18,39 69,830
4300.00 104.063 120.731 18,414 71.671
4400 .00 104,467 121,156 18.43) 73.513
4500.0C 104.823 121.569 18,452 78.358
4600.00 105.191 - 121.97% 18,471 77.2%4
«106.00 105.552 122.372 18,489 79.052
4800.00 105.907 122.781 18.500 $0.902
4900 .00 106.25% 123,143 18.52¢ 82.753
5000.00 106.5% 123,518 18.545 84,607
$100.00 106.932 123.085 18.564 86,462
5200.00 107.261 124.266 10.502 88.320
$300.00 107.50% 124.600 18.601 °0.179
$4C0.00 107.90) 124,948 18.619 92,060
$$00.00 108.216 125.290 10.638 93.902
2600.00 108.52¢ 125.626 10.6% ", 767
$7€0.00 108,027 125.9%¢ 18.675 97.634
$800.00 109.125 126,201 18.493 99.502
$900.00 109.419 126.601 18.7118 101,372
6000.00 109.708 126.915 18.7% 103.204
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TURMCSTIANIC FUNCTIONS OF ToOF(3)
"':m ® +335.3 KCALAOLE

: (Pellgg ) /T s 6 .;”
"x) (cal/mole X)  (cal/mole °K) (cal/mole k) (keal/mole)
2%.1> 16,500 16,000 18,6563 0
3.0 716,000 16,116 18.70% «018
4V ,.00 16,156 81.731 20,199 1.990
953400 '.t”’ “6.3?, 20,911 s LY
5J0 .00 79,904 9105 21315 bold2
Tuy.0u 8l.6)) 93.48] 21.97¢ #.308
#CU.00 83.28) 96.37¢ 21755 10.475
236,00 84.00) 98,945 21.092 12,657
1023.00 86,405 101,257 22.000 14,852
1L .00 87,853 153,359 22,090 17,057
1200000 89,226 1°5.284 22,182 11.27"
|5 DAV 40,531 RN SR ¥ 22,221 Dok
140,00 .77 104,711 272.299 23.7117
15C0.00 92.952 112.252 22,357 25.9%0
16V0.00 6,079 111,697 22.412 2R,168
1700.00 95,156 113.057 22.46) 30,432
1800.00 96.186 114,362 22.512 32.681
1900.00 97.174 115,561 22.560 34.934
29C€0.00 98.123 116,219 22.60h 37.13)
21C0.00 99,038 117,823 22.651 19,455
2200.00 I9. 919 1id.870 22.696 sl,723
230C.00 100.760 119,848 22.732 631,995
£420.00 101.577 17C.856 22.782 46,271
25C0.00 172.367 121,787 272.824 A%,55]
2600.090 103,131 122,683 22.806 50,835
27C0.00 103.671 123.547 22,907 53,124
28C0.00 104,549 124.381 22,948 55,417
290C.00 105.2865 125,187 22.969 57,714
30v0.00 105.962 125.967 23,030 . 60,015
3100.00 106,620 126,723 23,010 62,32C
3120C.090 107,259 121,456 23,110 64,629
23086.99 107.6H2 128.107 23.150 66,962
3400 ,.0u 108,489 128,899 23.190 ©9.2%9
3500.9C 109,891 129.532 23,229 71,5680
36C0.00 109,658 130,187 23,269 73.905
21600 110.221 130.82 23.308 16,233
38206,00 110.2772 131,447 23, 3468 744550
3900.00 11t.310 132,054 23,387 AC,.90%
4000.00 111.836 132,647 23.426 03,264
41C0.00 112.3%0 133,226 23,465 85,508
“2' N .00 112,85 133,792 23,504 a47.937
4330400 113,348 134,345 23,543 0,289
«40V .09 113,431 134,447 23.562 92.646%
«h ' Gu 114,305 13%.417 23.621 95,005
«600.00 114,769 135,937 23,660 97.369
«1.0.00 115,225 146,446 23,694 PF0.7317
4400 .00 115.673 1360345 23.7137 102.104
4v900.00 116,112 137,435 23. 776 104,485
000,02 116,943 147.216 23.815 106,864
213L .00 116,967 134,348 23.85) 103,262
22U sl 117,9%) 132,851 23.892 111,635
2300.u0 11,192 137,307 23.930 114.02¢
5400.00 118,195 139,755 23.969 t16.42)
25uU0.00 118,591 140,195 24,008 114, 82C
2600 .20 118.981 14€.0628 24,0646 121,223
<T00.00 119,364 161,054 26,045 124,629
9mS0.00 119.762 161,647} 264,123 120,940
3Lu.CC 120. 114 141.885% 26,162 128.6%¢
LO0Wl .00 120,480 162,292 24,200 137.872
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T
0,

298.15

30C.00

400.00

$00.00

600.00

700.00

800.00

900.00
1000.00
1100.00
1200.00
1300.00
1400.00
1500.00
1600.0C
17€0.00
1800.00
1900.00
2000.0C
21C0.00
2200.00
2300.00
2400.00
2500.00
2600.00
27C0.0C
2800.00
2900.0C
3000.00
31€0.00
3200.CC
3300.0C
34C0.00
35C0.0C
3600.C0
37€0.0C
3800.00
190€0.0C
4000.00
41€0.00
4200.00
43C0.00
4400.0C
4500.0C
4600.00
4760.CC
48C0.0C
490C.0C
5000.00
5160,0C
52C0.CC
5300.00
5400.00
$500.0C
$600.0C
$700.0C
5800.00
$900.00
6000.0C

THERMODYMANIC FUNCTIONS OF !“Ls(l)

o
Al’z,. = «187.2 RCALAOLE

86,400
86.40C
87.17¢6
88.653
90.328
92.018
93.669
99.255
96.770
98.214%
99.589
1€0.897
102. 162
103.329
104,462
105,545
106,581
107.576
108.53C
169,448
110.331
111,183
112,005
112.8C0
113.568
te.312
115,034
115.723
116,413
117.073
117.715
118.34C
118,949
119,538
120.122
12C.686
121.238
121,777
122.304
122.819
123.323
123.816
124.30C
12h.T74
125.238
125,693
126. 14C
126.578
127.009
127,432
127,607
12€.255
120,656
129.051
129.439
129.821
130. 197
130.567
130.931

cal/mol

86,400
86.521
92,220
96.747
100.514
103.704
106,634
109.21%
111.566
113.713
115.675
117,482
119.157
120.717
122,179
123.553
124.849
126.C77
127.243
128,353
129.4 12
130.425
131.397
132.329
133.225
138.089
134,922
135.727
136.505
137.258
137.988
138.696
139, 384
140.052
140.702
11.335
141.952
142,553
W3, 140
wi.713
ke 272
4. 819
145,353
145,876
1460389
146.890
147,382
1u7.863
148.336
148.800
149,255
149.701
150. 140
150.571
150.995
151412
151.822
152.225
152. 622
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C’ o

19,631
19.639
20.052
20,4065
20.878
21.291
21.704
22.117
22.530
22.542
22.564
22.586
22.608
22.630
22.652
22.674
22.696
22.718
22.740
22.762
22.784
22.806
22.828
22.850
22.872
22.89%
22.916
22.938
22.960
22.982
23,004
23.026
23.048
23.070
23.092
23. 1104
23.136
23.158
23.180
23.202
23,224
23.246
23,268
23.290
23.312
23.334
23.356
23.318
23.400
23,422
23. 440
23.460
235.488
23.510
23.532
23,554
23.5706
23.598
23.620

T
Bos
1/wol

0

«036
2,029
8.087
6118
8.222
10.372
12.563
18,795
17.049
19.304
21.56)
23.821
26.083
28.387
30.618
32.882
35.153
37.425
39.701
41.978
4,257
L6.539
48.823
51,109
53.397
55.688
57.98)
60.275
62.573
64.872
6T.173
69.477
71.783
T4.091
T6.401
T8. 714
81.029
83.345
85.665
87.986
90.309
92.635
Pu.963
97.293
99.625
101.960
108,297
106,635
108,977
111.320
113,665
116.013
118.363
120,715
123.069
125.4206
127.765
130. 145



PHILCO
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T
: LA PP ):r s < Hage
(kcal/mole)
L ] L ] [ ]

300,00 83,9712 64,052 13.057 «02%
400,00 h.u98 67.910 13,730 1. 367
500.00 05%.497 71.018 14,105 2,160
600,00 66,640 13.611 14,330 4,183
7100.00 61,799 75.832 e 473 9.024
#00.00 68,926 T7.17) 14.570 T.07¢
900,00 10.0006 79.491 4,637 8.937
1000.00 71.033 81,036 14,687 10,003
1100.00 72.00¢ 82,438 18,723 1078
1200.00 72.931 83.720 W,752 12,947
1300.00 73.807 84,902 4.7 Tholo2h
1400.00 Th,639 8%.997 18,791 15,902
1500.00 75.430 87,008 14.806 17.3682
1600.00 16.185 87.974 %.818 18.863
1700.00 16.9C5 88.873 te,827 20,3545
1800.00 T7.59% 89.721 lh.836 21.828
1900.00 78,253 90.523 Tholu2 23.312
2000,00 78.886 ?1.284 th.8u8 24,797
2100.00 T9.494 92.009 14.854 26.282
2200.00 80,078 92.700 14,858 27.168
2300.00 80.642 93.361 14,862 29.254
2400.00 81.18% ?23.993 14.865 30.740
2500.00 81.709 94.600 14,868 32.221
2600.00 B2.216 ¥5.183 14.87) 33.7 04
2700.00 82.707 V5. Thu 14.873 35%.201
2800.00 B3. 182 96.285 14.876 . 36.6868
2900.00 Ri.643 96.807 .877 38.1706
300,00 84,091 97.312 14.879 39.6064
3100.00 Bu.525 97.800 14,.88) 41,052
3200.00 Hu.9u7 8.272 14,882 42,640
3300.00 85.3%8 98.730 14,845 by, 128
3400.00 85. 754 99.175 14 .88% bWS.0l/
3%00.00 Y6. 147 99.606 14,886 47,109
3600.00 86.527 100.025 14,887 LE. 594
3700.00 86.897 100.443 14,888 50.085
3800.00 871,259 100.830 14,889 Stebt
3900.00 81.612 10,217 14.889 53.060
4000.00 8r.957 101,594 14,890 Su.H49
4100.C0 88,294 101.9062 14,891 56.048
4200.00 BH.024 102. 521 4,891 ST.527
4300.00 8d.946 102.67) 14.892 59.017
4uC0.00 89.262 103.013 14,892 60.5006
4500.0C 8%2.571 103.348 14.893 61.999
4600.00 89.874 103,675 14,893 63.484
4700.00 90.1 70 103,996 Th.894 64 97N
4800.00 90.463 104,309 14,894 66.463
49C0.00 90.74A 104,616 14,89 6T.953
$000.00 21,029 104,917 14,089 69442
5100.00 ?21.304 10%. 212 14,895 1C.932
5200.00 1.5 105.501 14,896 72.4821
5500.0C 91.840 109,785 14.0896 T3.911
5400.00 92.101 106.064 14,896 75.400
$500.00 92.357 106. 337 14.897 76.490
560C.00 92.609 106.605 14,897 Tv. 380
$700.00 92.857 106.869 14,897 79.869
5800.00 93.101 107.128 16,897 81,359
$900.00 93.5410 107,363 th.898 82.849
6000.00 93.577 107.633 14,898 8L, 339
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T
o

298,15
300.00
400.00
$60.00
6€0.00
700.00
860,00
900.00
1000.00
1100.00
1200.00
1300.00
1400.00
1500.00

1600.00

1700.00
1800.00
1900.0¢C
2000.00
210C.00
2200.00
2300.00
2400.00
2500.00
2600.00
2700.00
2800.00
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3800.00
3900.00
4000.00
4100.00
4200.00
4300.00
44C0.00
45C0.00
46€0.00
4700.00
4800.00
49CC. 00
$€00.00
$1C0.00
§20C.00
$300.00
$400.00
$500.00
$600.00
$700.00
$800.00
$900.00
6000.0C

THERNODYNANIC FUNCTIONS OF W7, (s)

-]
SBea0e

cal/wdle
03.697
83,697
8k, 54)
86.175
88.04)
89.94C
91.792
93.570
95.262
96.0848
98.393
99.840
101.216
102.525
103.77%
10k.967
106,107

107.20C .

108.249
109.256
110.226
111.160
112.061)
112.932
13.773
114,588
115.377
116,182
116.885
117.606
118.308
118.990
119,654
120.30)
120.932
121.548
122.148
122.735
123.308
123.869
124.417
124,953
125.478
125.992
126,496
126.99C
127,478
127.950
126.416
128,874
129.323
129,765
130.199
130.62%
130,044
131,457
131.062
132,261
132,654

= =210 KCAL/)OLR

83,697
83.827
90.085
95,178
99.451
103.122
106334
109. 188
111,753
114,080
116.213
118.178
120.000
121.699
123.290
124,786
126. 197
127.533
128.801
130.008
131,158
132,259
133.312
134,323
135.295
136.230
137.13)
138.001
138,841
139.654
140441
h1.204
h1.944
142,663
3. 362
Tedo Q42
TWb,703
145.348
145,976
146.588
W7.186
W7.770
148,341
148.898
9. 444
149.978
150.500
151.012
151.513
152.005
152.487
152.960
153. 424
153.879
158,327
154,766
155. 198
155.622
156.039
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C’ o

20,978
21,00
22,406
23,194
23,659
23,954
28,153
26,292
26,393
24,469
28,527
24,572
24,609
24,638
24,662
24,682
24,699
24,714
26,726
24,736
24,746
24754
24,761
24,767
24,772
24,7177
24,782
24,785
24,789
28,792
24,795
24,798
24.80C
24,803
24,805
24.806
24,808
24,810
28,811
24.813
24,814
28,815
28,816
28,817
24,818
24.819
24.820
26,0820
24.822
24,0822
24.023
24,824
24.024
24,825
24.825
24.826
24,826
24,0827
28,0827

T
H98
{ ]
)
<039
2,218
4.502
6.846
9.228
11,634
14.056
16.491
18.934
21,384
23.839
26.298
28.761
31.226
33.693
36. 162
38.633
81,105
43,578
46,052
48,527
51,002
53,479
55.956
54,433
60,911
63.390
65,868
68,387
70.827
73.306
75.786
78.266
80,747
83,227
85.708
88,189
90.670
93.151
95.633
98. 114
100.596
103.077
105.559
108,081
110.525
113.005
115.887
117,969
120.452
122,934
125.816
127,899
130.381
132,864
135,386
137,029
140,312



THERMODYNAMIC FUNCTIONS OF U?S(S)

