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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 chemical species involved in each equilibrium over the

temperature range 298 to 60000 K. Wherever pussible, the thermodynamic pro-

perties were caken directly from the literature, such as the JANAF Interim

Thermochemical Tables 1. However, in many cases it became necessary to de-

velop thermodynamic properties for species not found in the literature. These
2properties were published in the quarterly reports as they were developed

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 functicns were calculated by standard statistical

i. -1-
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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 useful. The methods of Kubaschewski

and Evans26 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 solid compounds in particular are difficult to characterize

thermodynamically, as such materials are "compounds" in a somewhat more rea-

tricted sense than condensed species usually considered in rocket performance

calculations. These compounds exist over a considerable range of composition,

j 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 exhaustivw

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. associated with the

individual species are discussed in the following.

-2-
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SECTION 2

DISCUSSION OF INDIVIDUAL SPECIES

2.1 TANTALUM SPECIES

2.1.1 Ta)

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

Sinkes. Enthalpy and entropy values were taken directly from the compilation

jof Barriault et al. 4

2.1.2 Ta(c)

Entropy (9.90 e.u.) was chosen from Stull and Sinke 3. The heat

capacity to the melting point (5.90 + 0.00043T cal/mole°K) was based on pub-
3lished data . Stull and Sinke's reported data were also used to estimate a

melting point of 32700K and a heat of fusion of 7.5 kcal/mole. The heat

capacity for molten tantalum between 3270 and 60000K was estimated to be 8.0

cal/mole 0 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 er.?rgy determined by Inghram et al 5 , and the heat of formation of
3Ta(g), taken from Stull and Sinke . Thermodynamic functions were calculated

using the ground state vibrational frequency of 926 cm"1 estimated by Brewer6

a bond distance of 1.825 7, and a moment of inertia of 8.14 x 10-39 gm-cm2

2.1.4 Ta02 (g)

-1 6
Frequencies used were 864, 244(8)ýaW 935 cm- as given by Brewer

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

-3-
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for TaO; the moment of inertia was calculated to be 17.7 x 10-39 gm-cm2 .

The heat of formation (-41 kcal/mole), was estimated from experimentally
5measured atomization energies

2.1.5 Ta 2 O5 (c)

The heat of formation (-488.8 kcal/mole) was taken from Humphrey9

10The entropy of the solid (34.2 e.u.) was taken from the compilation of Kelley
11Using the enthalpy values of Orr , the heat capacity equation 37.00 + 6.56

x 10-3T - 5.92 x 105 T'2 cal/mole°K was developed. Values for the melting

point (21500X), 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

Inghramn5

2.1.6 T&F(g)

The average bond energy for TaF(g) was estimated using the bond

energy (B.E.) of TaCl(g) and the inverse square law of Somayajulu 1 2

B.E' TaF(g) m T'E' aCl(g) r•r~ap

A bond energy of 106 kcal/mole for TaCl(g) and bond distances of 2.3 and

1.951 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.

The moment of inertia was calculated to be 10.85 x 10-39 gm.-cm. 2 based on

an interatomic distance of 1.951. The wave number was calculated to be

545 cm. , from a force constant of 3 x 105 dynes/cm. This force constant

was the average of calculations made using the method of Varshni14 (2.76 x 105

dynes/co.) and Somayajulu12 (3.27 x 105 dynes/cm.).

2.1.7 TaF2 (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 -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

"-4-
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5
dynes/em. yielded wave numbers: 254(2). 518, and 570 cm.'

2.1.8 TaF3 (S)

In the same manner used to calculate oH 0 and I for TaF(g),H298 n oTa()

the corresponding values for TaF3 (S) were found to be -192 kcal/mole and

1.075 x 10"l3gm. 3 -cm. 6 (product of moments of inertia about the three

coordinate axes using an assumed pyramidal structure). Assuming a 550

angle between the axis of symmetry of the pyramid and an edge, the same
15

force constant used for TaF2 (g), and assuming the valence force theory2 -1
the wave numbers were calculated to be 237(2), 251, 545(2) and 546 cm.

2.1.9 TF 4(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 A H°0 -- 318 kcal/mole and I I I =
11 _ 6f298 x y z

3.27 x 10113 gm. -cm. . The valence force theory gave the wave numbers;
-1

257(3), 282(2), 518 and 554(3)cm.i
2.1.10 TaF5 (g)

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, S0 at 298 0 K for TaF5 (g) was estimated to be 81 e.u. By ex-

trapolating plots of C versus valence for TaO species, values of heatP

capacity were obtained and fitted to derive the following function:

C p(T) = 31.00 + 10.17 x 10" 3T - 0.507 x 10 6 T- 2 (cal/°K mole)

p
i -5-



PH I CO
AERONUITRONC DIVIMION

2.1.11 T#Cl(a)

Good agreement was obtained from two independent methods for

estimating the force constant. Using an interatomic distance of 2.30Z 13,

the method of Varshni 14 gave 1.91 x 105 dynes/cm (2.904 and 0.203 were

used for the constants a and b, respectively), while that of SomayaJulu 1 2

gave 2.02 x 105 dynes/cm. The vibrational frequency (335 cm"1) 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"* gm-cm . The heat of formation

was calculated to be 110 kcal/mole, from the values for TaCI 5 reported by
16

von Schafer, assuming the Ta-Cl bond energy to be independent of the

valence state of tantalum.

2.1.12 TaCl 2 (g)

Based on an assumed linear structure, the interatomic distance

and force constant used for TaC1, and the second force constant of TiCl4j(0.1 x 105 dynes/cm), the vibrational frequencies were calculated to be
-1

305, 115(2) and 360 cm . The moment of inertia was calculated to be

62.4 x 10-3 gm-cm2 . The heat of formation was computed in the same manner

as for TaC1 and found to be 33 kcal/mole.

2.1.13 TaCl 3 (g)

A pyramidal structure was assumed, with a TaCl bond distance of

2.301. The angle between an edge of the pyramid and the axis of symmetry

was calculated to be 580, using the valence force theory. The product of

the three moments of inertia was calculated to be 124 x 10"14 gm 3-cm 6. With

the same force constants which were used for TaCl 2 (g), the following vibra-
-I

tional frequencies were calculated: 108, 332, 104(2) and 338(2) cm . The

heat of formation (-44 kcal/mole) was calculated assuming the same bond

energies as derived from the heat of formation of TaCl 5 (g) reported by
16

von Schafer

-6-
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2.1.1' TaC1 4 (g)

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

taken from estimates by von Schafer and Kahlenberg16. Their estimated

heat capacity equation, 25.8 - 2 x 105 T-2 cal/mole°K., was used throughout

the temperature range (298 - 60000K).

2.1.15 TaC1 3 (c) and TaC1 4 (c)

Heats of formation, entropy and heat capacity for these species
16

were both estimated by von Schafer and Kahlenberg , and are tabulated

below. Use of the heat capacity functions to 60000K must be considered a

rough approximation until further data becomes available.

Species A H02 9 8  S2 9 8  C (cal/mole 0

_ _ (kcal/mole) (e.u.)

TaCl3(c) -130.5 37. 23.0 + (3.9) 10- - (1.7) 105 T 2

TaC14 (c) -168.8 46. 31.9 - 2.9 x 105 T12

2.1.16 T&aC 5 (g)

Values of heat of formation (-183 kcal/mole), entropy (100 e.u.)

and heat capacity (31.6 - 3.7 x 10 T cal/mole°K) were used as reported by
16

von Schafer and Kahlenberg

2.1.17 T&C/c

Huber's18 value for the standard heat of formation, -34.6 + 0.9

kcal/mol was used. This value, being more recent, is presumably better

than the value of -38.5 + 0.6 published by Humphrey 19 in 1954. Kelley's 2 0

o298 o 10.11 e.u./mole was used. Hezak1 givesvalue for entropy, of2give

10.10 ± 0.2, in essential agreement. The melting point was taken as 4100'K,

as given in lBS 50022 (Zalabak 2 3 found a maximum of 40300 K with decomposition.)
24 o25Schwarzkopf and Kiefer quote 3800}C, based on the 1943 work of Ellinger

-7-i. o
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Kubaschewski 2 4 nd Evans26 point out that entropies of fusion for

inorganic compounds lie in the range of 1.4 (Car 2 ) to 3.3 (HgBr 2 )e.u. per
I

gram atom. A value of 2.5 was used for both TIC and TiN by the JANAF groups

for ZrC and ZrN a roughly equivalent value was used. Thus in the absence of

better data, the entropy of fusion is estimstea 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

Kelley20 at low temperatures, and by Mezaki 2 1 (Wisconsin), Neel et &12 7

(Southern Research Institute), and by Barriault et al. 4 (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

were compared on a "Shomate" 17 plot, and an averaged line selected, leading

to the equation.

C = 10.015 + 2.60 x 10" 3 T - 1.776 x 10 5T-2
p

This equation was used to 22000 K above which point the Southern Research

data indicate Cp is constant at 15.8 cal/mole-0 K. Heat capacity of the

liquid above 41000K 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
28 o

+ 0.6 kcal/mol, as given by Mah and Gilbert . The entropy at 298 K is
ezi 2 1  26

given by Mezaki2,as 12.4 + 2.0, whereas Kubaschewski gives 12.2 + 1.0.

The value of 12.2 was used. The melting point was taken as 33630 K, as

given by Kunaschewski26. 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:

Cp = 7.73 + 7.80 x 10- 3 T 298-8000 K

-8-
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This equation gives Cp - 10.05 at 2980; US 50022 gives 9.7. No high

temperature heat content data for TaN are given by Noel27 or by Kezaki 21 but

Nel 27 gives data on RfN which shows an apparent peak in heat capacity at

l000-1100°K of 15.0 cal/mol- 0 K, and an overall average to about 28000K 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 ZrN, which would be expected to be somewhat lower

than for TaN, are for example, 12.6 at 10000, 14.4 at 20000, 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 0K, at which point Cp - 15.0;

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

2.1.19 TaB2 /c

Brewer and Haraldsen29 give limits on heats of formation for
various borides. Leitnaker30 reviews these data in light of his own ex-

periments, and gives the &Ho 2 9 8 for TaB2 as

-126.0 <H"0 (TaB2) <-45.5

29 
f9

Brewer gives the limit as -26 kcal/mole boron or <-52 for JH2 of TaB
31 32 f298 2

Miller quotes Samsonov as reporting -45 kcal/mole. Quite obviously

considerable uncertainty exists; a value of -50 was selected. The heat of

formation of ZrB2 has been reported as -71.6133 very recently, a value

less negative than -76 as used by JAWAl, and on which considerations of

boride heats of formation have been based.

Margrave et .1 34 give the entropy of TaB2 at 2980 K as 11.3 e.u.

This is derived by noting Westruma 3 5 experimental value for ZrB2 or 8.59,

whereas the sum of the constituents would be 12.1; the boron entropy

contribution is thus apparently -1.8 e.u./I atom. On the same assumption,

9
• -9-
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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
24 3

Schwarzkopf , TaB2 decomposes before it melts, at about 3000°C. Aronson3 6

lists a value for the melting point of 32000 C (3470 0K), the value selected.

Based on 2.5 e.u./gm-atom as the entropy of fusion, the entropy of fusion
21is 7.5 e.u., and the heat of fusion follows as 26.025 kcal. Mezaki gives

heat content data for TaB 2 to 12000 K, and provides a heat capacity equation

linear in temperature. Neel27 gives heat content data for "TaB" but its

composition was not specified; the data were not used. The enthalpy data

( of Hezaki were used by noting the ratio of measured enthalpies to the pre-
dicted enthalpies based on additivities )f the elements, as follows:

T, 0 K Additivity Hezaki 2 1  Ratio

500 2.750 3.002 1.092

j 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 20000K of 1.07 x 31.512 or 33.718. An enthalpy

equation was then derived by using values at 298.160 (the zero), 7000K,

12000 K, and 20000K in the form

T cH29 ' &T + Y + K
H298 2 T

The resulting equation gave specific heat as follows:

C - 18.294 + .0C247T - 7.879 x 10 5T- 2

p

which was used to 2000°K; above this temperature the heat capacity was

held constant at 23.0 cal/0 K-mol.

[ -0o-
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2.1.20 TaOF(a) and T&OCI(a)

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 equations15 to obtain moments of inertia and wave numbers:

bond distance () k(dyes) k/j 2 (dynes)

Ta-O 1.827 7.42x105  0.14x105

Ta-Cl 2.30 1.95x405  O. x105

Ta-F 1.95 3.OxlO 5  0.3x10 5

Values of the effective bending force constants for linear TaOCl(g) and

TaOF(g) were calculated from the equation37:

where:

is the effective bending force constant for the two

64 bonds of lengths

Sl is the bending force constant for bond 1.

[�Aj is the bending force constant for bond 2.

From these constants the moments of inertia for TaOF and T&OCI were cal-
culated to be 20.82 x 10.39 and 38.08 x 10.-39 m. cm.2, respectively. Wave

-1
numbers for TaOF were 208.5(2), 540, and 926 cm. . For T&OCI the corres-

ponding wave numbers were 157(2), 331, and 926 cm.

2.1.21 TaO2 Cl(g), TO 2 F(g), TaOW2 (g), TaOCI 2 (g) and TaOF3(&)

Thermodynamic properties for these species were estimated from

bond eneres, additivity lews, and correlations with compounds including

the species TaOCI(g), TaOF(g) and TaOCI 3 (g) reported herein. Procedures

S~-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 TaCl 3 (g), TaF3 (g), TaO(g) and TaD2(g), the heat

of sublimation of Ta(s),and the JANAF values of the dissociation energies

of F2 (g) and C12 (g). An independent check of this method for the tantalum

oxyhalides was made by calculating the heat of formation of TaOCl 3 (g)

(-180.7 kcal/mole),and comparing the result with Schafer's38 reported value

(-187.2 kcal/mole).

Again, entropies at 2980K were obtained from a graphical corre-

lation of compounds of tantalum and niobium following the method of

f Kubaschewski 2 6 .

By adding up the component heat capacities of the tantalum

oxyhalides from TsO(g), C12 (g) and F2 (g), heat capacities of the individual

oxybalides were estimated at various temperatures. The calculation of

thermodynamic functions subsequently made use of these heat capacities

f fitted to the general equation

Cp(T) - A + BT +

Table I summarizes the results from the foregoing calculational methods.

AH°f2 98 298o CV(T) -A + T + CT'2cal/mole°K
f298____ 298 3 -Species (kcal/mole) (e.u.) A W -CxlO"6

Tao2 C1 (g) -117.9 69.5 19.01 0.1320 0.3087

T*O2 F(g) -167.2 71.0 18.95 0.1734 0.3322

TaOF2 (g) -202.5 72.5 17.52 0.2655 0.2391

TaOC1 2 (g) -103.8 74.0 17.64 0.1826 0.1922

T aOE 3 (g) -335.3 76.0 21.92 0.3818 0.2994

-12-
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2.1.22 TaOCl3(g)

Estimates by von Schafer and SLbbLng38 of the heat of formation

(-187.2 kcal/mole) and entropy (86.4 a.u.) were used. Heat capacity was

estimated by summing the contributing heat capacities of TaO(g) and

3/2 C12 (g). The resulting data was approximated by the equation

Cp - 19.6 + 0.00413T (cal/mole 0 K) from 298 to 10000, and 22.5 + 2.2 x l104T

from 1000 to 6000°K.

2.2 TUNGSTEN SPECIES
2.2.1 WF2 (g)

A heat of formation of -3.3 kcal/mole has been estimated from
the average HF bond energy in WF6 (8)39 . A linear structure with W-F

distance of 1.891 was assumed 3. The corresponding moment of inertia

was calculated to be 22.6 x 10' 9p-cm . Fundamental frequencies of 526,

147(2) and 578 cm"1 were estimated by the valence bond method15 using a

[ stretching force constant of 3.1 x 105 dynes/cm, and bending force

constant of 0.1 x 105 dynes/cm.

2.2.2 WF4 (g)

A heat of formation of -210 kcal/mole has been estimated,using
39the average W-F bond energy in WF 6 (g) . Using the same force constants

as for WF2 , 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 1.89x 13; the product of the moments of inertia was calculated

to be 27.2 x 10114 3 6

2.2.3 WF5 (g)

A heat of formation of -384 kcal/mole was estimated,using the bond

energies of 11F(g), WF6 (g) and WOH4 (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 S298 for the gaseous species HF, F

[ -13-
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WY4 and WF6 . Heat capacities for 175(g) were estimated by cross-plotting

values of C for these same tungsten fluorides at various temperatures, and
p .-2

fitting to the equation C ý A + BT - CT . The resulting heat capacity
p

function between 298°K and 60000 K was taken as:

C (T) - 30.805 + 3.69x10 5T - 5.42 x 105 T 2 (cal/mole-°C)P

2.2.4 WO2 F2 (g) and WOF 2 (g)

By analogy and correlation of the values of entropy and molecular

weight for other tungsten compounds, estimates for the entropy at 2980K for

WO2 F 2 (g) and WOF 2 (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

W02 F 2 (g) and -96 kcal/mole for WOF 2 (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), W02 (g), 0(g), WF(g) and WF6 (g). The additivity assumption

used to obtain heat capacities was found to give results which checked

reasonably well with JANA.F values for W02 CI 2 (g). Heat capacity functions

at temperatures between 2980K and 60000K were found to be:

C p(T) for WO2F 2(g) 22.44 + 0.2748xlO 3T 0.375xl0 6 T 2 (cal/mole-°K)

C) 0. 2548xlO' 3 T O. 229x10 6T 2 (a/ oe-K

C()for WOF 2(g) 17.60 + 0.58l -3 .2xO6T_ (cal/mole- 0K)

2.2.5 WC(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 Doloff40 at National Carbon.

The WC system, like most metal-carbon systems, is complex, and neither W2 C

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

-14-
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corresponding to W2 C first forms a liquid phase at 2760°C; this composition

does not completely melt until about 27900C. The composition corresponding

to WC dissociates at 27300C into W5C3 and C prior to melting. An ot -WC

goes to -WC at 2755 0C. The first liquid forms at 27850 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 28900 C or 31600K, in good agreement

with an older value of 3140OK. 2 A number of other quite different values

have also been reported 24 .
Kubaschewski 2 6 gives the heat of formation of WC at 298 0K as

-9.1 + 2.5 kcal/mole. McGraw And coworkers 4 1 data, corrected to the JANAF

value for W03 (s), give a AHO value of -9.7 + 0.9. The latter value was

selected. Kubaschewski 2 6 gives the entropy at 298 0K 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, SO98

J for TiC is 5.803 vs. 8.689 by additivities; So98 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

temperature of complete liquefaction given by Sara and Doloff4 0 . Entropy

of fusion was again taken as 5.0 e.u., giving a heat of fusion of 15.8

kcal/mol.

Kubaschewsk126 gives the heat capacity equation

C - 7.98 + 2.17 x 10 3T 298-3000°K
p

claiming accuracy to 6 percent. At 298 0K this equation gives Cp W 8.63;

the additivities rule gives 7.835. Boosz58 gives heat capacity of tungsten

carbide as 6.85, but the abstract did not define the stoichiometry. The

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

comparison with Kubaschewski's equation, as follows:

I1
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WC Heat Capacity by Additivities

T,01C C (W) C (C) C (NOc C (Kubaschevski)

298 5.797 2.038 7.835 8.63

I 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

j 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

I give the following equation:

C - 11.375 + .00091T - 3.388 x105T"2

Above 31600 K, heat capacity was assumed constant at 14.5 cal/°K-mol.

2.2.6 WB(c)

Leitnaker30 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 Kieffer24 give

a melting point of 2860°C; a value of 3130 K was used. Aronson3b gives a

melting point for W2B 5 of only 22000C, implying some doubt of the 28600 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.

1 -16-
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4ezaki's 21,34 data were again used in the under 12000 K region,

and extended to 20000 by empirical correction of additivities as follows:

0 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 20000 of .97 x 21.612 or 20.964 was used, as with TaB2 . The Cp equation

I resulting was

C - 13.129 - .162 x 10"3T - 4.26 x 105T-2

This equation has a maximum at 1770 0 K; above 1800°K C was assumed top

increase linearly to a value of 14.0 at the melting point.

2.3 HAFNIUM COMPOUNDS

2.3.1 MW(g)

The heat of formation, 145.5 kcal/mole, was taken from Panish
544and Reiff . Values of enthalpy and entropy were taken from Barriault et al.

(Entropy and enthalpy data at 3000 K are only 0.15 units higher than corres-
43 42ponding data from Kelley and King . Also, Poland et al report a value for

the enthalpy of 60000 K which is 0.21 kcal/mole higher than that used.)

2.3.2 Hf(c)

Data from Barriault et al were used for the solid and liquid

states of hafnium. The values from Kelley and King 43t 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 60000K

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), Hf(g), and O(g), the heat of focmation of HfO(g) at 298°K was

estimated to be 30 kcal/mole. Using the bond distance, 1.74 A, given by

Brewer 44, the moment of inertia was calculated to be 7.38 x 10-39 gm-cm2

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

weight of unity was again used for the ground state.

2.3.4 HfO2 (g)

The heat of formation of HfO2 (g) was estimated to be -85 kcal/mole

at 2980K from the corresponding heats of formation of gaseous TiO2 and Zr02

given by JANAF 1. The Hf-O bond length was taken to be 1.74 A, as given by
44 -3

Brewer . Assuming a linear structure the moment of inertia is 16.08 x 10.
2 45

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

860 and 935 cm&. The statistical weight of the ground state was assumed

to be unity due to complete pairing of electrons.

2.3.5 HfO2 (c)

0
The heat of formation, -266.1 kcal/mole, and entropy at 298 K,

14.18 e.u., were taken from Kelley's work 43. The melting point, 3170 K,
46

was taken from Goldsmith et al. The entropy of fusion was taken as 7.0
26

e.u./mole, based on considerations given by Kubaschewski , giving a heat

of fusion of 19 kcal/mol.

Orr47 gives the heat capacity equation

C f 17.39 + 2.08 x 10" 3 T - 3.48 x 105T-2  (298-18000 K)P

This equation gives a value of 21.75 cal/mole°K, or 7.25 cal/gm-atom-°C,

at 2115 0 K. A value of 7.25 is reasonable for heat capacity at a melting
9

or transition point , so that it seemed reasonable to use this value as an

approximate maximum, even though the melting point is much higher (31700K).

The equation was th's used to 2115 0 K, above which temperature C was assumed
Pto be constant at 21.8 cal/mole-°C.

S~-18-
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2.3.6 HfC1(6)

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"gm-cm2 .

Estimation of the stretching force constant for hafnium chloride

was based on the valence force theory,15 using an observed frequency, V3,

for HfC 4 (g) 48, and bending force constant determined from correlations
37"using electrostatic theory . A similar calculation was made for hafnium

fluoride using an observed frequency, /3' for HfF4(g)48. From these two

stretching force constants, the empirical values, a and b, in Gordy's

1 equation 9 for estimating force constants for large groups of compounds

could be calculated, assuming the electronegativities of hafnium 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 10 dynes/cm

for HfCl(g). This value was used to obtain 382 cm"I for the wave number.

A statistical weight of 2 for the ground state was based on the

7 presence of an unpaired electron.

The heat of formation was calculated from the measured heats of
formation of HfCI4(g)0 Hf(g) 4 , and Cl(g) by assuming the change in bond

energy with valence is the same as that used for the corresponding Zr and Ti
1halides by the JANAF coumittee . Smoothed curves having these energy/valence

slopes indicate a heat of formation at 298 K for HfCl(g) of -3 kcal/mole.

2.3.7 HfC1 2 (g)

The same bond length used for HfCl(g) was taken from HfCl 2 (g).

A moment of inertia of 73.6 x 10"39gm-cm was calculated, based on an

assumed linear molecular structure. The bending force constant was

calculated from a previously determined value for ZrC12 (g) 3 7 , 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

-19-
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0.o045 x 105 dynes/cm. Using this force constant and the stretching force

constant used for HfCl(g) in equations derived from valence force theory, 15

wave numbers were calculated to be 77.6(2), 349, and 412 cm'

A statistical weight of 1 for the ground state was used. By the

same methods used for HfCl(g), the heat of formation at 2980 K was found to

be -86 kcal/mole.

2.3.8 HfCl, 3 (g)

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 10"l14gm 3-cm6, and the symmetry number is 6. A

statistical weight of 2 was used for the ground state.

Methods described for lifCl 2 (g) were used to obtain 0.037 x 105

j dynes/cm for the bending force constant. An out-of-plane force constant of

0.033 x 105 dynes/cm was calculated from the following relation previously

determined for ZrC13 (g)37:

k =0.145 k + 0.491 k6 0.353

where

1k and k16 are the out-of-plane, stretching and
1 1 bending force constants respectively

(dynes/cm x 105 )

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), 349, and 398(2)cm"1

The heat of formation was found to be -159 kcal/mole at 298 K

by the method described for BfCl(g).

-20-

I



PHILO
AERONUTRONIC DIVISON

2.3.9 NlfCl 4 (8)

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

length used for HfCl(g). This configuration has a moment of inertia of

944.4 x 10 O gm -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

HfCl 4 (g). Using this value and the stretching force constant calculated

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

theory: 91.6(3), 94.4(2), 349, and 393(3) cm 1

The heat of formation is obtained from the heat of sublimation

(23.8 kcal/mole) by Palko, et a&15 1 and the heat of formation of
50

HfCl 4 (c) , and found to be -213.0 kcal/mole at 298°K.

2.3.10 HfCl 4 (c) 50
Grosss0 value was used for the heat of formation (236.88

+ .22 kcal/mole). Kelley's43 value for the entropy (45.60 e.u.) at 298°K

was 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 10 T- cal/mole- C, -298-485 ) was used (and extrapolated) to the

00

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), HfF2 (g), HfF 3 (g) and HfF4 (g)

Methods used to calculate force constants, heats of formation

and moments of inertia for these species are identical to the HfClx species.

The following table summarizes the results of these computations. A bond

distance of 2.22 A and a stretching force constant of 4.07 x 10 dynes/cm

was used throughout.

-21-
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12 x 10"5

Species Moment of Inertia (dynes/cm) Wave Numbers(cm 1 ) (kcal/mole)

HfF(g) 14.OxlO" 39 gm-cm2  
-- 634 -21

HfF 2 (g) 31.lx10 39gm-cm2 0.059 113(2),603,664 -143

HfF 3 (g) 25.3xlo1l4 gm 3-cm6 0.044 116(2),175,603,650(3) -280

HfF4 (g) 70.5x10" 1 14 gm3-cm 6  0.072 131(3),139(2),603 _41053,34

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 0 K (-461.4 kcal/mole) was taken from

Greenberg et al.52 Kelley43 lists entropy (31.50 e.u.) and heat content data

from which heat capacities were determined to the melting point (12000K).

The resulting function, C (T) = 22.49 + 10.43 x 10-3T - 1.77 x 104 T cal/
o

mole-0 C, differs at 1000°K from independent data5 3 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- 0 C (7.25 cal/gm-atm- C) between 1200 and 6000 K.

2.3.13 HfOCO(g)

The heat of formation ( -59 kcal/mole) at 2980 K, was calculated
54

from the heats of vaporization of Hf(c), given by Panish and Reif , and
1heats of dissociation of 02(g) and C12 (g) from JANAF data

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-cm2

The bending force constants for Hf-0 2 and Hf-Cl 2 were calculated from the

wave numbers reported for HfO2 (g) and calculated for HfCI 2 (g). Using electro-

static force theory 37, 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

-22-

I



PHILCO
AERONUTRONIC DIVISON

those stretching force constants calculated for HfO(g) and HfCl(g) were

used in the valence force equations15 to obtain the wave numbers 145(2),

379 and 896 cm-1 .

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

I
2.3.14 HfOF(a)

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" 3 9ggm-cm2

(linear molecule with Hf-F

bond length of 2.22 A.)

Heat of formation at 298 0 K --109 kcal/mole

Bending force constant (HfOF) - 0.107 x 105 dynes/cm

Wave numbers = 162(2), 630 and 898 cm" 1

Ground state statistical weight - 2

2.3.15 HfOC1 2 (g) and HfOF 2 (g)

The simple valence force theory has its limitations, as pointed

out by Herzberg 15, 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 HfOCl 2 (g). Estimates were being made based on the sparse

experimental data available (consisting only of wave numbers for HfO(g)

and the V 3 frequencies for HfC14 (g) and HfF4 (g) ),and on a correlation of

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 complcx numbers for

two of the six wave numbers for HfOCl 2 (g). (No such problem arose with

HfOF2 (g); similar cases have, however, been cited by Herzberg.) It was

-23-
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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.

L. 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 2 and

were accepted until more experimental date become available.

Values of the effective out of plane force constants were obtained

from the relation1 5

1 2  [2 2 12
k1 212 2 11 12

l eff (11 + 2 er o)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 equzl 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 HfOCI(g) and HfOF(g).

