Bulletin 605
Bureau oF MINES

THERMODYNAMIC PROPERTIES
OF 65 ELEMENTS—

THEIR OXIDES HALIDES
CARBIDES AND NITRIDES

By C. E. Wicks and F. E. Block

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON: 1963



UNITED STATES DEPARTMENT OF THE INTERIOR
Stewart L. Udall, Secretary

BUREAU OF MINES
Marling J. Ankeny, Director

This publication has been cataloged as follows:

Wicks, Charles E

Thermodynamic properties of 65 elements—their oxides,
halides, carbides, and nitrides, by C. E. Wicks and F. E.
Block. Washington, U.S. Govt. Print. Off., 1963.

iv, 146 p. illus. 26 cm. (U.S. Bureau of Mines. Bulletin 605)
Bibliography: p. 143-146
1. Thermochemistry. 2. Oxides. 3. Halides. 4. Carbides.
5. Nitrides. I. Block, Frank E., joint author. II. Title. (Series)
TN23.U4 no. 605 622.06173
U.S. Dept. of the Int. Library

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington 25, D.C. Price $1.00



CONTENTS

Page Page

Introduetion- . _____________________________ 1 Part 2.—Heat content, heat-of-formation, and

Symbols and units__________________________ 2 free-energy data—Continued

Part 1.—Thermodynamic functions and their Lead and its compounds___________________ 63
applications_____ _______________________ 3 Lithium and its compounds________________ 66
Heatcontent_____________________________ 3 Lutetium and its compounds_______________ 68
Heat of reaction and heat of formation.______ 4 Magnesium and its compounds._____________ 69
Heat balance_____________________________ 5 Manganese and its compounds_ _ . ___._._____ 72
Free energy_____ _________________________ 7 Mercury and its compounds_.______________ 76
Part 2.—Heat content, heat-of-formation, and Molybdenum and its compounds____________ 79
free-energy data.________________________ 10 Neodymium and its compounds._ . - _________ 83
Aluminum and its compounds______________ 10 Nickel and its compounds____.________.__.____ 84
Antimony and its compounds______________ 13 Nitrogen and its compounds___.___________ 86
Arsenic and its compounds_________________ 15 Oxygen_______________ [ 88
Barium and its compounds_________________ 16 Phosphorus and its compounds...__________ 88
Beryllium and its compounds_______________ 18 Platinum and its compounds_______________ 91
Bismuth and its compounds_.______________ 20 Potassium and its compounds. ____.________ 93
Boron and its compounds____._____________ 22 Praseodymium and its compounds_ _________ 95
Bromine.________________________________ 24 Promethium and its compounds_ - __________ 97
Cadmium and its compounds_______________ 24 Rhenium and its compounds.- - ._______-____ 98
Calcium and its compounds________________ 26 Samarium and its compounds_ . ____________ 100
Carbon and its compounds_________________ 28 Scandium and its compounds_______________ 102
Cerium and its compounds________________._ 32 Silicon and its compounds. - - _.____________ 103
Chlorine_________________________________ 33 Silver and its compounds. .. ______________ 106
Chromium and its compounds______________ 34 Sodium and its compounds_________________ 108
Cobalt and its compounds_._______________ 38 Strontium and its compounds._ . ____________ 110
Columbium and its compounds____________. 40 Tantalum and its compounds__.____________ 112
Copper and its compounds_________________ 41 Terbium and its compounds________________ 114
Dysprosium and its compounds_____________ 44 Thorium and its compounds________________ 115
Erbium and its compounds_________________ 45 Thulium and its compounds________________ 117
Europium and its compounds_ __ ___________ 46 Tin and its compounds____________________ 118
Fluorine._____.__________________________ 47 Titanium and its compounds_______________ 120
Gadolinium and its compounds.____________ 48 Tungsten and its compounds______________._ 124
Gold and its compounds___________________ 49 Uranium and its compounds. .. ____________ 127
Hafnium and its compounds_______________ 51 Vanadium and its compounds_ . ____________ 131
Holmium and its compounds_______________ 52 Ytterbium and its compounds______________ 135
Hydrogen and its compounds_______________ 53 Yttrium and its compounds________________ 137
Todine __________________________________ 56 Zinc and its compounds_ _ - ________________ 138
Iron and its compounds. __________________ 57 Zirconium and its compounds_ _____________ 140
Lanthanum and its compounds_____________ 62 References. - - - 143

ILLUSTRATIONS

=
LS
s
©
[
]

1. Aluminum o 13
2. AntimoOny 15
8. ATseniC _ . 16
4. Barium 18
5. Beryllium _ il 20
6. Bismuth - _ 21
7. BOroNn _ 24
8. Cadmium _ _ 25
9. Caleium . o 28
10. Carbon______________ o _____ JE 32
11, CeriUm - — ol 33
12. Chromium (&) - _ e 37