(o]
= <384 KCAL/MOLE
AHgygg /
T

4 -('-Hzg.)lt ] c’ 9
°x) (cal/mole %K)  (cal/mole %K) (csl/mole %K) (keal/mole)
258,15 85.,CCC Ec€.CCC 24.719 [
ICC.CC 85.€CC F£.192 24,794 « 0646
4C0.CC 8¢.C1l2 S2.1C2 27,432 2,676
SCC.CC 87.98% SE.969 28,¢55 S.487
6CC.CC 9C.217 1C4,258 29.322 8.389
1CC.CC 92.¢07? 1Ce.ell 29.725 L1.343
a(C.CC 9% .6€7 112,798 29.988 14,329
acC.CC 97.C177 11¢.341 30,169 17.33¢
1CCC.LC 9G.1¢¢ 116.527 30.,30¢C 20,361
11€C,.CC 101.,15¢C 122.420 3C,398 23,397
12CC.LC 103,C2& 12¢.C¢8 3IC.473 26 ,44C
13CC.CC 104,625 127.510 30,532 29.491
14CC.CC 106.527 125.774 3C.58C 32.546
15CC.CC 108, 14¢ 171.88% 3C.619 35,606
1€CC.CC 106,664 122,66) 3C. 6492 38.67C
17¢C.CC 111.171 14€,722 30.¢8C 41.737
1%(C,.CC 112,564 127,47¢ 3C. 704 44,806
19¢C..C 113.913¢ 126,137 3C. 725 47,877
¢CCC.LC 116.23¢ laC,712 3C. 743 50,951
¢1C.CC lléott? 142.214 30.760 94,026
¢2CC,.CC 117,¢86 142,645 IC. 774 57.103
3CL.CC 118. k48 145.C12 3C.76817 60,181
¢e4CC.CC 116.6¢¢ 14¢€.324 3C. 799 63.260
¢e5C0.CC 121.C45 147.581 3C.811 66,341
¢6CC.CC 122.CE€6 14€.739C 3C.821 69.422
¢1CC.CC 123.1CC 146.953 3C.83C 72.50%
«¢8(C.CC 124.C7S 151.C7¢ 3C.239 79.588
¢9C0.CC 125.C?S 152.157 30.848 78,673
iCCC.CC 125.65C 152,203 30.65%5 8l1.75¢
21€0.CC 126.E4¢ 154,215 3C. 863 84,844
:2Cc.CC 127.7117 15,168 3c.87C 87.93C
33C¢C.0C 128.%5¢4 15€.145 icC.817 91,018
4CC,.CC 126,286 157.067 30,6884 94,10¢
5¢¢.CC 13C.162 157.9¢62 30.89C 97.194
2¢C0.CL 13C.517¢ 15¢.832 3C.89¢ 1C0.284
:7€0.CC 131.74C 166.¢617S 30.902 103.374
in(0LCC 132.48¢ 1¢C.5CY 3C.508 106,464
:6CC.CC 133,215 1¢1.3Cé6 30.513 109,555
4CCC.CC 132,627 16z.089 3C.919 112.647
<1(C.CC 134,623 1€z.852 3C.9524 115,739
42CQ.LC 135,.2C« 1€2,567 30.629 118.831
43CC.¢C 135.6171 164,325 30.934 121.92%
L44CC.LC 136,622 165,037 30.%39 125.018
4«5¢0.CC 137.2¢2 1¢€.732 3C. 944 128,113
4&6CC,.CC 137.€66 1¢€.412 30,949 131,207
47(C.CC 13€.5C3 1¢7,078 30,954 134,302
LH(C.CC 136.1CS 167.726 3C.959 137,398
¢«3C0.CC 136,.¢€9¢ 1¢€,3¢0 3C.963 140,494
£CCO.CC 14C.2715 1¢€.993 3C.568 143,591
¢1C0.CC 14C. 844 165.607 30.972 146,688
€2CC.CC l&1.4C2 17C.2C8 c.omMm 149.78%
€3CC.CC 141.652 17C. 798 3C.961 152.88)
€4C0.CC 142,482 171.317 3C.586 155.981
£5CC.CC 143,22 171.94¢ 3C.59C 159.08C
€6CC.CC 143,544 17¢.504 30.994 162,179
L7C0.CC 144,C%?7 112.053 30,999 165.279
teCo.Cc l46,%¢1 172.592 31.003 168,379
t9CC.CC 165,058 174,122 31,007 171.48C
€CCC.CC 145,547 114,642 31.Cl1 174,581
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THERMODYNAMIC FUNCTIONS OF I)zlz(g)

°
Aligygg = "246 KCALMOLE

(P~ T

T (P 0 /T [ » L
°x) (cal/wole °k)  (cal/mole %K) (cal/mole %x) (kcal /wole)
200,15 76,000 14,000 1,303 = 0 -
300.0C 7%.000 8. 0113 184,356 08T
%00.00 o761 79,685 20.206 1,975
$00.00 16,210 Ak, 298 21.077 4,08
6€0.C0 17.891 84, 186 21.563 6,178
700.0C 19,607 91.536 21.867 8.351

' 8€0.00 81.28% 94,470 22,078 10,548
900.00 82.898 or. 079 22.22% 12.76%
1060.00 k. 435 .827 22.340 14,992
1100.00 85.0896 101.56) 22.432 17.23
12¢0.0C 87.204 103.516 22.509 19.478
1300.0C 8€.603 10S. 320 22.575 21.732
14€0.0C 49,854 106.996 22,633 23,993
150¢. 00 91.053 106,559 22.686 26,259 T
16C0.0C 92.194 110.025 22.733 26,530
17€0.00 93,243 111408 22,717 30.805
180C.CC . 327 1n2.707 22.819 33,005
1900.0C 95,327 113,942 22.858 35,369
20C0.0C 96.287 195,115 22.896 37.857
21C0.00 97.211 116.233 22.932 39.948 "7
22€0.0C 4. 100 117,304 22.967 42,203
2300.0C 4. 957 116, 323 23.00) DT
24C0.0C 99. 784 119,302 25.034 No.BU3
25€0.0C 1CC.5RY 120.243 23.067 49,148
26C0.0C 101.3598 120, 149 23,099 SV, 457
2700.0C 102.107 122.021 23,131 54,766
28CC.0C 102.833 122,463 23.162 %6.083
29C0.0C 103,548 123,676 23.192 SH,400
2000, 0C 106,222 124,463 23.223 60,721
3100.00 10U, #8y 125.225 23.253 63,045
3200.00 105.535 12%.964 25.263 65,372
33C0.0C 106.165 126.68C 23.312 67.701)
34CC. 00 106. 779 127.317 23,342 70,034
4500.0C 107.377 128,054 23.37 72.570
360C.0C 1C7.96C 12b.713 73.400 T4, 108
375C.0C 10¢.530 129. 354 23.429 77.050
34CC.CC 10v.CH6 129.979 25.454 79. 394
190C.0C 109.630 130.589 23.487 B1.742
40C0.00 11C. 161 151,04 23.516 B4.092
4100,0C 11C.68) 141,765 23.544 Bo.Uk
4200.C0 11190 132.33% 23.5713 88,e01
4300,0C 111,688 142.868 23.601 21,159
4uCC.0C 112,176 133.43) 23.630 930521
45CC. G0 112,654 133.962 23.65¢ 95.88%
46C0.0C 115.125 134,482 23.686 98,252
WrC0.CC 113,583 156,992 23.715 100.622
«4C0.0C 118,038 155,492 23.743 102.995
49C0.00C 14477 132,92 23.1M 10%.3N
4060.C0 114,912 136. 462 23.799 107.750
51€0.0C 115,339 136,934 23.827 110,131
5260.00 115.759 137,597 23,855 112.515
$3C0.00 116,172 137.851 23.883 114,902
SuC0.0C 116,57 136.298 235.911) 117.292
550,00 116.976 138. 737 23,939 119,668
56C0.0C 117,369 139.168 23.967 122.079
57C0. 00 117.755 139.593 23.995 126,677
S5d€G.CC 118,134 140,011 24,023 126.87¢8
5960.0C 118.509 140,421 24,051 129.282
600C.CC 118,846 146G, A26 26,073 131,638
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THERMODYMAMIC FUNCTIONS OF Wz(l)

o
Qigyge = 96 KCAL/MOLE
T
T “(P-Hyg9)/T s < 1)
K) (cal/mole °k) (cal/mole %K) (cal/mole °x) (kes}/mole)
29€. 15 7¢.06C 70,000 15.100 [
$C0.0C 70.0C0 70.C9% 15,132 <028
8CC.0C 7€.610 Tv.626 16.27) 1.606
500,00 71,79 78,321 16.811 3,263
600.0¢ 73,187 31,415 1007 4.96)
76C.CC T4.524 B4, 069 12,30 6,683
#cC.0C 15.Hou 26,390 17,446 8,421
900.00 77,150 Hy, 4510 17,547 10,171
100C.CC 76,374 9C. 304 17.626 11.930
11¢cc.0C 79.537 0947 17.69) 13,696
126C.0¢C £0.639 93.529 17787 15.467
1300.00 #1.6d6 24,951 17.796 17.26%
1500.0€ 82.681 6,272 17.840 19,026
15CC.0C £3.629 97.504 17,880 20,612
160C.0¢C #u,533 98,659 17.918 22.602
170,00 89,396 1Y 17.954 24.396
18CC.CC £6.,222 100. 774 17.98¢ 26.193
19cc.0C €1.014 101,747 14,021 27.994
20C0.0C A 102.672 14.052 29,7917
2100.0C 8,506 1054554 14,083 41,004
22€¢.6C #9.20¢ 104, 396 18,113 33,4104
23C0,0¢ H94 ko 109202 ITATY] 39,227
26C0.CC 90.54C 105.974 14,172 47,042
256,00 N2 106,717 14,200 38.461
26C¢,CC 91, THy 107.43) 160229 40,682
21C0.0C 92,3175 10¢.120 16,257 ¥2.507
28CC.CC 92.991 104, 784 16,284 Wb, 38K
2900.CC 935,50¢ 109,426 1H.512 6. 164
3000, 0C U, 0u? 110047 150339 47,996
11¢c.0C 94,575 110,049 14, 366 9,431
220c.0C 95,006 111,233 12,393 51,669
3300.00 95.54 111.799 17,420 £3.510
3400.0¢ 96,069 112, 3uy 18 ub7 95.353
350C.0C 96.542 112.885 18,473 57.199
46CC.CC 97.0C3 115,409 14.500 59,04k
3700.00 37453 115.913 16,526 60.899
480¢.0C Q7. u93 Ik 407 18,552 62,753
39C0.90C 78,324 114.889 14,579 64,610
40CC.CC TN IT 119360 18.6C5 66,469
4160, 0C 99,154 115,420 145,630 oM. 331
w2¢e,0¢ 99.4%6 1164209 18.657 70,196
%3CC.0C 99.99¢C 116,704 18.683 72.062
wucc.or 1CC. 535 117,148 18,709 75.932
4500.00 100.714 117.559 18.73% 75.804
46C0.0C 101,084 17971 18.76) 77,679
N7€0.0C 100,448 118,375 14.7817 79.556
48CC.0C 101.8C5 118.770 18,813 al.436
4900.00 102. 155 119,159 18.939 85.319
$000,00 162,499 119.539 10.865 85.208
51CC.0C 102.836 119.91% 18.491 a7.092
$2C0.0C 103,108 12C.280 18.916 8R,982
$300.00 105,495 120,641 18,942 90.875
S4CC.0C 163.815 120.99% 18,964 92.771
$5€C.0C 108,13 121,304 16.99% Y669
$6CGC.0C IPNTL 121.686 19.020 96.569
5700.0¢ 108, 747 122.023 19,045 98.473
£8¢0.00 105, 0ué 122. 354 19,071 100.378
$9CC.0C 1C%. 3u4 122.68) 19,007 102.287
€CCC.0C 1€5.633 123,002 19,122 108, 19¢
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Shrd,

AERONUTRONIC DIVISION

THERMODYNAMIC FUNCTIONS OF WC/c

o
LLPPTN

= +9.7 KCAL/MOLE

298.15

300.00

400.00

$G0.00

600,00

7100.00

9€0.00

900.00
1000.00
1160.00
1200.00
1300.00
1400,00
1500.00
1600.00
1700.00
18€0.00
1900.00
2000.00
2100.00
2200.00
2300.00
2400.00
2500.00
2600.00
2700.00
2800.00
2900.00
3000.00
31€0.00
3200.00
3300.00
34C0.00
3500.00
3600.00
3700.00
38C0.00
3900.00
40C0.00
4100.00
4200.00
4300.00
4400.00
4500.00
46C0.00
47C0.00
«8L0.00
4900.00
5000.00
$100.00
$200.00
$300.00
5400.00
$5C0.00
$600.00
5700.00
$800.00
$9C0.00
€000,00

25.51715
26,C43
26,496
26,935
27.361
27.776
28.179
28.571
28,953
29.325
29.688
30.042
30.387
30.725
31.055
31.378
31.69¢
32.€03
32,305
32.602
32,892
3.1
33.457
33.731
34.C00
34.264
34,524

49,955
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14.500
14,500
14.500
14.500
14.500
14,500
14.500
14.500
14.500
14.500
14.500
14.500
14.500
14.500
14.500
14.500
14.500
14.500
14.500
14.%00

+019%
«892
1.002
2.934
4,024
5.144
6.286
Toba?
8.624
9.817
11.024
12.264
13.477
14.722
15.979
17.248
18.529
19.820
21.123
22.438
23.763
29,099
264447
27.805
29.174
30.554
31.964
33,346
34.758
51.990
53.440
54.890
56.340
57.790
59,240
60.690
62.140
63,590
65.040
66.490
67.940
69.3%0
70.840
72.290
73.740
75.190
T6.640
Te.090
19.5%40
80.990
82.440
83.890
85.340
86.790
88.240
89.690
91.160
92.%90



Sre fptorCompan,

AERONUTRONIC DIVISION

]
Alln” = -13.5 KCAL/MOLE
T S (PH, ) /T s c u
298 P 298
‘on ‘cal‘-olc °=l ‘g“-op °KI ‘gll‘-ole °H ‘lﬁl“‘lﬂ

298.15% T.470 T.470 8.378 0
3€0.00 T.470 1.522 8.437 «0l6
4uv0,00 7.831 1C.273 10.492 977
$00.00 8.571 12.728 11,6434 2,078
600.00 9,445 14.861 11.938 34269
7€0.00 10,355 16.726 12,236 4,459
800.00 11.2%6 18.373 12,424 5,693
900.00 12.130 19,844 12,547 6,942
1000,00 12.969 21.170 12.631 8,201
1100.00 13.770 22.377 12.689 9.467
1200.00 14,534 23,483 12,729 10,738
1300.00 15,262 24.503 12,756 12,013
1400.00 15,957 25.449 12.775 13.209
1500.00 16,619 26.331 12.787 14.567
1600.00 17,252 27.156 12,793 15.866
1700.00 17,858 27.932 12.796 17.126
1800.00 18,438 28.663 12.796 18,406
1900.00 18,995 29.358 12,894 19,690
2000.00 19,530 3C.022 12.984 20,9084
2160.00 20.044 30,657 13.074 22.287
2200,.00 20,541 31.268 13.164 23.599
23C0.00 21.020 31.855 13.255 264,920
2400.00 21.483 32.421 13,365 26.250
2%00,00 21.932 32.967 13,435 27.589
2600.00 22.366 33,496 13.925% 28,937
2700.00 22.788 34.008 13.615 30,294
28C0.00 23.198 34,505 13,706 31.660
2900.0C 23.596 34.988 13.796 33,035
30C0.00 23,984 35,457 13,886 34,419
31¢0.00 264,361 35.914 13.976 35,012
3200.00 264.839 ©1.358 14,000 52.862
2300.00 25,346 41.789 14,000 564,262
3400.00 25.835 “2.207 14,000 $5.662
35C0.00 264309 “2.613 14,000 57.062
36G0.00 26,767 43,007 14,000 58,462
2700.00 27.212 “3,391 14,000 59,862
38C0.00 2T.642 43,764 14,000 61.262
39€0.00 28.060 44,128 14.000 62.662
4000.00 28,466 b4 .4682 14,000 64,062
41C0.00 28.861 44,828 14,000 65.462
4200.00 29,245 ©5.165 14,000 66.862
4300.00 29.620 45,49 14.000 68,262
44C0,00 29.984 4%5.816 14.000 69.662
45C0.00 30,339 46.131 14.000 71.062
46C0.00 30.686 46,439 14,000 12,462
4700.00 31.C24 4€.740 14,000 13,862
48C0.00 31.3%5 47,034 14.000 15.262
4900.00 31.678 47.323 14,000 76,662
5000.00 31.996 47,606 14.000 78,062
51C0.00 32.302 47,883 14.000 79.462
52C€0.00 32.605 48,155 14.000 80,8062
$300.00 32.901 40,422 14.000 82,262
$400.00 33.190 48.683 14.000 83,662
55C0.00 33.474 408,940 14,000 85.062
$6C0.00 33,753 49.19) 14,000 86.462
$700.00 34,026 49,440 14,000 87,862
58C0.00 34,294 49,684 14,000 89,262
$900.00 364,557 49.923 14.000 90,662
¢0C0.00 34.015 5C.158 14,000 92.062
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PHILCO
s s T oo Company,