Results of these calculations are summarized below:

, o I IIA",.Hf 2 98  x y zf9 Wave nynbers

Species (kcol/mole) (am3 cm6 ) (cm" "-

HfOC12(g) -149 1.056 x 10"112 88,230,307,307,
2 363.5,896

HfOF 2 (g) -248 0.14247 x 10"112 123,269,314,619,
646,875.5

-24-
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2.3.16 lfB2 (c)

The heat of formation of HfD2 (c) was taken from Paderno5

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 TaB2 (c),

and an entropy of Hf as 10.666 e.u. The melting point was taken as

3250°C (3520°K), as given by Aronson3 6 . 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.

lHargrave's34 enthalpy data were again compared to additivities

in the range 298-12000 K, and an empirical constant relating measured

I values to additivities used to extend the data to 20000 K:

T, 0 K Additivities Mezaki Ratio

1 500 2.804 3.633 .774

700 6.100 6.353 .961

j 900 9.715 9.988 .972

1100 13.574 13.938 .972

j1200 15.580 16.030 .972

2000 32.931

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

these data the heat capacity equation was derived:

C - 20.807 - .256 x 10" 3 T - 1.0164 x 10 6 T" 2

p

This equation shows a maximum at 19900K; above 20000 the heat capacity

was assumed to increase linearly to the melting point, at and above which

value a heat capacity of 21 cal/mole- 0 K was used.

-
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2.3.17 fC(c)
43

The heat of formation was taken from Kelley , who estimates

&Hf 2 9 5 as -44.7 kcal/mole. Kelley43 assumes the entropy at 2980 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
4report , 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

used. 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 20000 K. Southern Research Institute

reports experimental data to approximately 3000 0 K, with heat capacities

peaking at 13.7 cal/mol- 0 K. Kelley's heat content estimates were fitted

to points at 298.15, 700, 1200, and 20000 K. The equation resulting was

C = 8.290 + .00316T - 7540T" 2

p

This equation was used to a temperature of 20000 above which temperature

the heat capacity was assumed constant at 14.61 cal/mol- 0 K.

2.3.18 HfN(c)

Humphrey57 gives the heut of formation as -88.24 kcal/mole.
0 43

Entropy at 298°K was taken from Kelley , who estimates S0  at the same298
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
2913.1 e.u. The melting point was taken from Brewer et al, who gave the

melting point at 35800 K. The entropy of fusion and heat of fusion were

taken as 5.0 e.u./mol and 17.9 kcal/mole. Kelley gives heat contents to

2000K. Neel 27 gives data to 4750 F(2900°K); their data however show an

l -26-
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approximate 30 percent decrease in heat capacity between a peak value of

15.0 at 15000F (1100°R) and the value at 45000F (27600K) of 10.2. At
0about 1100 K, Kelley estimates (as computed from his heat content values)

the heat capacity to be about 12.6 increasing to 14.2 at about 20000K.

Kelley's data seem more reasonable, and were fitted at 298.15, 700, 1200

and 20000 K as before. The equation resulting was

C - 9.889 + .0219T - 6.634 x 10 3 T" 2

P

which was used to 20000. Above this temperature the heat capacity was

assumed to be constant at 14.27 cal/mol-°K.

- 7
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SECTIOK 3

TAB, S OF TIIIBlODTNAMIC PROPERTIES

3.1 INTRODUCTION

The computed thermodynamic properties are presented in the

following pages. Properties are computed at intervals of 10OOKelvin.

The temperature base of 298.150 Kelvin is abbreviated in the table

headings as 298. The heading lT refers to the usual term, (H0 - H90

2i98 T 298
The term AHO refers to the heat liberated in the process of forming

the specified species from the elements in their standard states at

298.150K. The heading S refers to the absolute entropy.
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DMWID•AMIC 11 Oh5 o Ts(s)

AU°_ ,, 186.8 W4,11.0"
c T

T , p ns
(0g) (call/olo °l9) (callmole OK) (cal/uote OK) (IC11/mole)

298.15 4,243 ",243 4.985 0.000
300 44.243 44.274 4.986 0.009
400 "4."O 45.719 5.081 0.512
500 44.815 46.872 5.278 1.029
600 45.241 47.857 5.541 1.570
700 45.679 46.733 5.S2.7 2.138
600 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 47.334 51.591 6.844 4.683
1200 47.714 52.195 7.044 5.377
1300 48.061 52.766 7.221 6.091
1400 48.435 53.307 7.377 6.821
1500 48.777 53.821 7.514 7.565
1600 49.106 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 53.045 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 24.1"4
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 61.974 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 63.694 9.680 36.223
4900 56.304 63.894 9.737 37.194
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
5400 57.052 64.853 9.995 42.128
5500 57.195 65.037 10.040 43.130
5600 57.337 62.218 10.063 "4.136"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
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A) aF 00

(cal/mi. 'm (calml iF(aliO;O(hs290, 1 9.900 90900 ~300.00 9.900 g.0ge
5.00.00 10.S86 11.6711 6.072 .616600.00 1.0918 130031 6*115 1.226600.00 11.959 I.lkeb66.S 16859b00.00 170090 15.106 6.201 2.#S51900.00 12 :559 16:919 6 .2 67# 3 :0 6?1000.00 12.*0 93 6-267. 3 7069

1100.00 13.1§2r 17.95., 6.r.4.91?1200.00 13.821 18.503 6.4.165.11300 821 19.019 6.4.59 6.2554500.00i 14.56d 19.4.99 6.S02 6.9031500.00 I#4.912 19.95.9 6.545.7551600*00 16..2*0 20.313 .58YO'600.00 15.25S4 20.3113 b.8.2126.631 
8.673

1 89 0 0 .0 0 1 6 .1 4 3. 1 5 8 6 5 9 .5 3 82000.00 16.1520 21.516 6.71r 10.20a21000.00 16.6820 ki.861 610 1-82100.00 16.968, 22.51920. 11.5602300.00 16.195. 62. 108 48 6 12.25.22300.00 11.19.. 22.815 6.889 12.92925.0.0 I.55~ 23. 109 6.932 IS-6202500.00 11.667 23.395 6.915 53I2600.00 17.892 23.667 1 401316.12700.00 18.111 23931.018 15.019
2 800.00 18.325. 24.4.19 1.105. 16.5.272 90 00 .0 0 1 8.3 1 

15..5.a.3000.01 24.685. r.190 17.11.03100.00 18.921 25..920 r.233 18.5163200.00 19.118 2b.150 7.276 19.03355.00.00 19.3575 27.975. 8.000 28.355.3400.00 19.5r4 27.914.00 
27555500.00 19-816 2a.145. 8.000 28.3545800.00 20.050 28518.000 29.955.34100.00 20.27a 28.590 b.000 20.955.3800.00 20.!0o 28.5905 U000 30.7b5.3900.00 20.11S 28.803 8.000 -32.3655.000.00 20.925 29.011. 8.000 32.6!b410.021.130 29.4.11 d.000 33.954.8200.00 21.32? 29.604. 8.000 34.154686300.00 21.525. 29.192 8.000 36.555.5.5.00.00 21.71li 29.918 0.000 36.35is#4500.00 21.900 30. 156 8.000 37.155.8600.00 22.081 50.332 8.000 31.955.4100.00 2.S 0515.000.Oo 22.2432 30.6012 8.000 38.755.160.022.5652 30.312 8.000 39.55'.5.900. 00 2 60 0 8 78.000. 4.0.354s50.022.768 S0.999 8.000 5.1.155.$100.00 22.931 31.157 8.000 5.1.955.5200.00 23.091 31.313 800 52155300.00 25.25.1 31U-58000 16.3.54aJ 1600.00 23.1#01 31.46,s 8.000 4.55500.00 23.552 t.7615 8.000 44.5!bk55400.00 2J.699 31.961 8.000 il.15.95

Go0o0 25.8#&S 32.05.1 00 5..75800.000 23.987 3266 .000 57555900.00 25..121 32.126 8.000 58356000.00 2#6.265 S~32.5..00
324I8.000 5..1.
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'ISKUmmC ,uucua w 16o(g)

4K 50o KCALn

: ( iI9 I s C u
SC.l/.olK~ ° c1 I r.1/ x tai;l.9

4CC,1C 57,246 .014 74Z059.465 6.5 . 2"34S3C0.CC $7.132 64.74 .g73.2

57rs 7.421101

6CC.CC 56.246 6C.166 8.803 .776scC.CC $8.8|7 11.96C 8.C90 L.57|
6C0.CC 59.4ts 0•.454 8.294 2*,311

7oc6C12 674 8.437 3.228S CC.CC 6C.781 65.877 8.540 4.077
gcc.cc 61.4C4 fe.888 e.616 4.935

ICCO.CC 61.959 61.799 8.673 5.800
IICO.CC 62.!64 68.627 8.716 6.669
12CC.CC 63.1C2 65.387 8.150 7.543
13CO.CC 63.61? 7C.089 8.777 8.41914CO.CC 64.C99 7C.74C 8.799 9.298
15CO.CC 64.!62 71.348 8.817 10.179
16CO.CC 65.CC4 71.917 8.831 11.061
17CO.CC 65.427 72.453 8.844 11.945
18CO.CC 65.831 72.959 8.854 12.83019co.cc 66.215 7!.438 8.863 13.716
;CCO.CC 66.5591 73.893 8.671 14.603
flCO.CC 66.S49 74.326 8.877 15.490
;2CC.CC 67.254 74.739 8.883 16.378i3C0.CC 67.627 7!.134 8.888 17.266;4CO.CC 67.S47 7M.512 8.892 18.155;5CC.CC 68.257 75.875 @.896 19.045;6CO.CC 68.!57 76.224 8.699 19.935
;TCO.CC 68.e47 76.560 8.903 20.825
I;CC.CC 69.12E 7U.887 8.905 21.015
;9cO.CC 6S.4C1 17.196 8.908 22.606

3CCC.CC 69.666 77.4.8 8.910 23.497
31CO.OC 69.924 17.791 8.912 24.388
;2CO.CC 7C.174 7e.C?4 8.914 25.279
33CC.CC 7C.417 7E.348 8.916 26.171
14CO.CC 7C.C55 7E.614 8.917 27.0623Sco.cc 7C.eef 78.873 8.919 27.954
26C0.0c 71.111 7S.124 8.920 28.84627CC.CC 71.331 7S.368 8.921 29.738
28CO.CC 71.!46 75.6C6 8.922 30.63C
;9CC.CC 71.7!5 75.838 8.923 31.522
4CCO.CC 71.S6C 8C.064 8.924 37.415
41CC.CC 72.16C 8C.284 8.925 33.307'2C0.CC 72.356 eC.499 8.926 34.200
43CC.CC 72.!4e 8C.7C9 8.927 35.092
44C0.CC 72.736 8C.915 8.927 35.985
45C0.CC 72.52C 61.115 0.928 36.878
46C0.CC 73.1CC E1.311 e.929 37.77147CC.CC 73.271 81.503 8.929 39.664
A8CO.CC 73.45C 61.691 8.930 39.556
49CO.CC 73.62.L_ 81.876 e.93C 40.449
eCCC.CC 73.7e7 e2.056 8.931 41.343
5ICC.CC 73.5!1 82.233 8.931 42.236
S2CC.CC 74.112 @2.4C6 e.932 43.129S3C0.CC 74.27C 82.576 6.932 44.022
54C0.CC 74.426 82.743 8.932 44.915. t5Cc.CC 74.!76 62.907 8.933 45.808!6CC.CC 74.72S e3.060 6.933 46.702
!?CC.CC 74.876 t!.226 8.933 47.595
!i8C.CC 75.C22 E3.382 e.934 4N.480t9CC.CC 7?.1t H3.534 e.934 49.382
(CCC.CC 75.!C5 63.685 6.934 50.275
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LN 0 -41 KCUALUu

T .(I-12968' )/ 8C 52
( K)1 (961/8010 01) (cal/mIf OK) (Cal/1mi. OK) Meta/ilo)

298.85 62.055 62.063 119506 0
$00.00 6290S5 62.12'. 110S26 .021
8.00.00 62.611 65.575 l2.8.59 1.22s
600.000 05.1122 6811.29 13.110 2.*604
6000.00 641464 706861 I5.553 Jodie
100.00 6b.555 f2.975 IS.859 5o210
800.00 66.562 NOW8. 814.076 6.601
900.00 61.S941 76.508 111.2314 8.023
1000.00 68.562 18.08. 814.352 9.4!)3
1100.00 690880 M93856 I14,0442 10.89?
1200.00 r0.s6i 80.6146 1110512 12.38.0
1300.00 11.199 81.810 141.S6? 130194,
11100.00 11.996 82.891 141.612 15.253
1500.00 r2.756 85.900o 11.6488 16.116
1600.00 73.01 811.8111 11.6711 18.185
1700.00 111.118 85.131 1110703 19.652
I800.oC 711.811 86.,j78 111.721 21.12S
1900.00 15.1182 81.3r5 141.78.2 22.596
2000.00 76.096 88o.132 111.rS8 211.011
2100.00 16.6136 88.852 111.771 25.6118
2200.00 71.2ss 89.b39 111.183 27.026
2300.00 F708011 90.197 111.791 28.5011
21100.00 18,333 90.821 111.802 29o9811
2500.00 18.8116 91.1431 1 Al.8a10 58.1166
2600.00 79o3410 92.012 111.811 32.9416
2100.00 M9820 92o5r1 814.82S 311.828
2800.00 80.28S 93.110 811.829 35.911
2900.00 80.136 93.631 141.838. 31.S911
5000.00 81.11S 911.151 8141138 38.877
3100.00 81.601 94o.620 111o842 8.0.361
3200.00 82.015 95.092 141.1146 118.8.6
-300.00 82.1118 95.5419 141.850 413o331
31100.00 82.811 95.992 111.865 1111816
5500.00 4:1.191. 96.4123 111.856 116.301
5600.00 83.!)61 96.8is1 141.85/ 117.18?
3V00.00 bs.9s1 97.2418 116.861 8.9.275
5800.00 811.28? 91.64t) 141.866 50.1b9
3400.00 l11.638. 98.031 814.865 52.2415
11000.00 811.9711 9f.1107 141.86r 65.132
'.100.00 S5.308 98.771 14o.869 56o.219
11200.00 85.651 99.132 141.870 56.106
11300.00 85.98.9 990012 I8k..82 58. 19S
11100.00 156.261 99.82. 141.8f3 509.680
'.500.00 86.566 100.159 141.615 61.16a
11600.00 86.865 800.1186 111.56 62.6t66
11100.00 Oro1I" 800.806 111.811 64 14.13
1s800.00 81.416.6 101.119 l811.81 6$.631
11900.00 Of.r2s 101.4125 111.879 67.1141
5000.00 e8.005 101.126 814.680 68.606
5100.00 A8.217 102.021 811.881 70.0911
5200.00 88.68.11 102-510 111.882 7 1.5!83
5300.00 88.806 102oS59 141.863 7Mo0l
58.CC.OC 89.06'. 102.878 111.66. ?is. i)9
5500.00 89.581 103.18.8. 111.6868 ?6.08.6
%600.00 419.!617 103.8.13 814.665 77.!056
5100.00 69oH12 805.616 111.66 79.02S
id00.00 90.055 106.935ý 161.61 80.6J13
6¶I00.00 90.201 1011. 190 111.687 #2.002

6000.00 #0o 52S 8011.110 116.481 83.4691
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Tl.(F-m 4)/.8 Vc*,/l5

I "O7i29,5)/T S C 298
i(l|imisI( (caliOl* () (kcAlIinLE

298.1S J1.1200 311.200 42.296 0
300.00 $lso201 35..800 32.590 .0*0
800.00 3S*521 44.261 3b.924 3.096
$00.00 38.1I7 52.08 31.912 f.195
600.00 41.1o11 s9o$8 39.292 11.059
700.00 .140198 65.689 800301# 15.044
800.00 .1.231 71.10.4 4.1.523 19.131
900.00 S0.166 76.061 42.173 23.,06

3000.00 52.983 80.546 42.968 ?21063
100.00 55.619 84.617 1.3.727 31.898

1200.00 Sb.257 88.514 44.461 36.308
I300.00 60.r24 92.101 b..118 h0.790
1400.00 63.08? 95.176 871.882 486.3.43
1500.00 65.353 98.668 46.517 49.966
1600.00 67.531 101.692 47.265 54.658
1700.00 69.626 I04,518 4.1.98 59..19

3800.00 11o645 107.33$ 48.62S 64.241
1900.00 73.593 109.95 4.9.300 69.3184
2000.00 7!.Al7 112.531 49.972 74.107
2100000 77.300 114.985 50.642 19.1615
2200.00 79.450 134.26Ht 6000 120.598
2300.00 01.888 116.f51 St.000 126.198
2400.00 04.225 I3'.11.I 51.000 131.198
2500.00 86.467 1.1.421 56.000 137.398
2600.00 88.62' 143.623 56.000 14.2.998
2700.00 90.700 145.736 56.000 148.598
2800.00 92.702 147.173 S6.000 154.198
2900.00 94.635 1169.7P s6o.O00 159.798
5000.00 96.5048 151.6' 56.000 166.398

5100.00 98.312 153.413 56.000 170.998
3200.00 100.064 155.251 56.000 176.590
3300.00 101.762 156.974 56.000 182.198
3400.00 103.8411 158o.646 56.000 818.198
3500.00 105.012 160.269 56.000 193.398
3600OO.0 06.b69 161.041 56.000 198.196
5/00.00 108.08' 163.381 SO.000 204..598
J800.00 109.559 164.074 56.000 210.198
3900.00 110.996 166.329 56.000 215.79e
4000.00 112.391 167.747 56.000 2231.398
6100.00 133.161 169.130 56.000 226.99d
4200.00 115.09a 310.1.9 56.000 232.o98
#4300.O0 116.1.02 311.191 56.000 238.198
4400.00 111.615 113.084 s6.0OO 2043.198
4500.00 1i8.971 174.543 So.000 2g9.398
4600.00 120.119 315.573 56.000 254.998
8.100.00 121.331 176.718 56.000 2*0.598
48C0.00 122.499 177.951 56.000 266.19$
4900.00 323.648 179.111 56.000 211.198
5000.00 124.763 I80.245 56.000 271.398
SI00.00 125.862 181.352 56.000 282.998
$200.00 126.939 182.439 S6.000 288.59a
S5300.00 127.991 183.506 56.000 294..98
51400.00 129.035 184.553 S6.000 799.198
5500.00 130.055 38s.580 56.000 305.398
$600.00 131.OS 38o.S9 S6.000 310.998
Sl0oO.0 132.031 31.87s0 56.000 316.598
5•00.00 I35.003 38558.S4 S6.000 322.198
5900.00 135.95.4 189.%12 S6.000 532.198
6000.00 13#s.s86 1I0.4853 56.000 353.39u

-34



ImaINMwc VIUCTK8 OF T&1(a)

am 0S 60.7 bCAaLft
T '(V4tg~)/I 8 CNit

(09) ,(sal/MIS 09) (4al/00le OK) (cal/mi. 09) (hual/mota)

246.15 57.910 S7.610 #0106 c
iCO.CC 51.t19 57.466 #.Ili .01%
4CC.CC sl.i4c eC.047 0.412 04
SCC.CC se.ss7 61.944 0.541 1.493
*CC.CC ss.Z57 LLI.s16 0.682 2.551
7C0.CC ss.S64 64.861 F.747 3.420
OCC.CC 6C.f5I tt.C32 9.791 4.30S
9co.cc 61.?C? 67.01C 8.821 5.186
ICCC.CC 61.Si1 ef.COC F.844 6.069
IICC.CC 62.t?? 6E.044 e.060 6.9si
12C0.CC 63.Ca1 t85.816 0.871 7.841
1)(CCCC b3.611 7C.326 6.803 $0729
14CC.CC 64.I111 ?C.985 0.891 .1

IS.CC.C.C 64.!S3 71.590 8.890 10.507
16co.cc 65.C4c, 72.173 0.903 11.397
IICC.CC 65.4E4. 7e.713 0.508 12.288

1 BCU.CC 65.%CC 73.??2 8.911 15.17 9
Iqcc.cc 66.2fi 7?.704 P.914 14.07C
ifccc.cc 66t~ 74.161 (3.917 14.962

I 1(.c.cc 61.C47 14.596 e.919 1.8543

iScc.CC 6e.!E3 7t.152 e.926 19.423
;6CC.CC 68.fte 1e.SC2 0.927 20.315

;7(c.CC 6E.S84 7t.839 a.928 21.208
;OCC.CC 6'.27C 77.164 8.929 22.101
ilfCC.CC 69.54t 77.4?? e.93C 2;..994

!CCC.ICC 65,.W1 11.78C e.931 23.807

I1CO."'C 7C.C7S 7E.C73 8.q32 24.?NC
~2C.C C.'! 1E.356 8.932 25.674

r SCL C.te 7t.631 f8.933 26.567
34CC.C~C 7C.kl 1E.898 8.934 21.460
5S(C.CC 71.C5f 7S.1957 8.934 244.354

3f.CC.CC 71.2F4 ?S.4C9 ko.935 24.247
'Icc.cc ?l.tCJ 79.6S3 8.935 30.141

14CCC73.7?5 ?S.892 8.q35 31.034
:Ccc.cc 71.S37 fC.t24 0.936 31.92d
'C(Cc.LC 72.14t OC.35C 8.936 3?.821
4ICC.CC 72.347 OC.5i1 8.536 33.715
42CC.CtL 7?o5'.L tC.7s6 e.93? 14.600
4!CLi.CC 72.14C ec.9986 e.937 3S.S02

A4t8C??C3 o.7C? 8.937 36.396
'L5CC.CC 73.116 e1.403 a.937 31..29C
48.Lc.cc 73.i~t8 83.SS9 8.938 38.18J
47(CC,CC 73.477 L11.791 8.930 39.071
198(0.CC 73.e52 P1.979 8.938 39.971
'qcc.cc 73.t2' @2.164 8.5)38 40.96S

CI4 C 73.5o93 d2.344 0.930 41.758
11cc.cc 74.358 82.S21 8.938 42.6S2
:Zcu.CC ?4.121 @;.695 F.934 43.S46
S3CtJ.CC 74.4fC G2.865 0.93S 44.440
'4CO.CC 14.t!7 83.C32 6.5)5s 4S.334
:Lcc.clL 74.751 83.196 f.939 46.228

74.c f.s43 0!.35? A.9)9 47.1??
S7CO.CL 75.CS2 e!.515 8.93S 444.016
;Fcc.CI. 75.2?e E!.671 6SOSO 46*91C
sVC0.cc 7S.!012 F3.024 F.S39 49.604

(CCEO.Ct MU6,2 t!.974 8l.54C S00698
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Aem 45.5 K4LANU

T )/ Ic

(09)09) (04/owe on (" "Le*a) (hba1/mle)
2581543.43 63.43) 12,71 c

ICC.CC 630434 63.113 12.79) 0024
4co.CC 63.54t 670313 13.56C 1.141
SCG.CC 64's36 IC0394 14.01C P1720
6CCOCC 66oC6# 72.912 14.264 4.143
7CO.CC 600214 75.184 14.421 5.576
PCC.CC 66.33! ?1.111 14.533 1.016
SC-c.CC 6904Ce M6.814 14.606 8.483
ICC(.CC ?C0429 EC.376 14.663 9.947

IL.C 71046E 61.776 14.704 11*415
lIcc.cc 7;?.!1? b3.0st 14.73S 12.887
I)Ct.CC 73.18r, E4.2)7 L4.160 14.362
I'.CO.CC 74.C18 ES.331 14.7?9 11.839
a5co.cc 74.fCt 01.352 14.795 Iloilo
16C0.(cC 75.!St 07.307 14.608 1N.79'i
IICC.(.C 76.276 ke.2Cs 14.019 20.219
IOCC.CC 74.562 kr.C5l 14.828 21.762
19cc.cc 77.fC fS.654 14.83t 23.24S
iCCu.CC 71'.2!l SC.615 t4.843 24.729
;Acc.cc 76.6'~7 51.34C 14.648 26.2t4
ý7CL.CC 75.44C 52.t'll 14.853 17.699
;Jcc.CC 8C.CC2 W2.641 14.817 29.1144
;4c'.cc vC.t44 S3.1.21 14.841 30.670
Scc.CC R41.Ct1 53.93C 14.865 3U.156

i6CC.CC 81.573 54.113 14.8668 33.643
i7Cu.CC 82.C63 5!.074 14.87C 3S.t3C

ise8 2.!3t 9!.615 14.073 36.611
;9tt0.CC 9?.sse 56.131 14.075 38.104
AccC.di 83444 56f.641 14.977 39.592

IC:L s:tf 17.?914.078 41.08Ci 2c.).CC $4.2SS 0..602 14.060 42.568
:3cc.cc 04.7CS 5F.059 14.881 44.056
:.C(C.CC 05.1Ck 58.504 14.883 45.S44

oC.C N.45;7 5E.935 14.884 47.032
leCC.CC AS.876 95.354 14.885 48.521
17(c.cc 66.24t 55.76? 14.866 50.009
.kocc.cc ot.tCl ICC.159 14.807 51.498

.SCC 6.56C tCCoS46 14.888 S2.987
iCCC.CL a7.2C'. 1CC.921 14.889 54.415
tI(C.CC o7.64l ICI.241 14.889 51.964

.?%. 87.q7C lC1.649 14.69C 57.4S3
S93C(..CC 0f.25e lCi.occ 14.891 58.942
't4C.;.CC SIO.tCP MC.342 14.M91 60.431
'5sCt.CC id.6.5,11 1C2.677 14.892 61.920
46CC.CC 85.;1%i IMEC04 14.892 63.41C
'1~CC.(, di.16t IC.324 14.893 64.899
'.'cC.Cc oq.EC7 ICi.638 14.893 66.386
4qccd(c 9C.Cs? 1C!.945 14.894 67.B78
!C.CC.CC 9C.!72 1C4.246 14.894 69.36?
!1CC.LC 9C.t4? IC4.141 14.094 70,456

tC.C 9C.511l ICd6.83C 14.699 72.346
!!(,(.Cc 91.1r3 MC.114 14.895 ?39831
t4(c.cc 91.443 IC5.392 14.696 76.32S
tI)Cf; CC 141 Ase ICS.665 14.696 16.616
iecc.cc 91.SSI IC45*434 L4.696 10.304
'.1CC.CC 92.155 C619 14.896 19.794

#.Cc.CC 92.44? lCt.4S7 14.897 6.8
t'v1c 2.t8? 1Ct.?11 14o89? 820M1

(CL.C.CC 92.s18 ICt.942 14.897 64.263
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Umu gcVWCTuUm OFr Tar 3 (s)

ts C19 IWLM
() (sal/mi. 0) (cal/Note *) (a/I. N)(ea/it )

240.15 3.2 1301 27 73.a.126ll
It a .*CC730321 13.1.31It0?T01

1.cc.cC 1'.CCl 141 11.1.28 19771SCOICC lloiCt 61.501 18.551 10$97
&CC.CC U75.19 $!.919 189216 $4.lC0.CC 78031t e6oss.855 737ICC.CC 79.191 S9.4#26 19.323 9.3039CC.CC 61.211 93..7CI 19.1.35 119241ICCC.CC 42.tia 9!.760 19.516 13.189
IIcc.cc 83.5 .i00623 19.576 15.141.12co.cc HOCiU S50329 19.623 17.103I3cc.CC 86.213 ICC.9C1 19.659 190068
l1 CC.CC 671.33' ICa.359 19.648 21.035ISCC.CC 88.381 1C3.716 19.711 MOOS0
16CC.CC bro.!ec 1C4.9s1 19.731 21..977
I6CC.CC 91.21.6 1Cl.316 19.760 28.926ISCC.CC 92.1?C ICe.305 19.771 30.903
2CiJc.cc '2.COSI ICS.399 19.78L 32:681
i?CC.CC 94.!1.1 111.286 L9.797 36.03ei3CC.CC ys.;fe 112.166 19.e03 38.618

i4'.C 6.CCS 11.1.0C9 19.809 1.0.799I 5c0.cc 9E.1CS 113.817 19.811. 42.78CiLCO.CL 97.?7E 11'.595 19.e18 4.4.762ilCC.CC 96.CIC 11S.343~ 19.627 4.6.7144i6CU.CC 98.661 M1.C63 19.82S 4.8.726;9CC.CC 9 9.27) 116.759 19.829 50.709
aC.1cc~ ICC.44'5 116.082 M8.34. 54.675
: CCC.CC 991. E6L 111. 312 19. 03 1 56.659

.4COJ.CC 102.C8.3 115.91t4 19.84.0 60.626:Scc.CC 102.eC1 12C.489 19.84.2 62.61C~6C.C 103.IC0 121.C4.8 19.8e.' 64.595-;7cG.cc 103.5S8 1;1.592 19.84.5 66.579; YCO.Cc 101.C71 122.121 19.61.1 68.564!9qCC.c 104.!47? 12;.6j? 19.60" 70 .51.9'.CCC.CC 10S.CCe 121.13S 19.6149 72.533'iCC.CC 105.1.!4 12!.629 19.050 74.518'ZCC.CC 105.E891 1?4.1CS 19.851 76.50341CC.CC 106.322 124.575 19.852 744.1891.1.c(.CC 106.74.2 12!.031 19.853 60.4.74A5(C.CC 107.1s] 12!.478 19.851. 82.1.59'6Co.CC 107.!St 12!.914. L9.055 84.4.4517(0.CC 101.ep52 12f.34.1 19.655 66.4.304"CC.CC 106I.jis 126.759 19.856 08.4.1649cc.cc 106.119 .171.16F 19.857 9094.01!CCO.CC 109.CS2 12?.57C 19.057 92938?!1CO.C.C 109.1.58 121.963 19.858 91..373!ZCC.Cc. 109.118 12t.34.8 19.858 96.359.K(C.CC 11C.171 12E.727 11.659. 96.404t~'.c0.c IIC.!1l 125.098 19.659 100.330tsc0.cc IIC.Ess 12S.44,? 19.86C 102.316t&CC.CC 111.195 129.820 19.860 1049302
111.C i.52'. 13C.17? 11.661 106.289tacc.cc 111.64S9 13C.517 19.661 108.215!UcC.CI 112.11.4! 13C.82? 19.661 110926t

(CCC.CC 112.4t]3 131.19C 19.662 112.24.7
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11m~IAC VIuCTZ OF TSF 4 (s)

Me~g -318 IAL/NOI

I C4,*/ C mis
tog) *Coal/aol. 09) (cal/mig (") Coali on) (heal/mi.f)

IS.5 76,96C 76.560 21.218 c
IC(..CC 76.561 16.691 *1.26* *035
4C0.CC 77.611 fieCiC 22.98C 2.261
fco.CC 7;.Cfs 66.301 21.911 4.610
6CC.CC S1.CC3 U2.710 2*.4b9 7.050
7cc.CC 82.494 56.518 24.805S 9.695
OCC.CC 86.EE2 55.846 2*.037 11.988
SoCO.CC 86.694 IC*.805 *1.199 14.900

ICcc(.Cc 88.461 M1#.67 *1.311 17.0*6
IICC.CC 9C.1CC 1C7.686 21.601 19.S62
1lci.Ccc 91.t1! 11C.097 29.472 22.106
13C0.CC 93.11* ti2.13e 295.925 *6.656

7 4CC.CC 94.!95 114.031 21.567 Z7.211
ISCC.cc 95.SSC 111.791 25.601 29.769

-a 1cc.CC 97.243 111.45C 25.629 32.331
17CC.LC 90.41t II5.OCA 25.652 34.89b
"ICC.cc 95.ts5 12C.411 25.671 31.461
IClc.CC ICC.151 121.q59 25.688 40.029
i cCC.CC 101.b7e 12!.177 25.702 42.598
e1co.cc 102.S2? 124,.437 25.714 45.169
flCc.CC 103.5?? 12!.620 25.7?5 41.741
;3CC.CC 104.856 12t.772 25.734 50.314
i5cc.cc 1056.13 1?6.987 21.742 S2.088
;S(C.Cc IL0.13C 121.9to 215.749 S52.462

O6cc.cc 108.651 111.931 25.761 60.614

i5co.ccL IIC.C63 i3i.741 25.771 6S.76?
3CCC.CL IIC.F?4 123.616 25.175 60.344
~ICC.cc 111.5p? 1ý4.4b0 25.179 70.92)
;2CC.cc 112.?1C lit.27r' 25.782 73.50C

.,Ic(L 113.CII 136.C?2 25.785 76.078
24.CC.CC li1.7C1 13E.F42 25.188 78.65?
:JC.Acc~ 114.!7r. 137.590 Z5.790 81.236
16CC.CC 115.C!4 13@o316 25.793 83.015

3:7C0.CC 111.613 135.023 Z5.195 86.394
#'CC.CC I16.?97 13;.711 25.797 88.974
.qcc.cc 116.SCL 14C.381 25.799 91.554
6(CC.LC 117.!C1 141.C34 *5.801 94.134
41co.cc 116.CE3 141.671 25.802 96.714
4&'CC.LC 118!.652 14i.293 25.806 99o296
41'.Scc. 119.ZCF 142.9CC 2s.eos 101.816
46C.C.Cf. 119.7!4 14?.493 25.806 104.655
'5(C.CfL 12C.266 144.073 25.607 107.036
46CC.CC 12C.&11 144.641 25.809 104.616
4?CC.CC 171.!24 14S.196 25.81C 112.197
IOCO.Ccl 11.7 14!.739 21.811 116.776
SCO.Co~C 1?2.32C 14e.211 25.61* 117.36C
!CCC.CC 122.EC! 146.793 25.81* 119.941
'1CC.CL 123.2t6C 147.304 25.813 1*2.*S2
t?(C.CC 123.747 147.8CS *5.814 126.103
tiCO.CC 124.iCt 146.297 25.815 121.68S
!4CC.cc 1).1 4c6.779 25.811 130.266

12S.CSS 149.253 *5.816 132.848
~AC.L. 16.36 145.718 25.01? 135.41C

!7C0.CC 125.S(3 lSC.175 *1.817 138.011
!P'CC.CC 126.!1!4 ISC.624 *9.818 140.593

lrc~c 126.1csS 111.066 25.818 163.175
(ccc.CC 12I.;C7 151.499 *1.819 145.757
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"1umMOgc mum= OF Toy$(I)

T "(F'-9298)/T T p N""(K) (cal/nole 1) (Cal/Note o) (Cal/nol. e ) (hal/miu )

89.510.000 63 .4006 P5.327 -800.00 61.000 .101957 25.39 .044.00.00 "2.013 6,53 270.72 20.26500.00 040052 95.210 29.021 $,$79600.00 6,.370 100.562 29.6S3 1.016700.00 88.914 105.441 30.006 l.S6026000.00 91.045 109.193 30.209 140519900.00 93.264. 112.771 30.466 II.Ssy1000000 95.376 115.960 30.Ss 20.6101100.00 97.366 116.909 30o695 23.6751200.00 99.293 121.503 30.770 26.7481300.00 101.104 124.048 300632 29.0241400.00 102.025 126.335 10.664. 32.9141500.00 1040464 128.4167 30.927 360051600.00 106.026 950.4.6S 30.965 39.0991700.00 1070521 132.143 500997 42. 1961400.00 101.950 134.116 31*027 4.52991900.00 110.319 1355794 31.05J 4.4.4032000.00 111.635 137.387 31.077 SI05092100.00 112.895 138.904. 31.099 S4.6182200.00 914.999 1400351 31.119 57.729
2300.00 115.282 14..3S 31.13 50.629
2400.00 116.412 1413.060 31.156 60.9563.S 63.956
2500.00 17.S504. 14.4.333 31.173 67.0732600.00 118.559 145.556 31.169 70.1912700.00 119.5*1 146.Y33 31.20S 73.39112600.00 120.571 147.868 31.220 76.4522900.00 121.S31 148.964 31.23S ?9eSSS3000.00 122.463 150.023 31.249 S2*6792100.00 125.369 14..048 51.2635 79.55

50.0 126.250 152.041 51.276 88.951
3300.00 125.106 153.003 31.269 92.0603400.00 125.941 153.938 31.302 95.1493500.00 126.754. 954.845 31.315 96.3203600.00 127.546 155.727 31.J27 90.4.523700.00 128.320 156.566 31.539 104.5"63600.00 129.075 157.422 31.355 107.7203900.00 129.812 1S5.256 31.363 110.$654000.00 130.532 959.031 31.575 113.99341800.00 131.237 959.806 31.367 11Y.1314200.00 131.926 160.562 31.590 120M2O04300.00 132.601 161.301 51.4.10 123.4104400.00 133.261 162.023 31.4.21 126.S524500.00 133.906 162.729 31.403 129.6954600.00 134.54.2 165.420 31.44.4 132.6394700.00 135.364 164.097 A.455 195.9634600.00 935.74. 464.59 39.4.66 159.950

41900.00 156.372 16S.4.06 31.477 W4.Y.275000.00 156.959 166.044 3 19.4. 14504255100.00 137.556 106.666 31.499 19"4.6.S200.00 130.102 167.279 3I.51S 153.7255500.00 36.636 16F.080 31-$291 1456165400.00 139.204 964t.49 3 9.S2 91.08295500.00 339.74.2 169.04.6 31.54.3 969.63
5600.00 9.0.27109.694 3MAI5O 346.1035700.00 14.0.790 970 o 171 513544. 1603305800.00 140.730 970o724.o 39.S7 90.495
5900.10 14I1.60S 171.264 s1.seS M7O,806
6000.00 14.2.300 171079S 9.596 374.961
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Ma*2S - 11 AL=

TOrm")/T 
ScT

0 K)A,..11 K I - p I a296
400.00 60.27. 60.329 6.565 .1'00.00 61 25 62 80 718500.00 61 2 764.771 Sol51. 5
600.00 61 9 1 66.379 6.639 2o*63970.062.709 

67.743 6.866 .?800.00 63.414 68.9298.6 
419000.00 64.022 69.976 8.896 5.3311000.00 65.724 70.913 8.934 6.1911200.00 65 3 4 71.762 6.911 7.062200065.694 

72.536 8.916 7.9731303.00 66.433 73.252 6.920 6.8651400.00 66.944 73.913 8.923 9.7571500.00 67.429 74.528 8.925 10.6491600.00 67.89L 75.1058 8.927 11.542L700.00 68.331 75.646 8.929 12.43S1800.00 68.752 76.156 691 1.22000.00 6.5 76.639 6.932 14.2212000.006V.540 
77.097 893 1.12100.00 69.911 77538.9343 6.0

2300J.00 70.267 77.949 8.934 16.901
2300.00 70.609 78.346 8.935 L6.931
2400.00 7090 78.726 8.936 18.6682500.00 71.258 79.091 8.936 19.5812600.00 71.S66 79.441 8.937 20.4752700.0o 71.864 79o779 8.937 21.36920.072.153 

800104 8.937 22.26339000.oo 72.432 80.4720898 
2.52900.00) 72.7432 8.1 8.938 23.156

330 .0 ~ 3 47$8.5720 8.938 26.7323 40 0 .0 0 7 3 . 7 142 38 3 8 .9 3 9 2 4 . 64 63 50 0 . 0 0 7 3 . 9 52 8 12 09 8 8 .9 3 9 2 5 8 35 13 600 .00 7 4. 180 8 21 35 02 8.939 2 9. 432J50 .0 0o 7 4. 40o 8 2.859 8 -994 27. 6263 800.00 74.18 3 82.083 8.930 31. 25193700.00 74. 836 823.06 8.9 49 329.4134 00 0 .0 0 7 5 0 4 8 . 29 2 8 .9 4 0 3 2. 9 3 ?10.074.623 
83.513 8.940 31.68314200.00 74.483 83.066 8.940 3.94300.00 75.643 83.29398903214100.00 7.3 84148.940 36.9894500.0076.0249 
83.534 8.940 7.54600.00 76.2048 64328 9 13 .8. 34700.00 7633 83.734 8.940 34.2784400.00 7S6435 84.922 8.940 40.6124500.00 76.021 84.345 8.9f#1 31.03646000.00 76.904 84.S27 8.941 41.93034700.0o 77.083 84.464 8.9(# 42.62484800.00 77.230 85.932 6.941 40.71424300.00 767391 65.106 - .941 41.061SO00.00 76.901 SS6.987 6.941 41.9305200.00 77.2303 6S6.38 6941 426.40

57.00.0030 6.941 45.206
5700.00 78.004 861459 8.941 46.169
5900.00 78.296 66-761 8.941 49.063
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umuinnic PUETNI Ow sa2

al;15 - 33 IWALou

0:¥15 70 ,!04 00o1 01 .0 80
300.00 Oo0004 709191 14,057 ,026
400900 70.661 74.269 14.404 1,451500.00 710721 77.523 14.577 2.931600.00 72.9|1 80,190 14o614 4*364700.00 74.122 82.457 14.733 sol3S800.00 7S.290 84.427 14.773 7.310900.00 76,404 86.169 146800 8.7S91000.00 77.459 87.729 146820 10.2101100.00 78.458 09.142 14.834 11,7531200.00 79.403 90.434 14.845 13.2371300.00 809298 91.622 140.S4 14.7221400.00 61.147 92.723 14.861 16.2371503.00 81.953 93.749 14.866 17.6941600.00 62.721 94.708 14.871 19.1801700.00 83.453 95.610 14.875 20.6681800.00 84.152 96.460 14.878 22.1551900.00 84.821 97.265 L4.680 23.6432000.00 65.462 98.028 14.683 25.1312100.00 86.078 98.754 14.865 26.6201200.00 86.670 99.447 14.856 26.1082300.00 87.240 100.109 14.888 29.5972400.00 67.790 100.742 14.889 31.0662500.00 88.320 101.350 14.890 32.5752600.00 88.832 101.934 14.891 34.0642700.00 89.328 102.496 14.892 35.5532800.00 69.808 103.038 14.893 37.0422900.00 90.273 103.560 14.894 38.5323000.00 90.725 104.065 14.895 40.0213100.00 91.163 104.554 14.895 41.511

3200.00 91.589 105.027 14.896 43.0003300.00 92.003 105.485 14.896 44.4903400.00 92.406 105.930 14.897 45.9003500.00 92.799 106.361 14.897 47.4693600.00 93.181 106.761 14.897 46.9593700.00 93.554 107.189 14.898 50.4493800.00 93.919 107.567 14.898 51.9383900.00 94.274 107.974 14.098 53.4284000.00 94.621 108.351 14.899 54.9184100.00 94.961 108.719 14.699 56.4364200.00 95.292 L09.078 14.899 57.8984303.00 95.617 109.428 14.899 59.3684400.00 9S.935 109.771 14.900 60.8784500.00 96.246 110.106 14.900 62.3684600.00 96.551 110.433 14.900 63.8584700.00 96.850 110.754 14.930 65.3484000.00 97.143 111.067 14.900 66.8384900.00 97.430 111.374 14.900 68.326S000.00 97.712 111.676 14.901 69.8185100.00 97.989 111.971 14.931 ?1.3385200.00 98.260 112.260 14.901 72.798$300.00 98.S27 112.544 14.901 74.2885400.00 96.769 112.622 14.931 75I7.65500.00 99.04? 113.096 14.931 71.268:P600.00 99.300 113.364 14.931 76.?58S700.00 99.549 113.628 14.901 $0.2495800.00 99.794 113.64? 14.901 016739S900.00 100.03S 114.142 14:932 63:2296000.00 100.*72 1136392 14.901 84.719
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s0g WumoLu w T 3(6)

-423 wI? cp 298

( Zl ta/mle Oil fcatiauLe !Al ("ll. to o]l (kcalmle)
298.15 784165 18.1.66 180594 0
300.00 78.466 18.680 18.608 .0531
1600.00 19.202 84.o01 19.126 1.924
500.00 80.609 8Ob312 19.183 5.85W
600000 82.197 91.860 19.528 50791
100.00 83.799 91..871 19.611 7.166
800.00 85.351 910501 19.616 9.720
900.00 860.32 99.821 19.o17 11.690

1000.00 88.231 101.900 19.746 15.66S
1100.00 89.566 1030783 19.768 1.0638
1200.00 900825 105.503 19.784 17.616
1400000 92.0110 IO0.OR7 19.797 19.595
1400.00 93.144 108.555 19.807 21.575
1500000 94.211 109.922 19.816 23.557
1600.00 95.239 111.201 19.822 26.538
I100.00 96.214 112.405 19.828 27.521
1800000 91.145 113.S36 19.833 29.504
1900.00 98.036 114.60V 19.8537 31.488
2000.00 98.890 115.626 19.840 33.7•1
2100.00 99.711 116.594 19.8.45 3.456
2200.00 100.499 117.517 19.846 3$.440
2300.00 101.258 118.400 19.848 39.426
2400.00 101.990 119.244 19.850 41.410

S2600.00 102o697 120.055 19.852 4.3395
2600.00 103.380 120.833 19.853 4b.580
2100.00 104.040 121.583 19.85S 47.365
2800.00 104.679 122.505 19.856 19.361
2900.00 105.299 123.001 19.851 51.336
3000.00 105.901 123.675 19.858 53.322
3100.00 IC6.485 124.326 19.869 55.308
3200.00 107.052 124.956 19.860 51.294
3300.00 107.604 125.567 190860 59.280
3400.00 108.141 126o160 19.861 61-266
3500.00 108.664 126.?36 19.862 63.252
3600.00 109.114 127.296 19.862 65.238
$700.00 109.611 12r.840 19.863 67.226
380.00 110.156 128.369 19.863 69.211
$900.00 110.630 128.885 19.864 71,191
4000.00 111.092 129.388 19.864 731814
4100.00 111.545 129.879 19.864 750110
4200.00 111.981 160.358 19.865 71.156
4300.00 112.420 130.825 19.865 f91143
4400.00 112.843 131.282 19.86b 81.129
4600.00 113.258 1M1.128 19.866 83.116
4600.00 113.664 132.165 19.866 85.105
4700.00 114.062 132.592 19.866 87.0d9
4400.00 114.453 133.010 19.866 89.01*
4900.00 114,836 133,420 19.861 91.062
5000.00 1156211 133.821 19.867 93.049
5100.00 IIS6580 1340215 190867 95.036
5200.00 II*5942 134.600 19.661 97.023
5300.00 116,298 134o919 19o867 99M009
5400.00 1160647 1$53550 19.868 100.996
5500.00 116.991 136.715 19.8668 102.985
5600.00 111.28 1360013 190868 104.910
5100.00 117.660 156.424 19.868 1069.56
5800000 111.981 156,710 19.866 106.945
!900.00 118.30 137.110 19.86& 110.930
6000.00 118.6211 13164813 1906"a 1120911
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alfN -- 136 XCAL,/IU

T "2- ) " p ) n2
eo•) (ct]Jmlo °1[) (Cal/gole °lD (Ca1/Mle XE) (klu/mle~)

296.15 92.000 92.000 23.550 0
500.00 920000 920146 23.576 0014
%00.00 92.940 99.082 24.5$0 20.$7
500.00 94.7110 104.614 2S.000 4.937
600.00 96.779 1090196 25.2410 1.450
100.00 96.638 113.099 25.392 9.965
600.00 100.838 116.496 25.187 12.527
900.00 102.7168 119.502 25.553 15.079

1000.00 104.560 122.197 25.600 17.637
1100.00 106.276 124.639 25.635 20.199
12C0.00 107.901 126.870 25.661 22.764
1300.00 IC9.44C 128.925 25.682 25.331
1400.00 110.901 130.829 25.698 27.900
1500.00 112.289 132.603 25.711 30.470
1600.00 113.611 134.262 25.722 33.042
1700.00 114.872 135.822 25.731 35.615
1800.00 116.077 137.293 25.736 38.188
1900.CC 117.231 158.685 25.745 40.762
2000.00 118.33? 1.0.005 25.750 163.537
2100.00 119.399 141.262 25.755 45.912
2200.00 120.1620 142.460 25.759 48.488
2300.00 121.403 14.3605 25.762 51.06'.
24CO.00 122.351 144.702 25.765 53.640
2500.00 123o267 145.753 25.768 56.217
2600.00 124.151 146.764 25.770 58.79'
2700.00 1250007 1.7.737 25.773 61.371
2800.00 125.835 148.6714 25.774 63.9148
2900.00 126.639 1819.579 25.776 66.526
3000.00 1271.418 150.452 25.778 69.10'4
3100.00 128.175 151.298 25.7Y9 71.681
3200.00 12e.910 152.116 25.780 74.259
3300.00 129.625 152.910 25.782 76.838
3400.00 130.322 153.679 25.783 79.416
3500.00 131.000 154.427 25.781' 61.994
3600.00 131.661 155.153 25.r85 84.572
3700.00 132.305 155.859 25.785 87.151
3800.00 132.931. 156.547 25.786 89.730
3900.00 3305.48 157.217 25.787 92.308
4000.00 134.118 157.870 26.787 94.887
4100.00 131..734 358.507 25.788 97.466
4200.00 135.301 159.128 25.789 100.045
4300.00 135.869 159.735 25.789 102.623
4400.00 136.1418 160.328 25.790 105.202
4500.00 136.956 160.907 25.790 107.181
4600.00 137.483 161.*114 25.791 110.360
'.700.00 137.999 162.029 25.791 112.939
4800.00 138.5C5 162,572 25.791 11.519
4900.00 139.002 163.0104 25.792 118.098
S000.00 139.489 163.625 25.792 120.677
5100.00 139.968 164.135 25.792 123.256
5200.00 140.0137 164.636 25.793 125.83b
5300.00 140.890 165.128 25.793 128.415
S400.00 141.352 165o610 25.793 130.991
5SOO.00 111.197 166.083 25.795 133.513
5600.OC 142.235 166.5168 25.79' 136.153
5100.00 112.665 16700041 25.79'4 1386.32
5800.00 143.009 167.1.53 25.9194 1W1.311
5900.00 143.506 167.891. ?5.794 143.891
6000.00 143.916 168.321 25.794 146.140
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0~nnwz 1UT OL 3 (g)

asf "-30.5 WALjIiNN

Al?15  F- s0 tcC1U 1)2"~m
CO:0. uG 22.2590s00.0 31.000 31.156 22.281 00,61bCoo00 37.691 45.0751 25.491 2*6500.00 39s609 419.062 24.210 11,727600000 b1.566 55.542a 286.066 7.1lot100.00 II1.563 57.435 250581 9.697$00.00 45.511 60.655 250864 12.260900.00 107.387 63e906 26.300 14.86710000.00 490101 66.700 26.130 11.5191100.00 S0.692 69.267 27.150 20o2131200.00 52.523 71.647 21.542 22.9b91500.00 54.061 13.869 27.969 M25.21400.00 55.569 15.951 26.373 28.5421500.00 56.995 77.928 28.774 31.4001600.00 51.362 790Y96 29.174 31.2971700.00 59.616 81.579 29.571 31.2351600.00 60.9140 83.280 29.968 40.2111900.00 02.159 816.911 30.363 43.2282000.00 63o336 86.418 30.757 46.2842100.00 64.18*4 87.986 31.151 49.3192200.00 65.577 89.441 3 1.5S45 52.5142300.00 66.645S 90.858 3 1.938 55.6882400.00 67o683 92.225 32.330 580902P2500.00 68.691 9395S3 32.723 62. 1552800.00 69.672 94.844 33.115 65.4462100.00 70.6218 96.0101 3350S7 68.71726C0.00 71.560 97.327 33.898 72.186629C0.00 72.469 96.523 34.290 75.551

3300.00 75.905 103.053 35.8S4 89.5663400.00 76.720 104.129 36.245 93.1913500.00 77.518 105.1a5 36.636 96.835S3600.00 18.301 106.223 37.027 100.5183100.00 79.069 107.243 31.418 104.2403600.00 19.824 108.246 3F.808 108.0023900.00 800565 109.233 38.199 111.6024000.00 819294 110.205 38.S69 115.6424100.00 62.011 111.162 36.960 119.S204200.00 82.117 112,106 390310 123.4374300.00 e3.411 113*037 39*761 12r.39444C0.00 864095 113*956 460.151 13163904500.00 e4.764 114*863 40.542 135s%21#4600.00 85.432 115.758 40.932 139o4984100.00 86.081 116o6462 41.322 143.6114600.00 " 6673 1119517 410113 147*762%9C0.00 81.370 1186381 412o10J I51.9535000.00 87.999 119.23S 462.493 156.1655100.00 66.619 120.080 42.8845 160.4525200.00 89.232 120.917 4A.2716 1"4.7605300.00 69.638 12 1 o 75 163o66 169.1075400.000 90.437 122e565 44.054i 173.4925500.00 9le028 1253.37 414.4416 171.9175600.000 91*615 124.1611 44.835 1612.5815100.00 92. 191 124.9716 45e225 16000815600.00 920763 125.168 45061S 1910.4265900.00 95.329 126.551 460005 1960007
6000.00 93.690 327.32 Is*.395 200.62?
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*-la.8~ KAL/IUU

tok) Ica/uple Kl Ical/nol. 01) (Gapj'Lge 01 x lm
298.15 .6.0oCC 186.0000 286.60 0
300.00 4.6.001 4.6.177 286.67 0055
4.00000 4.7.14.6 514.6149 30.007 30001
500.00 4.9.34.9 61.4.4.1 30.74.0 6.04..
600.00 51.64.6 67.060 31.094. 9914.0
100.00 54.376 ?10891 31.306 12.261
600.00 56.9833 76.001 31.4.4.7 169399
900.00 59.16) 79.791 31.54.2 16.54.9
1000.00 61.4.12 65.116 31.610 21.006
1100.00 63.524. 866133 31*660 24.010
1200.00 65.525 66.690 31.699 26O03
1300.00 67.4.21 91,1628 31.724 31o209
14CO.00 69.221 95.760 31.752 344863
1500.00 70.932 95.9?2 310771 37.560
1600.00 72.S62 98.023 31.767 4.0.736
1700.00 7140.11 99.950 31.800 4.1.917I 1C0.00 75.603 101.768 31.010 4.7.097
1900.00 ?77026 103.4886 31.620 50.279
2000.00 70.390 105.121 31.827 53.4.61
2100.00 79.7C0 106.674. 31.834. 56.64.4.I2200.00 e0.960 106.155 31.84.0 59.e26
2300.00 62.173 109.570 31.0845 63.012
24.CO-00 e3.3403 110.926 31.650 66.197
2500.00 661.4.73 112.226 31.654. 69.162
2600.00 85.564. 113.4.75 31.857 72.S68
2700.00 86.621 114.678 31.860 75.754.
2800.00 87.64.3 115.836 31.863 76094.0
2900.00 88.635 116.954. 31.666 82*126
1000.00 89.597 116.035 31.868 65.313
3100.00 90.531 119,060 31.870 86.500
32C0.00 91.639 120.092 31.872 91.681
3300.00 92.323 121,012 31.673 94.674.
34.00.00 93.182 122.024. 31.875 96.062I3500.00 96.020 122.9486 31.876 101.24.9
3600.00 96.636 123.84.6 31.678 104.4.37
3700.00 95.632 124.719 31.879 107.625
3600.00 96.4.08 125.569 31.880 IIC.813
3900.00 97.167 126.398 31.861 1141.001
6000.00 97.908 12?.205 31.662 117.189
4100.00 960.632 12?.992 31.663 120.311
6200.00 99*34.0 128.760 310M84 123.S65
6300.00 100.033 129.511 31.864. 126*1514
64o.00.0 100.711 130.24.4 31.865 1290942
4.SCO.00 01.3?5 130.960 31.866 133.131
46CC.00 102.026 131.661 31.866 136.319
6700.00 102-664. 132.34.7 31.887 139.508
6600.00 103.29C 133.016 31.687 142*691
4900.00 103.903 133.676 31.660 14.5.846
5000.00 1040505 134.320 31.666 14.900714
5100.00 105.096 136.951 31.86e 152o263
52C000 105.616 M35.57 31.669 155.4.52
5300.00 106,24.6 136.176 31.690 156.64.1
5600.00 MAO8C 136.774. 31.690 161.603
5500.00 107.356 137.359 31.390 165.019
5600.00 107.69? 137.954. 31.691 168.209
5700.00 108.4.29 138.4.96 51,891 171.391
56C0.00 108.9S2 139.053 '310891 176.586
5900.00 109.4.6? 139.598 31.692 177.715