AERONUTRONIC DIVISION

3.4 HAFNIUM SPECIES
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Shwa ot Company,

AERONUTRONIC DIVISION

298.15

4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
3400

5600
5700
5800
5900

THERMODYNANIC PUNCTIONS OF Hf (g)
Au:”. > 145.5 KCAL/MOLE

(Pl ) /T $
ca8 ( ] o c8 o
44,645 &b 645
44,645 44,675
44,840 46.110
45,211 41.2%7
45,629 48.184
46,055 49.013
46,472 49.764
46,877 50.453
47.267 31.094
47,642 51.695
48,004 52.260
48.352 52.795
48,688 53.302
49.011 53.782
49,324 54,239
49,626 54.67)
49.918 55.087
50.200 55.481
50.474 55.856
50.739 56.215
50.996 56.558
51.245 56,886
51.486 57.201
5t.721 57.503
51.949 57.79%
52.171 58.074
52,386 58.345
52.596 58.607
52,801 58.861
53.000 59.107
53.195 59.347
53,385 59.580
53.571 59.808
$3.752 60.030
53.929 60.248
54,103 60.462
564.273 60.671
54,440 60.877
54.603 €1.079
54.764 61.279
54.921 61.475
55.076 61.669
55.228 61.860
55.377 62.049
55.524 62,235
55.669 62.420
55.812 62.60)
55.952 62.783
56.091 62.962
56,227 63.139
56.362 63.315
56.49% 63.488
56.626 63,661
56.755 63.831
56.883 64.000
57.009 64.167
57.13% 64.333
57.258 64.498
57.380 64,661

-67-

4.972
4.57)
5.010
5.114
5.285
5.500
5.734
5.970
6.196
6.407
6.596
6.763
6.906
7.026
7.123
7.201
7.260
7.305
7.338
7.361
7.378
7.391
7.401
7.411
7.423
7.436
7.453
1.474
7.499
7.530
7.565
7.606
7.65)
7.704
7.761
7.822
7.889
7.959
8.033
8.111
8.191
8.275
8.360
8.448
8.537
8.627
8.717
8,808
8.898
8,988
9.078
9.166
9.252
9.337
9.419
9.500
9.578
9.65)
9.725

10.032
10.764
11.499
12,236
12.975
13.714
14.455
15.197
15.940
16.684
17.430
18.179
18.930
19.685
20.444
21.207
21.974
22.748
23.527
24.312
25.105
25.904
26.711
27.526
28.350
29.181
30.022
30.871
31.729
32.596
33.473
34.358
35.252
36.156
37.068
37.989
38.918
39.856
40.802
41.756
42.717
43.686




-

SorefiptorCompany,

AERONUTRONIC DIVISION

T

298.15
300
400
500
600
100
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4300
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
3600
5700
5800
3900
6000

AT T
(P-Hy0) /T s c, U
L0 (cst/jmote 70 (col/mole T (col/mple ') (kcol/mols)
10.666 10.666 6,223 0.000
10.666 10.705 6.226 0.012
10.907 12.504 6.345 0,639
11.377 13.936 6.466 1.280
11.906 15.127 6.583 1.932
12,442 16.151 6.701 2.596
12.963 17.054 6.815 3,272
13.464 17.863 6.925 3.959
13,941 18.599 7.045 4.658
14,396 19.276 7.164 5.368
14.829 19.904 7.284 6.090
15,242 20.492 7.399 6.825
15.637 21.045 1.518 7.570
16,015 21.568 7.640 8.328
16.378 22.065 7.765 9.099
16.727 22.539 7.885 9.881
17.062 22,993 8.005 10.67¢
17.386 23.429 8.126 11,482
17.699 23.849 8.248 12.301
18.027 25.066 8.378 14,782
18.356 25.459 8.501 15.626
18,673 25.840 8.623 16.482
18,980 26.212 8.745 17.358
19.280 28.769 8.000 23.721
19,651 29.083 8.000 24,521
20.006 29.385 8.000 25.321
20.346 29.676 8.000 26.121
20.673 29.956 8.000 26.921
20.987 30.227 8.000 27.721
21.289 30.490 8.000 28.521
21.581 30.744 8.000 29.321
21.862 30.990 8.000 3o.121
22,13 31.229 8.000 30.921
22.397 31.461 8.000 31.721
22.652 31.686 8.000 32,521
22,899 31.905 8.000 33.321
23.139 32.119 8.000 34.121
23.372 32,326 8.000 34.921
23,599 32.529 8.000 35.721
23.819 2.7 8.000 36.521
24.033 32.919 8.000 37.321
24,2642 33.108 8.000 38.121
24,446 33.291 8.000 38.921
24,644 33.471 8.000 39.721
24.838 33.647 8.000 40.521
25.027 33.819 8.000 41.321
25.212 33.988 8.000 42,121
25.393 34.152 8.000 42.921
25.570 34.314 8.000 43.721
25.743 3%.473 8.000 44,521
25.912 34.628 8.000 45.321
26.078 3%.780 8.000 46.121
26.261 34.930 8.000 46.921
26.400 35.074 8.000 «7.721
26.554 35.218 8.000 48.521
26,707 35.360 8.000 49.321
26.057 35.499 8.000 $0.121
27.005 35.636 8.000 50.921
27.150 35.770 8.000 51.721
-68-

TRERMODYMANIC FUNCTIONS OF Mf/c
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AZRONUTRONIC DIVISION

THERMODYNAMIC FUNCTIONS OF H{O(g)
All:zu = 30.0 KCALAOLE

T “(F-Hyg) /T s c, T
(&9} (gal/mole °K) (cal/mole °X)  (cel/mole °n ‘°§]
298.15% 56,357 56,357 T.482 ]
300.00 36,3%7 $6.403 T.470 «Jbé
€0),00 56,655 58.606 T069 «730
500,00 §57.229 60.390 0.13} 1,590
602,00 57.88¢ 61.890 8.328 2,624
100.0C 58.551 63.18% 8,659 3206
800,3C 59.203 64,322 8.55¢ 4. 96
309.00 59.829 65.33% 8.635 €. 956
1902.00 50,426 66.248 R, 689 5,022
1100.00 60.994 67,078 8.73) 6,573
1203.00 $1.53) 67.839 8.752 7,558
130%2.00 62.045 68.5642 8.788 0,665
1402.00 62.533 69.19% 8.8)38 9.325
1500.00 52.997 69.802 8.825 1.2
1607.00 $3,.44) 70.372 8,839 11,3390
1700.00 53,864 70.908 8,850 l.276
180,00 564,270 Ti.%14 8,850 12,950
1900.00 564,659 71.893 8,858 13,746
. 2300.00 55,032 72,348 8,815 16.533
2103,.00 55.391 12.782 H,881 15,521
2202.00 55.736 73.195 8,837 16,410
2300.00 56,069 73.590 4.8791 17.299
260J.00 56.390 73,969 8,895 18,198
2502.00 $6.701 T74.332 8,099 19,378
2600.00 67.001 T4.6081 8.9)2 19,9%8
2700.00 87.292 75,017 8.9)5 2).058
2803.00 $7.573 75.361L 8,92 21.749
2902.00 57.847 715.653 8,919 22,640
3000,00 58.112 75.955 8,912 23,531
3100.00 5¢.370 76.248 8.91¢ 26,622
3203.00 58.620 76.531 8.916 25.314
330%.00 $8.864 76,805 8.917 25.225%
3600.00 69.102 17.071 8.917 27.397
35090.00 59,333 17,330 8.920 27,939
3603.00 59,959 17.581 8.921 28,831
37100.00 59,779 17.826 8.922 2%.113
3800.00 69,99 78,064 8.923 3).6%6
3902.00 70,204 78.295 8.92¢ 3l.%8
4009.00 10,409 78.521 8,.92% 32,630
4103.00 10,609 78,142 8.926 33,343
4200.00 10.806 78,957 8.927 34,236
©302.00 70,998 19.167 8.928 35.128
©400.00 71,186 79.3712 8.928 36.321
©50).00 11.370 79.573 8.929 36.7L ¢
«602,00 71.550 79.769 8.929 37.807
47132.00 T1.727 719,961 0.930 38,720
4802.00 11,901 80,169 8.931 33.573
4900.00 12.07T1 80.333 8.931 4).036
$002.00 12,238 80.514 #,931 41.379
$102.00 12,602 80,691 8.932 62.272
$20).00 72,563 80.8064 8.932 &3.15%6
$303.00 r2.721 8l.%3¢ 8.933 44,9359
$609.00 72.817 81.201 8.933 66, 952
95u2.00 73.030 81.365 8.933 45,005
$600.00 73,180 @l1.526 8.93¢ ¢6.739
5799.00 73.32¢ 8l.b684 8.936 47.932
5802.00 13.673 81.040 6.934 48.526
5937.00 13.016 8lL,992 a4.933% ¢9.6¢19
6200.00 13,757 82.142 8.935 $%.32
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Shra/fptorCompany,

AERONUTRONIC DIVISION

o . o
Alln“ 85 KCAL/MOLE
T “(P-Myg) /T 5 c 'Y
298 298
‘°H ‘ul‘nlo °ll ‘ccl‘up °El ‘gl&’k °n Mlhhl
296,15 $0,45)3 60,433 11,511 ]
302,00 $0,45) 60,526 11.932 21
402,00 50,917 63,917 12.45% 1.2264
$00.00 51.823 66.832 13,119 2.%)%
600,00 52,866 69,268 13,937 3,000
10J.00 53,936 71.379 13,083 5.212
003,00 66,984 73,245 14,079 6.69
900,00 65,99 T4.913 164.236 8,326
1003,00 66,966 76,420 14,35¢ 2.455%
1100.00 $7.887 17.792 16,643 13.89%
1209.00 58, 766 719.0%2 16,513 12,343
1303.00 69.602 80.216 16,550 13.7%8
140,00 70,399 81.297 14.61)3 185,237
150).00 T1. 160 82.307 14,603 16.720
16072.00 71.887 83,253 16,679 18.138
1763.00 72.582 84,146 16.76 19.655
1800.00 13,247 84.985 14,725 21.127
1900.00 73,886 85.781 14,763 22.520
2003.00 74,500 86.538 14,758 26,2715
2100.00 75,091 87.258 14,772 29.55%2
2200.00 75,0660 87.%6 164.7%3 27,930
2300.00 16.208 88.603 14,793 28.5)9
2400.0C 16,738 89,233 14.8)2 29.948
2500.00 17.250 89.837 16,010 3l.459
2602,.00 17.745 90.418 14,817 32,930
2700.00 718.22% 90,978 16,823 36.432
28602.00 78,690 91.517 14,029 35.315
2902.00 719,141 92.037 14.83¢ 37.398
3000.00 19.580 92.540 14,0839 38,832
3100.00 80,006 93.027 164,043 4J. 356
3202.00 80.420 93.498 164,866 el.830
3302.00 80,823 93,955 14.85) ©3.335
36400.00 8l.216 94.396 14,8%) 46.82)
3500.00 81.599 94,829 14,856 ©6,3)6
360).00 91.972 95,248 14.858 &7.731
3700,.00 82.336 95,655 14.851 ©.217
3802.00 82.692 96.351 14,053 5J.75%6
3900.00 83,040 96,637 14,855 $2.250
«00).00 33,379 %.814 14,857 53,737
4107.00 83,712 97.181 14.8%3 55,223
42002.00 84,036 97,539 14.870 56,710
©300.00 84,355 97.889 le.872 56,1237
4403.00 34,666 96.231 164,873 59.535
©502,00 84.971 98.5653 14,875 51.172
©609.00 85,270 98,892 les876 62.65%)
4700.00 95,564 99,212 14,077 68,147
4B80J.00 85.851 99.52% 14.0878 65,535
©900.00 86.133 99,832 14,879 67.123
5000.00 36,410 100,133 14.8%0 59,611
5100.00 86,682 100,427 14,881 73,399
5203.00 86.969 100.716 14.882 T1.537
530).00 87.212 101.000 14,803 73,276
56400.00 87.470 101,278 14.85¢ 76,554
5500.00 87.723 101,551 16,896 15,332
2600.90 37,973 101.819 16,095 77,561
$702.00 88,218 102.%83 14.8%6 719.929
5800.00 808,459 102,342 14.886 8J.518
$903.00 88.697 102,596 14,097 92.027
6902.00 88,930 102.8606 14,8908 83,435
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M‘”M’%

AERONUTRONIC DIVISION

THERNODYMAMIC FUNCTIONS OF W£0,/c
AH:z" s +266.1 KCALAOLE

T “(P-H,00) /T ] c "
298 208
['s) (cal/pole %K) (calfuole °K) ‘salén °0)  (kcal/woled
298.1% 14.180 14.180 16.09% S
300.00 14.180 16.267 141647 «026
400.00 16,762 10.632 16,047 1.540
$00.00 15.916 22,329 17.038 3.207
600.00 17.253 25,498 17.671 0944
700.00 18.63% 20,2%6 18,136 6,738
8C0.00 19,992 3€.703 18.510 8.568
900.00 21.307 32,902 18.832 10.436
1000.00 22.568 34.901 19.122 12,33
1100.00 23,113 36.736 19,390 14,259
1200.00 26,925 38,435 19,644 16.211
1300.00 26,026 «C.017 19.008 18,108
1400.00 27.079 41.499 20,124 20.188
1500.00 268.087 «2.895 20.355 22.213
1600.00 29,054 44.216 20.582 26.259
17¢0.00 29.983 «5.671 20.806 264329
18C0.00 30,6817 €6.0666 21.027 28.420
1900.00 31.739 «7.809 21,266 30.534
2000.00 32,570 ©8.904 21.463 32.670
2100.00 33,373 49.957 21.679 36,827
2200.00 34.150 $¢.970 21.800 37.00%
2300.00 34.902 51,939 21.800 39.108
2600.00 35.632 52.867 21.800 41,368
2500.00 36.339 53,757 21.800 ©3.56%
2600,00 37.025 54,612 21.800 45,725
27€0.00 37,692 55,435 21.800 «T7.90%
28C0.00 38.340 $6.226 21.800 $0.085
2900.00 38.970  ° 56.993 21,800 $2.26%
3000.00 39,583 $7.732 21.800 56,448
1100.00 ©0.180 58.446 21.800 56.625
3200.00 40.818 65.132 21.800 17.808
3300.00 ©1.565 65.803 21.800 79.98%
3400.00 ©2.208 66,454 21.800 82.165
3500.00 ©2.987 67.086 21.800 86.365
3600.00 ©3.665 67.700 21.800 86.52%
3700.00 44,323 68,297 21.800 88.705
2830.00 “4.961 68,879 21.800 90.885
3900.00 ©%,582 69.445 21.800 93.065
4000.00 ©6.186 69.997 21.800 95.265
«100.00 46,173 76.53% 21.800 97.425
4200.00 47,345 71.060 21.800 99.605
4300.00 47,902 71.573 21.800 101,769
400,00 ©8.446 72,075 21.800 103.965
4500.00 ©«8.977 12.564 21.800 106,145
46C0.00 49,495 73.064 21.800 108,325
4700.00 50,001 73.512 21.600 110,505
«800.00 $0.495 13.971 21.800 112.68%
4900.00 $0.979 Te.621 21.800 114,865
5000.00 51,452 74,861 21.600 117,045
$100.00 $1.916 75.293 21.800 119,229
$200.00 $2.369 75.716 21.800 121.60%
$300.00 52.014 76.132 21.800 123.58%
5400.00 53,249 76.939 21.000 129.76%
$500.00 $3.676 76,939 21.800 127,945
5600.00 94,095 77.332 21.400 130.12%
$760.00 56,506 77.718 21.800 132.30%
£8C0.00 $4.910 70.097 21.800 134.48%
$900.00 55,306 10.470 21.800 136,665
€000.00 $5,695 70.836 21,800 138,845
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S ot Bompany, -
AERONUTRONIC DIVISION
THERMODYMANIC FUNCTIONS OF NICl(g)