6000.CO 109.913 14.0.134. 31.692 100.96S
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umminaucM O van~ (acz~C)

an 0 3 13 CL

I98.15 100.0CC 100.000 2701.38 0
300.000 100.001 100. 170 2701869 .051
1.00.00 101.105 108.361 29.241 2.902
$00.00 103.21.1 1l14*996 30.120 S.67
600.00 10S.67S 120.532 30.572 8.911.
700.000 106.1441 1250266 30.81.5 11.986
800.00 110.51.6 129.396 310022 15.080
900.000 112.81.9 135.059 31.11.3 189189
1000.00 115.003 136.31.5 31.230 21.307
1100.000 1170112 139.325 31.294. 24.4131.
1200.000 119.076 14.2*050 31.34.3 2f.566
1300.00 120091.3 1.14.560 31.311 30.702
11.00.00 122.711. 11.6.887 31.1411 33.81.2
1500.00 124..399 11.90055 31.1436 36.981.
1600.000 124.0004 15100816 31.1655 1.0.129
1700.000 127.536 152,992 31.1412 4.3.21S
1600.00 129.0CO 151..791 31A1.6 116.4.2S
1900.00 130.1.03 156.4.94 31.4.98 b.9.512
2000.00 131071.6 156.110 31.507 52.722
2100.00 13360fi1 159.61.7 31.516 55.811.
2200.00 131..283 161.113 31.S24. S9.026
2300.00 135.1.81 162.S15 31.530 62.118
21.00.00 136o635 163*857 31.536 65.332
2500.00 137*750 165. 11.1 31.51.1 68.1.85
2600.00 138.820 166.381 31.5165 71.61.0
2700.00 139*870 167.572 31.5109 74..795
2800.00 11.0.880 168.719 31.553 77.950
2900.00 11I.1.89 1696827 31.S56 81*10b
3000.00 14.2.81C 1700897 31.559 81.-261
3100.00 11.3.732 1710931 31.561 87.1#17
3200.00 144..629 172.933 3I.561S 90.573
3300.00 11.5.502 173.905 31.566 93.730
31.CO.00 11.6.351 174..816? 31.S6S 96.886
3500.00 11.7.179 175.762 31.510 100.01.3
3600.00 1100.985 116.652 31.571 103.200
3700.00 11.8.771 1Y77511 31.S73 106.357
3600.00 14.9.S39 178.359 31.571. 109.515
3900.00 A50.289 179.379 31.516 112.672
40000.00 I51O021 1790918 31.S77 115.830
4100.00 151.737 1800758 31.S74 118.988
1.200.00 152.4.37 181.519 31.579 122. 11.6
4300.000 153.122 162.262 31.S"0 125.304
1.100.00 453o792 882.988 31.581 128.1.62
1.500.00 151..1.19 183.698 31.S82 131.620
8600.00 155.092 184.392 31.583 134..170
8700.00 155.723 1450071 31.583 137.936
1.800.00 156.31.3 165.736 33.581. 11.1.095
1.9C0.Ce 156.91.8 366387 33.585 11.8j.253
5000.00 157.51.3 181.026 31.585 11.7.111
5100.00 156.127 147.651 33.586 150.570
5200.00 158.7 "6. 2641 31.566 153.129
5300.00 359.265 "98.86 31.561 156.887
51.CO.00 15.01 189.1456 31.587 10.04.6
5500.00) 160.32 190.056 3 1.S8 163.205
5400.00 140.097 190.0"s 33588 1"6.361
5700.400 163.1.21. 191.141. 31.589 1690522
5800.00 161.91.1 191.111. 31.589 172.681
5900.00 162.1.50 192.251. 31.589 175.81.0

6000.00 162*951 192.185 31.590 178.999
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AgRONuTINONIC DIVISION4

ThMbODYVMAIIC FtIICflOW CW TaC/c

6NH;2 9 g - -34i.. KCALMOL3

(FH )T s c I
K)Ka/t ) (Cal/mot* K) (cl/in. K (ac/ma

298.15 10.110 16.110 8.7920
30C.00 10.110 10.164 d.822 0016
11C0.CO 10.472 12.076 9.98.5 .961
500.0c 11.180 l!).169 10.601 1.990
600.00 12.020 ir.itsi 11.0432 3.016
fcc.oc 12.619 18.1185 11.6157 4.204
400.0c 13.729 20.1140 11.117 5.369
900.0c 14.554 21.850 12.136 6.561
1000.0C 15.3169 23.1164 12.431 1.195
IICO.00 16.113 24.5114 lie. f2 9.056
1200.00 16.1146 25.8.63 13.012 1C.361
1300.00 11.5s0 ;e6.516 13.290 11.6S6
14C.0.C 18.226 27.511 13.5A4 12.999
1500.00 111.1f17 28.8.56 13.1156 16s.369
1600.QC 19.5016 29.357 116.106 15.166
1700.0c 20.109 30.221 14.3f6 17.190
l8C0.00 20.694 31.050 14.640 16.640
1900.0C 21.260 31.66I8 1%.906 20.118
20C0.oc 21.809 32.620 35.471 21.622
2100.OC 22.3102 M1366 15.8.35 23.152
2200.OC 22.059 316.090 1!).698 216.109
2300.00 23.363 564~93 15.p00 26.289
2600.00 23.053 35.4065 15.800 21.869
2500.00 211.331 36.110 15.800 29.6699

j2600.00 216.796 36.130 15.000 31.029
j27C0.o0 2S.2469 37.326 15.e00 32.609

2800.00 25.691 31.901 15.000 36.189
2900.00 26.121 38.655 IS.800 35.169
3000.00 26.541 30.991 15.800 37.3169
31C0.OC 26.951 39.509 15.800 38.929
3200.00 27.352 40.011 15.800 610.509
3300.00 27.740 60.6097 15.p00 62.089
3600o.00 26. 125 40.96d 15.80C 43.669
3500.00 2e8.49d A11.4626 ls.POC 65.2869
36CC.00 28.8614 11.871 15.800 166.829
3F00.0C 29.221 642.3086 15.8"0 61.1609
JflCO.oc 29.571 42.126 15.800 199.989
39C0.OC 29.913 483.136 1i.1100 S1.569
410co.oc 30.269 J63.536 15.800 56. 169
11100.0c 30.578 %5.926 15.400 5%.7129
6200.00 31.019 49.307 15.600 76.d09
8.3C0.OC 31.669 8.9.679 1ý1.poC 70.389
.I.CO.00 31.867 50.0162 15.1100 79.969
bs00.oc 32.275 S0.591 15.800 61.569
8.6C.0OC 32.673 50.7186# 15.80C 83.1329
Isy0o.OC 33.061 51.088. 15.1,100 846.109
6600.00 33.440 51.4i1 15.800 66.2d9
49C0.00 33.810 51.78.3 15.800 111.869
ba0c0OC 346.112 52.062 1va.800 89.8169
5300.00 56.526 52.415 15.POC 91.029
5200.00 341.812 52.682 15.800 92.609
5300.0c 35.211 S2.982 15.0100 9%..169
56100.00 5S.5803 53.278 1b5.00 95.169
s550.00 35.1.0l S53.566 ls.800 91.63.9
5600.00 36.310 511.102 15.600 98.929
5700.00 36.11199 56.132 15.800 100.509
A&.5600 36.4605 516.1107 15.80(o 102.089
5900.00 37.106 $86.471' 15.800 103.649
4000.00 51.1601 56.9163 1;5.800 l05.2619
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AgRONUTRONIC OIViSION
l1mun)vofmic FocTlmI0 or w ax/©

6A H*- -60.0 ICAL0M1
f290

T -(-N29 )/T s 0 cp T "ejo) (€,1/oole OK) (u~l/.ol&. o}(€l0 r (Ma..l)
(cal/(mi. K) (Maliuaa

3911.1 129200 12.200 10.0 6 0
300.00 12.200 12.62 10.070 .019
400.00 12.604 1i.I66 10.ISO 1,06s
Soo.00 13.394 10.771 11.630 3.109
600.00 14.309 19.960 12.410 3.391
700.00 1S.260 21.932 13.190 6.671
800.00 16.200 23.744 13.970 6.029
9CU.00 17.141 25.43S 14.7s0 7.416S

lOCO.00 1.050 27.011 Is.000 *.961
1100.00 l8.931 28.440 IS.000 10.461
1200.00 19.771 29.74S 11.000 11.961
1300.00 20.592 3¢.946 15.000 13.461
1400.00 21.371 32.0%1 11.000 14.961
1100.00 22.119 33.093 IS.000 16.461
1400.00 22.83S 34.061 15.000 17.961
1700.00 23.S23 34.970 15.000 19.461
llCO.00 24.183 351.27 IS.000 20.961
1900.00 24.117 36.638 15.000 22.461
2000.00 25.427 37.400 15.000 23.961
2100.00 26.011 38.140 IS.000 2S.461
2200.00 264.13 30.837 15.000 26.961
2300.00 27.130 39.104 IS.000 26.461
2400.00 27.6S9 4C.143 Is.000 29.961
2100.00 26.171 40.71 IS.000 31.461
2600.00 28.666 41.343 11.000 32.961
2700.00 29.146 41.909 IS.000 34.461
2800.00 29.612 42,41S IS.000 3S.9&1
2900.00 30.064 42.981 15.000 37.461
3000.00 30.103 43.490 Is.000 38.961
3100.00 30.930 43.982 15.000 40.461
S3200.00 31.345 44.4%0 IS.000 41.961
3300.00 31.749 44.919 1S.000 43.461
3400.00 32.198 5C.367 IS.000 61.776
35C0.00 32.723 10.802 is.000 63.276
3600.00 33.231 S1.225 11.000 64.776
3700.00 33.723 S1.636 11.000 6".276
3000.00 34.200 S2.036 Is.000 67.1776
3900.00 34.662 12.421 11.000 69.276
4000.00 3S.111 S2.605 1s.000 70.776
4100.00 31.147 13.17 IS.000 72.276
4200.00 31.971 13.13? 15.000 731.776
4300.00 36.344 3.0890 11.000 75.276
4400.00 36.7?" 14.235 11.000 76.776
4000.00 37.177 S4.S72 IS.000 78.276
4600.00 37.119 54.901 1S.000 79.776
4700.00 37.931 S5.224 11.000 01.276
4000.00 38.29S SS.S40 15.000 02.776
4900.00 30.460 S9.649 is.000 04.276
1000.00 360.97 S6.1S2 IS.000 01.776
1100.00 39.336 S6.449 Is.000 87.276
5200.00 39.6"0 16.740 1$.000 00.176
S300.00 39.993 S1.026 is.000 90.2?6
S400.00 40.311 S1.307 1s.000 91.176
ss00.00 40.623 17.S12 1s.000 93.276
1600.00 40.920 S1.0S2 Is.000 94.776
1 700.00 41.227 s.110 11.000 96.276
S400.00 41.s21 s1.370 11.000 97.7?6
1900.00 41.008 Sl.633 15.000 99.216
600U.00 42.091 SO.80i 15.000 100.176

I

I



A£ONUTIONiC OIVIViON

TI10WIMNIC WCTIOViS 0 Tal 2 /C

18 e -50 KCAL/aJ

T -*(?*MN )/T I C 0 29
A) (cal/mwle °I fcal/mLe °OK (cal/moa °K) (kcal/mL@)

298.1S 9.180 9O180 10.161 0
300.00 9.140 9.243 10.281 .019
400.00 9.643 12.638 14.318 1.274
100.00 10.631 16.281 16.311 2.*21
6GO.00 11.136 19.382 11.S1l 4,S12
700.00 13.116 22.1s 18.415 6.3)0
800.00 14.40S 24.660 19.039 8.204
900.00 11.613 26.932 19.544 10.134
1000.00 160904 29.014 19.974 12.110
1100.00 18.094 30.93? 20.360 14.121
1200.00 19.239 32.?23 20.711 16.101
1300.00 20.341 34.394 21.039 18.269
14C0.00 21.402 35.96S 21.350 20.308
ISCO.00 22.423 37.448 21.649 22.538
1600.00 23.406 3M.ASS 21.938 24.718
1700.00 24.35S 40.193 22.220 26.926
1800.00 21.270 41.471 22.497 29.162
1900.00 26.11S 42.69S 22.769 31.421
2000.00 27.012 43.869 23.031 33.115
2100.00 21.842 44.992 23.000 36.015
2200.00 28.646 46.062 23.000 38.311
2300.00 29.425 47.084 23.000 40.615
2400.00 30.181 48.063 23.000 42.915
2100.00 30.916 49.002 23.000 45,211

2600.00 31.629 49.904 23.000 47.515
2700.00 32.322 sC.772 23.000 49.815
28C0.00 32.99t 51.608 23.000 52.111
2900.00 33.652 52.415 23.000 54.411
3000.00 34.290 53.195 23.000 S6.715

31C0.00 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 S6.074 23.000 65.915
3500.00 37.31S 64.241 23.000 94.240
J600.00 38.072 64.889 23.000 96.S40
3700.00 38.80S 65.519 23.000 90.840
3000.00 39.516 66.132 23.000 101.140
3900.00 40.206 66.729 23.000 103.440
4000.00 40.871 67.312 23.000 105.140
4100.00 41.126 61.880 23.000 108.040
4200.00 42.163 60.434 23.000 110.340
4300.00 42.780 68.97S 23.000 112.440
4400.00 43.381 69.S04 23.000 114.940
4500.00 43.967 10.021 23.000 111.240
4600.00 44.S39 70.526 23.000 119.140
4700.00 45.090 ?1.021 23.000 121.840
4800.00 45.643 11$.01 23.000 124.140
4900.00 46.115 71.919 23.000 126.440
5000.00 46.696 12.444 23.000 128.740
1100.00 47.201 ?2.900 23.000 131.040
5200.00 41.104 73.346 23.000 133.340
1300.00 48.192 ?3.814 23.000 131.440
1400.00 41.610 74.214 23.000 131.940
1100.00 49.130 14.636 23.000 140.240

"" 1400.00 49.S97 71.051 23.000 142.140
1?O0.OC S0.047 1S.4S8 23.000 144.840
S600.00 10.489 7S.oS6 23.000 147.140
5900.00 10.922 16.251 23.000 149.440

8000.00 11.347, 16.631 23.000 1S1.740

i
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fimuISNI 13Ucnai or TaOF(g)

Aet296 -76.3 VAL/Nma

(*K) Coola/mi. OK) (cat/... OK) (s81/m ol *a) koi.)
H8is 13902 636398 12.338300.000 630392 63046?7 12.156 .023180090C 650883 619112 13.061 10291500.00 616.856 70.006 I3SOM 2.625600.00 6S.925 M25946 13.91d 16.001100900 61.036 i'..vsa 14..1'., 5040od00.OC 68.132? 76*658 116.10 6.828900.00 69.166 789350 316.1622 8.2651000.000 10.162 790674, 116.506 9.7121100.00C 71.109 850260 1160573 11.1661200.00 MOO00 d2.550 116.623 12.6261300.00 72."646 oS.102 I'..663 116.090I'.00.00 FS.677 611.790 316.695 15055815009OC 716.452s 85.80S 1109721 17.0291600.00 75.192 U6.756 141.7113 18.60O21700.000 75.899 -4t.650 11o6.76 19.978id00.OC 76.515 88.169' 114.776 21.16511900.00 17.221. 49.294e 116.789 22.9352000.OC 17.0416 90.052 116.800 246.4122100.00 78.4.145 40.77b 116.809 25.8932200.00 79.021 91.466' 14..018 27.371'

2300.cG 79.,tr 92.125 146.825 ?A.agSg
2'.00.OC J'C.113 92.7toi 116.931 30.33925C0.OC PC.630 93.359 316.857 31.8222600.00 111.131 V3.9111 116.88#2 53.3062700.0C t1.616 946.502 14.846~ 316.7912800.OC 62.(;P6 95.C%62 116.850 36.276
2900.00 e2.5162 95.563 116.85'. 37.161

5500.00 e46.219 97.1,d3 146.86S IS5.705
.3100.00 e%6.635 97.921 314.86b 14.6.191*'500.oc 85.021 984.358 31.870 166.67eJ6CC.CC r,5.391 9L.716 141.E? 1 14k.8165370O0.C b5.764, V9.1 P14 3*6.b73 169.65435600.00 86.123 99.581 314.875 51.11605900.00 86.0163 99.96? 141.816 52.624116000.CC 86.836o 100.5214 116.878 S46.11516ICC.OC 01.3169 100.711 146.879 55.603'.200.00 e1.1671 501.070 146.660 $7.09141300.0c *7.791 101.4620 116.881 58.5194161C0.oc 88.IIC 101.76; 141.882 6C.067165C0.00 Af,16.7 102.096 146.883 61.55616600.00 88.l" 102.1623 116.6616 63.016'.16700.Oc V9.013 102.71616 118.885 646.S3241660.00 89.503 105.0s1 116.866 66.02116900.00 M9.66 103. 3"1 146.66 47.509
5000.00 69.865 103.665 116.867 "8.998SICO.0o 90.13d 105.959 1414168 70.168752C0.OC 90.4601 1016.2169 14.6.8 71.976ssCO.0C 9".675 1016.552 .146.669 73.466S51600.00 900930 1046.810 316.690 ?16.956s550co00 91.1a5 Iob.0'. 316.690 76.1612
SOCGO@C 91.1636 10%.352 314.891 77.931

600c.00 92. 9" 106.379 14.692 6.6
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IIE~1W~cFUNChTMrn TOM ~(l)
n*-26.9 IAL/WU1

() ("thl. 09) (cal/vt *K) ("l/m111. On (keel/mi.t)
lY. 5 660550 66-.5*6 laowsel 0SCO~OO 66SS 66.638 12.636 0026,

400.00 67.07U 7001820 35.662 13.360
500.00 66.056 IiO665 13.661 2.705
600.000 09.176 76.01b 14.107 %.010
700.0C Mill3 78020s 116.290 S.526
400.00 710420 60.320 16.616 60960
900.OC 72.6@3 819824, 14.511 00460
1OCO.OC 75.495 85.3S6 140580 9.661
1100.0C ?40466 86.749 146.53 11.322
3200.00 75.368 IS6.026 140674 12.747
1500.00 76.231 610200 16.107 16.2571110000C 17.056 688290 16.*7S5 15.729150000C 716839 09.$08 14.7"6 17.2031600.00 78.586 90.260 lboY72 18.679
1100.0c 19.299 91.356 16.787 200151
INCO*00 19.9e2 92.002 16.799 21o631
1900.0c OC.636 92.602 316.809 25.11?
20C0.00 di.263 93.S62 14.819 26.594
2300.00 e1.066 94.28S 110.826 26.081
22C0.OC e2.466 961.975 161.8is 27.564?3C0.Cc bS.CC6 95.63S 14.839 294461
2600.00 83.56S 16.261 146.84#6 30.531
25C.0.c b14.066 96.441.1 16.669 32.016I260C.OC d86.b1C 91.1455 14.853 33.SC32ICC.cc 65.05f. 9b.016 14.851 36.967
2600.00 d5.530 9H.556 141.860 36.613
2VC0.OC $5.9ape Vil.616, 16.863 57.959
SOCO.OC d6.1935 99.lb83 1%.066 39.665
31ca.cc 86.86ý ICO.C69 14.686 4C.932
S5200.00 87.245 100.5631 36.870 62.619
SSCO00 63r.691 300. 699 16&.612 113.906
.3600.0 6td.C92 101.14u3 106.8761 65.393
55C0.OC Me.619 10 1. a74 161.876 146.80333600.00 88.851 102.293 14.877 198.368
37C0.CC 69.226 102.101 14.679 49.656
i6CO.C, 89.b86 303.091 161.860 513.566
39CO0.c 69.931 10-4.484 16.831 S2.852
#6000.00 90.283 030.861 14.8d2 5%.J20
ISI0.0Oc 90.63. 104.228 160.883 55.809
624J0.Oc 90.945 306.Sa1 316.884 51.297
6scC.co 91.260 106.931 14.88S 56.185
6600.00 91.581 105.279 36.66 6C.21%
45C0.C0 93.8tv 105.616 16.867 61.763
466CO0OC 92.191 305.961 161.886 63.253
41&0.OC 92.681 106.?61 416.8A8 61. 140
8100.00 92.111 306.675' 381.849 "6.229
4900.0c 93.062 306.P82 346.90 67.116
SGGC.OC 93.361 107.182 16.690 69.207
S1CC.Oc 95.615 307.817? 36.693 70.696
b200.00 93.68S 007.166 14.691 72.185
5300.0c 96.369 MAN05 36.892 73.676
5400.00 941.109 106.32d 36.6892 75.363
SSOC.OC 96.66S 3043.402 34.$93 76.655
5400.00) 96.936 MAYO67 16.693 76.1362
SIC0.OC 95.143 109.1351 86.49 3 79.453
N4100.00C 9'.%06 309.593 36.696 4130821
S9CC.OC 9S.6%4 lot."?7 36.69S 02.e00"900.00 95.683 309.696 36.696 84.099
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uIMInMMUC YOcuMM OF taO2CL(s)
Aen a -117.9 W&ALII

T .(V'U2 98)/? S c F 119

Z11d. 15 .,.SOo 49.500 1S.573
300400 69.00C 69.596 1S6616 .0?9

ACOQ00 Molts5 7'..)2? 17.130 1.617
500.00 11.374 782134 troll$ 1.421
600.00 71.601 61.524 10.278 S.?),1

700.00 74.2S4. 64.354 160449 7.070
IS30.00 7S.614 66.011 16.410 A 91
900.00 77.036 49.012 111.744 10.794

10Ji0.00 74.333 91.012 16.1110 117.613

11ci0.00 79.574 92.410 10.847 14.S560

133.0 '.660 9S.97S 111.996 16.350

11>0u.00 .43.92d 91J.699 119.061 22.o1S,6

161.C.Ouj h6.6-48 102.18; 19.1'4 27.6119

d'$dQG 14. 1'1 11A.2112 11.173 31.1?'

21LO.OQ e69.116 k0~..IJ9 V).214 31.644.

i300j.OU 10 54 I')I.?01 17.901? 3f.411

24 v.ý,I .'ý-,.3 1 )1. 1 (A 1).? 305V) 41.07

I2CtZ.U. 9 2. t?" i W).'7 -') 3)*3614 41.009

21,;G0 :0. 43 ' 1 Ic 11.09)4II 1. Q 1 12!

"Ic;.3 2 il.)61 19.M 4.07

170.0 k0.g 129.010 19.3614150
V.60u31O I0? I I?. c'5 1).M49 527.946

12J1006. 11-3 113.7101 ).6)V) S4.886

3 .4C6.0C 105 L". G q1 1. 1. is80 1).6?4 $1.1421

4'.X.0 If, I7 L14.447 11.647 S0.0It,

I5.1.0 I0.7 I2.? 1').644 95.9.31

I 400O.00J 44 10543 115. -,i [4. 409 67.9be,0

I It,0;.00 los.632 I25.058 19.4?? 64.b341

!C600.00- 10). C. ) 16St 1.4.4.4 19.3 606.')51

4t1;;.00 1:0.4,341 110.094 19.52) 103.437

.4bA.00 L06.o61 2.0 19.S44 0.9

44C.0.0 206.911 119.745 19.777 707.719

10t.0 1021.9744 1 ?1082 19.654 lO0.037

ýt(U.O 10.31 W.11 9. -52-00

.2;.0 1462 12.S 96? 9.1
Iij0 o.36 13.? )65 9.3



At. - -167.2 saALM
1 u(,- " m )/T S U2

oK) (al/m. oK) (coal/Noe an) (al/mI. OK) (068l/m00)

29'.1% 71oCOO 110060 1S.263 0
300.00000 7,00 FI.009S I.1l0 .026
400.00 71,625 75.756 146942 1.657
S 00000 12*850 190621 |7.70Y 3.3s9
600000 ?40259 82*89? 16.130 So181

700.00 15.699 65.713 16.312? T,00
800.00 7100104 66.161 18.568 d.Sd
900.00 718.462 90.315 10.695 10,727
1000.00 79.754 92:3S0 6:?g90 12:596
I10U.00 60096? 96*145 18086S t4.419

i200C.O0 420148 95.7d9 111.926 16.369
1300.00 81.2%7 970106 10.97? 16.264
1400.00 64.111 98.714 19.02? 2J.16
tticlO0 OS.316 [i¢,0Z8 17,06l ?,?.064
1600.0(j '6.214 10|.759 M9.0M 21.976

1700.00 17.190 102.416 19.12) 25.187
180(j.00 4.0061 101.112 1'l. ism 27.802
194jGu, U$4i4'907 104.548 di?9.7p(

Z'at, .00 t9.714 1050531 19.212 41.639
21'J.Gj 40.4'10 106.411 19.23f 33.561
1ij.,j 91.21? 107.117 19. 6? 3!.4m(,
1301.00 91.W57 10M.711 19.295 fl.414
2400.00 9?. e2 101.(,45 J9.437 39'3S3
ý5•Ucu '13. J 1~ 1099,"l 11.1+21) 1.2??

I fc') .00 ' ). m? 110. 5b? ` 4. 3!, 5J 4 J. ?0)
1 , 94.602 511.)23 19.311 45.1#5

260!.0. 4 5 5 J 12.027 51-.392 47.083
iYD. O 15.8404 112.100 1).417 49.024
4000.00 96,178 t13.16? 11.437 50.966
jI 31j03 )60111b 114.,C4 1).452 S2 .91.QI1;).) 97.4110 114.622 11.471 S4. 356
ficV.03 9d.•of 115.Z21 1"..49. U604

jcu. t) IUo. 4lid 11?.97A 19.So 66.573
39CO.0i 100.914 118.41 17.6 68.532
"ClO 0.00 101.36u 1l11.963 19.622 70.494
41C0.00 l01.?,)6 119.468 1-.640 77.457
42UL.OU Ic2.222 119.941 19.6518 ?4.422
,.f(10.30 102.b1$ 120.404 L9.676 76.3h6

3.OU 101.04b 120.657 19.695 79.3S7
45CO.00 10J.o449 121.300 19.713' 80.327
%600.00 103.842 121.733 1.731 4,7.299
05C0.00 L04.221 122.158 19.749 64.273
4800.00 104.605 122.574 19.767 06.249
.900.00 104.976 122.981 19.165 St'.227

b000.00 10s.140 123.381 19.802 90.?06
51lZO.0O 105.698 123.773 19.820 97.167
52(0.00 106.049 124.159 19.638 94.170
bloo.00 106.394 124.537 19.856 96.165
%40U.00 106.734 124.908 19.974 914.14n
55C0.00 107.067 125.773 14.891 100.130
tl6wu.00 107.396 125.611 19.909 502.120

*1 NO.00 107.11V 121).964 I.921 t04.111
'14C0.00 10o.C31 1A4.331 19.945 106.105
;900.00 108.350 12o.672 19.962 10.1O0
C000.00 106.656 121.007 19.960 110.097

.53-I
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IuIONNuAR ImslO (W If0F2(s)aegrmj -20. -:85ML.MU

0 *( )f U ) (Sl/u, *a) (beat/,,e

19.615 ??7S.00 7IROi 14.913 0
300.00 73.e00 12o109 14.947 .028
400.00 73o104 77.079 16.131 I1$90
100,00 14.277 60.04? 16.700 3.23S
600.00 710619 83°822 17.019 4.922
700000 ?6.904 06.462 1?.221 6.63t
$000.00 78.316 04.741 I17362 8,364
900.00 ?9O194 90.623 17.467 10.106

1000000 600180 92.667 17.510 11.657

1100000 919966 94.343 17.610 13.616
1200.00 630062 91.1179 11.676 11.360
M100.00 040103 97.296 I.727 17.151
1400.00 10,093 98.611 17.773 10.926
15M0.00 06.036 99.839 17.816 20.70%

1600.00 864.931 1C0.990 17.055 22.489
1700.00 67.794 102.074 17.492 24.276
1600.00 60.616 103.097 17.92d 26.067

1900.00 09.404 104.067 17.962 21.,62

2000.00 90.160 104.940 17.991 29.6S9

2100.00 90.067 105.868 19.027 31.460

2200.00 91.S17 106.?06 1b.058 33.26t

2300.00 92.262 107.511 18.089 35.0?2

2400.00 92.914 108.262 114.119 36.80b

M500.00 93.S44 109.022 1.3.149 io.67

2600.00 94.153 109.134 1I.1l7) 40.51?
2700.00 94.043 110.421 18.204 42.3.47

28C0.00 95.314 111.084 10.237 44.154

2900.00 95.869 111.724 1h.265 45.979
3000.00 96.408 112.344 18.794 47.801

A100.00 96.932 112.944 10.W22 49.601
3200.00 97.441 113.526 18.350 S1.471

J300.00 97.937 114.091 14.3?d 51.308
1400.00 98.421 114.640 18.406 55.147
JS00.00 96.892 1L5.174 18.431 56.989
3600.00 99.351 315.694 18.461 58.833
3700.00 99.800 116.200 16.48A 60.6f1
3800,00 100.238 116.694 18.536 6?.531

3?00.00 100.666 117.175 1d.543 6#.384
4000.00 101.065 117.645 16.57I 66.240
4100.00 101.494 118.104 18.598 64.096
%200.00 101.695 118.55? 16.625 69.959
4100.00 102.804 110.991 18.652 71.623
4400.00 102.672 119.420 1n.6?9 73.690
4900.00 L03.049 119.840 16.707 75.559
4600.00 103.418 120.2%1 16.734 77.431
4700.00 1030761 120,654 16.761 79.306
4800.00 104.137 121.050 16.788 81.163
4900.00 104.406 121.437 18.015 61.063
5000.00 1046.29 121.618 36.04? 64.946

5100.00 10$,16S 122.191 10.668 6.832
5200.00 105.496 12M.1Ss 16.695 88.7705|00.00 1050M? 122.916 18.92? 90.611

2400.00 1060141 123.272 18.949 97.5D4
5S00.00 106.4%4 123.620 16.976 94.401
%600.00 106.764 123.962 19.003 "6.299

%700.00 107.070 124.99 19.010 98.201
5600.00 107.370 124.610 19.016 100.105
5900.00 107.6"6 114.9%6 19.015 102.012
6000.00 107.9%6 125.217 19.110 103.922
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I ~ ~ ~ e -(.rj/ -103.8 WALAMa

29601' 16.000 740000 1119131 0
300.00 74.000 4.0006 ISOM1 *029
400.00 74.611 74.722 160111 10639
100.00 71.610 $0.460 14.96? .3011
600.00 770120 61.177 17.515 Sloss
l 700.0 760S93 811.243 17.371 6.711
sCOo00 79.948 90.111 11.41% 8.496
900.000 610245 92.636 17.167 109211
1000.00 $0.479 94.490 11,630 120011
1100.00 $30646 96.173 17.661 13,777
1200.00 64.717 91.713 11.721 15.147

11u0000 87.709 M0OW6 17079? 20.661

1600.00 66.666 102.631 17.617 229665
1700.00 69*111 103.911 17.663 24.412
1600900 900319 104.938 17.909 26.142
1900.000 91.111 105.90T 17.933 26.034
2000.00 91.913 1064.27 119957 29.685
2100.000 92.644 107.704 17.979 31.62S
1200.00 93.348 106.141 16.00? 33o424
3300*00 94.006 109.3141 16.023 31.221
2400.000 94.680 110.109 18.044 37,029
S200.000 91.312 1109446 180061 36.834

3600.00 91.9*3 111.111 16.006 40,64*4
2700.00 96.111 W16.738 186106 41*411
ab00.00 97.0068 112.697 16.126 440263
2900.00 97.641 113.133 180166 46.077
3000.00 94.184 114.149 180146 47.692
3100.00 96.709 114*741 16.186 44.710
3200.00 99.219 1161.22 10.201 11.130o
3300.00 99.716 111.863 .18022S 11.351I3400.00 100.199 116.427 t6.244 15.176
JisO.00 100.671 116.916 184263 $?*coo
i600.00 101*110 117.471 186.22 16.627
0700.00 101.179 117.972 15.301 60.061
3600.00 102.016 116.460 180320 6?.467
3900.00 102.444 116.937 16.339 64.120
4000.00 102.862 119.401 16.316 66.1s1
4100.00 103.271 119.851 £6.37? 61.992
4200.00 103.671 1?0.296 16.396 69.430
4300.00 104.003 120.731 16.4t4 710611
04400.00 104.447 121.114 14.433 73.113
4500.00 104.823 1?1.169 18.02* 7Miss
4600.00 101.191 121.915 14.471 77.?34
4100.00 101.152 122.372 16.449 79.0$2
4600.00 101.907 122.761 1.6.00 60.902
4900.00 106.215 1230143 ICU*2 62.153
1000.00 1.0496 113.%16 16.141 6440"7
1100.00 106.932 123.641 18.164 6&462
J200.00 107.261 124o246 16.562 86.320
S300.00 107.561 124.600 16.601 90.119
14C0.00 1070903 124.946 16.619 92.040
1100.00 106.216 12S.290 16.636 93.902
A400.00 106.1*4 12S.626 10.616 "0767
1700.00 106.62? 1*9.91& 18.6f1 97.634
1600.00 109.121 126.201 16.603 99.%02
$90U.00 109.419 116.601 18.711 101.312

6000.00 109.106 126.911 18.750 103.244
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U2EUI 5c UInImC ,W TW 3 (O)
Ae. -335.3 1UL,/1

T -(F-MVS)/T 2 c T

(Ol) (cal/mole OK) (cal/mole OK) (cal/mole ) (hel//me)

?96.12 7b.c0f) 76.000 16.663 0
t33.03 760000 16.116 18.70S t0o5
44u.00 16.146 91.731 20.199 10910
12.00 l7.775 t66.03? 20091 4004,1
O0O.0) 79.904 40.115 2103bý 6.162
N4J.010 1.6|3 93.481 21.574 1.309
O0.00 03.481 96.37, 21.7%S 10.415
DJOOO 84.0I1 98.94s 21.092 12,657

inoo.0O 06.405 101.52? 17.000 14.#SZ
j1C.00 87.853 153.359 22.090 17.0s?

6?,,O 9.226 I•,50o• 22. 1" 1).2T"

1J.4 *$..X 5603 1. 1,-0 77.7!1 :11 .47'
14 LO V 9l.7?1 108.71i1 27299 23.71,
1500.00 92.052 113.75 22.3b7 I5,90

U.0.00 94,079 111.697 22.412 240.16
1700.0 95.156 113.067 22.463 30o432
1$00.00 96.166 114.342 22,512 37.681

1900.00 97.174 115.561 22.S60 34.914
2000.00 98.123 116.149 22.606 17.19)
21CO,00 99,03s 117.821 722651 19.45S
2200.00 49.911 11•.o714 ?2.696 1.7?1
230C.00 900.760 11.893 ?;0.739 41.995

i2400.00 101.577 1•C,8S6 22.782 46.271

JSCO.O0 102.367 121.707 27.024 4#.56l
2600.00 103.111 122.6b1 22.8f6 50.895

2700.00 103.h71 123.S47 27.907 53.124
2800.00 104.569 124.311 22.948 55.41?
290C.00 105.265 125.187 22.981 57.714
30uO.O0 105.962 125.967 23.030 . 60.015
1100.00 106.620 1?6.723 -21.070 62.32C
320.UO0 107.2S9 127.456 21*110 64.629
2300,00 107.,42 128.167 23.150 66.947

J40;;Otj 108.484 12I.0!9 ?3.190 69.259
500.00 109.C9I 1?9.532 Z1.229 71.5"0

36C'0,00 104.658 130.187 71.269 73.905
1'.10 110.221 130.821 23.308 76.233

J10.O0 110.772 131.447 23.34Q Y.s.56
1900.00 [11.310 132.054 23.387 80.90,
4000.00 111.816 132.647 73.426 13.244
41CO0.00 112.3l0 133.226 23.465 85.5d8
%2)0.00 112.PS4 133.7 ? 23.504 d7.917

1.,OO 113.48 134.345 23.543 90.269

4400.00 1t3.4*1 134.148 I3.S6? 92.64%
. ,";.G 114.1(,5 1 15.417 2 J.64?1 9,>.00b

4600.00 114.169 1)S.931 23.660 97.369
,I7•0.00 115.275 146.446 24.69# 9'.731
440O.00 11S.673 136.14S 71.737 107.10)1
4900.00 116.112 117.435 23.776 104.45

uO.0.0 116.43 1 40.416 73.815 106.0864
71;.00 116.961 138.348 23.6S3 104.24a

i117.41 I 31-.ois 23.692 131.035
;3OOwO 117.192 kj;.s07 23.930 114.072

5400.00 118.195 139.755 23.96q 116.421
,u0O.00 118.591 140.195 24.008 I10.02C
76 0.QC 118.981 14C.628 24.046 121.?73
515.o0 119.64 141,054 24.085 12.0629

-0.00 119.742 141.413 24.113 116.040
inu.Cc 120.114 141.865 24.162 176.454

O,•06.00 120.400 142.292 24.200 130.6??
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2tlM DDNU M6 • lFl tW M = ctp Ta= 3(l)
6302" w -187.3 KCALJIU

T (- R-i1 9 )/T $ C p HT 0
I'2968~ r 23

(ca) (cal/Io OK) (cal/mole OK) (0allte °K (298/WIO)

298.15 86.100 866.100 190631 0
300000 86.40C 860521 19.639 o056
400.00 87.176 92.226 ?0.052 2.021
500.00 809653 96.747 20.416 4.004?
600.00 90.325 10051.4 20.868 6.114
700.00 92.018 103.764 21.291 6.222
800.00 93.669 106.634 21.704 10.372
900.00 95.255 109.214 22.117 12.565

1000.00 96.770 111.566 22.530 140195
1100.00 98.214 113.713 22.542 17o049
1200.00 99.589 115.675 22.564 19.304
1300.00 ICO.897 117.482 22.566 21.S61
1100.00 102.142 119.157 22.608 23.821
1500.00 105.329 120.717 22.630 26.083
1600.00 104.462 122.179 22.652 28.31.7
1700.00 105.545 123.553 22.674 30.613
1800.00 106.581 124.849 22.696 32.682
1900.00 107.576 126.C77 22.718 35.153
2000.0C 108.530 127.243 22.740 37.425
21C0.00 IC9.448 128.353 22.762 39.701
2200.00 110.331 129.412 22.784 41.978
2300.00 111.183 130.425 22.806 114.251
2400.00 112.005 131.397 22.828 1.6.539
2500.00 112.800 132.329 22.850 18.8623
2600.00 113.568 133.225 22.872 51.109
2700.00 114.312 134.089 22.894 53.597

2600.00 115.034 13-.922 22.916 55.688
2900.OC 115.733 135.727 22.938 57.981
3000.00 116.413 156.505 22.960 60.275

31C0.00 117.073 137.258 22.962 62.573
3200.00 117.715 131.988 23.004 64.872
3300.00 118.340 150.696 25.026 67.1r3
3400.00 118.949 139.384 23.040 69.471
3500.00 119.543 140.052 25.070 71.783
3600.CO 120.122 140.702 23.092 74.091
37C0.00 120.6e6 141.555 23.114 76.401
3800.00 121.238 141.952 23.156 78.714
3900.00 121.177 142.553 23.158 81.029
4000.00 122.304 143.140 23.180 83.315
4100.00 122.819 143.713 23.202 85.665
4200.00 123.525 144.272 24.221s 87.986
43G0000 123.816 144.819 25.216 90.309
4400.00 124.30C 145.353 23.260 92.635
.500.00 124.Tr1 145.e76 23.290 911.963

4600.00 125.238 146,389 23.312 97.293
1e700.CC 125.693 146.890 25.334 99.625
%8C0.00 126.140 11.7.382 23.356 101.960
4900.00 126.578 141.863 23.378 104.29?
5000.00 121.009 148.336 23.400 106.635
5100.00 121.152 148.800 25.422 1080977
52C0.CC 127.1.7 149.255 23.444 111.320
5300.00 128.255 149.701 23.466 113.665
5400.00 128.656 150.140 2S.488 116.015
5500.0c 129.051 150.571 2J.510 118.365
5600.00 129.1639 150.995 23.532 120.115
5700.0C 129.821 151.412 23.551. 123.069
5800.00 130.19r 151.822 25.576 125.426
5900.00 150.561 152.225 23.59d 127.r65
6000.00 130.951 152.622 23.620 130.145
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- 3.3 orAL (

T "SF. 2")/T 3 C N T

°K (cal/mole °) (Cal/pe °g) (cL/8oZo °) (k2c9/mol6 )
300.00 65.972 64052 15O.0(7 .024
1600.00 64.491 61.910 1S.130 I.$61500.00 66.o491 710018 14.10S 2.160600.00 66.640 r3,611 14.530 4.18$rOO.00 6?.198 175.02 14.103 5.624
800.00 60.926 Ir.f771 1I..70 7.016900.00 10.006 79.491 I4.651 6.6311000.00 71.033 81.036 14.687 10.0031100.00 72.001 82.38 141.723 11.4r41200.00 72.951 83.720 Io.752 12.947

1300.00 75.80 84.902 1o.71. 1404241400.00 74.639 85.997 14.791 15.9021600.00 75.430 81.018 14.806 17.3821600.00 76.185 87.914 14.818 18.8631100.00 ?6.90! 88.873 14.827 20.54b1800.00 7I.594 U89.21 14.836 21.8281900.00 ?7.254 90.523 14.842 23.3122000.00 78.886 91.284 14.818 24.7972100.00 79.494 92.009 14.854 26.2822200.00 8o.01r 92.700 14.868 27.168
2300.00 80.642 93.361 14.862 29.2542400.00 81.181 95.993 14.865 30.740
2500.00 81.T09 94.600 14.868 32.22r2600.00 82.216 95.183 14.811 33.f11.
2100.00 82.701 96.741s 14.813 3S.2012800.00 85.182 96.285 14-.86 36.6682900.00 85.645 96.807 14.877 38.1143000.00 84.091 97.312 14.879 39.66413100.00 84.525 91.800 14.88I 41.1h23200.00 84.941 98.272 14.882 42.640
5300.00 85.358 98.730 14.885 44.1283400 .000 85. (Sti 99.175 1I 4.8 8b 45.0 173b00.00 86.147 99.606 14.8436 41.10!•
J600.00 86.52r 100.025 14.8007 4t.594
3700.00 86.89r 100.4$3 14.888 56.0853800.00 81.259 100.830 14.889 51.5113900.00 8r.612 101.217 14.889 53.060
4000.00 87.961 101.594 14.890 54.5494100.00 88.294 101.962 14.891 56.0584200.00 88.624 102.521 14.891 57.b214500.00 8d.946 102.611 14.892 59.01144CO.00 89.262 103.013 14.892 60.5064500.OC 89.171 103.348 14.893 61.9954600.00 89.814 103.6r7 14.891 65.4844700.00 90.171 103.996 14.894 64.9144800.00 90.463 104.309 14.894 66.1.65
19C0.00 90.741 104.616 14.895 67.9535000.00 91.029 104.911 14.895 69.4425100.00 91.304 10b.212 14.895 70.9325200.00 91,5.4 10.501 14.896 72.4216500.00 91.8100 10lb.14 14.896 73.9115400.00 92.101 106.064 14.896 15.4006500.00 92.35S 106.537 14.897 76.d905600.00 9P.609 106.605 14.897 74.380
5100.00 92.857 106.869 14.897 79.069
5800.00 93.101 101.128 I.691 81.$sy6900.00 95.$41 101.N5O3 14.898 82.1496000.00 94.!77 10t.635 14.898 84.559
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11IU)SMIC 7U1CT3IU OF W4 (s)

oNf39 - -210 1CAL/mmLI

T .- v-298 )/T S C pH

(°K) (cal/moleOK)(callmleo *) (caluol, °K) (kcallmle)
296.15 03.697 030697 20,976 0
300.00 830691 83.827 21,014 .039
1400000 81.5o1 900065 22.1616 2.218
500.00 66.175 950178 23,1916 4s502
6C0O00 800041 99.451 239659 6.846
700.00 89.940 103.122 23.951 9o228
800.00 91,792 106*334 21.153 11.6315
900.00 93,570 109.188 214.292 114.056

1000000 95.262 111.153 24.393 16.491
1100.00 96o868 114.081 24.1669 18.9314
1200.00 98.393 116.213 24.527 21.358
1300,00 99.8610 1180178 24.572 23.039
1400.00 101.216 120.000 216.609 26.298
1500.00 102.525 121.699 21..638 28.761
1600.00. 103.174 123.290 214.662 31.226
1700.00 104.961 124.786 24.682 33.693
1800.00 106.107 126.197 ?4.699 36.162
1900.00 101.20C . 127.533 24.714 38.633
2000.00 108.249 128.801 24.726 41,105
2100.00 109.256 130.008 24.736 43.578
2200.00 110.226 131.158 24.746 46.052
2500.00 111.160 132.259 24.7511 "8.527
2400.00 112.061 1353.312 24.761 51.002
2500.00 112.932 134.323 24.767 53.479
2600.00 133.773 135.295 24.772 55.956
2700.00 314.588 136.230 24.717 58.1.33
2800.00 115.377 137.131 24.182 60.911
2900.00 116.142 138.001 24.705 63.390
5000.00 116.885 138.841 ?2..89 65.868
3100.00 117.606 139.654 24.792 68.317
3200.00 118.508 140.441 24.795 70.827
3300.00 118.990 141.204 24.798 73.306
3400.00 119.654 141.944 24.80C 75.786
3500.00 120.301 142.663 24.803 78.266
3600.00 120.932 143.362 24.005 80.147
3700.00 121.548 144.042 24.806 83.221
3800.00 122.148 144.703 24.808 85.108
3900.00 122.735 145.348 24.810 88.189
4000.00 123.308 145.976 24.811 90.670
1,100.00 123.869 146.588 24.813 93.151
4200.00 124.417 147.186 246814 95.633
4300.00 124.953 141.770 2#4.815 98.111
44CO.00 125.478 148.341 24.816 100.596
4500.00 125.992 148.898 24.817 103.071
4600.00 126.496 149.444 24.818 1050559
4700.00 126.990 149.978 24. 19 108.041
4800.00 127,475 150.500 24.820 110.52f
49CC.00 127.950 151.012 24.821 113.005
5C00.00 128o416 151.513 24.822 1150I81
5100.00 12.87.4 152.005 240822 117.969
5200.00 129.323 152.487 2440S23 120.052
5300.00 129.765 152.960 24.824 122o934
5100.00 1300199 153.424 24.8241 125.016
5500.00 130.62S 153.879 24.825 127.899
5600.00 131.044 1540327 24.825 150.031
5100.00 1310457 154.766 21.,026 132,664
5600.00 131.862 355.198 24.826 1335346
5900.00 132,261 355.622 24.827 337.62
6000.00 132.654 156.039 240827 140.312
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THE M4ODYNAMIC FUNCTIONS OF WY 5 (g)
AH0  -384 KCALIMcLEf298

T *(V-11 29 )/T 8

(OK) '(cal/ol. OK) (cal/mole OK) (cal/note *K) (kal/mele)
758kp.1 85.CCC 6!.CCC 2'm.719 c
Icc.cc as.CCC F!.153 24.794 .04
4Co.cc 66.C12 5;2.?C2 27.432 2.676
SCC.CC 8aiross SF.969 2e.ess .8
6CC.CC 9C.217 IC'..258 29.32? 6.309
lcC;.CC 92.tO7 Ictoell 29.725 11.343
dCC.CC 94 .t7 112.798 29.9611 14.329
'3CLCtC 97.C77 I16.341 30.169 11.33@
ICCC.LC 9S.166 11S.527 30.300 20.361
IICC.(;c 101.ISC 12;.420 3C .398 23.397
12CC.(;C 103.c3! 125.C661 3C.473 26.4.4C
IICC.CC 104.1.k25 127.510 30.S32 29.491
14CC.CC 1O6.t.'1 12S~.774 3C.SuC 32.54.6
15(C.CC 108.14t~ I!1.085 3C.619 3S.606
16C0.CC i05.65. 1!3.hi63 3C.6b2 384.67C
IICC.CC 111.171 13E.722 30.eaC 4.1.747
iplCG.CC 112.56'. 1!7.'.16 3C.704. 44.806
lqcco.:c 113.s36 12C..137 3C.725 471.877
iCCG.LC 115.23t! 1,.C.713 3C.74.3 50.951
2icc.cc 116.'.'1 142.214 30.760 b4..026
i2CC.CC, 117.thl5 143.6'.! 3C.774 57.101

i4CC.CC 115.st! 1'.f.324. 3C.799 63.260
isCO.CC t21.C'.5 14.7.581 3c .to11 66.341
i6CC.CC 122.CES 1'.6.79C 3C.e2l 69.42?
i7CC.CC 123.1CC 14S.953 3C.e3C 77.505

;eCC.CC 124.C75, 151.07! 3C.839 75.588

31c0.cc 126.t46 154.215 3C.863 84.844
.2CCoCC 1?7.7.1 15!.195 3C.87C 87.93C
33CC.0c 128.ff4 15t.145 3C.8?7 91.016
-4CC.CC 129.3es 157.067 30.884 94.106-
15CC..CC 13C.152 157.96? 30.89C 97.19'.
3L'CO.C(. 13C.S16 15t~.832 3C.896 100.284
37C0.cc 131.-14C 15r,.679 30.902 103.374
3ih(u.CC 132.'.@6 16C.sCi 3C.908 106.46'.

-SCC. 133.215 161.3C6 30.913 109.555
4CCC.CC 133.S27 162.069 3C.919 112.647
I'lCC.tCc 134.f23 162.85?2 30.924 115..739
42C0.tLc 135.3C4. 163.597 30.929 118.831

d-c.c 135.S71 164.325 30.934 121.925
'44CC.L;C 136.t2., 16S.037 30.939 125.018
45C0.CC 137.2t2 1U5.732 3C.944 120.113
46cc.cc 137.E85 166.412 30.949 131.207
'.7(C.CC 13e.SC3 167.076 30.954 134.302
'.I4CC.CC 13S.ICS 167.729 3C.959 137.396
49C0.cc 13S.t9t 168.36e 3C.963 140.49'.
!CCO.CC 14C.275 166-.993 3C.968 143.591
!ICO.CC 14C.64.4 165s.607 30.972 146.686
12CC.CC 14.1.4.C3 17C.2Ce 3C.9?? 149.78S
tiCC.CC 141.C,52 17C.798 3C.981 152.863
!4C0.CC 142.492 111.377 3C.986 155.981
tsCC.CC 143.C22 171.946 3C.99C 159.08C
!6cc.cc 14J.!4'. 112.50'. 30.994. 162.179
t7Cc.Ccc 144.CS1 M7.093 30.999 16S.279
teCo.Cc 144.!t1 M7.592 31.003 106.379
t9cc.CC 145.CSL8 174.122 31.CO? 1?1.'.8C

iCCc.CC 145.!'.7 174.643 31.CII 174.581
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TNKliMVVWMC FlINCTIO111 OFN0# 2s

AN 0 e,* .246 VUL/IZ

T -0(11 V*)T c

(OK) (cal/gote 1K) (cal/mole 0) (cal/mole So (kcel/aols)
29091S 716.000 11..000 old. 301 0
OOC.0C 14,.000 111.oil ltl. 3S6 -. 11 -

b8.00.0 P41.7161 79.666 20.206 1*91%
500.00 16.210 8410298 21.01Y 41.0448
6C0.Co 11.891 881.1641 71.563 6.1,6
Y00.Oc 19.601 91.S36 21.661 6.551
SICO.OO 810281 9#&.8.70 22.018. 10.548.
900.00 82.840 91.019 22.226
1000.00 8.1.835 99.4121 22.54.0 18..992
IICO.0O 85.896 101.S6I 22.8.32 11.23I
12C0.OC 111.2684 103.S16 22.509 19.48.1
1300.00 811.603 105.320 22.515 21.132
18.CO.OC 09.65d 106.996 21.653 25.995
1500.0C 91.053 106.559 22.6116 26.2!10
16C0.0C 92.194. 110.025 22.133 28.bS0
1700.00 93.2H13 111.8.014 22.717 30.80s
11100.00 941.321 112.701 22.1119 33.0115
1900.00 95.321 113.9112 22.6581 36.369
2000.00 96.787 115.11s 22.896 37.6s7
21CO.00 91.211 116.243 22.932 9fi
22C0.OC 981.100 111.301 21.96? 142.2413
2300.0C 911.951 Ilu.423 23.001 1111.58.1
21C.OAC 99.r1340 119.302 23.03. 86.84113
250O0.C ICC.SP'I 120.24.3 23.0)67 419.11118
26C0.OC 101.SS8 121.1419 23.099 51.1151
2rCO.OC 102.107 122.021 23.131 S3.766
280C.OC 102.1411 122.H163 23.162 5j6.C#83
290O0.C 1C3.5311 123.616 :)3.19,e 514.1100
3000.0c 1041.222 1211.463 23.223 60.r2l
3100.00o 104.800 125.725 21.25.3 h3.08.5
3200.00 105.535 12j.9641 23.2113 65.312
1330.00 106.16S 126.69C 24.312 67.701
31100.00 106.7r9 12r.317 253.512 70.0511
3500.00 107.171 128.0511 23.311 72.Sr0
36CC.OC 1C1.96C 12tb.?13 73.8.00 111.108
3700.0C 100.530 129.3134 23.1129 77.050
311CO.CC 10-0. 086 129.97Y 23S.4851 79.3911
3900.00 109.630 130.5139 23.8.87 61.74.2
11000.00 110.161 141.1041 23.516 811.092
41I00.0C 11C.6111 111.765 21.51116.4i
41200.00 111.190 132.333 2-4.513 ssi.c0I
11300.0c 111.6811 1372.88b 23.601 91.159
4.8CC.0C 112.116 133.1131 23.660 93.b2i
8.5Ce.00 112.654. 133.962 23.65P~ 95.88!o
8.6C0.OC 115.125 1341.1112 73.6d16 981.252
8.1t0.CC 113.15P3 10&.992 23.115 100.622
1S8C0.OC 1111.03#6 135e4192 73.7113 102.995
04900.00 1141.4.1 ]A3i.9A2 73.771 101).311
tjOCO.CO 1141.912 136.1162 23.799 101.150
5ICO.0C 115.339 156.9341 23.827 110.131
5200.00 115S.159 137.397 23.855) 112.515
53C0.00 116.172 MASI85 23.883 1141.902
58.CO.OC 116.571 11t8.298 23.911 111.29?
55600.00 116.9?6 1311.737 24.939 119.684.
56C0.OC 111.469 139.168 25.961 122.019
57CO0. 117.755 139.593 23,99s 1211.1177
sdcc.CC 1111.135j 1190.011 74:.023 176.1118
5900.0c 118.b09 1410.4121 214.051 129.2u2
6000.00 118.4116 1110.126 211.0111 131.668
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TitzaY1msvwc 1UNCZUS OF w 2 (a)

41f29S -9% KCALAW~

T .(F.11 9 / VT C c T
26p 296s

(*K) (Cal/MISoe k) (Cal/note ok) (Cal/nole OK) (oat/mele)

29t.5 IsOC rco0.No000 Is. 100 0
SCO.OC 1o.OCO 10.0C9. h~. 132 .07A
4.CC.OC I0.610 r14.626 16.271 10606
500.00 IW9.19 78.321 16.811 3.263
600.00 ?lolls? 81.#S16 17.111 14*961
70CoCC 714.523 &14.069 It.-ill 6.683
4CC.OC 11.1464. eo.390 11.16116 9.1121
900.00 77*150 P"..516 17.5841 iOdiih
COCc.CC 70.378. 9C.304. 17.626 11.930
IICC.Oc 79.e..5I 91.987 11.691 13.696
12c0.00 e0.639 91.529 17.78.1 lb.8.6?
1300.00 81.6d6 91..951 17.796 Ir.2#45
14,00.0c h~2.681 ý?6.272 11.81,0 19.026
ISCC.0C h3.629 91.5046 11.0180 20.dig
160C.0C P4a.533 ?H4.659 11.918 22.602
1700l.00 81.396 149. 74 11.951, 714.306
I800.cc t6a.;22 IOU.I,'. 17.98d 26.193
19(c.00 el.0114 101.18.7 Iti.021 21.99'.
20CO.oC 14?.1?'. 102.672 18.052 29.797
2100.0c 88. cb0' 10 3. sbi 1H.085 31.604.
22M0OC e9.20P 1014.396 18.113 33.4148
d3Co.oc 8i9. htlt IO'l.202 IL.1143 3S.221
28.C0.CC 90.1)4c 10').974. li.172 A7.08.2
2610c.00 ý1.I12 106.t17 Ifs.200 38.061
26C0.C 91.7t'8. 101.8.31 18.229 4.0.6d2
dico.Oc 92.3h6 10e.120 li.2SI 4.2.,201
2HCC.cc 92.9S1 Ik.lR84 11'.284. 1k4145'
29u0.CC 93.60.'i 104.8.26 18.3 12 8.6.168.
i000.OC 914.0149 110.08.7 1-,.439 is7.996
!i0C:Oc 911.575 110.0#.9 18.466 498.931

3300.00 9.58.SR 111.799 10.4.20 53.510
31400.00. 96.06Y 112. 1#49 18.14147 b%. 353I350C.0c 96.%4.2 112.865 MAN47 b7.199
!6CC.OL 97.003 113.8.0b 18.500 59.08.M
310)0.00) ý7.1451 111.914 Ii6.526 60.899
jdOC Oc 97. 893 11.I'..8.I ti. 5!2 62.11o3
1 9co.oc 7811.24 11m.8139 13.579 614.610
MOcc.0c 908.114 Il'i.160 111.605 66.4.69
14100.0c0 90.154. 11S.1120 10.631 614.531
4M20OC 99.5's6 116.269 18.657 ?0.195
143CC.0C 94.9%sc 116.708 16.683 12.062
448CC.OC ICC.Ss56 117.138 18.709 73.932
14500.0L6 100.1`13 117.559 18.735 75.8014
146C0.OC 101.0V14 111.911 18.761 77.679
14700.00 101.14iss 118.375 1'i.781 79.5S6
8.8C0OAC 101."06 118.710 18.813 81.4.36
14900.00 102.155 119.159 18.939 83.319
5000.0c IC2.1499 119.559 111.865 8S.201.
5ICC.OC 102.836 119.911 1A."91 87.092
52C0.OC 103.10e. 1C.280 18.916 88.982
5300.00 103.119S 120.6141 18.94.2 90.875