(]
Alln90 = «3 KCAL/MOLE
% T
: -(F "19g):r 8 . cP '290
s K] ‘ul‘ulo Q ‘cu”nolc l] ‘c;l‘-op °£l ‘Eil“ﬂlﬁ

25¢, 1% 61.74C 61,160 bbbl 0
3cc.cC 01, 74C 61,793 Y1) «016
“i.cC €2.,075 Ok, 258 beb57 .873
5¢C.CC e2.712 60.201 be 754 1o Thb
6CcC.CC 63.422 67,2802 b.809 2.023
T¢ec,.cC 64, 15¢ 69,163 b,843 3.50%
ECC.CC 64,857 10,340 H.808 b 391
scC.CC 5,526 11.391) v.0H42 S.27¢
1ccc.CC 66.16C 12.327 H.893 6.1617
1icc.0C 6¢.76C 13,175 ¥.%02 7,057
12¢C.CC 67.3217 73.950 B.908 T.967
¥3Cc.CC 67.865 T4.663 8,913 E.03k
cC.CC 6EL, 374 75.32u4 B.90V7 9.730
15¢c.CC 6L ASE 75.939 5.920 10,642
1eCC.CC t9.319 76,515 8.923 11.514%
17¢¢.CC t5.75¢ 77.056 4925 12.4006
18CC.CC 7C.17¢ T7.5060 6,927 18,299
19¢C.CC 1Cc.58C 8,049 8,929 w192
2CCC.CC 7C.96% 70,507 ©¥,93C 15.CL:5
21CC.CC T1.3234 T8.543 f.991 15,970
cdCC.CC 71.69C 79.258 8,932 16.871
z3cc.cC 12.C22 79,755 4,933 17.704
«4CC.CC 72,361 EG, 13 te934 1be 657
25CC.CC 12.08C 504500 Ye93U 19,551
¢eb6CC.CC 12.9€7 80,.E51 8.935 20,444
e?c.CC 12.285 #1. 108 8,938 21,336
2tCC.CC 14,523 81.513 8,936 22.231
£5CC.CC 13,852 bl.826 4.9306 25.125
icec.cC Tu, 122 Beo 129 8,937 24,019
2)1CC.CC Tu,.3tk¢ B2.,022 ¥.937 24,9102
32¢C.CC Th. 642 8Z2.700 d.95¢ 25.606
2sCc.CC T4 .HSC HB2.981 E.938 26,70C
2uCC.CC 75,132 b3.244 8.93¥ 27,59
15(C.0C 15, 3¢¢€ 83,507 6,938 2¢.ube
26CC.CC 15,597 H3.759 8.939 29.381
i7cc.CC 75,821 8h.COL ¥.539 3C.4715
2eCC.CC 16.C4C bl Z42 8,939 31,0069
2yCC.CC 16.253 Bh.ulu 5.935 32,063
4GCC.CC 1¢. 461 o700 8,939 32.957
wlec.cC T6.665 Hi,92) 8.63% 33,051
42Cc.ccC 16.8¢4 u5. 187 6.940 4. l85
43CC.CC 77,056 B9 367 6,9 C 35,0634
nucc.ce 17.25C 15,553 8.94C 26,533
4SCC.CC 17,4306 85 754 a.940 21.421
48CC,CC 17.616 05.950 0. IC Sb.3cl
47¢c,.Ce 17.75% Hb. 142 b.940 39.215
uECC.CC 17.975 bo. 431 H.940 0. 109
4sCC.CC Tea M7 80515 4.940 “il.cC3
€ccc.cC Te. 300 86,095 Y.94C 4,897
€1¢c.CC T6.482 BO.HT3 B.94C 42,791
£¢CC.CC Te, 645 87.040 Y981 W3.,805
£3Cc.CC 1¢,8CH 87.216 b.94 1) 4576
cyCc.CC 10.963 87,384 H.9810 L5.673
£5CC.CC 79,117 87.548 #9410 he 307
se6CC.CC 79,269 u?.709 b.941 47,2610
srcc.cc 19.419 sl.u67 6.941 bd. 155
seCc.CC 15.566 v8.022 b.981 49,069
£scc.oC 719.71¢C 3,175 8.9 1 49,943
eccce.cc 19,853 bbe326 b.981 5C.E3¢t
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Shrd fptorCompany,

AERONUTRONIC DIVISION

T
0,

268,1¢

3cc.CC

uCC.CC

s(C.CC

6CC.CC

TCC.CC

eCC.CC

9CC.CC
1¢cc.CC
1ICC,.CC
t2¢c.ccC
13cc.cC
1ucc.CC
15CC.CC
16CC.CC
17¢c.cC
1wec.ce
19CC.CC
zCCC.CC
z1CC.CC
c2CC.CC
¢3CC.CC
cuCC.CC
25CC.CC
z0CC.CC
cCC.CC
28CC.CC
29.C,.0C
2¢cc.cC
21Cc.LC
zcc.CC
s3CC.CC
aucc.cc
23CC.CC
16CC.CC
27CC.CC
2eccC.CC
49¢C.CC
4CCC.CC
wicc.cc
42CC.CC
Licc.ccC
4uCC.CC
45CC.CC
4o6CC.CC
ufcc.ec
weCC.CC
45CC.CC
€cCC.CC
ti1cc.CC
£2CC.CC
£3Cc.0C
tucc.CC
€9CcC.CC
ceCC.CC
£/C0.CC
cycCC.CC
s9CC.CC
¢0CC.CC

THERMODYNAMIC FUNCTIONS OF utclz(s)

(]
LY

)T
°

~(FHye

TCe14C
70,141
7C.662
T1. 745
12,943
Te V2N
15.254
T6.403
17.455
Te.u5C
16,392
¥l.2d4
1.1
E1,935
e2.7CH
CERL K]
th, 425
by 797
ES .17
EE.C51
(Y-
€1.212
el.7¢C
£d.29C
Ec.8C
89,2396
eSS, 776
GC,24C
5C. 651
91,129
S1.554
91,968
$2.37
92.763
Sielib
92,518
92.4d¢1
4.237
Gu.5c4
G4 ,923
95.254
95,578
%5.H9¢
96.2C¢
56.512
f0.21C
57.1C3
97.39C
97.672
97.948
$F.22C
ch de
. Tud
99.0Co
$9.259
99.5C¢
99.752
99,992
1cC.230

= =86 KCAL/MOLE

TC. 160
T0.226
Tue290
17.507
8C. 164
82.425
Ble 390
H6. 129
HT. 687
¥9.099
90, 589
91.577
Yeabl?
93.702
Y4061
95.562
96,412
yl.216
97.979
96,709
99, 398
100,059
1C0.693
101.30C
101,484
162,440
10,588
1C3.510
104.CH5S
L. S04
10L.976
105,435
105,873
106.311
1Co.731
107. 1359
107.5350
107,925
1084300
108,668
109.C27
109,378
109.720
11C.C55
110.383
110.703
Mi1.017
111,328
111,625
11,920
112.209
112,493
M2.772
113,085
13, 33
115,577
113,830
114,091
Thh, 302
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c
[ 4
8l /mole

13,9058
15,915
18,310
W.h
Tu.b626
o, t98
Yo, 705
1,778
u.801
4,819
14,032
Tu.843
14,851
tu,.85€
Tu,B04
Vo .800
16,872
tu.b?5
V. .HT8
Yo, 880
W,Ru3
6, Rbl
14 .8d6
tu.84?
T .889
14,890
16.891
W .Py2
14,892
W.H4938
Vo894
TuoB94
Ww.£95
Th.098
14,8906
Tu 896
Tu.B97
4. E97
1ua.89¢
1u.898
Tu.89E
14.898
1u . P99
14,899
1,899
14.999
14,899
T4 .90C
14.90C
t4.900
14.900
18.900
14,900
140901
Tee9C
4 .901
14901
1e.9010
14.900

1
%208
ke

c

.020
1,439
2.28)
4.3539
5,009
T.27¢
.75
1C.233
MN.70
13,197
14,68C
16.106%
17,851
19,137
20,623
22.41C
23.59¢t
£%.005
206,573
28,0010
29.55¢C
31.,03¢
3z.527
34.010¢
35.505
36.994
38,483
39.97¢
wi.uo!
42,991
La,4kC
5,929
47.419
46,909
S0.39¢8
Sl.obt
53,378
Sh.h67
56,357
ST.u8?
59,337
60.827
6z.31e
63.8C6
654290
6o.700
o8.270
69.760
T1.25¢
T2.780
Tu.2306
75.740
Tr.20¢
r8.7Co
80,196
81,680
83.r?
Bu.6067




SrrafotorGompany,

AEZRONUTRONIC DIVISION

A":zoa = <159 KCAL/MOLE
(¥ T
! (FHpg9) /T S % . 290
‘ Kz ‘ccl‘-olc Q Sc.l‘-ole K] ‘cnl‘-ole Kz ‘kul‘n;cl
248,1¢ £5,916 85,916 .27 0
itc.cc 2,917 36,C3C tr,393 «034
Wee.cC Eé L ue 9,412 le,983 1.9C¢
3CC,.CC LTI TY ] 5,004 19,284 1,021
6LC. Ll Hy,618 29,2316 19,457 5.759
rCC.CC 51.2CS 102,224 19,504 1.71C
BCC.LC 920183 104,801 19,8634 9,671
9iC.CC U,22¢ 7,157 tv.e83 Vi.037
YueC,Ct 55,626 109,233 19,719 13,607
11CL.CE 44 ,95C 111,013 V. TS 15,56C
12¢CaLC 9¥,2C2 V12,632 19,765 17.55¢
13¢C.LC 99, 35C 14,415 19,781 19,533
1CC.LC 1516 115,631 19,793 ¢1.512
15CC . CF 1C1,5¢6 117,207 19,803 4.491)
160t tC 1C2.6C¢ 115,526 19,8012 25.u72
17¢C.CC 104.517¢ W9, 12¢ 19.808 27,454
1#0C .0 104.5C7 120,460 19,824 29,438
. biec,cc 18296 21.932 19,829 sl.u0e
cLiCaCt Vo 24k 1224549 15,843 23,402
PR IR 100,061 123,917 e, 83517 39,3085
22LC.0C 107”54 126,840 19,840 37,369
Z230C.CC 1€l 612 125,722 19,842 35,353
2ulL,LCC 109, 342 126.5606 19,845 41,337
75CC.0f 110,047 127,376 19,867 Wi.32:
et CC.CL 11C.729 128, 15% 19,849 s, 307
zicc.ce 111, 328¢ 128,904 19,851 Wl.c92
zeCCl.CC 112.027 129,626 19.852 49,277
J4LC.CC 112.6u¢ 136,222 19,6854 51,262
«]ec.ec 114,24e 150,996 19,.RSS 53.2u44
2jcc.Ce 112,929 130,647 19,856 55,233
42€C.CC 114.36¢ 122,277 V9. H57 57.219
23¢C.CC Piu,9u7 152,088 19.85¢ 59,265
24CC.CC 115,484 143,481 19,859 61.19C
25¢CC.CC 116.0C¢ 134,057 19,859 63.17¢
oLl .CC 116,515 136,610 15.86C 65. 1062
24C0.CC 1.0 135,160 Yy, 801 67. 14t
3nCCl.CC 117,467 135,690 14,8061 69. 1354
2900 . CC 117.97¢ 130.206 19,802 .2
4uCC.CC 1e.u32 136.709 19,862 73.107
41cc.CC Vit BEu 130,199 19,664 79.C93
WrCl.CC 115,325 157,078 19,862 T7.C76
43CC.0CC 116,788 138,145 19,464 T9.Co¢
LulCatC 12C. 1810 154,602 19,864 81,052
usCC.Cf 124598 139, 04& Yi.ron £3.C3H
weLt.Cc 121.0CH 139,485 19,869 A%.025
Wi1CC.CC 121,369 155.612 ViskReY Fe.C110
WsCCaCC 121,75 tun, 23C 19,465 LT
4wCll.CC PR K 4 uC, 740 tr.t0¢ SC.984
£LCCaLL 122.041 PSPy 19,8066 9z.971
L1cC.CC 1224918 140,534 15,806 YL, 95¢
22CC.CC 128,211 ul,4520 19.006¢ Q6. 944
£aCC.CC 123.¢4¢ l4_e299 19,066 9h.931
L4ClaCC 125,982 Tug.t70 V9.861 100.917
€50C.CC 124,525 143,035 1v.%7 102,904
£6CC.CC Tehotd2 143,293 15,867 104,891
¢ycc.cC V24 994 tuse Tl [PCTY 1C6.876
£eCC.CC 125.32¢ T4t ,C9U 1v.867 106,864
s3¢cc,Ce 125,641 Tl 429 v .80k 110. 851
eccc.cCe 125.9517 tuu, 763 15.46¢ 112,638
-74-

THERNODYNAMIC FUNCTIONS OF llfclj(')



S fotorCompany,

AERONUTRONIC DIVISION

T
0

294,14
3cc.cC
4cC.CC
5CC.CC
6cc.CcC
1cc.CC
ECC.CC
3CC.CC
1CCL.CC
11cc.cc
l2cesee
15CC.CC
1cc.cc
15CC.CC
16CC.CC
Y7¢cC.CC
18CC,.0C
19¢C.CC
éCCC.CC
z1cc.0C
¢2LC.0C
243cc.CC
éucC.CC
25CC.CC
26CC.CC
elcC.CC
Zucc.cc
Z9LleCC
iccc.0C
2)cc.cC
$¢CC.CC
as¢cC.CL
2ucc. o0
25ccC.CC
260C.CC
2rcc.cr
ayCcC.CC
29¢C.CC
4oucc.CC
Yicc.cc
u2cCc.nC
w3cc.ocC
4sCC.CC
45CC.CC
k6CC.0C
u7¢C.CC
uwecC.CC
49CC.CC
€ccc.cc
€i1cc.CC
£2CC.CC
s3ccC.cCC
sucC.cCC
L5¢cc.CC
c6CC.CC
€7.C.CC
€4co.CC
£9CC.0C
¢ocC.CC