54c.00.C 1CS.14I 120.991) 18.96b 92.771
55CC.OC 1014.131 121.3b.4 14%.99%. 9&4.669
'jOCC.OC 1014.14141 121.686 19.020 96.509
5700.00 1014,447 122.023 19.0145 98.1473
SB580.00 105.0148 122.358. 19.071 100.378
59CC.0C 101.51414 122.681 19.097 102.281
eCCC.OC ICS.6Li 123.002 19.122 1016019t!
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ALEONUTPONIC DiVISION

'goI3OYILNmC VUINITIOUS OF WC/C

AH* - -9.7 KCAL/OIN

T *(F-H 2 )/T S C N T

•°] o1-,, x (C1/.ol, OK) (Cal/sole OK (kcZ/mol,)

2yo.15 $.S00 $.S00 7.635 0
300.00 8S.00 0.549 7.879 .01S
400.00 8.832 11.063 9.466 .092
S(O.00 9.504 13.269 10.2S? 1.882
600.00 10.295 15.104 10.734 2.934
700.00 11.116 16.86S 11.064 4.024

O00.00 11.930 18.359 11.315 5.144
900.00 12.720 19.704 11.520 6.286

1000.00 13.4.81 20.927 11.696 7.447
110.00 14.209 22.050 11.854 5.624
1200.00 14.906 23.087 11.999 9.017
1300.00 15.573 24.053 12.136 11.024
1400.00 16.212 24.957 12.268 12.244
ISO0.00 16.623 25.808 12.391 13.477
1600.00 17.410 26.612 12.S12 14.722
1700.00 17.974 27.374 12.631 15.979
1600.00 18.517 26.099 12.747 17.240
1900.00 19.039 28.791 12.862 16.529
2000.00 19.544 29.454 12.975 19.820
2100.00 20.031 30.069 13.087 21o123
2200.00 20.502 30.701 13.198 22.438
2300.00 20.958 31.290 13.308 23.763
2400.00 21.401 31.659 13.418 25.099
2S00.00 21.830 32.409 13.527 26.447
2600.00 22o247 32.941 13.636 27.805
2700.00 22.653 33.458 13.744 29.174
2800.00 23.048 33.960 13.852 30.554
2900.00 23.432 34.448 13.960 31.944
3000.00 23.808 34.923 14.067 33.346
3100.00 24.174 35.386 14.174 34.758
3200.00 24.594 40.041 14.S00 51.990
3300.00 25.093 41.287 14.S00 53.440
34C0.00 2S.575 41.720 14.500 54.890
3500.00 26.043 42.140 14.500 56.340
3600.00 26.496 42.548 14.500 570790
3700.00 26.935 42.946 14.500 59.240
38C0.00 27.361 43.332 14.500 60.690
3900.00 27.776 43.709 14.500 62.140
40C0.00 28.179 44.076 14.S00 63.590
4100.00 28.571 44.434 14.S00 65.040
4200.00 28.953 44.784 14.500 66.490
4300.00 29.325 45.125 14.500 67.940
4400.00 29.688 45.458 14.500 69.390
4500.00 30.042 45.784 14.500 70.840
46C0.00 30.387 46.103 14.500 72.290
47C0.00 30.725 46.415 14.500 73.740
48t,0.00 31.055 46.720 14.500 75.190
4900.00 31.378 47.019 14.500 76.640
!000.00 31.694 47.312 14.500 70.090
5100.00 32.C03 47.599 14.500 79.540
5200.00 32.305 47.880 14.500 80.990
5300.00 32.602 48.157 14.500 82.440
5400.00 32.892 48.428 14.500 03.890
5500.00 33.177 48.694 14.500 85.340
5600.0o 33.457 48.955 14.500 86.790
5700.00 33.731 49.212 14.500 88.240
O800.00 34.000 49.464 14.500 89.690

5900.00 34.264 49.o12 14.500 91.140
eo0UO00 34.524 49.9S5 14.500 92.S90
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AKRONUTRONIC DIVISION

1I.E04MUYNIC FUNCTIONS OF VS/c

AD -13.5 KCALM/NOJ

T ( F- H2 )/IT S Cp m T

{°K) (cal/moto °K) (cat/sole1 °K) (€81/-.P1e oK) Waco/viots)

298.t% 7.470 7.470 8.376 0
3C0o.00 7.470 7.522 86.431 .016
6uO.00 7.631 1C.273 10.492 '977
500.00 8.571 12.728 11.434 2.078
600.00 9.445 14.861 11.938 3.249
70.00 10.355 16.726 12.236 4.459
600.00 11.256 1o.373 12.424 5.693
900.00 12,|30 19.844 12.54? 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 12.029 10.736
1300.00 15.262 24.503 12.756 12.013
1400.00 15.957 25.449 12.775 13.2#9
IS00.00 16.619 26.331 12.787 14.56?
1600.00 17.252 27.156 12.793 15.846
1700,00 17.656 27.932 12.796 17.126
1800.00 16.438 28.663 12.796 18.406
1900.00 18.995 29.358 12.894 19.690
2000.00 19.530 3C.022 12.984 20.964
2100.00 20.044 30.657 13.074 22.287
2200.00 20.541 31.268 13.164 23.599
2300.00 21.020 31.855 13.255 24.920
2400.00 21.483 32.421 13.345 26.250
2500.00 21.932 32.967 130435 27.589
2600.00 22.366 33.496 13.525 28.937
2700.00 22.788 34.006 13.615 30.294
26C0000 23.198 34.505 13.706 31.640
2900.0C 23.596 34.986 13.796 33.035
30C0.00 23.984 35.457 13.886 34.419
31CO.00 24.361 35.914 13.976 35.812
3200.00 24.839 41.358 14.000 52.862
3300.00 25.346 41.769 14.000 54.262
3400.00 25.835 42.207 14.000 55.642
3500.00 26.309 42.613 14.000 57.062

3600.00 26.767 43.007 14.000 58.462
3700.00 27.212 43.391 14.000 59.862
38C0.00 270642 43.764 14.000 61.262
39C0.00 28.060 44.128 14.000 62.642
4000.00 28.466 44.482 14.000 64.062
4100.00 28.861 44.828 14.000 65.462
4200.00 29.245 45.165 14.000 66.662
4300.00 29.620 45.494 14.000 68.262
44C0.00 29.904 45.816 14.000 69.662
45C0.00 30.339 46.131 14.000 71.062
4600.00 30.666 46.439 14.000 72.462
4700.00 31.c24 46.740 14.000 73.862
48C0000 31.355 47.034 14.000 75.262
4900.00 31.678 47.323 14.000 76."62
5000.00 31.994 47.606 14.000 76.062
SICO.00 32.302 47.683 14.000 79.462
5200.00 32.605 48.1•5 14.000 60.662
5300.00 32.901 48.422 14.000 02.262
S400.00 33.190 46.683 14.000 63.462

5500.00 33.474 40.940 14.000 65.062
5600.00 33.153 49.193 14.000 "6.462
5700.00 34.026 49.440 14.000 61.062
5800.00 34.294 49.654 14.000 69.262
5900.00 34.557 49.923 14.000 90.6Z2
C0G0.00 34.015 5C.156 14.000 92.062
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ARONdUTiONIC DIVISION

TuomnANic PUWCTIOMS al Mf (a)

A1LM298 - 145.5 KCAL/KSU

T - 298) c/ 2
(og) (eel/sole °9) (eel/note oK) (cal/mle tks ( kc/-l)

296.15 44.645 44.645 4.972 0.000
300 44.645 44.675 4,973 0.009
400 44.340 46.110 5.010 0.508
500 45.211 47.237 5.114 1.013
600 45.629 48.1"4 5.285 1.533
700 46.055 49.015 5.500 2.072
800 46.472 49.764 5.734 2.634
900 46.877 50.453 5.970 3.219

1000 47.267 51.094 6.196 3.827
1100 47.6"2 51.695 6.407 4.458
1200 48.004 52.260 6.596 5.108
1300 48.352 52.795 6.763 5.776
1400 48.688 53.302 6.906 6.460
1500. 49.011 53.782 7.026 7.157
1600 49.324 54.239 7.123 7.864
1700 49.626 54.673 7.201 8.581
1800 49.918 55.087 7.260 9.304
1900 50.200 55.481 7.305 10.032
2000 50.474 55.856 7.338 10.764
2100 50.739 56.215 7.361 11.499
2200 50.996 56.558 7.378 12.236
2300 51.245 56.886 7.391 12.975
2400 51.486 57.201 7.401 13.714
2500 51.721 57.503 7.411 14.455
2600 51.949 57.794 7.423 15.197
2700 52.171 58.074 7.436 15.940
2800 52.386 58.345 7.453 16.684
2900 52.596 58.607 7.474 17.430
3000 52.801 58.861 7.499 18.179
3100 53.000 59.107 7.530 18.930
3200 53.195 59.347 7.565 19.685
3300 53.385 59.580 7.606 20.444
3400 53.571 59.808 7.653 21.207
3500 53.752 60.030 7.704 21.974
3600 53.929 60.248 7.761 22.748
3700 54.103 60.462 7.822 23.527
3800 54.273 60.671 7.889 24.312
3900 54.440 60.877 7.959 25.105
4000 54.603 61.079 8.033 25.904
4100 54.764 61.279 8.111 26.711
4200 54.921 61.475 8.191 27.526
4300 55.076 61.669 8.275 28.350
4400 55.228 61.860 8.360 29.181
4500 55.377 62.049 8.448 30.022
4600 55.524 62.235 8.537 30.871
4700 55.669 62.420 8.627 31.729
4800 55.812 62.603 8.717 32.596
4900 55.952 62.783 8.808 33.473
5000 56.091 62.962 8.898 34.358
5100 56.227 63.139 8.988 35.252
5200 56.362 63.315 9.078 36.156
5300 56.494 63.488 9.166 37.068
5400 56.626 63.661 9.252 37.989
5500 56.755 63.831 9.337 38.918
5600 56.883 64.000 9.419 39.856
5700 57.009 64.167 9.500 40.802
5800 57.134 64.333 9.578 41.756
5900 57.258 64.498 9.653 42.717
6000 57.380 64.661 9.725 43.686
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ALNONUTRONIC DIVISION

TIONIOPLVAEC FiUWTI01 WO Hf/c

,K go - 0 KCALMiMol

T *(F-Nm2 9 8)/T 9 c 296- (t-i9)/Jr 8 p 1198

(0) (cal/Mote oK) (cal/mole cOK (cal/-ole 010 (kemlljla,

298.5 10. 666 10.666 6.225 0.000
300 10.666 10.705 6.226 0.012
400 10.907 12.5004 6.345 0.639
500 11.377 13.936 6.466 1.260
600 11.906 15.127 6.583 1.932
700 12.442 16.151 6.701 2.596
a00 12.963 17.054 6.815 3.272
900 13.464 17.863 6.925 3.959

1000 13.941 18.599 7.045 4.658
1100 14.396 19.276 7.164 5. 368
1200 14.829 19.904 7.264 6.090
1300 15.242 20.492 7.399 6.825
1400 15.637 21.045 7.518 7.570
1500 16.015 21.568 7.640 8.328
1600 16.378 22.065 7.765 9.099
1700 16.727 22.539 7.685 9.881
1600 17.062 22.993 8.005 10.67f
1900 17.386 23.429 8.126 11.462
2000 17.699 23.849 8.248 12.301
2100 18.027 25.066 8.378 14.782
2200 18.356 25.459 8.501 15.626
2300 18.673 25.840 8.623 16.482
2400 18.980 26.212 8.745 17.358
2500 19.280 28. 769 8.000 23.721
2600 19.651 29.083 8.000 24.521
2700 20.006 29.385 8.000 25.321
2800 20.346 29.676 8.000 26.121

2900 20.673 29.956 8.000 26.921
3000 20.987 30.227 8.000 27.721
3100 21.289 30.490 8.000 28.521
3200 21.581 30.744 8.000 29.321
3300 21.862 30.990 8.000 30.121

3400 22.134 31.229 8.000 30.921
3500 22.397 31.461 8.000 31.721
3600 22.652 31.686 8.000 32.521
3700 22.899 31.905 8.000 33.321
3800 23.139 32.119 8.000 34.121
3900 23.372 32.326 8.000 34.921
4000 23.599 32.529 8.000 35.721
4100 23.819 32.727 8.000 36.521
4200 24.033 32.919 8.000 37.321
4300 24.242 33.108 8.000 38.121
4400 24 .46 33.291 8.000 38.921
4500 24.644 33.471 8.000 39.721
4600 24.838 33.647 8.000 40.521
4700 25.027 33.819 8.000 41.321

4800 25.212 33.988 8.000 42.121
4900 25.393 34.152 8.000 42.921
5000 25.570 34.314 8.000 43.721
5100 25.743 34.473 8.000 44.521
5200 25.912 34.628 8.000 45.321

5300 26.078 34.780 8.000 46.121
5400 26.241 34.930 8.000 46.921
5500 26.400 35.074 6.000 47.721
5600 26.5%4 35.218 8.000 48.521
5700 26.707 35.360 8.000 49.321
5600 26.857 35.499 6.000 50.121
5900 27.005 35.636 8.000 50.921
6000 27.150 35.770 8.000 51.721
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ACIONUTPONIC DIVISION

TKhCMODVNAMIC FUNCTIONS OF HfO(g)

"7XH2 9 3 " 30.0 KCAL/NOL

T S(F-H298)/T 3 C ToP

(°j) (cal/mole K) (calI/Nmo °) (€pl/Uobs oK) f K)

298.1S $6.357 S6.)$7 76.45 0
300.00 56.3S? 56.403 7.470 .014
403.00 S6.6S5 S5.606 7.849 .710
500.00 57.229 60.390 6.111 1.S00
600.00 S7.684 61.890 8.36 2.6434
700.00 56.551 63.185 86.55 3.2k4
803.30 59.203 64.322 6.SS4 4.306
903,00 59.829 65.33S 8.6)5 4.,s6

L303.00 50.426 66.2468 .669 S.822
1100.00 60.994 67.076 6.733 6.133
1703.00 $1.S33 67.839 8.752 7.s55
1300.00 62.045 68.542 8.798 .4465
1403.00 62.533 69.194 8.68d ?.325
1503.00 62.997 69.802 8.865 13.237-
1603.00 $3.441 70.372 6.639 11.330
1703.00 63.864 70.908 86853 11t.f4
1803.00 64.270 71.414 6.8$0 12.350
1900.00 64.659 71.893 8.656 13.746
"2003.00 5S.032 72.3468 8.75 14.533
2103.00 65.391 72.?82 8.891 15.521
2203.00 65.736 73.195 8.837 16.410
2300.00 $6.069 73.590 B,831 17.239
2403.00 S66390 73.969 1.865 18.158
2503.00 56.701 74.332 8,639 19.316
2603.00 67.001 74.601 8.932 13.568
2700.00 67,292 75,017 6.935 13.858
2803.00 57.573 75.341 6.935 21.749
2903.00 67.847 7S.653 6.910 22.660
3003.00 6s.112 75.955 8.912 23.5)t
310J.00 s6.370 76.248 8.914 24.4?2
S3203.00 58.620 76.531 8.916 25.314
3303.00 6.0664 76.605 8.917 26.2)5
J403.00 69.102 77.071 8.913 27.007
3503.00 69.333 77.330 8.920 277.99
3603.00 $9.559 77.581 8.971 68.861
3703.00 69.779 77.626 8.9?2 29.73'
3803.00 69.994 768064 6.923 33.6S6
J903.00 70.204 78.295 8.974 31.558

4003.00 70.409 70.521 6.975 37.430
4103.00 70.609 768742 8.926 33.343
4203.00 70.806 78.957 8.927 34.736
4303.00 70.998 79.167 8.926 3S.128
4403.00 71.186 79.372 8.928 36.321

4503.00 ?1.370 79.573 8.973 36.314
4603.00 71.550 79.769 6.929 37.637
4703.00 71.727 79.961 6.950 318730
46800.00 71.901 40.149 6.931 3;.503
4900.00 72.071 80.333 8.931 43.486

5003.00 Y2.238 b0,514 1.931 41.379
$to3.00 72.402 60.691 8.932 41.12
5203.00 72.563 60.8664 .932 41.1$6
5303.00 72.721 81.334 8.933 44.029
S400.00 72.877 61.201 8.933 440M57
jsu;.00 73.030 81.36S 8.933 45.545
5603.00 73.180 61.526 8.934 46.719
5703.00 ?3.320 81.686 8.934 47.632
5903.00 73.473 #L.840 6.934 46.526
$9l).00 ?3.416 f 1.92 8.935 49.419
600.00 3,757 82.14#2 8.935 52.312
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AINONUTPONIC OIVISION
IIIZUOY¢IWC P OmiTs OF Uf02(5)

Sf 298 8S ICALJ1M

T -(?-N294)/T 5 C, a96

(°X) (cal/note °K) (cal/mole K) (calme/m °K) tlimal1/10.La

296.1s 60.4s3 60.053 11051t 0
303.00 $0.453 60.924 11.532 .321
403.00 60.917 63.971 12.46s 1.214
900.00 61.823 66.632 13.115 2.535
603.00 $2.666 69.26S 13.55 3.6140
703.00 $3.934 71.379 13.463 S.212
803.00 64.984 73.24S 14.019 6.639
900.00 65.996 74.913 14.236 6.326

1003.00 66.964 76.420 14.3S4 0.451
1103.00 $7.867 77.792 14.443 17.690
1203.00 $6.766 79.052 14.913 12.343
1303.00 69.602 80.216 14.569 13.7118
1403.00 70.399 61.297 14.613 15.25?
1S03.00 11.160 82.307 14.640 16.110
1603.00 11.887 83.253 14.619 16.116
1700.00 72.S82 84.144 14.734 10.655
1800.00 13.247 84.985 14.72S 21.117
1900.00 73.886 5.7181 14.743 22.300
2003.00 74.500 866.38 14.756 24.315
2103.00 75.091 87.296 14.772 25.552
2200.00 75.660 87.946 14.193 27.010
2303,00 76.208 66.603 14.M93 28.5)9
2403.00 76.738 89.233 14.032 29.946
2500.00 77.250 89.837 14.81D 31.4s9
2603.00 77.745 90.418 14.017 32.M0
2700.00 78.22S 90.978 14.823 34.412
2803.00 78.690 91.517 14.02? 39.919
2903.00 79.141 92.037 14.834 37.308
30030.00 79.580 92.540 14.639 36.812
3100.00 90.006 93.027 14.043 43.9, 6
3203.00 60.420 93.496 14.646 41.310
3303.00 80.623 93.95S 14.896 43.355
3403.00 61.216 94.396 14.#83 44.023
3503.00 81.599 94.629 14.856 46.336
3603.00 91.972 95.248 14.658 47.1?1
3700.00 .1.36 95.655 14.6$1 4).217
3803.00 " .?1.69,1 96,351 14.653 53.714
3900.00 93.040 96.437 14.815 52.250
.003.00 93.319 96.814 14.8b6 31.737

4103.00 93.712 97.181 14.669 55.223
420C000 64.036 97.539 14.860 56.410
4300.00 64.355 97.889 14.812 58.1;7
4403.00 54.666 90.231 14.673 99.195
4003.00 64.971 96.965 14.819 11.172
4600.00 55.2?0 98.892 .8.016 62.603
4703.00 950564 99.212 14.07? 64.147
4503.00 95.651 990529 14.678 69.5t
4903.00 86.133 99.832 140869 67.123
5000.00 96.410 100.133 14.890 69.611
5100.00 86.682 100.427 14.891 73.399
52U3.00 96.949 100.716 14.092 71.9i?
5303.00 57.212 101.000 14.0)3 73.376
5400.00 87.470 101.276 14.654 74.5$4
t500000 67.723 101.551 14.654 71621?
t603.00 57.913 101.619 14.695 77.541
5703.00 88.218 1021.03 14.656 79.029
,803.00 98.4S9 102.342 14.606 3.0516
5903.00 86.697 102.596 14.891 02.6)?

6003.00 98.930 102.046 14.690 ,3.495
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A9MONUTONiC OIVISION

THEODIWIC flmCIf Of if02/c

9? o -266.1 KCALMOU
(214

T -(F-H 9)/T c 2

(°K) (cal/mole K) (¢a/lae o (cal/mol oK) (kcallmle)

?70.1s 14.180 14.100 14.095 0
300.00 14.160 t4.267 t4.147 .026
400.00 140762 18.632 16.047 1.S46

900.00 1S.916 22.329 17.038 3.207
600.00 17.2SS 2$.49S 17.671 4.944
700.00 16.634 26.1256 16.136 6.035
6A0.00 19.992 30.703 16.510 6.566

900.00 21.307 32.902 16.832 10.436
1000.00 22.S6S 34.901 19.122 12.334
1100.00 230773 36.736 19.390 L4.259
1200.00 24.925 30.43S 19.644 16.211
1300.00 26.026 4C.017 19.686 16.186
1400.00 27.079 41.499 20.124 20.186
1500.00 26.007 42.$95 20.359 22.213
1600.00 29.094 44.216 20.52 24.2S9
110O.00 29.983 45.471 20.806 26.329
1800.00 30.61? 46.666 21.027 26.420
1900.00 310739 47.609 21.246 30.S34
2000.00 32.$70 48.904 21.463 32.670
2100.00 33.373 49.957 21.679 34.627
2200.00 34.150 SC.970 21.800 37.009
2300.00 34.902 51.939 21.00 39.165
2400.00 3S.632 S2.067 21.600 41.369
2500.00 36.339 S3.757 21.800 43.545
2600.00 37.025 94.612 21.800 49.725
27C0.00 37.692 55.43S 21.600 47.90S
2600.00 38.340 S6.228 21.800 S0.089

2900.00 3S.970 56.993 21.000 92.269
3000.00 39.583 S7.732 21.800 S4.4S
3100.00 40.180 58.446 21.800 S6.629
3200.00 40.818 65.132 21.800 ??.S05
3300.00 41.969 6S.003 21.800 79.985
3400.00 42.268 66.4S4 21.800 82.169
3900.00 42.987 67.086 21.800 64.345
3600.00 43.66S 67.700 21.800 66.S25
3700.00 44.323 66.29? 21.600 $s.o0o
3800.00 44.961 686879 21.600 90.61s
3900.00 49.962 69.445 21.600 95.065
4000.00 46.186 69.997 21.600 95.24S

4100.00 46.773 7C.535 21.800 91.429
4200.00 47.34S 71.060 21.600 99.605
4300.00 4?.902 71.973 21.600 101.76S
4400.00 46.446 72.079 21.000 103.969
4oo0.00 48.977 72.S64 21.800 106.145
4600.00 49.49S 73.044 21.600 108.325
4700.00 90.001 73.512 21.800 110.505
4800.00 50.495 73.971 21.600 112.685
4900.00 SO.979 74.421 21.600 114.066
5000.00 91.452 74.661 21.600 117.045
5100.00 51.916 75.293 21.600 119.225
5200.00 S2.369 75.716 21.600 121.405

5300.00 92.614 76.132 21.000 123.565
5400.00 S3.249 ?6.539 21.000 12%.76$
5500.00 53.676 16.939 21.600 127.94$
9600.00 %4.095 ?7.332 21.400 130.125
5700.00 94.506 ??.?1s 21.600 132.305
5600.00 54.910 76.097 21.600 134.485

5900.00 5S.306 10.470 21.600 13%.665
6000.00 95.695 ?8.636 21."00 130.045
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ACRONUTRONIdC DiVISIOti

TNEMIM*NI9NC FIWT?0US OF HfCl(g)

-. 3 KCALj6MI

T *(F' N 9 )/T s C 9 T
04 9p * 2"6

(K) (c 1/001: 
0 K) (Cal/Note 0K) (Cal/note K) (kcal/splal

298.V5I 6 1. 7.C 61.1160 b.16616 0
3CC.CC 6 1. 7kC 61.793 6.1.09 .016
1.LC.CC t2.075 6k.gSs U.6b7 .$Is
SCC.CC ej.715 60.201 60754, 1.714#4

6 CC.CC 63.4!32 67.dU2 b.809 2.625
7~c.CC 641. 1 t 69.163 11.161. 5.b05
eCC.CC 64.8B57 10.3kb6 b.666 ls.59
socC.CC el..%26 11.391 P1.m8 5.27
ICCC.CC 66.16C; 72.32? 8.893 6.161
1ICC.OC 6t.76C 75.115 b.902 7.057
12CC.CC 67.327 73.950 b.906. 7.91.7
ISCC.CC 67.86S 74..663 bo913 b.838
ISICC.Cc 6L;.57k It).32k ei.917 9.150
ISCC.CC 6E.05e 75.9.19 6.920 10.6d2
I6CC.CC C9.319 16.515 b.923 11.511.
17CC.CC vi.7M! 717.1J6 b.925 12.4.06
ItOCC.CC 7c .Iit 77.566 b.927 1$.299
1qcc.cc 7C.58C 111.Ck9 11.929 141.192
2ccc.cc 7C.965 7b.507 0.93C 15.0(6b
2Icc.CC 71.334 lb.9k3s 6.961 I5.97.e
ilCC.CC 71.69C 79.!58 b.932 Io.6?I
23cc.cc 72.C 5 2 79.755 8.935 17.764
ýkcc.cc 72.16l llu.135 .934 18b6Of
!5CC.CC 72:6e C bo:500 #J.931 1 9.b55
i6CC.CC 72.907 i0.k51 8.935 20.4.1.4
i7CC.CC 7!.285 111.1bb t;.936 21.336
28CC.cc 7!.7 81513 b 966 27.231
iScc.cc 73.1152 b3.S26 8.936 25.12S
!Ccc.cc 74.12! bk.129 0.937 26.01's
!ICC.CC 74.3tt 8;011.22 8i.937 216o912
32CC.CC ?4.642 82.700 8.9st! 25.606
!SCC.CC Ik.119L 112.981 t.930 26.70CC
!IICc.rc 75.1!2 bi.2'i8 0.93to 21.594
!SLC.OC 75.3t8 b84.501 ts.936 2e.1.88i
,6cc.CC It.597 115.759 b.939 29.081
.47cc.cc 75.1121 0l,.COk b.939 3G.dIS5
38ecc.CC 76.C4C b11.242 U.93V 31.169
3kocc.cc 76.253 431s4.171 b.939 32.003
kOC;C.CC It.1.61 oI..701 b.959 3i.951
41c.ICCC 76.665 84k.921 8.939 33.b51
1.2CC.cc 76.8e1. 05.10? 0.91.0 34.11.5
43CC.CC 77.0bro ob.341 b.941C 35.631,
1.1.CC.CC 7?.25C 1! 5. b55 os.946 U.533
15c.SCC. 1704i36 t$5.151. 8.9106 e~7.k2l
46CC.CC 77.619 05.4050 009isC 3~g
4?CC.CC 77.759V 06.1162 b.91.0 39.~ir5
4F-cc.cc 77.975 b6-431 U.9660 040.IC'i
C.9CC.cc 7te.l1.7 ti.515 8.91.0 1.1.CC3

SCCC.CC 7t:.310 64.695 0.914C 41I.097
5 1CC.cc 78.1.82 do.0.1173 8.94.C 12.791
tgcc.CC 70.64.5 87.04.6 U.91.1 6!.ec5
53cC.cC 78.SCb 87l.2 16 b.94.1 464.57S
51c.CC.C 70.963 87.301. 8.9#61 465.4117
5SCC.CC 79.117 87.51.8 1.91.1 li.36.3
toCC.CC 79.i69 U1.709 b.941. 17.201
51MCCC 1908.19 d?.t86F 8.91.l I 1.IS35
ttCC.CC 79.566 88a.022 b.9411 169.04.9
!SCC.OC ?9.71C 4d11.35 b.91l1 %.9.94.3
eccc.cc 19.#853 si.326 b.94.1 SC.83e
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ACRONUTPIONIC DIVISIONl
ThBUNo~yNAic UNTImONS or HtCI 2 (s)

6f28'- 86 KCALMHolt

T-(F-H 9 )/T 6 c NT
(K £a296a K p 2"

(OK (alNoe K)(cal/aole K)l (cal/wole 'K) (kcpliinol*

2le. Is Tc. 11C IC. 1460 13.905 C
SLC.CC 70.14,1 70.226 U3.915 .026
I&CC.CC 7C.652 711.290 111.310 1.1.59
bcc.cc 71.7465 17. boy 111.b11 2.1.81
bCC.cc 72.9135 dc. 161. 116.626 11.359
7CC.C( 711.131 82.1&25 1&...PiU s.805

9CC.CC 76.1.03 1:6. 129 11..?711 a.151,
IGCC.CC 17.1.55 M7.687 116..SU IC.236
IICC.cc 78.li50 1:9.099 111.019 11.7111
12CC.CC 79.392 90.389 111.832 13.197
13CC.cC dC.2d11 91.b77 la..813 141.68C
I1.CC.CC E1.131 9t.677 111.85i 16.110b
ISCC.CC 1.1.935 93.702 161.85e 17.06b
1600.CC c2.7Ci 911.661 114.860A 19.13?
17CC.CC ts.lss1 91).562 146.861, 20.623

I8CC.CC hU. 11-25- 96.4112 lu.t!7? 22oIIC
lv'.cc.C t-4.797 91.216 I11.e75 23.59t.