THERMODYNAMIC FUNCTIONS OF lllCl‘(l)

AWgyey

“(P-H,0 ) /T
298°

s1.cI7?
91.017
91.961
93,768
95.011
§7.415
99, K77
101.79C
13,605
1€5.323
1C¢.95C
1ICE. 491
1€9,952
V0,343
112.066¢
112,929
115,135
116.29C
117,397
116461
115,482
12C. 467
121607
122,338
124.218
124,075
124.,9Cu4
125.7¢5
12¢6. 489
127.2u¢
127.9¢3
12,699
129,356
15C.075
13C.73¢
141.382
132.011
142.62¢
133.227
153,814
V3u,.388
124,95C
135.5CC
V38,038
136,569
137,082
137.5¢9
13¢.087
136,57
139.0¢2
139,523
139,985
14C.b 39
1uC.885
141,323
Wb, 754
W2, 11u
162,555
163,000

s +213.0 KCAL/MOLE

S
o

91.017
91, 164
Yo.131
103.670
104,254
112,160
115,559
118,567
121,264
124,700
129.942
127,598
129904
131.679
135,341
134.902
136,375
137.768
134,.,C90
140, 343
141.5uy
TW2.694
tu3,792
b, 845
WS n57
146,831
7,770
LYY X4
149,550
150.396
151.240
152.C10
152,781
153.529
15u.2%6
154.564
155,652
156,323
156.977
157,604
158,236
158.8044
159,433
160.C14d
160,546
o1, 141
tot, e85
162,217
162,739
163,250
163,752
164,244
166,726
165.200
165,666
1664128
166,572
167,013
1ot uub

-75-

235,753
23,175
24,599
£95.C19
25,258
25.407
25.505
25,512
25.621
25.658
25.686
25.707
25.72%
25.739
25%.750
25.7%9
25.767
25,774
25.780
25,785
25.789
25.793
25.790
25.799
25.802
25,804
25.806
25.808
25.810
25.81
25.813
25.904%
2%.815
2%.810
25.R17
25.818
25.819
25.819
25.820
25.b621
29.821
25.822
25.822
25.8248
25.823
25.824
25.824
25.825
?25.825
25.825
25.826
25.820
25.820
2%.8206
25.827
25.P27
25.821
25.827
25.P28

«Clhi
24,400
4951
Thbe
9.999

12.545
15.099
17,0659
20.223
22.790
25,560
271.932
30.5CS
33.079
35,655
38,231
uc.80¢8
43.3d0
5,964
UB.5u3
S1.122
53,70«
56.281
S5b.861
61,447
64,022
66,603
69, bl
7T1.705
Th, 3406
T6.927
79,509
tz.090
BU, 672
87,254
“9,830
92,418
4,999
97.582
1004 164
102.040
105.32¢
107.91C
110,493
t13.07%
115,.65¢
118.24C
120.b22
1235.40%
125.96¢
128,570
131,153
133,738
136,318
13¢,.901
i he3
et 068
tho, 649




S fptorCompany,

AERONUTRONIC DIVISION
THERMODYNAMIC FUNCTIONS OF llfCl‘/c

o
A"f290 » - 236.88 KCAL/MOLE
T

: (r "29‘)47 s . Cp o “293

{X) ‘cal/-ole x) {cal/mole K) (cal/mole K) (kcal/mole)

TEMP Fry s . ce H
298,15 85,600 85,600 20,793 0.
30C.CO 45,60) 85,778 28,826 0,053
40C,.CO ue 768 54,253 29,942 3.002
$0C.CO e 908 61.008 30.518 6.030
¢0C.CO 51,437 66,600 30,809 9.098
70C.C0 53,952 T1.363 3C.964 12,1880
20C.CO 54,201 91,054 36.2CC 26,282
$0C.CO 62.093 95.317 36.20C 29.902
1€0G.C0 65,610 99,131 36.2CC 33.522
1100.C0 6t.816 102.582 36.20C 37.082
120C.C0 T1.763 105.731 36.20C 40,762
1300.C0 Tu,.u89 108.629 36,20C bh,382
14GC.CO 77.€25 11,312 36.2CC 88.002
150C€.CO 79.395 113,809 36.20C S1.622
160C.CO 81.419 116. 146 36.20C §5.,242
1200.€0 83.7106 118.340 36.,20C 58,862
180C.CO 85,697 120,409 34.2CC 62.482
180C.CO 87.576 122. 367 36.20C 66,102
2CGC.CO 89,262 126,223 36.20C 89.722
210C.C0O 91,065 128.990 36.20C 13.342
«20C.C0 92.69) 127.674 36.2CC 76.96<&
220C.C0O e, 207 129,203 36.20C 80.582
240C.CO 95,739 130.623 36.20C 8ke202
2%00.CC 9r.172 132.301 36.20C 87.822
2¢0C.C0 98.551 133,721 36.20C 9. k2
210C.CO 99.879 135,087 36.20C 95.062
2€CC.CO 101. 160 136. 404 36.2CC 98.6862
2500.0C 102.397 137.676 36.20C 102.302
3C0C.CO 103.59% 138,901 36.2CC 105.922
3100.C0 108,752 14C.083 36.2C0 109.542
320C.C0 105.874 161,238 36.20C 113,162
320¢.C0 106,963 162.351 36.20C 116.762
3400.C0 10e.c20 163.432 36.20C 120,402
3500.C0 1C9.087 Tab b8l 36.20C 124,022
3606C.C0O 11C. 05 W5.501 36.2CC 127,642
3100.C0 .o 146,493 36.20C 131.262
3¢€0C.C0O 111.963 187,458 36.2CC 134.882
360C.CO 112,885 8. 399 36.20C 138.502
8C0C.CO 113,785 149.315 36.2CC 1v2,.122
4i0C.CC 116,662 150,209 36.20C 145,762
420C.C0O 115,519 151.082 36.20C 185,362
8200.C€0 116,356 151.933 36.20C 152.962
440C.CO 1M7.178 152.766 36.20C 156.602
45%0C.CO MNr.o% 153.579 36.20C 160,222
4¢0C.CO 11e.757 154,375 36.2CC 163.842
470C.CO 119,523 155,153 36.200 167.802
4¢CC.CO 120,273 155.915 30.20C V71.082
%90C.CO 121.008 156.6062 36.20C 176,702
5C0C.CO 121,729 157.393 36.2¢C 178,322
$10C.CO 122,635 158. 110 36.20C 181.942
520C€.C0 123.128 156.813 36.,20C 185,562
5400.€0 123.808 159.502 36.20C 189.182
$40C.CO 126075 160. 179 36.2CC 192.802
550C.CO 125,130 160,843 36.20C 196,422
5¢0C.CO 125. 178 161.496 36.20C 200.042
$70C.CO 126 .%006 162.136 36.20C 203.0662
SE0C.CO 127,020 162.766 36.20C 207.282
$%0C.CO 127.639 163,365 36.2CC 21C.902
6€0C.CO 126,239 163.993 36.20C 216,522
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298,15

Jcc.oC

WCC.CC

5CC.CC

oCC.CC

TcC.CC

acc,.cc

.00
1ccc.cC
Hicc.oc
12cc.ccC
13cc.0C
1ucc.ce
15CC.CC
16C0.CC
17CC.CC
I15CC.CC
19¢C.0C
«CCC.CC
<¥tC.CC
e2CC.CC
é3cc.CC
fuCC.CC
€5CC.CC
«6CC.CC
efcc.CC
éeCC.CC
£9CC.LC
2¢cc.cC
21CC.CC
22CC.0C
Is¢C.0C
2uCC.CC
25¢C.0C
26CC.CC
sicc.0C
JelC.CC
29C0.CC
4CCC.CC
Wicc.cC
4eCC.CC
43CC.0C
4ucC.CC
4ycCc.0C
4eCC.CC
u?cC.0C
uweccl.CC
49C0.0C
sccc.CC
€i1cc.0C
£2CC.CC
taC.CC
cucCC.CC
L5CC.CL
€6CC.CC
SICC.CC
secc.cr
t9CC.0C
¢CCC,.CC

THERMODYMAMIC FUNCTIONS OF NIF(p)

. ]
8Her08

-(P-H,,.)/T
298 o

59,3CS
$9.3C
56.62C
6C.c26
EC.90N
61,011
82.285
02,93
63,555
tl,18C
84,685
65.221
65.720
00,190
[T XY 11
67,081
67,494
61.85C
6€.27C
64,635
6e,.9E8
65,324
69,.¢5C
69.965
1C.269
TC.564
7C.H4S
Tve125
71,254
T1.6%5
Ti.9Ce
712.154
72.3%4
12.628
Teaud56
75.07¢
713.26%
71s5.507
75.70W
713.91¢
Tu.
Te.308
Th. 467
fu.603
Tu.86%
75.Ch3
15.218
15.309
75.557
715.723
TS.585
T6.Chk
Te.2CH
Teelhu
7e.5Co
(6.6%4
To.tCH
T6.945
17.c80

= =21 KCAL/MOLE

cal /mole °
59,305
59, 3%
ol.0084
63,553
6. 110
66.Uk2
6T.6C6
oH8.637
069,504
70.405
71174
f1.683
T2e540
74,153
74,726
1,265
T4, 774
715.25%
715.702
Té. 167
To.50610
To.958
77,237
17.701
Io,C514
768,388
4,713
73,026
79.328
19,621
719.9C%
80,179
LYY
80,705
du.95%7
81,201
Bl u3y
gl.067)
sl.698
dz. 118
BZe 334
82.54k
82.749
82,950
CEIRLY
835,339
8s.%27
g3.711
B3.892
Y4 .069
Bhoch2
Ba. kg
Eu.t79
Bu,lu3
Hh oS04
85.C63
tY.2 19
8Y.371
85,521
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(4 wole

T.900
7.924
¥.2606
Hol72
8.600
Ly 1)
o T80
HeTHY
¥.810
¥.832
r. 849
b.863
u.874
Yo P82
u.849
8.89%
b+90C
8.905
H,908
te9 )
be9 4
8.917
Bs.919
#.920
¥.922
Cry YLl
8,925
b.926
t.921
H.928
4.929
5.930
4.93)
8.930
H.932
b.932
v.924
8.933
H.934
be.9354
4,935
4,935
4,935
4,946
8,936
b.93¢
8,936
b.,937
u.937
8.937
v.937
8.938
c.930
8.938
€.938
c.938
g.958
b.938
2,939

<015
<826
1,663
2517
3,382
he253
5,129
6.009
6.491
T.775
d.061)
9.54¥
10. 43¢
1,324
12,213
13.10¢
15.994
LLRY-1-11
15.77%
‘4.660
t7.55¢
16.45C
19,342
2C. 234
21.12¢
22.019
22.911
23.804
28,697
25.589
26.482
27.37%
2¢.20¢
29. 10z
20.055
30.94¢8
31.8481
32,7358
33,028
38.5%2¢
35,805
36.309
37.20¢
38.096
38.949
39,483
40,777
81,670
82,504
L3458
hba351
85,205
e 13y .
87.033
a7.927
sE.H2C
9. 710
50.600




e,

AERONUTRONIC DIVISION
TUERMODYMAMIC FUNCTIONS OF W(F,(s)

Au':”. e -143 KCAL/MOLE
T
: -(r-uz,');r s . c, . ¥y08
B (sol/eole ) (cal/ele ) (col/scls N) _ (kcol/mole)
258,18 65,245 65,245 1¢. 75¢ [
scc.cc 65,245 05, 324 1715 <024
8CC.CC 65.75¢ 69,107 15.499 1.340
5CC.CC 06,742 72,169 13.929 2.7
6CC.CL o7.806 Tho 734 14,185 4121
1cc.cc 66.0Ch T6.536 V4,308 $.5%0
gcc.cC 76,122 Thet63 W.hb6 6,993
9c0.cC 71.19¢C bO.S T4 14,570 8.u4¢
10¢C.CC .. 12.207 824113 14.631 9,906
1ce.ce 73,472 43,510 1W.677 1,371
12¢c.0C 74,087 Hu. 798 W.712 12.841
13CC.CC T4.956 H5.967 1. 78C N
14CC.0C 75,782 47.CoC W. 762 15,789
15¢C.CC 16,565 M CT9 1,760 17.200
16CC.CC 77,318 d9.033 14.795 18, 7u4
1rcc.cc 16,034 H9.931 1u.807 20.225
18cc.cC 76715 90,777 Y. 8?7 21.7006
15CC.CC 76,315 91579 W.826 25,180
zcec.ce ¥0.00u 92.239 14,834 24,671
Z1cc.ce 60,6C$ 95.063 14,840 26,155
z2ec.cC e1.151 93,754 16,846 27.639
c3cc.cC #1.791 bl 16,851 29,124
Zucc.CC 82.292 95,046 14,855 30,609
£5CC.CC 82.615 95,652 14,659 42,095
£6CC.CC £3.32C 96.235 14,862 33,581
Z7CC.CC £3.3¢8 96.796 14,865 35,067
ZECC.CC tu. 282 97,337 14.868 36,554
Z9CC.CC Y 97.859 14.87C 38,041
20CC.CC eS. 187 91,363 14,873 39.52¢
21cC.CC 85,620 94.850 4. 875 41,015
12¢c.0C £6.0u1 99.323 W.AT6 u2.503
2£38C.CC B6.45C 99,781 14.878 43.99¢C
S4€C.0C ¢60.84% 100,225 14.879 uS.47t
15ce.C0 ©7.277 100,656 1. 881 46,966
ascr.cc cl.61¢ 101.C75 Tu.RB82 LB, 455
<7CC.CC £7.985 1ul.ubs 14.883 49,943
28CC.CC £8. 345 101.880 P 51.431
19¢c.cC Er.697 102.¢67 Vu. 885 52.92¢C
ugcc.ce €5.04) 102,643 4. 886 Su.uCt
4icc.oc gs.37¢ 105,011 14.RR7 55,897
w2LC.CC #9.7C7 103,370 T ube 57.386
w3CC.CC 9C.028 103,720 14.889 50.875
wucc.ec 9C. 343 104.062 14.889 60.363
¥5¢C,.CC ¥0.652 104,397 14.890 61.852
46CC.CC 9C. 954 104,724 16,891 63,38
w7cc.cC 91.251 105,045 14.891 6U.430u
ugcc.ce 31541 105,254 14.892 66.32C
49CC.CC 91.6821 105,665 14,892 67.809
LCeC.CC 92.1C6 105.566 W.894 69,294
€1cC.CC 92.38) 106,261 14,893 10.767
€2¢c.0C 92,651 106,550 14.893 12,277
£36C,0C 92.916 Wo. &3k Th. 898 73.766
suCC.CC 9s. 1170 107,112 Th.89% 75.255
£5CC.CC 93.432  _Ju7.386 14,895 To.745
€6CC.0C 92,683 " T107.654 14 .895 TE.234
€ 1CC.0C 95,931 107.908 14,895 79.72%
£ACC.OC Sk dTe 7 108,077 14.896 81.213
£6¢C.CC ho ke 106,431 14.896 62.703
€cCc.CC U, 06U 106,682 14.896 84,193
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T
°x)

THERMODYNAMIC FUNCTIONS OF Ilf!'](l)

s 0
>‘uf29.

“(F-Hygq)/T
(cal/mole K

24r, 1%
jce.cc
“wCC, L0
SeC.CC
oLC.0C
fec.cc
ECC.CC
9cC.CC
16cC.CC
t1cc.cC
12cc.CC
1sccC.cC
wee.ce
15¢cC.CC
jecC.CL
17cc.cc
14cc,uC
15CC.MC
zCLc.cce
cV1CC.CC
«2LC.0L
icc.cc
z4CCLCC
e5CC.LC
26CC.LL
érCC.CC
ckCC.CC
c9LC.CC
20LC.0C
£1CC.C
22CC.CC
asrc.cc
uLCL.0C
£5CCc.CC
i6CC.CC
s1CC.CC
inC0. 00
29¢C.CC
40CC.CC
LICC.CC
42CC.CC
L3CC.CC
WucC.CC
45CC.CC
LoCC.CC
WiCC.cCC
4eCC.0C
“3iCC.CC
SCLC.CC
cicc.ce
£20c.cC
€sCc.CC
£4CG,0C
£50C.0¢C
teCc.CC
s?cc.CC
LdCC.0C
t9CC.CC
¢cCC.CC

1.0
17.C11
17,6117
1,969
B8C.hikd
el. 945
BT
tu,ule
to. 172
PT.04E
Et.06C
+S.8101]
9C.908
Yl.94¢8
LT 1P
4. 852
Y4, 8CC
GS.611
96,507
Gl.51C
Gb 0K
9t .bIE
9Y.546
1CC.24C
1CC.912
1C1.56)
102,191
1C2.5C)
1C3. 394
1C3.97C
104.529
1C5.074
1C9.,604
1Co.l21
1C¢.624
1C7.416
1C7.595
1ICP.Ce3
10£.521
ICe.96¢t
1Cy.4Ce
1C9.834
110.254
11C.664
MY, u67
1M1.4e1
111.8ue
112.22¢
1z.6CC
112.9¢6
113.325
114,077
114,024
1lu, 365
Vis.7CC
115,026
115,352
Hs.672
115.986

= -280 KCAL/MOLE

H

[}
[ 1YY

7.0
17,114
Be 037
Ho6,048
d9.470
Yse 396
4.953
9r.226
99,271
101,128
102.83C
104, 399
10y, 54
107,211
ot JuH2
109,677
1v.205
1i1.673
112,688
1i4.8651
Mu, 771
1. 050
116,093
117.201
HNb.C78
116,825
119,540
120,242
120.5 1%
121. 564
lez. 193
122.£803
125,395
125.57C
124,529
125.C73
125.602
126,117
126,¢€20
127.11C
127,560
126,055
128,511
128,558
129,394
129,821
130.239
130,648
131,049
130,402
131,828
132,206
132.57¢
152,942
133.299
155,651
153,996
134,330
154,670
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cal /mole °

16.575
10,602
1/.720
19,.28)
Te.T89
19,054
19,234
19,362
19,455
19,82
19,579
19,6¢1
19,655
19,602
19,705
19,724
19,740
19,753
19,705
19,774
19,703
19.791
19,797
19,403
19.8C8
19.813
19.817
19,821
19.824
19,827
19.830
19,832
19,835
19,837
19.839
19.84C
19,8462
19.P44
19.845
19,846
19,847
1. 849
19.850
19.851
19.852
19,852
19,852
19,854
19.85%
19.8%5
19.85¢6
19,857
19.857
19.85¢€
19.85¢8
19.859
19.859
19.860
19.860

“t
kcal /mole

0

«C31
1.752
3.560
S.420
7.313
9.22v4
11,154
13.C99
1Y.048
17.003
18,963
20,927
22894
24,1364
26.83%
28,408
3C.783
32,759
3,730
36.704
3b.69:
uG.672
42.052
uh,032
4o.010s
Lt,.595
50.577
52.559
Su.541
S56.524
58,507
6C.u91
bz kTl
6L 45
b 4L2
68.420
7C.4100
72.395%
T4.379
Téos0u4
76,349
80.334
42.519
B4 304
86.289
8b.2T4
90.2060
92.245
94,231
96.216
98,202
100. 1388
102,173
104,159
106. 145
108.131)
Hic. 147
112,103




R s s e

e it Company.

AERONUTRONIC DIVISION

(]
Auu“ = +410.0 KCAL/MOLE
T
: -(r-u,,.):r s . c’ . Haog
e (cplfmole ) (calfmole X)) (col/mls X)  (kcal/sole)
25k, 1°¢ g1, 719 ul . 719 21,%26 0
LC,CC rl, 715 bl E52 21.502 «040
4cc.ccC t2.5e6 b 279 25,048 e 21
scc.cc By, 288 93,523 23,904 4,029
M ¥ et ks 40,938 PATLLE] T.C49
1ce.cc teolul 101,729 24,765 9.511
ev(0,.CC $C.051) 105, G54 25.CH7 12,02
»CC,L.CC Sl.HEe 1cd.cd 25,181 14,513
lycc,.cC v3,643 1c. 070 24%.300 17.C37
1ce.cc 95.254 113.086 2%.39C 19,372
12€C.0C S6.81C 115,298 25,459 22.11%
14cc.cC 9E ., 347 112,338 25.513 26,0663
18CC,0C 19,.76C 119,231 25,557 27.2417
15CC.CC 101,166 120,995 25,592 29.774
lece,.cc 1C2.426 1224640 25,620 32,33
17cc.CC 103,674 1260202 25,645 34,4998
TevC.CC 106,859 125.¢ 60 25,865 37,463
16¢C.CC 105.987 127.C50 25,682 uC,031
<cecc.ce 1C7.07u 126,274 25.697 42,60C
2100,9C 1Cra b 179,628 25.709 45,170
22cc,cC €9, 124 150. b2k 25.7:0 W7,742
¢3¢C,.CC 11C.092 131,568 25,7130 5C.314
«4CC.CC 111,027 133.C63 25,738 S52.b87
«5CC.CC 111,926 136, 0 14 25.74¢ SYH. 462
60, CC 112,6C2 135, 124 25.752 5e.03817
c7cc.CC 112.6u7 130,096 25.75¢ 60.612
«dCC.CC 116,668 137.C33 25.763 63.1u8
29(C.CC 114,289 157,937 25,766 65,765
2CCL.CC 110.03C 158.#10 25.772 68, 5U¢
21cc.CC 116.7T¢ 159,655 29.776 70.919
24CC.CC 117.5Ce Va0 474 25.76C Ta.497
i3c.CC e, 204 ut, 267 25,7483 76.075
wee.cc 1IE. 904 1u2.,C37 25,766 Te. 654
29CC.0C 116,57¢ 162.784 25,769 8l1.282
46CC.CC 12€,2 4C 135.501 29,791 83.811
27¢cC.CC 12C. 069 Tuu, 218 25.793 E6.39C
2¥(C.CC 121,492 e.900 25.79% 864970
240LC.CC 122.1C 145,576 25.7917 91.5%¢C
uCcC,.CC 122.69¢ 16,229 25.799 9. 129
slcc.cc 123,278 lub. 66 25.801 96.7CY
ue(C,.CC 123. 6417 . 486 25.802 9v.289
43CC.CC 124,400 148,095 25.804 101.870
ueCC.CC 126,949 14t.6db 25.405 104,450
4S5cC.CC 125.483 149.268 25.800 107.031
46CC.CC 126.0C6 T49,t35 ?25.807 109.601
47cC.CC 126.519 150. 3490 25.809 12.192
48CC.CC 127.022 150.933 25.810 U, 773
49C0.CC 127.51¢ 151,486 25.811) 117.354
&cLc.CC 12¢.00C 151.987 25.811% 119,935
€1CC.CC 128,475 19%.498 25.8012 122,516
c2cc.cC 122,982 152,999 25.813 125.C98
£3C0.0C 129,401 153,491 25.8104 V27.679
€ucC.CC 129,051 153,974 24%.815 13C,261
£5CC.0C 130.29¢ 15k b7 25.815 132,84¢
ceCC.CC Vic.73C 154,313 2%.8100 135,424
€TCC.CC 150,158 155,269 25.8117 138,005
sEcC.CC 131,579 155.¢k18 25.817 4G, 587
€9CC,.0C 131,954 156.260 2%5.818 163,109
eccc.ce 132.4C2 156,694 25.818 145,750
-80-
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Mlum"y,

AERONUTRONIC DIVISION

THERMODYNAXIC FUNCTIONS OF Ilf'l‘/c
o 4
Aun“ -461.4 KCAL/MOLE

“(F~ T
: (F Nz”):f s . Cp ll“.
(k) ( .al/mole X) ‘ca“-ole k) __(csl/mole °“ {kcgl/mole)
298,15 31.500 31,500 25.401 (]
300.00 31.500 3l.657 25,423 <047
400.00 32.511 39,127 26,593 2,606
$C0.00 34,457 45,169 271.636 5.35%6
600,00 36,681 $C.302 20,701 #1773
700.00 38,955 54,0806 29.757 11.096
800.00 4lo19) 58,8408 30.809 14s126
9C0,.00 43,362 v o937 31.858 17.258
1000.00 €5.452 65.948 32.90% 20,696
1100.00 “7.462 69,133 33,952 23.839
12€0.00 ©9.39% 12.132 34,997 27.286
1300.00 52.410 9C.030 36,200 48.906
14C0.00 55,194 92.713 36.200 52.526
1500.00 57,1780 95,210 36.200 56.1406
1600.00 60.19) 97.5417 36.200 %9.76¢
1700.00 62,455 99,741 36,200 63.386
1800.00 64,585 101.810 36.200 671.006
1900.00 664596 103,768 36.200 70,626
2000.00 68,501 105.624 36,200 14,246
2100.,00 70.311 107.391 36.200 77,866
2200.00 12,035 109.075 36.200 81,486
2300.00 73,681 11C.684 36.200 85,106
2400,00 15.255 112.224 36,200 88,726
25C0.00 T6.764 113.702 36,200 92,346
26C0,.00 78.212 115.122 36,200 95,966
2700.00 719.606 116.488 36,200 99,586
2800,00 80.945 117.805 36,200 103,206
2900.00 82.238 115.075 36,200 106,826
3000.00 83,487 120,302 36,200 110.446
3100.90 84.694 121.489 36,200 114,066
3200.00 85,862 122.638 36.200 117.686
3300.00 86.993 123,752 36.200 121.306
24CU.00 88.C90 124.833 36,200 124.926
35¢0.00 89.155 125.882 36.200 128.546
3600,0C 90.189 126,902 36,200 132,166
3700.00 91.195 127.894 36.200 135.786
3800.00 92.174 128.859 36.200 139,406
39G0.00 93,126 129,800 36.200 143,026
40C0.00 94,055 13¢,716 36,200 146,640
4l140.00 94.560 131.610 36,200 150.266
42C€0.00 95,843 132,482 36.200 153.886
43G0.00 96.10% 133,334 36,200 157.506
4400,00 97.547 134,167 36,200 161,126
4500.00 98.370 134,980 36.200 164,746
4600,00 99,174 135,776 36,200 168.366
«7¢0.00 99,961 136.554 36,200 171,986
«800.,00 100,732 137.316 36.200 175.606
«900.00 101,486 138.063 36,200 1719.226
50C0.00 102,225 138.794 36,200 182.846
$100.00 102,949 139,511 36,200 186,466
5200.00 103,659 140,214 36,200 190,086
5300.00 104.355 140,903 36.200 193,706
5400,.00 105,038 141,580 36,200 197.326
$500.00 105,709 162,264 36,200 200,946
56UU .00 106,367 142.897 36.200 204,566
$7G0.00 107.01) 163,537 36,200 208.186
58C0.00 107,649 les. 167 36.200 211.806
5900.M0 108.273 164,786 36.200 215,426
¢000.00 108,886 1645.39¢ 36,200 219,046
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T
]

298.19

300,00

40J.0V

50J.00

60J.00

700,00

802,00

902.00
1003.00
1125.00
1203.00
1303.00
1402.00
1500.00
1662.00
179%.00
1800.09
1303.00
2002.00
2100.00
2203.00
2302.09
2407.00
2502.00
2600.00
270J.00
2807,00
2902.00
3009%.00
3100.00
3200.00
33100.0V
3640)0.00
3500.00
3600.00
3730.00
3803.00
$9J2.00
400).00
412).00
4202.00
430).00
4400.00
4503.00
©602.00
«707.00
©802.00
4902.00C
5002.00
5103.00
5230.00
5302.00
5403.00
$500.00
$600.00
5705.00
9892.00
$902.00
6002,.,00

'Y
Alln” * -59.0 XCAL/MOLE
(r- T
(r u”.);'l‘ s . cp Hios
‘ K) ‘cnl‘lolc x) ‘cu;‘nolc 5] ‘c:l‘-olc °KI ‘kc‘l‘uoloi
$3.214 68.216 12,792 9
58,216 68.293 12.8)6 11
54,725 72.070 13.639 1.338
$9,708 15.116 13.8¢8 2.70
10,828 17,6066 16,117 4,13
T1.96% 719.857 164,299 5.525
713,074 Bl.775 16,027 5.9%1
Te, L 3?7 83,489 14.519 3,629
15.149 85,014 164,537 J.854
16.110 86,407 14.639 11.326
17.022 87,682 14,690 12.792
17.488 48,858 14.711 16,251
18,711 89,950 14,737 15.73¢
719.495 90.967 L6.758 17.239
30,242 91.920 14.775 18.535
80,955 92.816 14,79 2J.154
41.638 93,662 14.8)2 2l.6¢3
82,292 94,463 14.812 23.124
82.920 95.222 le.821 204535
83,923 95. 946 14.828 26,098
84,103 96,636 14.835 27.571
94,663 97.29% 14.8%61 29,335
3%.202 97.927 14.8%% 3J.539
95.724 98.533 14.85) 32,324
836,228 99.116 14.85¢ 33.539
96.715 99.676 14,858 36,995
37.148 100,217 14.851 35.%31
81,666 100,738 14.85¢ 37.957
98.091 Jle262 14,857 37,654
88.523 101,739 14,859 €). 340
88.943 102,202 14.871 62.627
39,352 102,660 l4.873 63,315
99,750 103,10¢ 14.875 45.0J2
99,138 103,535 14.875 45,890
30.516 103,954 14.81718 €8.377
30.88¢4 104,362 14,873 49,855
Il 264 104,758 14,881 51,353
71.596 105,145 14.882 52.8%1
21.939 105,522 14.893 56.330
32.275 105.889 14.89¢6 55,818
32.60)3 106,248 14.885 57.3J6
22.925 106.598 14.886 58,735
33.240 106,940 14.837 $),233
93.548 107,275 14.837 61,772
93.850 107,622 14,838 63,251
Y6.166 107.922 L4.639 66,750
6,436 108.236 14.839 65,239
6,721 108,543 14.89) 57,728
95,000 108,846 14,830 67,217
75,275 109.138 16,831 7,136
95.54% 109,428 14.822 12,125
25,809 109.711 14.832 73,536
36.069 109,990 14.832 15.173
96,326 110,263 14,893 76,653
36.576 110,531 14.893 78.152
36.823 110,795 le.89¢ 19.561
37.066 111,056 14.89%6 8t.131
97,305 111.3%8 14. 8% 82.56290
IT1.561 111,559 16,835 86,129
-82-