20Cc.CC 8.5.1.!1 97.979 li1.1478 254685
LIcc.cc ele.05I 94.705 l14.86(l 26.57S
22Ct.CC lkL.o1. 99.398 I14.A8J3 211.061
;f3CC.cc t71.212 Iw0.059 111.8bl, 29.550
21.CC.C cc r76C CICO693 111.86 31.03t.
25CC.CC 1.e.29C 1101:30C 1141.881 32.527
26Ce.Cr 16c.bCI I01.l081 114.869 .411.016
.1cc.cc 89.296 102.1.1c0 14A.890 35.505
2.SCC.cc ?1 ~ 57?6 1Oý.9d 111.191 36.9911

29COC 9C.21C lci.b10 111.Pv2 381.483

3000.00 9C.651l 101..C15 11.09ie 39o97.

!JCC.CC 91.96k! 105.1.35 14o.844 44.44.1C
31.CC.CC 92.371 105.k!79 l11.89s Is5.929

!cc 92.763 l06.311 141.896 117.1119

3Occ.C0 4;!..237 10o7931 141.896 466.300

!.ICC.CC 911.95b 10868 1.896 56.3y7

!9cc.CC Y45.2371 10.9C26 14.1.97 57.8117
113CC.CC 954.578 1011.300 141.89t1 54.667
411.00.0 (0.923 100.668 146.898 560.3b
11SCC.CC 95.254 109.C27 111.899t 62.35

16CC.CC 5e5-149 110.583 1.14.99 60.027

11lCC.CC 96.1.10 110.703 111.899 62,.316

118C0.CC 9.S12C 110.387 fl1.899 63.ba0
4ILC0.CC 9.1.39c 110.0321 141.690 68.2%16
48CCC.CC 97.672 111.025 141.e99 60.706
SIcc.cc 47.39C1 111.924 111.90C 641.276
!2C0.CC 97.622 111.625 1116.900 72.7166
t)CC.CC 91.94e8 111.1920 141.900 711.236

S11CC.CC C98.718 I12.7'20 140.900 72.7046
53cC.0c 9101.000e 112.4915 116.901 77.-236

t6CC.CC ~ 91.71f 113.312 141.900 75.lCOQ
!5cO.CC 99.508 113.047 141.901 80.2196
56CC.CC 559.252 113.313 141.901 01j.?68

tiCC.cc 99.995 1111.591 111.901 80.196

tocc.CC 100.230 1111.3112 141.901 811.667
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AgRONUTONItdC DIVISION

THEmIroYAHc FIiNcTiows or 111ci 3 (g)

&H -159 ICCALMOLE

298.1 kill916 M15.916 1".!?? 0
ALC.C cC etl 9 17 ibJCS c se10'93 .03A.

7ccC,;.CC 1 I.2C'9 102.2 2 4 ly.SO4a 7.71c
t!CCLcc 11. 753 104.81.1 19.631. 9.671
gcc.cc i1..22t Wt7.157 19.tb3 11.667

ltIc.C.C 95.626 10Y.233 19.719 13.601
IlC(..Cc 9,6.qSC 111.113 1o. 74 5 l).SbbC
1?CC.CC 9e.2C3 112.632 19.765 11.5st
gjcc.cc 91.19c 114.415 194.7b 1953

15rcf.cr ICI.5e6 111.21.1 l'0.8os 2&.4191
lbc(:.ILc IC2.ect I Im.526 19.81k 25.1.72

lr"IC.CC l10.50C 12u.e6O 19.82. 29.1.36
-,,,.r I(ý.!96 1.11.912 19.A.29 31.41e1

ýIL^C.CC W0.061 123.917 I9o.8.s 3b.3115

i 3(c cc ICo. 6I2 1.722 1g.R1.5 Vi. 353

2C.f 110.04.1 121.316 19.L447 13.3.2.

cC c~c( 112.021 1 i9.e26 lv.abi 4.9.277
..Icc.cc 11 12.64t 150.!22 19.bb51 51.2f6?
!Crcc4c 111.24c1 130.996 19.045s 53.24d
!ICC.Cc 113.429 1!1.61.1 19.856 SI.263
32cc cc :11.39t 1!2.277 ly.Mb7 57.219

!4CC.Cc 115.460A l!3..888 19.sb5 59.29C

!5CC.CC 116.0CC 134.0C7 P0.859 63.17o
!OLC.CC ]i16.515 134.61o 19.860 6b.16i
!lC0.rc 111.012 fil.160 61.~1 8.I14t

!cc 117.1.91 135.69U ll.146l 69.131.
ý.c..c 117.q70 lio.206 19.862 71.1;ei

1.uCC.Cc 11C1.132 H18.709 19.862 73.107

119;C C ~.325 16 T.676 19.86! 77.Cl79

431.ScCC 11C.7se 13b.0145 14.c1-6 9(6

.e4tC.Lt 121.711 134.6025 19a056 E11.052

ifIc.c 2C.595. 139.1.00.1 14.100s 92.971l
4tLC.CC I2l.9I5 139.UA55 19J.808 65.02t
A~fcC.c( C~ 125.7 11.2 1 . ig 6. Fl.91.1

'd :.C C.c 123.982 140.331. 19 .P65 100.9104:

5LCC.CC 121..±45 l1.1413 19.H06 902.971.

trcC.cc 12i..915 141.5347. l9i.Id8 106.117
toCC.CC U35.27? IlA.1..C0 19.116e q0.6.94

S9CCf.CO 125.61.1 143.C35.2 19.PI%8 l11.0.85

OCCC.CC 125.951 11.9.763 19.M,6t 1.3
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AERONUTIVONIC OIVISION

IME3JI0DYMUIIC FUNlCTIONS OF HfCI 4 (a)
AM1* .213.0 KCAL/MOI

(298

T .(F4 9 8)IT S C T9
(Co/..t K (cl/mleKI (cal/.oI. K) (keel,/.Ole)

J9.t 0.c27 41.0i1 7J.753 0
scc cc 91.017 91.161. 23.175 4CI.1
AiCC.cc 91.916 9b.131 24..99 2.4.6b
bCC.CC 93.76e 10$.670 d5.CI9 &6.9bi
6CC.CC 9S.0122 208.25. .75.258 Y16
ICC.CC C07.875 21Ž.2160 25.1.07 9.999
LiCC.CC 9.8T71 115.559d 2S.505 12.5165
9cc.cc 101.79C 2110..67 2!).572 15.099
2CCC.CC 2C3.605 122.264. 2h.621 17.659
I2CC.CC IC5.32i 123.708i 25.656 20.223
12CC;CrC 2ce.95C 125.91.2 25.6d6 22.190
ISCC.CC ICe.91.9 121.998 25.701 25.J60
21.CC.CC 2C9.953 2/v9.01. 25.72!) 21.932
2SCC.CC 111.3103 131.679 2!).739 30.5C5
16CC.CC 112.666 23i.3412 2,..?!) 33.019
I7CC.CC 123.929 13...902 25.759 35.655
2$CC.0c 115.135 136.375 2b.761 38.231
IYCC.CC 116.29C 1-31.76d 25.77b. 1C.808
iccc.cc 117.397 239I.090 25.780 1.3.386
21CC.OC lle.1.61 11.0.31.8 25).785 165.961.
i2c.COcc 1I',.183 2141:51.11 25 7t19 1.8.513
2JCC.CC 120.1461 21 42 691 2b.793 51.122
i 1.ccC 1221.41.7 2143.192 2t5.79o 53.70i
2t)CC.CC 122.3!J 1441.d1.5 25.799 56.2b2
;Occ.cc le.4.218 21.5.115 2b.802 56.b62
21cc cc 24 .075 416 832 2b:804 6:42.1.
2ecc.(cc 124.9C4. 21.17701 25.806 6 .022
; 9tLL.CC 125 .7CS 14 f. i6 r! 25.0.08 66.601
!CCC.OC 126.4b91 219.550 2!).6120 69.281.
!ICC.CC 127.21.6 150.396 25.611 71.765
$eCC.C cc 27.9L.3 :251:21,1 25.913 71..34.6
!SCC.Cc 12F1.699 252CO 0581 76.927
3 !1.CC.. 129.3ýi6 l5k.781 25.815 74.509
!SCC.CC ISC.075 253.529 25.816 f,2.090
!6LC.CC 230.136 154..456 25.F117 81..672
!ICC.CC 131.5182 154..964. 25.618 81.i51.
38CC.cc 232.011 155.652 25.819 0,4.836
!9CC.CC 12U.626 156.323 25.819 92.41.8
4o1.CCCC 253.2'? 156.977 25.820 941..999
41f..CCC P3.12. 21.6214 25.b.21 97.582
1.2CC.r~c 131..38e 258.236 25.821 100.164.
1.JCC.0C 2134.95C 258.81.. ?!5.W2 102.14.6
441CC.CC 235.5CC 159.4.38 25.R22 l05.32t
..SCC.0c 136.03? 260.Cld 25.821 107.91C
1.6CC.CC 136.565 160.5d6 75.823 110.1.93
1.ICC.CC 231.082 162.1.2 'ii5.824. 113.07b
18CC.CC, 231.569 161.6H5 2b.821. 115.651
1.9cc.CC Ise.081 162.21f 25.@25 Ild.21.C
5CCC.CC 1311.5S14 162.739 75.825 120.b22
S 2CC.CC 139.053 163.250 25.8115 123.4.05
t2cc.cc 239.523 163.752 25.R26 125.9b/
53cc.cc 139.9"5 164..2441 2ts.82* 12b.510
51c.CCC 214C.4.39 164..726 25.E,26 131.153
tsCC.CC 116C.885 265.200 25).826 133.135
'6CC.CC 141..323 165.6860 25.827 236.3283
SN.C.CC 21.2.751. 166.1223 ?s.P21 13e~.901
8co.Icc 2142.21to 166.572 75.A21 21421.485
!9CC.OC 2142.595 161.013 25.k!27 21.4.06c,
(OCC.cc 11.5.006 21.1.1.6 25.82e 2146.64.9
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AgMONUTRONiC DiVISION

?141UNOYNAWIC FUNCTIOUS OF HfCl 4 /c

o Ha - 236.88 KCAL/NDL9

-19 296
(°K) t•(a/.Ile °K) (cal/note °K) (Cal/•ol. K) (kcal/.ol.)

TIPP F•V S CP H
290.1S 1b.600 k5.600 26.79! 0.
JOC.CO 11S.601 45.778 28.826 0.053
40C.Co I.C.7168 58.253 29.92 3.002
SOC.CO 1.6.91.6 61.008 30.518 6.050
60C.CO 510137 66.600 30.809 9.098
IOC.CO 53.952 71.363 30.981. 12.188
IOC.CO Sb.201 91.05. 36.2CC 26.282
S0C.CO 62.093 9S.317 36.20C 29.902
ICO.CO 65.610 99.131 36.2CC 33.522
I10c.CO 6t.816 102.582 36.20C 37.142
120C.C0 71.163 105.731 36.20C 4.0.762
1300.Co 74.4189 102.629 36.20C 404.382
I1.GC.CO 77.C25 111.312 36.2CC 168.002
150C.CO 7Y.495 113.809 36.20C 51.622
160C.Co 1.619 116.146 36.2CC 55.242
1100.Co 8J.116 116.340 36.20C 58.862
leoc.co 6S.697 120.409 36.2CC 62.482
1qOC.CO 87.576 122.367 36.2CC 66.102
2CGC.CO 89.362 12b.223 36.20C 69.722
210c.Co 91.06S 125.990 36.20C 73.3412
ggOC.CO 92.691 121.6741 36.2CC 76.962
2!0C.CO 94.21S7 129.283 36.20C 00.582
240C.CO 95.739 130.b23 36.20C 84.202
2500.CC 97.1?2 132.301 36.20C 87.822
260C.CO 9e.5SI 133.721 36.2CC 91.442
2700.CO 99.879 135.007 36.20C 95.062
2eCC.CO 101.160 136.460k 36.2CC 98.662
2S00.CC 102.391 137.674. 36.20C 102.302
SCO.Co 103.594 13e.901 36.2CC 105.922
3100.CO 104.752 14C.089 36.2CC 109.542
320C.CO 105.874 141.238 36.20C 113.162
330C.CO 106.963 142.351 36.20C 116.762

3400.00 108.C20 143.432 56.20C 120.1402
3500.CO I19.047 141.1bI 36.200 124.022
360C.C0 110.0165 1145.501 36.2CC 127.61&2
3700.CO 111.017 146.493 36.200 131.262
3600.00 111.963 1417.458 36.2CC 134.8b2
390C.C0 112.885 146.399 30.20C 130.502
4COC.Co 113.785 149.315 36.2CC 142.122
J10OC.CC 1141.662 150.209 36.20C 145.742
420C.CO 115.519 151.082 36.20C 149.562
4.500.co 116.356 151.935 36.20C 152.962
4C.00.CO 117.17is 152.766 36.20C 156.602
450C.CO 117.974 IS3.579 36.20C 160.222
4600.CO 116.757 154.375 36.2CC 163.842
A1.00.co 119.523 ISS.153 36.200 167.1662
bk!CC.C0 120.273 IS5.915 36.20C 171.062
11900.CO 121.008 156.662 36.20C 17M.702
5C00.C0 121.729 15?.393 36.2CC 17M.522
SIOC.CO 122.435 Is5.110 56.20C 101.9862
520C.00 123.128 156.813 36.20C 185.562
5J00.00 123.808 159.502 36.20C 189.1U2
S0.oc.co 1211.75 160.179 36.2CC 192.002
SSOC.CO 125.150 160.8413 36.200 196.422
StOC.CO 12S.771 161.496 36.20C 200.042
S7Oc.CO 126.406 162.136 56.20C 203.662
SCO.CO 127.C28 162.766 36.2CC 207.202
5900.00 127.6539 63.385 36.2CC 210.902
6COC.CO 12E.239 163.993 56.20C 214.522
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AEPN~tUTRONIC DiVIbI6ON

mzNOMMurcFIC 7ImOUS OF utylg)
a -21 KCALMODU

0 (1- 0 0 ZN
Ot K) CpI/..Ip X) (Cal/a~ to ) teaplokole 0) f~Ima

2els 59.3cs 59.305 7.916 C
Jcc.O 5i3C 59 .31 W1h J.921s .016
14cc.CC b962C 61.6#lb 6.266 .826
5CC.cc 6C.i?6 63.653 0.1.12 1.663
6cc.cc 6c.9511 0'.110 b.600 2.S17
Scc .cc 61:6 11 66.442. 0.684. 3.38:
OCC.CC 6ý.289 67.6C6 Id.11. 1..2bS
9)CC.OC 62.930 61J.637 .i.761 5.129
ICCC.CC 6!.S55 69.564. 1.810 6.004
IICC.OC t4.11.C 70.4.05 b8.32 6.091
12cc.CC 641.695 71.1714 0.0%69 7.716
ISCC.OC 65.221 ll.k!03 8.IB63 8.661
,14cc.cc 65.7d0 7.ý.1.0~ ti. e 4 95
15CC.oC 66.196 rS.15j3 8.062 l0.1.3t
16C0.CC 66.64.9 71.726 ci.689 II.3dii
17CC.CC 81.085l 116.265 68.95 12.213
IoCC.CC 67.i.916 74.77?' b.900 13.10.1
19cc.cc bydiqc 15.ýSbl a.905 13.991.
iCCC.CC 6E.?7C 15.714, M.908 1A1.6041

22CC CC 6d 9E6 70.561 b.9Ik 16.666
iicC.cc 69.3*8. 70.958 ... 917 1'.655#
iu~cc.cc 69.I.5C 77.337 U.919 1b.1.SC
;.5CC.cc 69.965 77.701 P.920 19.34.2
i 6CC.CC ?C.269 l8.055 t.922 2C.d31.
;7CC.CC 7cU.564 781.38d 0.924 21.126
ibrc.cc ?C.ta4S N~.713 11.925 22.019I 9C0.cc 71.125 74.026 b.926 22.911
3ccc.cc 71.354. 79.328l t.9;e7 2S.604.
3ICC.CC 75.65', 19.621 8.9;?a 21..697

ý2cc.oC Ti.9Cc 79.qCS d.929 25.689
36;~c 12.151. 80. 179 b.930 26.1682

!I.CC...C 72.3,i4 M10.4416 d.931 27.315
3Sk;L.CC 72.62d 110.705 b.931 2t!.26e
ý6CC.Cr 7i.dS6 dO.q51 b.932 2.6
!ICC.OC 7S.Ole 131.201 8.952e 30.0!)5
!eC.Lc~C 15.21.5 u 1. 1.31 U.9-$ 30.9141,
!9C0.cc lis.50 81.671 U.933 31.841.
9CCr.CC Is. 7 14, o. b9b U.9316 52.73S
1.1CC.CC 13.916 d2.118 b.9SA. 33.62e
Ie4cc.cc 14.11ae h2.5334 8.9.15 34.Wb2
I4SCC.0C I1..30e 62.5441 d.9sb 35.4155
I4c.1CC. 716.4151 d2.7149 8.935 36.309
1.:jCc.oc fil.6a3 82.950 8.956 37.20k
1.6CC.0C 71.o865 dS.1146 b.936 58.096
14ICC.0C 15.C1.3 di.Aiq ti.95t 36.909
Ilecc.cc 15.21e 85.527 d.936 39.6863
4.ico .OC 15.3b9 U3.711 t.937 160.717
tccc.CC 75.55? lis.i?91 8.931 IS1.610
51CC.0c 75.723 U14.069 8.967 4.2.S01

.I.CC.CC 750-.#15 b41.519 id.937 43.45t2
tsfcC.ct 7e.35l. Us.461.. 8( .93b 4114.351

tbCC.cC- le.c-a 8#4..1%5 6.958 ke.1.33
56CC.CC le.Ca. e4.9041 e.938 41.0913

tl#CC.OC 76.91.5 ao.371 8.938 4.9.151b
tccc.Cr. ??.C@6 .85.521 0.939 50.60e
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AEIONUTEONIC DIVISION

IIIUIOUMNIC nwITToms OPP MiHfs

I? -- 14 3 KCAL/W1U

T -(F-H 298 )IT S CIf2
0 K) lCpl/molp OK) (cat/mote OX) (cal/m~ob OK) (kcalhmobe

21b6b.21.5 65.21.5 Lf.7Sa 0
rc~c~c' 6S.24.5 65.S~. 04 .715 .02#4

uICC.CC b 7sts 6(h.107 Is49 1.34.0
5CC.Cc 66.76.2 ?2. I6v 13.929 2.714,
6CC.CL 67.866 74.731. 14.155 46.121
ICC.Cr 6s.ocb 76.C#36 14..36e 5.5b0
eCC.CC 70.122 7h.e63 14I.#.86 6.993
Yco.cc 71.19C b0.514 tl..570 8.1.46
IOGC.Cc 72.207 boe.113 14.661 9.906
IlCC.CC 73.17d d3.510 I14.677 11.371
12CC.OC 74.097 Naa.Ydt 14.712 12.8411
14CC.cc 74.956 H45.967 I14.74C I1..314
I4CC.0C 75.702 i7.c8c 14.762 15.789
15CC.CC ie.569 i.G?91 14.7u0 17.266
I6CC.CC 77.319 csq.033 14.795 18.7441
IICC.CC 18.031. H9.931 1400107 20.22b
I9cc.ioc 7t.71o 'yO.777 14.017 21.706
19CC.cc 79.375 'qI.b79 141.026 2!I.1be
2CEC.CC e~c.0O4 92.!39 14.831. 24.671
~icc.CC ho.6Cl9 9.1.063 14.840 26.155
e2CC.CC el.191 93.754 14.P46 21.639
i!CC.CC e1.151 94.4I14 14.k,51 29.124
21c.CC eCC9 95.C46 14.055 30.609
iscc.cc b02.b15 95.65d 14.659 S2.095

i6CC.CC t.4.329 96.2337 14.A62 33.5541

2eS.197 L-:02 9.337 14.868 39.554

29CC.CC 1:4.741 97.e59 14.87C 38.041

3lCc.cL d5.65C 99.781 14.875 141.905

U7CC. 8798 11100.49833 14 " 16 42.94.3
!SCC.CC p8.345 10199781 14:8784 51.499

hccC.oC va.04s 10.2251. 14.876 45.408

!ICC.OC 8';.617 103.011 14.1827 55.857

!g2c.CCC t-9.7C7 102.d67 14.885 57.386c
43CC.CC L90.021 102.643 14.889 5440
41.CC.C 8, C. 3 7k 103.062 14.887 60.893
42t0C.CC 90.652 104.370 14.b90 S7.3851
13c.6CC. 9C0.951 103.720 14.8b91 53.875
1.7CC.CC 91.343 104.062 14.889 60.363
45cc.CC 91.651. 104.3514 14.890 61.852
46C.C0.C 9c.921 104.664 116.891 67.809
4TCC.CC 91.;C6 105.065 14.091 691.2983
4dCC.CC 91.S41 I05.!241 14.892 66.32C
49CC.CC 91.651 1056650 14.892 67.2??
ý3Cc.0c 92.916 105.c#66 14.091. 69.29b
4c~c.Lcc 423el7 106.21 14.893 70.1411
52CC.0c 92.632 107.350 14.895 7.7

tLC.C.C 95.643r 107.611; 14.094 75.255.

ýlcc.oc 9S.931 107.916 14.895 r9.72b
S8lCC.OC Sit1. Irk 01.I77 14.896 81.213
!9CoC.cc V4.01% l00.1.31 160.896 b2.?05

60C0.cc 94..649 1014.6112 146.896 811.193
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AgRONUTEOOMIC DIVA101t14

"ThZ3MIOYIWIIC FIMCI'IONS OFN( HIF(&)

NO 280 KCAL/l6LZ
f298

T (F-H g)/T s c II
p 298 p2

(
0
K (clsole OK (cat/mole ~KI (cal/moe KC) (kcal/sote)

21.5 71.1;11 17.011 16.575 0
SCC.CC 77.cII ??.Ili 10.602 .031
46CC.C( f7.6/r M.i.CS7 11. 7;2 1.152
SCC.CC 7...969 H68.0l48 Id.!B 3.560
6iC.OC tiC.1.1.6 d9.1068 It.769 5.1.20
ICC.CC L-~1.9q ye.396 19.051. 7.313

9CC.CC 01..8211 91.226 19.362 11.1"1
ltccc.cc te,.lI Y9.271 19.1.55 13.C99

12CC.CC fL'.66C 102.113C 19.579 17.003
ISCC.CC P-9.811 IoI*.399 19.6,eI 18.966
I14(C.CC 9C.906 I)0,.eI. 19.655 20.927

16CC.CC 91i.94.1 101.H21 19.705 24.d641

17cC.cc 91.892 IO09.677 19.721. 26.83b

eCLC:Cr wl.501 II2.et86, Y:.765 32.759
'CICC.CC 91.31C II'.1151 19.711. 341..134
12LC.0Lst ..00!1 1l14.71I 19. 7113 36.7114
;!Cc~ cc q.- ?8 I.6O0 19.791 3ts 69iI21.CC.CC 9i.546 Ilb.1.93 1195Y 1 460.672
ý6cc.cc ICC.21.C 117.!01 19.#403 4.2.652
26CC.CC ICC.912 IIb.C1H 19.808 441.632
ý?Cc.cc ICI.561 1111.125 Iq.eI3 4.6.613
2tCC.CC 102.191 119.51.6 19.817 1.11.595

;9Lc.CC 1C2.bCI 120.21.2 19.t1Ž1 50.577

!OL~C.OC ICS.071. ld2.1410 19.824 521.509
!5CC.CC IC3.97 121 2.56C 19.827 Sid.!)Ad I

3ICC.c~c icsI.116 112.1073 119:.142 56.150.
101.5CIC 9560 126.39? 19.81.5 6C.41.2

1.0CC.CC 1014.521 126.5.Y0 19.8135 62.374
1.ICC.CC 1011.962 124.529 19.8139 64.45b
1.2CC.CC I1C.1.C6 I25.7.53 19.P144 ?6.6.44
1.3CC.CC 1cr.951 12!).602 19.61.2 68.42u9
!(.C.CC.C 110.251 1.16.5117 19.1350 80.431.
1oc.5CC. 110-.56 126.650 19.8453 72.395
41c.6cc. 111.96t 117.911C 19.846 114.3791
42c.7cc. 111.1.61 121.521 19.P472 76.6.2
41c.110. 111.81.1 12E0553 lq.e145 7b.3719
..4CC.CC 1I0.~25A 130.511 19.1350 90.260
5cLc.CC IIC.66CC 128.0.95 19.851 h2.3195

SIC.6cc~ 12.9461 11.1.394 19. F151 91..23
S2OC.CC 1I1.461 131P.8~ 19.P52 e6.269
4eCC.0c 1)3.61?e 130.209 19.85 98b.274
5.iCG.OC i1.0221 132.671 19.P57 900.260
5500c.0C II1..365 152.1.0? 19.855 902.245

520C.Cc 1I13.12C 153.299 19.856 101..15

t4CC.OC 115.024 1532.b5 19.857 106.11.6
s8CC.oC 114.365 133.942 19.859 102.173

59CC.CC 115.67? 133.6351 19.d59 106.145

tucc.CC 115.9@6 1314.670 19.860 112.103
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ACROtUThONIAC DiV610Oti

TIIEMIODYYlANIC ?IIUMONS OF ff74(g)
am 0 .410.0 K(CALMIOLE1296

T .(pNzm )/T S C NT
298 29s

f K) (calImOte K) (Cal/not. X) (Ccgl/0n14 K) (kcal/aw1e)

2CO ,1. 719 tel. 119 2 1. J6 0
SLC.C~C I.1.719 hl.1:2 21.562 .0460
46CC .C cc 2.St66 hts.214 74.0466 1.211
scc .cc P46.265 9--.523 23.9141 46.629

1ýc L e~kb -0.93 2416.413 7.C469
IC . cc te146.1. 101.729 246.785 9.511
1rO.Cc 46C.051 IU15..c56 254Cl7 12.C02

I')Cc.Cc 9!.b33 I 10.670 2t,.300 17.C.57
IIcc.cc 95.2916 113.086 25.39c 19.V12
I2CC.OC 9.6.01C 116.298 2b.4659 22. 1146.
l!CC.fCC 9E.361 111.338 25.513 21&.663
I46CC.ac .09.7923 2b.557 27.~i7
Ibcc.OC 101.1466 120.995 25.592 29.1746
16Cr.rc IC2.4!c0 122.64h8 2b.621 32.33b
I7CC.CC 103.6741 ld46.202 2b.6465 346.d9b
Ite,.CCC 1046.bs5 125.t~d 2b.665 3F.4663
lIcGC.CC 105.9e01 121.056 25.682 460.031
:CCCoCC IC?.01J. 12#i.3?4 2!).691 462.60C

;)(oO.lC IC-. Il 16 IU9.62b 2t).709 465.170
2ecr.CC ICV.1246 V.W0.fie ?t,.7kO 06.1,42
i3CC.0 11C.092 131.9i6b 25.730 50-4146
..46CC.cc 11,1.027 133.C63 2t).736 52.bb1I Scc.CC 111.9le0 1346.1146 25.7466 55.46i~
.600.CC 112.eC2 H5).1216 2b.752 56.051
j7Cc.cc 11..6&11 13o,.096 25.756 60.6Us
ýecc.C cc 6.4665 13F.033 2!).763 63.108
2YL0C~c 1,1b.259 161.93? 21-1`66 65.765I CCC.CE 110.03c 168.1110 2b.772 6k!..ýAl
jI1Cc.CC 116.T76 139.655 25.776 70.919
:2cc.CC 117.SCC 140.46746 25.760 73.4691