THERMODYNAMIC FUNCTIONS OF HfOC1(g)




StrafptorCompany,

AERONUTRONIC DIVISION

o
Auu” = -109.0 KCALMOLE
(P~ T
: (F-Hyge)/T S % . 208
‘ K) ‘ﬂ“ﬁl‘ K) ‘cal‘-op K) ‘cnl‘mlc H ‘Eiluglﬂ

298.15 $5,760 65,760 12,238 b ]
302.00 45,760 65,035 12,223 .23
402.00 $6.250 69,669 13,026 1.2%8
$02.00 $7.200 T2.437 13,552 2.518
60J.00 68,286 T4.940 13.898 3,992

102,00 69,393 77.101 16,132 5.33%¢
802.00 10.479 78.999 164,29 5,916
90).00 71.522 80,690 14,613 8,252
1003,00 12.516 82,214 14,52 3,628
1102.00 73,461 83.599 14.5587 11.151
1200.00 764,360 84,869 14,618 12.511
1303.00 75.214 86,040 14.659 14,2715
16400.00 16,026 87.128 164,632 15.5¢2
1500.00 76,4801 88,143 14,718 17.21)
1600.00 17.540 89,093 14.76) 18,436
1700.00 718,246 89.987 14,758 19,951
1803.00 18.922 90,831 14.774 21.637
1902.00C 19.570 91.631 14.787 22,715
2000.00 80.192 92.389 14.739 26.395
2192,00 9C,. 790 93.112 14,838 25.8175
2203.00 81,366 93,801 14,816 27,356
2302,00 81.921 94,459 14.82¢ 28,838
2400,.00 92,457 95,090 14,830 3d.321
2502.00 32.974 95,696 14,836 31.9%¢
260J.00 33,475 96,278 14.861 33,239
2700.00 83,959 96.838 14,845 36,772
2800.,00 84,429 7.378 14.85) 36,2517
2900.00 94,885 97.899 14,853 37.7¢2
3003.00 85.327 98.403 14,857 39,228
3100.00 85.757 98.890 14,852 ©l). 714
3200.00 86,174 99,362 14.852 ©2,2)0
3302.00 36,581 99.819 14,855 €3.5%6
3402.00 36,977 100,263 14,857 65.173
3500.00 87,363 100,69« 14.859 66,5539
3607.00 B7.739 101.113 14.871 €8,1%5
$707.00 B8, 106 101.520 164,873 9,936
3802.00 96,464 101.917 16.87¢ Sie.121
3900.00 88.814 102,303 14,876 52.5)8
4003.00 99,156 102.680 164.877 $56.2036
©133.00 99,490 103.067 le.878 55,534
4©202.00 99.817 103,426 14.83) $7.2372
4300,.00 90.137 103,756 14,0881 $8.5%0
©400.00 30,451 104,098 164.032 6J.948
©507.00 90,758 106,633 164.83) 61.536
460).00 71.0%9 104.760 14.89%¢ 63,226
©702.00 71,354 105.080 14,895 66,513
480),.00 F1.643 105.393 16,085 65.321
©902.00 I1.927 105.700 164,885 $7.4390
5003.00 92.205 106.001 16,0887 68.979
$100.00 72.479 106,296 14.887 72.657
5203.00 92.747 106.585 14,838 T1.956
$302.00 23,011 106.868 14,899 73,445
$609.00 23,270 107,147 14,0983 76,9334
5500 .00 93,525 107.420 164,830 15,423
5602.00 ?3.77S 107.688 16,890 T7.912
$709.00 96.022 107.952 16,871 79.421
5802.00 74,264 108,211 16,0791 02,890
$902.00 74,503 108.465 14.892 02.379
6009.00 %4.737 108.716 164,832 83,068
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T
o,

296,15
30,00
4C0.00
500.00
6C0,00
7¢0.00
800,00
9€0.00
10¢0,00
1100 .00
12€0,0C
13C0,00
1400.00
1500.00
16CC.00
17€0,00
1800,00
1900.00
20€0.00
21€0.00
2200.00
2300,0C
2400.0C
25C0.00
2600.00
2100,00
28C0.00
29€0.00
2000,00
2100.00
32€0.00
3300.00
24€0.0C
250,00
36C0,00
37C0.0C
28€0.00
3900,00
40C0.00
«1C0.00
«200,00
4300.00
«4C0,.00
450,00
46C0.00
4700.00
«8€0.00
4900.00
£0C0.00
100,00
52€0.00
£300.00
£4C0,.00
£5C0.00
56C0.00
$7C0.0C
$8Cv,.00
€9C0.00
¢0C0.00

THERMODYNAMIC FUNCTIONS OF Ilﬂtlz(l)

= +149 KCAL/MOLR

L

0
ANires
-(r-uz,.)/f s
[.)
79.282 76,282
19,202 19.387
79.965 84.44)
81.282 80.525
82.781 91.941
84.304 94,873
85.709 97,439
87.21) 99,718
88.567 101.767
89.653 103.628
91.C73 105,331
92.231 106.902
93.332 108.3%9
%4319 109,717
95.378 110,989
96.332 112,184
97,264 113,313
96.118 114,381
98.557 115.39%
99.763 116,360
100.538 117,260
101.285 118.160
102.€06 119,003
102.702 119.811
103.37% 12€,588
104,027 121.336
104.656 122,057
105.270 122,152
105,864 123.424
106,441 124.074
107.002 124,704
107,548 125.314
108.C79 125.906
108. 596 126,482
109.101 127.040
109.593 127.584
110.C74 128.113
110, 543 128.629
111.001 129.131
111.450 125.621
111.888 13€.100
112,317 13C.567
112. 137 131,023
113,148 131,669
113.551 131.90%
113.946 132,332
114334 132.750
114,714 133.160
115.087 133,561
115.453 133.954
115,012 134,340
116.16% 134,718
116.512 135,009
116854 135.453
117,109 135,811
117.519 136.163
117.043 136.508
118.162 136,060
118,477 137.181
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C
[

[ ]
17.07%
17.097
18.010
18,557
18.903
19.133
19.292
19.40%
19.489
19.552
19.60)
19.640
19.671
19. 696
19. 717
19.736
19.749
19.761
19.772
19.781
19.789
19.796
19.802
19.808
19.812
19.817
19.821
19.824
19.827
19.830
19.83)
19.835
19.837
19.839
19.0¢1
19.862
19.844
19.865
19,847
19.848
19.849
19.850
19.851
19,852
19.8%)3
19,854
19,854
19.85%
19,856
19,856
19.857
19,658
19,858
19.859
19.8%9
19,860
19,860
19,860
19,861

T
%298
kea )l /mo
]
«032
1.794
3622
5.496
7.3%
9,320
11.2%%
13,200
15,152
17.110
19.072
21.038
23.006
24.917
26,950
28,924
30.899
32,876
34, 854
36,832
38.811
40, 791
42.7172
44,753
66.736
48,716
50.698
52,601
S54.664
56,647
58,630
60,614
62,598
64,582
66,566
68.550
70.535
12.519
74,504
T6.489
18,474
80,459
82,446
84,429
86.615
88,400
90. 386
92.371
9%.357
964342
98,328
100.31¢
102,300
104.20806
106.272
108.258
110,244
112.230




>

Shra/fotor’Company,

AERONUTRONIC DIVISION

(]
AII‘290 = <248 KCAL/MOLE
“(F- T
: (P-Hygq) /T s % CL
LK (calfmole k) (cal/mole K) _(calimole k) _ (kcal/mole)
298.15 764,253 14.25%)3 15.718 ]
3C0.00 T4 .25 764,351 15.749 «029
4C0.00 14,889 18.079 17.C81 1.676
5€0.00 16,129 82.986 17.902 3428
600,00 17,9595 86,300 18,424 $.247
1C0.0C 79,014 #9.167 18,769 T.107
8C0.00 80, 444 91.690 19.007 8.997
9C0.00 81.82) 23.939 19.177 10.906
10C0 .00 83,136 95,966 19.302 12.831
1160.00 84,387 97.811 19.397 16.766
12€0,0C 85,577 99.502 19.470 16.709
13¢0 .00 66,709 101,062 19.528 18.65%9
1400.0C 871,187 102.511 19,574 20.615
1500 .00 88.b14 103.863 19.611 22.576
16€CQ0.0C 89,794 105.130 17,642 26.537
17C0.0C 90,732 106,321 19.668 26,502
18C€0.00 9l.629 10T.446 19.690 28,470
1900 .00 92.490 108,511 19.708 30.440
20C€0.00 93,317 109.522 19.724 32,411
21€0.00 Qb ltl 11C. 485 19.737 364,385
¢2C0.00 94,877 111.4604 19.749 36,359
23C0.0C 95,615 112.282 19.760 38.334
24C0.0C 96,327 113.123 19.769 40,311
25C0,00 97.€C1% 113.930 19.777 42,288
26C0.00 97.£8C 114,706 19.784 46,266
27¢0.00 98.325 115.453 19,790 406 + 265
28C0.0C 98,949 116,172 19.796 48,224
29C0.,0C 99.655 11¢.867 19.801 50,204
320C€0,00 100,144 117.538 19.806 52.184
31€0.00 100.715 118.188 19.810 S4.165
22C¢0.0C 101.271 118.817 19.814 56.146
33C0.,00 101,812 116.427 19.817 58.128
24C0,00 102.339 120.018 19.820 60,110
35€0.00 102,052 120.593 19.823 62.092
2600.0¢C 103,353 121.151 19.826 64,074
37¢0.,00 103,841 121.69% 19.828 66,057
38C0.00 104.318 122,223 19.831 68,040
3900 .00 104,784 122.739 19.833 10,023
40C0.00 105.239 123,241 19,835 72.0086
41C0,00 105,684 123.730 19.836 73.990
42C0.,00 106,120 124,208 19.838 75.974
4300,00 106,546 124,675 19.840 77,958
4©400,00 106,963 125.131 19.841 79.962
4500.00 107.372 125.577 19.842 81.926
46C0.00 107,172 126.013 19.844 83.910
41700,00 108.165 126.440 19,865 85.895
48C0.00 108.55C 126.858 19.8466 87.879
49C0.0C 108.928 127.2617 19.847 89,864
€0C0.00 109,299 127.668 19.848 91.840
$51C0.00 109.663 126,061 19.849 931.833
€2C€0,.00 110.€20 1208.447 19.08%0 95,818
€3C0.0C 110,371 128.825 19.851 97.803
£4C0,00 1o, 717 129.19¢6 19.851 99.788
55C€0.00 111.656 129.560 19.852 101.774
£6C0.00 111.389 129.918 19.853 103.759
£700.00 111.718 130.269 19. 854 105,744
£8C0,00 112.C40 130.614 19.8%¢ 107.730
£900.00 112,358 13C.954 19.8%5 109.715%
¢0C0,00 112.¢171 13l1.288 19.0855% 111. 700
-85.
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M»&»Wny,

AERONUTRONIC DIVISION
THERMODYNAMIC FUNCTIONS OF llﬂzlc

o
A"tzoe = +74.2 KCAL/MOLE
T
: (r H298)/: S o Cp o "290
{(“K) (cal/mole K) ‘cal/-olo x) ‘cal‘-ole X ‘kul‘mlq
294,15 9,950 9.950 9.3 0
303.00 9,950 10.008 9,601 o7
400,00 10,393 13,499 164,355 1242
50,20 11,366 16,973 16,615 2804
60%.00 12,568 20.120 17.831 0.532
70J.00 13.851 22.928 18.55¢ 5,354
800,00 15,1645 25.637 19.015 8,234
90).00 16,416 27.696 19,322 13,152
1002.00 17,648 29.743 19.535% 12.335
110J%.00 18,836 31.613 19.636 16.257
120J.00 19,971 33,331 19,736 15,931
1303.00 21.061 34,318 19.873 19,314
140,20 22,104 36,393 19.93) 20,25
- ' 1500.00 23.103 37.770 19.971 22,2))
160J.00 . 24,060 39,060 20,031 23.999
1700.00 24,379 40,273 20,022 25.930
180J.00 2%.86% al.417? 20.033 28.9)2
1930.00 26,708 42.501 20,033 3).0)6
2000.00 27.524 43,529 20,061 32,910
2100.00 28,309 44,508 20,14 36,17
220J.00 29,067 45,445 29,167 35,931
' 2302.00 29,799 46,343 20.23) 34,.J5¢
' 2403.00 30.506 47,205 20.29) 63,211
2500.00 31,191 ©8.035 20.35% “2.139
2603.00 31,854 48.834 20,420 be.168
27109.00 32,497 49,6006 20,433 45.123
2800,.00 33,122 $0.352 20,55 43,245
2903.00 33, 728 51.07¢ 20.6)9 52.30
3002.00 34,318 S1.774 20.672 52.357
3100.00 34,892 52.453 20,735 S54.437
320,00 35,452 53,112 20,738 56,514
3300.00 35.997 53,753 20.851 58,597
3400.00 36.528 54,3717 20.92¢ 6%.536
! 3500.00 37.047 $54,.98¢ 20,997 62.731
3600.00 37.720 63,276 21.020 I.231)
3702.00 38.413 63,651 21.02) 33,331
3802.00 39,085 64.211 21.03) I5.431
3300.00 39.736 64.757 21.02) 97.531
40vJ.00 40,368 65.288 21.00 93.531
4100.00 40,982 6©5.807 21.03) 191.79)
4202.00 «1.579 66,313 21.0)2 103.9831
©300.00 42.160 66.807 21.0)) 135,.93)
“60J.00 €2.726 67,290 21.029 138.231
4500.00 e3.2mn 67.762 21.03) 112.131
460,00 ©3.814 68,223 21.02) 112.231
4100.00 44.339 68,675 21.02) 116,331
4800.00 44.850 69.117 21,020 116,631
©900.00 ©5.350 69.550 21.032 118,531
500%.00 45.638 69.974 21.00) 122.531
5102.00 46,315 70.390 21.00) 122.731
5200.00 46,782 70.798 21.0 126,831
$30J.00 €7.239 71.198 21.0)) 125.931
5602.00 47,0687 71.%91 21.02 129,231
5%02.00 48,125 T1.976 21.03) 131.131
5602.00 48.554 72.354 21.02) 133.231
2709.00 ©8,.975 - 12.726 21.020 135,331
5802.00 69,388 73.091 21.022 137.43)1
$902.00 49.792 73,450 21.02) 133.531
6000 .00 50.190 73.803 21.0390 161.581
-86-~
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o

296.15

300,00

4(0.00

%00.00

600,00

100.00

8C0.00

900.00
1000.00
1100.00
12€0.00
1300.00
14C0.00
1500.00
16Cv.00
17€0.00
18€0.00
1900.00
2000.0C
21C0.00
2200,0C
2300.00
24C0.00
25C0.00
2600.00
2700.00
268C0.00
29€0.00
30C0.00
31C0.00
32€0.00
313€0.00
24C0.00
35C0.00
3600.00
37C0.00
38C0.00
29¢0.00
40C0.00
41CC.00
42C0.00
«300.00
4400.00
4500.00
4600.00
47C0.00
«8C0.00
49C0.00
£000.00
51C0.00
£2C0.00
$3C0.00
5400.00
€500.00
5600.00
$7C0.00
58C0.00
$9C0.00

THERMODYNAMIC FUNCTIONS OF HfC/c

o

£.HOygq = 46.7 KCALMOLE

. T

(F-Hyge) /T s, % . Hy98

LK) (cal/mole K) (cal/mole K) (cal/mole K)  (kcpl/mole)