IR c ::e:2014 :4;:261 25.783 76.075I 116.9e 04 1, 42.C57 2!5.766 76.6546
.1C1O 9C.575 1462.7e46 25.789 81.232

f6cc.cc I2r.;!C 146.511 25.791 83.811
!700.CC 12C.o69 1.46.21ks 2b.793 66.39C
!ecc.CC 121.4692 1464.906 2b.795 Ob.970
3-ALC.cc 12?.I1c 1465.516 25.791 91.55C
tuCCC.tC 122.o96 1106.229 25.799 946.129
46ICC.CC 123.272 146.b66 2S.801 96.700
462cc.CC 123.8461 1461.14#36 25.802 9v.26l9
463LC.CC 12A1.b60b 14#31.U95 25."O04 101.610
1414CC.CC 1246.9419 146t.6db 2b.605 I046.4650
46Scc.cc 125.4663 1469.268 25.006 107.031
a.OCC.CC 126.0C6 1469.1:35 ?b.80? I09.611
467CC.CC 126.519 150.390 25.e09 112.M9
466cc.CC 121'.022 150.953 25.810 1141.773
46900.CC 127.516 151.4666 25.811 117.3546
!CLC.CC l2b.00C 151.987 25.811 119.935
!ICC.CC 12d.t475 1.)i.4698 25.eli 122o516
!2CC.CC 12e.9462 152.9109 2!).813 125.096b
t3Co.oc 129.4601 ibi.4691 25.8141 127.679
!46LC.CC I29.a51 153.9746 2!).81!) 130261
!:bCC.cc 130.2946 154.4647 2b.815 Ii2.646i
sOCC.cc 13C.13C 15b6.913 25.816 135.462h
sicc cc 13.5 l55.!69 25.811 138.005
!tc0.CC 131.579a 15.175.817 146C.581
!VCC.0c 131.9941 156.260 25.816 1463.1*9
tCCC.CC 132.4C02 156.69461 2!).818 1145.?50
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AERONUTRONiC OIVI~iON

11TERODYNAMIC FUNCTION OF HfF41C
-N0 

g -461.4 KCALHOLE

T -(F-H 2 gi)/T S C R T

(OK) •/-.t -K) (ca,/mole K) (cal/m.le °C) (kc tl//mo)

290.1s 31.S00 31.500 25.401 0
300.00 31,500 31.6S? 2S.423 .047
400.00 32.Sll 39.127 26.SS3 2.646
SCO.00 34.4S 45.169 21.636 S.3s6

600.00 J6.681 SC.302 28.101 |.173

700.00 38.955 S4.006 29.?S7 11.096
800.00 41.19i S68.48 30.809 14.124

9C0.O 43.362 ý-.S37 31.868 17.258
1000.00 45.452 65.948 32.905 20.496
1100.00 47o462 69.133 33.952 23.839
12C0.00 49.394 72.132 34.991 27.286
1300.00 52.410 90.030 36.200 48.906

14GO.00 55.194 92.713 36.200 52.526
iSO5.00 57.180 95.210 36.200 56.146
1600.00 60.193 97.547 36.200 59.766
1700.00 62.45! 99.741 36.200 63.3u6
1800.00 64.585 101.810 36.200 61.006

1900.00 66.596 103.768 36.200 70.626
2000.00 68.501 105.624 36.200 74.246
2100.00 70.311 107.391 36.200 77.866
2200.00 12.035 109.075 36.200 81.486

2300.00 73.681 110.684 36.200 85.106

2400.00 75.255 112.224 36.200 81.726
S25C0.00 76764 113.702 36.200 92.,346

2600.00 78.212 115.122 36.200 95.966
2100.00 19.604 116.488 36.200 99.56

2800.00 80.945 117.805 36.200 103.206
2900.00 82.238 115.0?5 36.200 106.826
JO0.00 83.487 120.302 36.200 110.446

3100.00 84.694 121.489 36.200 114.066
3200.00 85.862 122.638 36.200 117.686
33U0.00 86.993 123.752 36.200 121.306
340U.00 88.C90 124.833 )6.200 124.926

3500.00 89.155 125.882 36.200 12a.546
3600.00 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
J900.O0 93.126 129.800 36.200 143.026
4000.00 94.C55 130.716 36.200 146.646
41tU.00 94.960 131.610 36.200 150.266
4200.00 95.843 132.482 36.200 153.886
4300.00 96.105 133.334 36.200 151.506
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
4700.00 99.961 136.554 36.200 171.986
4.800.00 100.732 137.316 36.200 175.606
4900.00 101.486 138.063 36.200 179.226
50CO.00 102.225 138.794 36.200 182.846
5100.00 102.949 139.511 36.200 186.466

5200.00 103.659 140.214 36.?00 190.086

5300.00 L04.355 140.903 36.200 193.706
5400.00 105.038 141.580 36.200 191.326
5500.00 105.709 142.244 36.Z00 200.946
56Uu.O0 106.36? 142.897 36.200 204.566

5100.00 101.013 143.537 36.200 208.186
S8O.00 10?.649 144.167 36.200 211.806

5900.100 108.213 144.186 36.200 215.426
6000.00 108.686 145.394 36.200 219.046
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AERONUTPONIC OIVISION

'IIEMODOYAIC FuNCOUS OF UfOCl(s)

"•Uf298 -59.0 KCALAMOI

T (r-H298)/T S C HT98

O°g) (cat/mole o) (cal/mle oK) (cl/siole oK) CkcaluoLe)

248.1S $8.214 68.714 12.702 0
300.00 58.216 68.293 17.836 .314
403.000 $8.125 12.070 13.4): 1.|83
500.00 S6o.18 150|16 13.88 1.7)4

60a.00 o0.8 , 77.666 14.11? 4.1)1
7TO0.00 71.965 79.857 14.209 5.515
803.00 13.074 81.175 14.42? 5.951

903.00 74. 131 83.480 4.519 8.439
tool030 1$.149 85.314 14.597 9.654

1105.00 16.110 86.407 14.619 11.i26
1203.00 11.0?2 81.682 14.693 11.7;2
1303.00 717.888 88.858 14.711 14.2S1
1403.00 18.711 89.950 14.137 15.134

150D.00 19,495 90.967 14.7i8 17.239
16G0.00 80.242 91.923 14.715 18.535

170).00 30.955 92.816 14.7)) 23.164
1903.00 S1.638 93.662 14.832 21.643
19u3.00 92.292 94.463 14.812 23.1?4
200D.00 92.920 95.222 14.821 26.b)5
2100.00 BJ.573 95.946 14.878 26.398

120J.00 t4.103 96.636 14.835 27.571

231u.00 94.63 97.29q5 14.841 293,15

140U.00 SS.202 97.927 14.8k6 33.5)9

250)000 55.724 98.533 14.850 32.324
26J0.00 96.228 99.116 14.854 33.539
21u).00 96.715 99.676 14.8$8 346.99

180),00 87.188 100.217 14.851 35.k31
2900.00 81.646 1(0.738 14.854 37.VS1

3000.00 98.091 :J1.242 14.867 39.454
3100.00 88.S23 101.130 14.859 43.960
3203.00 98.943 102.202 14.871 47.677
330J.00 39.352 102.660 14.813 435.15
340J.00 09.750 103.104 14.815 45.4)2

3503.00 90.138 103.535 14.875 46.8;0
3600.OU 90.516 103.954 14.818 48.317

370J.00 90.884 104.362 14.879 69.8ss

1803.00 11.244 104.158 14.891 51.353

993,00 ?1.596 105o.145 14.892 5,S1.1

4003.00 91.939 105.522 14.893 56.3)0

410J.00 92.275 105.889 14.894 55.818

4200.00 ;2.603 106.248 14.895 57.336

4303.00 12.9?5 106.598 14.886 59.7;5

4400.00 ;3.240 106.940 14.897 60.233

4503.00 43.548 107.275 14.897 61.712
4600.00 93.850 107.632 14.888 53.251

4100.00 14.146 107.922 14.39) 647,10

4803.00 ;4.436 108.236 14.899 65.239

4903.0G 04.721 108.543 14.893 57.7?8

5O00.00 ;5.000 108.844 14.830 6•.217

5103.00 95.27S 109.138 14.891 73.136
5233.00 95.544 109.428 14.8a2 17.115
5303.00 95.809 109.711 14.812 13.594

5400.00 M6.069 109.990 14.8;2 75.113

5503.00 96.324 110.263 14.813 76.6$3
$600.00 16.576 110.531 14.8;3 78.152
p0j .00 96.823 110.195 14.894 1?.Sk1
5803.00 ;7.066 111.054 14.884 8t.131
590).00 97.305 111.308 14.8;4 82.6?0

6000.00 91.541 111.959 14.895 64.139
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AgMONUTWONIC DIVISION

THEYMMIYNAHIC FrufTIOmS OF HfOF(3)

"f298 * -109.0 KCALOIEI

T -(F-H 29)/T s c i
T

(OK) (cal/Note °K) (Cal/Sole oK) (Cal/we. 0K) (kcal/mI.e)

296.15 $5.760 61.760 12.23S 0
303.00 6s.760 65.635 12.223 .313
403.00 66.210 69.469 13.026 1.298
503.00 67.200 72.437 13.S52 2.616
603.00 68.266 74.940 13.860 3.;2
703.00 69.39S 71.101 14.132 5.314
803.00 ?0.479 78.999 14.2;5 6.916
903.00 11.$22 80.690 14.413 8.252

1003.00 72.516 82.214 14.5,1 i.628
1103.00 73.461 83.599 t4.561 11.l61

1200.00 74.360 84.869 14.61t l.o11
1303.00 7S.214 86.040 14.659 t4.371
1403.00 76.026 87.L28 14.622 15.s42
IS03.00 76.001 88.143 14.?18 17.313
1600.00 77.S40 89.093 14.743 18.456
1703.00 78.246 69.987 14.758 19.;S!
1803.00 78.922 90.831 14.774 2t.4)7
L903.00 79.070 91.6J1 14.7S7 22.;IS
2000.00 80.192 92.309 14.7?9 24.)3)
21U3.0U 90.790 93.112 14.838 21.675
2202.00 :1.366 93,801 14.8t6 27.3S6
2303.00 81.921 94.4S9 14.824 28.418
24U3.00 92.4S7 95.090 14.830 33.)2l
2503.00 32.974 9S.696 14.836 31.9)4
2603.00 93.475 96.278 14.841 33.218
270D.00 83.9S9 96.838 '4.841 14.712
2803.00 84.429 97.378 14.853 36.27
2902.00 94.88S 97.899 14.853 37.74Z

30U3.00 81.327 98.403 14.857 39.218
310D.00 61. 77 90.890 14,863 43.7L4
3200.00 86.174 99:362 14.8:2 42:2)0
3302.00 36.S81 99.819 14.8$5 43.696
J403.00 36.977 100.263 14.867 45.173

0SUO.00 87.363 100.694 14.869 46.659
3602.00 87.739 L01.113 14.871 48.146
0703.00 88.106 101.520 14.873 49.634

J803.00 98.464 101.917 14.874 51.1?1
3900.00 !8.814 102.303 14.876 52.6)8
4003.00 99.156 102.680 14.877 54.3)6
4103.00 99.490 103.047 14.618 55.594
4203.00 99.817 103.436 14.869 57.312

4303.00 00.137 103.756 14.061 58.560
4400.00 ;0.4S1 104.098 14.892 63.3*8
4503.00 20.158 104.433 14.833 61.536
4603.00 2l.O09 104.760 14.634 63.324
4703.00 01.354 105.080 14.89S 64.113
4803.00 91.643 105.393 14.895 66.3)1
4903.00 71.927 0OS.?00 14.896 67.420
5003.00 22.205 106.001 14.097 66.979
5100.00 ;2.479 106.296 14.887 73.46?
5203.00 92.747 106.S85 14.838 71.056
5303.00 73.011 106.868 14.899 73.461
5403.00 ?3.270 10?.147 14.609 74.234
5500.00 23.125 10?.420 14.800 16.423
5603.00 ?3.77S 107.688 14.800 77.012
1700.00 94.022 10?.952 14.86I 19.01

6803.00 ?4.264 108.211 t4.601 63.8;0
$900.00 24.S03 108.46s 14.622 12.319
6000.00 94.737 106.716 14.622 i3.066
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AgRONUTPONIC DIVISION

U1•WWC PUNqC2rIOSIU OF NfOC1 2(8)

AINf - -149 KCALMOU
f 298

T -(-H 29 6 )/t s 9

°x) (cat/mle °K) (caLt/ole A) (cal/molet (kcal/mloe

298.15 ?9.262 79.282 17.01s 0
3C0.00 79.282 19.38? 11.097 .032
4C0.00 79.965 84.443 18.010 1.791
900.00 61.242 66.,25 18.59? 3.622
6CU.00 82.761 91.941 18.903 S.496
7C0.00 64.304 94.873 19.133 7.390
800.00 68.769 97.439 19.292 9.320
9C0.00 87.213 99.718 19.40s l1.2SS

10C0.00 80.567 101.767 19.489 13.200
1100.00 69.693 103.628 19.592 1S.192
12C0.oc 91.C73 10S.331 19.601 17.110
13C0.00 92.231 106.902 19.640 19.072
1400.00 93.332 106.359 19.671 21.038
1500.00 94.319 1090717 19.696 23.006
1600.00 9S.378 110.989 19.717 24.977
1700.00 96.332 112.164 19.734 26.950
1800.00 97.244 113.313 19.749 28.924
1900.00 98.118 114.381 19.761 30.899
20CO.OO 98.957 11S.395 19.772 32.876
21C0.00 99.763 116.360 19.781 34.094
2200.00 100.538 117.280 19.789 36.832
2300.0C 101.285 118.160 19.796 38.611
2400.OC 102.C06 119.003 19.802 40.791
2sC0.00 102.702 119.811 19.808 42.772
2600.00 t03.375 12C.588 19.812 44.753
2700.00 104.02? 121.336 19.817 46.734

28CO,00 104.608 122.057 19.821 48.716
29C0.00 109.270 122.752 19.824 90.698
3000.00 10S.864 123.424 19.827 9Z.601
3100.00 106.441 124.014 19.630 S4.664
32C0.00 107.002 124.704 19.833 S6.6U7
3300.00 107.548 12S.314 19.83S 51.630
34C0.0C 108.C79 125.906 19.837 60.614
35GO.00 108.596 126.482 19.839 62.S98
36C0.00 109.101 127.040 19.641 64.582
37C0.0G 109.693 127.984 19.842 66.566
3800.00 110.C74 128.113 19.844 68.5•0
3900.00 1'10.543 128.629 19.849 70.935
40CO.00 111.001 129.131 19.847 ??.519
41C0.00 111.490 129.621 19.848 74.904
4200.00 111.888 13C.100 19.849 76.489
4300.00 112.317 13C.567 19.850 78.474
44C0.00 112.737 131.023 19.851 80.4S9
4500.00 113.148 131.469 19.652 82.444
4600.00 113.551 131.905 19.853 64.429
4700.00 113.946 132.332 19.654 86.41S
48C0.00 114.334 132.750 19.8%4 88.400
4900.00 114.114 133.160 19.865 90.386
!0c0.0c 115.087 133.561 19.696 92.371
5100.00 119.453 133.954 19.6%6 94.351
52C0.00 11.tl.1 134.340 19.857 96.342
1300.00 116.165 134.718 19.868 98.326
W4C0.00 116.912 139.089 19.898 100.314
5sCO.00 116.S94 139.493 19.659 102.300
5600.00 117.189 13S.811 19.699 104.286
5700.oC 117.919 136.163 19.860 106.272
5600.00 117.043 136.906 19.660 10#.2S6
!9C0.00 118.162 136.4N 19.860 110.244
eoco.00 118.477 137.181 19.661 112.230
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A90ONUTRONIC DIVISION

1,UWMO)YNAMIC FUNCTIOlS OF mIOF2(a)

6Hf298 - -2,8 KCAL/MOIj

T -(F-H 2 9 )/T S C H
T

00K) (caL/mole OK (ca/moe ) ca/moe K) (kc29/m)

79u.15 74.253 14.253 1S.71T 0
3C0.00 74.25% 74.351 15.149 .029
4CO.00 74.889 79.079 11.C1 1.66
SCO.OU 76.129 82.986 17.90 1.4628
600.00 77.5ss 86.300 18.424 S.247
/CO.OC 79.014 B9.167 18.769 1.107
600.00 80.444 91.690 19.007 6.997
9CO.00 1.821 93.939 19.177 10.906
1000.00 83.136 95.966 19.302 12.83t
11CO.00 84.387 97.811 19.397 14.166
12CO.00 85.577 99.502 19.470 16.709
13C0.00 86.709 101.062 19.528 18.659
1400.O 87.187 102.511 19.574 20.64s
1500.00 88.614 103.863 19.611 22.574
16CU.OC 89.794 15.130 17.642 24.537
170C.OC 90.732 106.321 19.668 26.502
18C0.00 91.629 107.446 19.690 28.410
1900.00 92.490 108.51 19.708 30.440
20CO.00 93.317 109.522 19.724 32.411
21C0.00 94.111 11C.4685 19.737 34.385
i2Co.00 94.877 111.404 19.749 36.359
23C0.0C 95.615 112.32 19.760 3a.334
24C0.OC 96.327 113.123 19.769 40.311
2500.00 97.CIS 113.930 19.777 42.288
26C0.00 97.68C 114.?06 19.784 44.266
27r0.00 98.325 115.453 19.790 46.245
28C0.0c 98.949 116.172 19.796 46.224
2900.0C 99. 55 116.867 19.801 50.204
3000.00 100.144 117.538 19.806 52.184
3lCO.00 100.715 118.188 19.810 54.165
f2CO.OC 101.271 118.i17 19.814 56.146
33C0000 101.812 11i,427 19.817 58.128
34CO.OU 102.339 120.018 19.820 60.110
35C0.00 102.852 120.593 19.823 62.092

3600.00 103.353 121.151 19.826 64.074
3700.00 103.841 121.695 19.828 66.057
38C0.00 104.316 122.223 19.831 68.040
39g0.00 104.184 122.739 19.833 70.023
40C0.00 105.239 123.241 19.835 72.006
41CO.0O 105.664 123.730 19.836 ?1.990
42C0.00 106.120 124.208 19.838 75.914
4300.00 106.546 124.675 19.840 77.956
4400.00 106.963 125.131 19.841 79.942
4500.00 107.372 15.577 19.8642 1.926
46C0.00 107.772 126.013 19.844 83.910
4100.00 106.165 126.440 19.645 65.695
4800.00 108.55C 126.858 19.646 87.619
4900.00 108.928 127.267 19.847 89.664
50c0.00 109.299 127.668 19.848 9t.848
510O.OU 109.663 128.061 19.649 91.633
52C0.00 110.C20 120.447 19.850 95.616
53C0.OC 110.311 128.825 19.6s5 91.603
54C0.00 110.717 129.196 19.651 99.768
55C0.00 111.C56 129.560 19.652 101.774
56C0.00 111.389 129.916 19.6S3 103.759
700.O0 111.718 130.269 19.S54 105.144

58CU.00 t12.C40 130.6L4 19.854 107.730
.900.00 112.358 13C.954 19.6SS 109.715
(000.O0 112.071 131.286 19.655 1s1.700
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THERM0DYM4IC FUNCTIONS OF HMf2 /c

AH; 2 9  74.2 KCA.L/HOUL

T -(F-H 296)/T S cp T:

(°K) (cat/note K) (cal/mote °K) (4st/.ule 0K) (kcal/mole)

296.1| 9.9SO 9.9so 9.3)1 0

303.00 q.9SO 10.009 9.44l .)1?
400.00 10.393 13.499 14.315 1.242
5U3.30 11.366 16.973 16.615 ?.6)4

600.00 17.568 20.120 17.831 4.152

70).UO 11.651 72.928 18.554 6.354

800.00 I1.14S 25.437 19.015 8.234
903.00 16.416 27.696 19.3?2 13.152

1003.00 17.648 29.743 19.535 12.3?5

103.00 1d.834 31.6t3 19.696 14.)$7
1203.00 19.971 33.031 19.734 15.31

1300.OU 21.061 34.918 19.813 14.314

-- 1403.30 22.104 36.393 19.933 20.3)S

1503.00 23.103 37.770 19.971 22.3)3

1603.00 ?4.060 39.060 20.0)1 23.919

17U3.00 24.979 40.273 20O.O23 ?6.3)0

1603.00 2i.86t'' 41.41? 20.033 28.3)2

1930.00 26.708 42.501 20.034 33.336

1000.O0 27.524 43.529 20.041 32.310

2100.00 28.309 44.508 20.1)4 34.31?

2?03.00 29.067 45.445 70.1s7 36.031

2303.00 29.799 46.343 20.233 34.351

2403.00 30.506 47.205 20.2;3 43.301

2500.00 31.191 48.035 20.35b 42.139

2600.00 31.854 48.834 20.4?0 44.148

2700.00 32.497 49.606 20.433 46.1)3

2806.00 33.122 S,0.352 20.516 44.245

2903.00 33.728 51.074 20.639 5).3)3
3000.00 34.316 51.774 20.672 52.367

3100.00 34.892 52.453 20.735 54.437

J200.00 35.452 53.112 20.718 56.514

3300.00 35.997 53.753 20.861 58.a 7

3400.00 36.528 54.377 20.924 61.636
3503.00 37.047 54.984 20.997 62.731

3600.00 37.720 63.176 21.033 H1.231

3703.00 38.413 63.651 21.03) 93.331
J803.00 39.085 64.211 21.0)3 35.411

3903.00 39.736 64.757 21.030 91.S1
4003.00 40.368 65.288 21.033 17.691

4100.00 40.982 65.807 21.0)3 101.781

4203.00 41.579 66.313 21.03a 103.s81

4300.00 42.160 66.807 21.03) 13S.131

4403.00 42.726 67.290 21.030 136.331

4503.00 43.27? 67.762 21.03) 113.141

4603.00 43.814 68.223 21.03) IIZ.231

4703.00 44.339 68.675 21.033 114.331

4800.00 44.850 69.117 21.0)3 118.431
4900.00 45.350 69.SSO 21.0)3 118.5s1

5003.00 45.638 69.974 2|.033 123.591

5103.00 46.315 70.390 21.0)3 122.731

520J.O0 46.782 70.796 21.0)0 124.831

5303.00 47.239 71.198 21.033 126.931
5403.J0 47.687 71.591 P1.030 129.381

5503.00 48.125 71.976 21.0)3 131.131
6603.00 40.5S4 72.354 21.033 133.231

1400.00 48.975 72.726 21.0)3 135.351

5603.00 49.386 73.091 21.03) 131.431

5905.00 49.792 73.450 21.0)32 139.S3

6000.00 50.190 13.003 21.030 141.bsl
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T"IDWI0Y1MIC PUIMOKS OF HfClc

, HO298 -44.7 KCAL/tWLZ

T (F-H2%)/T S C T

(110 0 p 298
-OK) (c.1/me °X) (cal/.o-e K) (•al/mole °KX (kcal/.,ol.

298.15 10.900 10.900 9.147 0
300.00 10.900 10.957 4.154. .017
4c0.00 11.264 13.639 ..501 *950
S0o.00 11.961 15.797 90.40 1.918

600.00 12.1S6 17.619 10.165 2.918
700.00 13.567 19.211 10.487 30951
ac0.0o 14.363 2C.632 10.806 S.015
900.00 IS.132 21.923 11.125 6.112

1000.00 15.671 23.111 11.442 7.240
1100.00 16.580 24.21? 11.760 8.400
12C0.00 17.260 25.254 12.077 9.592
1300.00 11.913 26.233 12.394 10.016
14C0.00 16S.41 21.163 12.?10 12.071
ISO0.00 19.146 26.051 13.027 13.350
16CU.00 19.729 2e.901 13.343 14.676
170,.00 20.293 29.720 13.659 16.026
180o.00 20.836 30.510 13.976 17.408
1900.00 21.360 31.274 14.292 18.821
2000.00 21.882 32.015 14.608 20.266
21CO.00 22.381 32.728 14.610 21.721
2?•O.0c 22.867 33.407 14.610 23.188
2300.00 23.340 34.057 14.610 24.649
2400.00 23.799 34.678 14.610 26.110
250.00 24.246 35275 14.610 27.571
2600.00 24.682 35.848 14.610 29.032
2700.00 25.105 36.399 14.610 30.493
2800.00 25.518 36.931 14.610 31.954
2900.00 25.921 37.443 14.610 33.415
30C0.00 26.313 37.939 14.610 34.876
3100.00 26.696 38.418 14.610 36.341
32C0.00 27.C70 30;882 14.610 37.798
3300.00 27.434 39.331 14.610 39.259
3400.00 27.791 39.167 14.610 40.720
35C0.00 28.139 40.191 14.610 42.181
3600.00 28.419 40.602 14.610 43.642
37CO.00 28.813 41.003 14.610 45.103
38C00.00 29.138 41.392 14.610 46.S64
3900.00 29.456 41.772 14.610 40.025
40C0.00 29.770 42.142 14.610 49.486
41CC.00 30.C76 42.502 14.610 50.947
42C0.00 30.424 47.854 14.610 73.208
4300.00 30.833 48.198 14.610 74.669
4400.00 31.232 48.534 14.610 76.130
4500.00 31.620 48.862 14.610 77.591
4600.00 31.998 49.184 14.610 79.052
4700.00 32.367 49.498 14.610 60.513
4800.00 32.727 49.805 14.610 81.974
49C00.00 33.C79 50.107 14.610 83.435
c0.00 33.423 5C0.402 14.610 84.896
5100.00 33.756 50.691 14.610 86.357
1200.00 34.C07 50.975 14.610 67.818
5300.00 34.40a 51.253 14.610 89.279
5400.00 34.722 51.526 14.610 90.740
SO0.00 35.030 S1.794 14.610 92.201

5600.00 35.332 52.058 14.610 93.662
5700.00 35.626 S2.316 14.610 95.123
5800.00 35.916 52.570 14.610 96.5#4
S900.00 36.202 52.820 14.610 98.045

OCO.00 36.481 53.066 14.610 99.506
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1TM10EAYMNC FIUNCtMIOS OF HMfN/c

-H2 98 -- 8.24 KCAL/MOLE

T -('-H 29 6 )/T s c T
(OK)j (ceL/mole °t;) (ca11nole OK) (cat/iot °Ic kaLwe

?)*.1 10.910 10.910 10.41? 0
300.00 10.910 10.971 10.462 .019
400.00 11.324 14.0*0 10.71? 1.079

1OU.00 12.113 16.437 10.9S3 2.162
600.00 13.C06 10.4S4 1.1011 3.269
700.00 13.91* *0.195 11.401 4.396

800.00 14.795 21.732 11.620 S.110

9CO.00 15.644 23.114 11.049 6.724
1000.00 16.411 i4.374 12.069 7.930

1100.00 17.221 23.13s 12.290 9.13A
1200.00 17.966 26.614 12.S09 10.31?
13C0.00 186.60 27.624 12,729 11.639

14¢0.00 19.344 28.575 12.948 12.923
1100.00 19.990 29.416 13.160 14.229
1600.00 20.610 30.333 13.367 15.557

7000.00 21.206 )1.151 13.606 16.906
1C00.00 21.780 H1.935 13.82S 18.218
1900.00 22.331 32.668 14.044 19.671

2000.00 22.871 33.414 14.263 21.087
2100.00 23.389 34.110 14.270 22.514
32C0000 23.692 34,774 14.270 23.941

23C0.00 24.379 35.408 14.270 2S.368
d400.00 24.851 36.016 14.270 26.795
?5C•.00 21.309 36.596 14.270 280222

2600.00 2S.755 37.158 14.270 29.649
27%0.00 26.187 37.696 14.270 31.076
26CO,00 26.607 38.215 14.270 32,503

29C0.00 27.016 38.716 14.270 33.930
JOO.00 27.414 39.#00 14.270 3.3517
3100.00 27.802 39.666 14.270 36.786

3200.00 28.180 40.121 14.270 3a.211
3300.00 26.549 40.560 14.270 39.636
3400,00 26.906 40,986 14,270 41.061

3100.00 29.259 41.400 14.270 42.492
3600.00 29.630 46.802 14,270 61.619
37C0.00 30.099 47.193 14.270 63.246
3C00.00 30.C94 47.173 14.270 64,673
39CO.00 30.991 47.944 14.270 66.100
4000.00 31.423 4.,305 14.270 67.127

4100.00 31.840 48.658 14.270 68.954
42C0.00 32.244 49.001 14.270 70.T31
4300.00 32,636 49,337 14,270 71,806

4400.00 33.021 49.66S 14.270 ?3.235
4100.00 33.394 49.986 14.270 74w662
4600.00 33,259 10.300 14.270 76.069
4100.00 34,114 10.606 14.270 77.516
4600.00 34.460 10.907 14.270 76.093
4900.00 34.199 51.201 14.210 60.310
1000.00 35.130 51.469 14.270 61.797
4100.00 34.454 51.772 14.270 83.224
5200.00 3S.170 52.049 14.270 84.671
5100.00 36.060 52.321 14.270 86.076
5400.00 36.363 S2.069 14.270 87.505
5500.00 36.660 52.650 14.270 86.932

1600.00 36.371 S3.107 14.270 90.35S
1700.00 37.256 53.319 14.270 98.796
5600.00 3.7536 53.607 14.270 93.213

59G0.00 37.011 53.d5l 14.270 94.640
6000.00 56.080 54.091 14.270 96.061
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