10,900 10.900 9. 167 )
10.900 10.957 9,156 .017
11.264 13.639 7.507 . 950
11.961 15.797 7.840 1.918
12.756 17.619 10.165 2.918
13.567 19.211 10.487 3,951
14,363 2€.632 10.806 $.015
15,132 21.923 11.125 6112
15.871 23.111 11,662 7.240
16.580 26.217 11.760 8,400
17.260 25.254 12,077 9.592
17,913 26.233 12.39¢ 10.816
18,541 21.1063 12.710 12.071
19.146 28.051 13,027 13.358
19.729 268,901 13.343 14.676
20,293 29.720 13,659 16.026
20,838 3¢.510 13.976 17,408
21.366 31,274 14.292 18.821
21.882 32.015 14,608 20,266
22.381 32,728 14.610 21,721
22.867 31,407 14,5610 23.188
23.340 34,057 14.610 24.669
23,799 34.678 14.610 26.110
24,246 35,275 16.610 27,571
24,682 35.848 14.610 29.032
25.105 36.399 14.610 30,493
25.518 3€.931 14,610 31.954
25.921 37.443 14.610 33,415
26,313 37.939 14,610 3.876
26.69 38.418 14.610 36,347
21.c70 38.862 14.610 37.798
27.434 39,331 14.610 39.259
27,791 39.767 14.610 %0.720
28.139 40.191 14.610 «2.181
28,479 40.602 14.610 43,662
28,813 41.003 14.610 45,102
29.138 41.392 14.610 46,564
29.458 «1.772 14.610 48.025
29,1770 42.162 14.610 49,486
30.¢76 42,502 14.610 50.947
30,424 47,856 14.810 73.208
30.833 «8.198 14.610 74.669
31.232 48.53¢ 14.610 76.130
31.620 48,862 14.610 77.591
31.998 49.184 14.610 19.052
32,367 49,498 14.610 80.513
32,721 49,805 14.610 81.974
33,C19 5C.107 14.610 83.435
33.42) 5C. 402 14.610 8¢.896
33.758 50,691 16,610 86.357
34.C87 50,975 14.610 87.8186
34,400 51,253 14.610 89.279
34.722 51.526 14.610 90. 740
35.030 51.79 14.610 92.201
35.332 52,058 14.610 93.662
35.628 52,316 16.610 95.123
35.918 52.570 14.610 96.584
36.202 52,820 14.610 98.045
36.481 53,066 14.610 99.506

€0C0.00
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2,18

300.00

400.00

500.00

600.00

1€0.00

800.00

9C0.00
1000.00
1100.00
1200.00
13€0.00
14€G.00
1500.00
1600.00
1700.00
18C0.00
1900.00
2000,00
2100.00
22€0.00
23L0.00
24C0.00
25C0.00
2600.00
27v0.00
26C0.00
29C0.00
1000.00
3100.00
3260.00
1300.00
14C0.00
35C0.00
3600.00
27C0.00
38C0.00
319C0,00
4©000,00
4100.00
42C0,00
4300.00
400,00
«5C0,00
«600.00
4700.00
4800.00
4900.00
$000.00
$100,00
$200,.,00
$300,00
54C0.00
$5C0.00
5600.00
$700.00
$800.00
$9C0.00
€000.00

THERMODYNAMIC FUNCTIONS OF MEN/c

. ]
LHea98

-(F-H
'wol

)T
2987

10.910
10.910
11.32¢
12.113
13.C06
13,912
164,793
15.644
16,455
17.228
17.966
18,670
19,344
19,990
20.610
21,206
21,1780
22,335
22.871
23.389
23,892
26,379
24,851
25,309
25.755
26,187
26,607
27.016
27.414
27.802
28.180
28,549
28,908
29.2%9
29,630
30.C99
30.5%5¢4
30.995
31,423
31.840
32.244
32.638
33,021
33,39
33,759
6o lls
34.460
34.799
35.130
35,454
35,770
36.C80
36.383
36.680
36,9171
37.2%
37.53%6
37,811
38.080

= -88.24 KCAL/MOLE

10,910
10,979
14,020
1€.437
10.4%¢
20.195%
21.732
23.114
i4e374
29.53%
26.614
27.624
28,575
29.476
30,333
31.151
31.935
32.688
33,414
34.110
34,774
35,408
36.016
36,598
37.1%58
37.696
38,215
3e.716
36,200
39,660
40.121
«C,.560
«C.986
41.400
46,802
47.193
47.573
47,944
«8,.30%
43.658
49.001
©9.337
49.665
49.986
$0.300
50.606
50,907
51.201
51.489
51.772
52,049
52.321
52.568
52.850
$3.107
53.39%9
53.607
53.451
54.091

-88-

C
L
e

10,497
10,462
10,747
10.95)
11.181
11.405
11.620
11,049
12,069
12,290
12,509
12,729
12,948
13,168
13.387
13.606
13,829
14,066
14,263
14,270
14.270
14.270
14,270
14,270
14,270
14,270
16,270
14,270
14,270
14.270
14,270
14.270
14,270
14.270
14,270
14.270
14.270
14,270
14,270
164,270
14.270
14,270
14,270
14,270
14,270
14,270
164.270
14.270
14.270
14.270
14,270
14,270
16,270
16,270
14,270
14,270
14,270
14.270
14.270

T
Hr08
Cal/moie

[}

019
1.079
2.162
3,269
4,390
5.5%0
60724
7.920
9.134
10.317
11.639
12.923
16,229
15.557
16.906
18,278
19,671
21.087
22514
23,961
25.368
264795
28,222
29.6649
31.076
32.50)
33.930
35.357
36,786
38,211
39.638
©1.065
42,492
61,819
63.246
64,673
66.100
67,527
68,.95¢
T70.381
71.808
73,235
T6,662
76,089
17.%16
T8.963
80.370
81.797
83.22¢
864.651
86,078
87,508
88.932
90,359
9.786
93.213
9 .640
9%.067




AERONUTRONIC DIVISION

10.

11.

12.

13.

REFERENCES
JANAF Interim Thermochemical Tables, The Dow Chemical Company,
Midland, Michigan, December 31, 1960.
Aeronutronic Publications Numbered U-1835, C-1960, Vol. I, and U-2045.

Stull, D. R. and Sinke, G. C., Thermodynamic Properties of the Elements,
A.C.S. Monograph No. 18 (1956).

Barriault, R. J., et al., Thermodynamics of Certain Refractory Compounds,
ASD Technical Report 61-260, Part 1 under Contract AF33(616)-7327. Re-
search and Advanced Development Division, Avco Corporation, October 31,
1961.

Ingrham, M. G., Chupka, W. A., and Berkowitz, J., J. Chem. Phys., 27,
569 (1957).

Brewer, J. and Chandrasekharaiah, M. S., Report UCRL-8713, Lawrence
Radiation Laboratory, Contract No. W-7405-eng48 (1959).

Study of Metal Additives for Solid Propellants, Twelfth Quarterly
Report under Contract NOrd 17980. Aeronutronic Division of Ford Motor
Company, Publication No. C-1010, October 15, 1960 (CONFIDENTIAL).

Bartlett, E. P., A Systematic Method for Determination of Ablation
Rates in a Corrosive Environment. Paper presented at the Sixth
Symposium .on Pallistic Missile and Aerospace Technology in Los Angeles
(1961).

Humprey, G. L., J. Amer. Chem. Soc., 76, 978 (1954).

Kelley, K. K. and King, E. G., Bulletin 592, Bureau of Mines (1961).
Orr, R. L., J. Amer. Chem. Soc., 75, 2808 (1953).

Somayajulu, G. R., J. Chem. Phys., _,, 1541 (1960).

Bowen, J. J. M., et al, Tables of Interatomic Distances and Configura-
tion in Molecules and lons, London: Chemical Society, Special Publication

No. 11 (1958).

-89-




| d,!d LCQOQ
' JEFONUTRONIC DIVISION

14.

15.

16.

17

1 8.

19,

20,

21.

22.

23.

24 .

5.

16 .

17 .

8.

Varshni, Y. P., J. Chem. Phys., 28, 1078 (1958).
Herzberg, G., Molecular Spectra and Molecular Structure, 1I. Infrared

and Raman Spectra of Polyatomic Molecules, D. Van Nostrand Company,
New York (1945).

von Schafer, H. and Kahlenberg, F., Z. Anorg. U. Allgemo, Chem., 305,
178 (1960).

Shomate, G. H., J. Phys. Chem., 58, 368 (1954).
Huber, Jr., E., Head, E. L., Holley Jr., C. E. and Bownan, A. L.,

The Heats of Formation of Tantalum Carbides and Oxides, Los Alamos
Scientific Labs., to be publisghed.

Humphrey, G. L., JACS, 76, 978 (1954).

Kelley, K. K., Contributions to the Data on Theoretical Metallurgy.
XI1I High-Temperature Heat Content, Heat Capacity, and Entropy Data
for the Elements and Inorganic Compounds, U. S. Bureau of Mines
Bulletin 584, 1960.

Mezaki, R., Heat Contents of Inorganic Substances at High Temperatures,
Thesis under J. L. Margrave, University of Wisconsin, 1961.

NBS 500, Selected Values of Chemical Thermodynamic Properties.

Zalabak, C. F., The Melting Points of Tantalum Carbide and of
Tungsten, Technical Note D-761 NASA, March 1961.

Schwarzkopf, P. and Kiefer, R., Refractory Hard Metals, Borides
Carbides, Nitrides, and Silicides, MacMillan, New York, 1953.

Ellinger, F. H., Trans. ASM, 31, 89 (1943).

Kubaschewski, 0. L. and Evans, E., Metallurgical Thermochemistry,
Program Press, 1958.

Neel , D. S., Pears, C. D., Oglesby,oJr., S., The Thermal Properties
of Thirteen Solid Materials to 5000 F or their Destruction Temperature,
WADD TR 60-924, February 1962.

Mah, A. D. and Gilbert, N. L., JACS, 80, 3812 (1956).

-90-



PHILCO
saseoun o Sovt/fplorEompany,

AERONUTRONIC DIVISION

29. Brewer, L. and Harsldsen, H., J. Electrochem. Soc., 102, 399-406
(1955).

30. Leitnaker, J. M., Thermodynamic Properties of Refractory Borides,
LA-2402 Los Alamos, January 1960. Also, Leitnaker, J. M. and Bowman,

M. G., J. Chem. Phys., 36, 350 (1962).

31. Miller, G. L., Tantalum and Niobium, p. 734, Academic Press, New York,
1959.

32. Samsonov, G. V., Zh. Piz. Khim (1956) 2057.

33. Lowrie, R., Research on Physical and Chemical Principles Affecting

High Temperature Materials for Rocket Nozzles, Union Carbide, QPR
December 31, 1962, ARPA Order 34-62.

34. Margrave, J. L., Mezaki, R., Tilleux, E. W., and Barnes, D. W.,
Thermodynamic Properties of Inorganic Substances vs. High Temp-
erature Heat Contents of Filter Refractory Borides, University of
Wisconsin, 1962.

35. Westrum, Jr., G. and Fleick, E. F., Zircouium Diboride: The Heat

Capacity and Thermodynamic Properties from 5 to 350°K, Contract
AF33(616) 7422. ) .

36. Aronson, B., Borides, Part A. Basic Factors in Modern Materials,
Vol. 2, 1960, Academic Press, New York, edited by H. H. Hausner.

37. Study of Metal Additives for Solid Propellants, Twelfth Quarterly
Report, Contract NOrd 17980. Aeronutronic Division of Ford Motor
Company, Publication No. C-1010, October 15, 1960 (CONFIDENTIAL).

38. von Schafer, H. and Sibbing, E., Z. Anorg, U. Allgeim. Chem., 305
341 (1960).

39. Pitzer, K. S. and Brewer, L., Thermodynamics (revised Second Edition
of Lewis and Randall), McGraw-Hill, New York (1961).

40. Sara, R. V. and Dolloff, R. T., Research Study to Determine the

Phase Equilibria of Selected Metal Carbides at High Temperatures,
National Carbon Company, WADD TR 60-143, Part III, April 1962.

41. McGraw, L. D., Seltz, H. and Snyder, P. E., JACS 69, 329 (1947).

-9]1-



PHILCO

AERONUTRONIC DIVISION

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Poland, D. E., Green, J. W., and Margrave, J. L., Ildeal Gas Thermo-

dynamic Functions of Some Selected Elements, Journal of Chemical and
Engineering Data, 7, 389-90 (1962).

Kelley, K. K. amd King, E. G., Thermodynamic Properties of Hafnium

and its Compounds, Chapter 9 in The Metallurgy of Hafnium, Thomas
and Hayes, (editors), USAEC, Diviiion of Reactor Development (1960).

Brewer, L., and Chandrasekharaiah, M. §., Free Energy Functions for
Gaseous Monoxides, UCRL-8713, Berkeley, California (April, 1959).

Chandrasekharaiah, M. S., and Brewer, L., Free Energy Functions for
Some MO, Oxides, UCRL-8736, Berkeley, California (April, 1959).

2

Goldsmith, A., Waterman, T. E., and Hirschhorn, H. J., Handbook

of Thermophysical Properties of Solid Materials, Volume I: Elements
Armour Research Foundation, The Macmillan, Co., New York (1961).

Orr, R. L., High Temperature Heat Contents of Hafnium Dioxide and
Hafnium Tetrachloride, JACS, 75, 1231-2 (1953).

Buchler, A., Berkowitz-Mattuck, J. B., and Dugre, D. H., Infrared
Spectra of Some Group IV Halides, Journal Chem. Phys., 34, 2202-3
(1961).

Gordy, W., A Relation Between Bond Force Constants, Bond Orders,
Bond Lengths, and the Electronegativities of the Bonded Atoms,
Journ. Chem. Phys., 1l4. 305-320 (1946).

Gross, P., Fulmer Reserach Institute, private communication, May 1962.

Palko, A. A., Ryon, A. D. and Kuhn, D. W., The Vapor Pressures of
Zirconium Tetrachloride and Hafnium Tetrachloride, J. Phys. Chem.,
62, 319=22 (1958).

Greenberg, E., Settle, J. L., and Hubbard, W. N., Fluorine Bomb
Calorimetry. 1IV. The Heats of Formation of Titanium and Hafnium
Tetrafluorides, J. Phys. Che., 66, 1345 (1962).

Kaylor, C. E., Walden, G. E., and Smith, D. F., High Temperature

Heat Content and Entropies of Hafnium Tetrafluoride and Rubidium
Fluoride, JACS, 81, 4172-3 (1959).

-92-



PHILCO

A SUBNDWRY OF

AERONUTRONIC DIVISION

54.

55.

56.

57.

58.

Panish, M. B. and Reif, L., Thermodynamics of the Vaporizatios £
HF and HfO,: _Dissocistion Energy of HfO, Journal of Chem. ¥a:s.
38, 253-6 {1963). :
Paderno, Y. B., Serebryakova, T. 1. and Samsonov, G. V., Produc:ion
and Certsin Properties of Hafnium Boride, Tsvetnye Metally, 7.7
No. 11, 48-50 (1959). . o=
Agte, C. and Alterthum, H., Z. Tech. Physik, 11, 182 (1930).
Humphrey, G. L., J. Amer. Chem. Soc., 73, 2806 (1953).

Boosz, J. H., Metall. 11, 22-3 (1957) (CA 51, 6308a)

-93-