IV CONTENTS

Fig. Page
13. Chromium (b) - - oo e ecememeee 37
14. Cobalt - - e 40
15, Columbium. - e 41
16, GO PO - e 44
17. Dysprosium . . 45
18, Erbium - - e 46
19, BuroDiUm - 47
20. Gadolinium e 49
21, Gold. - e e cieiceeee 51
22. Hafnium _ e 52
23, Holmium e 53
24. Hydrogen 56
25, Irom (8) - - o e 61
26. Iron (D) .- oo e 61
27. Lanthanum . e emmmmmmec oo 63
28, Lead. e 66
20, Lithium o e 68
80. Lutetium . e 69
31, Magnesium . e 72
82, Manganese - - - e e — 76
33, MerCUrY - - e 79
34, Molybdenum (&) - - oo - oo e e 82
35. Molybdenum (b) - - - - oo e e m e 82
36. Molybdenum () - - oo oo oo e 82
87. Neodymium - - - e 84
38, Nickel . - e 86
39, NiItrogen - e 88
40. Phosphorus. - - o e 90
41, PlatinUm . e 92
42, PotassIUM . _ e 95
43. Praseodymium.__ 97
44, Promethium _ e eececieca 98
45, Rhenium e e 100
46, SamariUm e 101
47, ScandiUum  _ e e e 103
48, SilICOM - e e e 105
49, SIlVer . o o e e 107
50. Sodium _ e 110
51, Stromtium - _ e 112
52. Tantalum - - e e 113
53. Terbium _ e 115
54. Thorium - _ e e e 116
55, Thulium - e 117
56. TN o e e 119
57. Titanium (8) - e 124
58. Titanium (b) - - - oo e 124
59, Tungsten. e 127
60. Uranium (8) - - - e 130
61. Uranium (b) _ - o e 131
62. Vanadium (&) - - - e 135
63. Vanadium (b) - e i35
64 136
65 138
66. 139
67. 142




THERMODYNAMIC PROPERTIES 'OF 65
ELEMENTS—THEIR OXIDES, HALIDES,
CARBIDES, AND NITRIDES'

by
C. E. Wicks? and F. E. Block?

Introduction

HROUGH the utilization of two branches of scientific knowledge, ex-
Ttractive metallurgy has recently developed from an empirical art to a

more exact science. Improved techniques for evaluating physical and
chemical properties of materials have provided better definition and control
of operating variables. Also, chemical thermodynamics have provided the
requisite fundamental information needed to evaluate optimum conditions for
conducting processes. o

The value of thermochemical calculations in extractive metallurgy is in
evaluating heat requirements and optimum conditions for conducting a chem-
ical process. Quantitative knowledge of thermodynamic values characteristic
of elements and compounds is almost mandatory in the control and improve-
ment of established extractive metallurgical processes, as well as for the devel-
opment of new or modified processes. _

This Bureau of Mines bulletin was prepared to compile in readily usable
form the heat content, heat-of-formation, and free-energy-of-formation data
for 65 common elements and their respective oxides, halides, carbides, and
nitrides. The bulletin was prepared to encourage the application of thermo-
dynamics in the metallurgical field; consequently, the values have been pre-
sented in a simple, readily usable form and several examples of their applica-
tions have been shown. o

The necessary theoretical basis of chemical thermodynamics is discussed
in part 1 of this bulletin. It is assumed that the user will be at least ac-
quainted with the fundamentals of chemical thermodynamics. Accordingly,
all derivations of the various functions and their interrelations have been
eliminated. These can be found in various textbooks. This part contains
the essential formulas necessary for applying fundamental data to process
problems, with the accompanying examples included mainly to illustrate their
applications.

A survey of literature published through 1959 permitted assembly of all
accepted measured and estimated thermodynamic values. These values are
included in part 2 of this bulletin. To satisfy individual needs, these data
have been presented in three separate forms: (1) Tables of heat content,

1'Work on manuscript completed December 1961.
2 Chemical engineer, Albany Metallurgy Research Center, Bureau of Mines, Albany, Oreg.
3 Supervisory chemical engineer, Albany Metallurgy Research Center, Bureau of Mines, Albany, Oreg.



2 THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

heat of formation, and free energy of formation at various temperatures as
well as values for phase changes; (2) equations relating the variation of the
thermodynamic functions wit% temperature; and (3) graphical plots of the
variation of free energy of formation with temperature. The stable form of
elements and compounds at the reference base temperature of 298.15° K.
was used as the standard state. An effort was made to differentiate between
established and estimated values. Parenthesized values within the tabular
data, agd dotted lines on the graphs indicate regions where estimations' were
required.

It is important to emphasize that thermochemistry deals with equilib-
rium conditions only, and that many reactions are in practice subject to
overriding kinetic limitations rather than free-energy relationships. It is
impossible to evaluate or predict reaction rates from thermodynamic calcula-
tions. A simple parallel may be drawn from the fact that the knowledge of
the amount of gasoline available to drive an automobile gives no indication
of the length of time required to traverse a busy city. The driving force
causing a reaction to proceed and the ultimate state of the reacting system
can be calculated from reliable data, but the resistance to attainment is in-
capable of prediction without additional kinetic information.

SYMBOLS AND UNITS*

a,bye,rys, Constants in various equations.
4, Ap, Qp, Qg _ __ __ ___ Activity for reactants and products.
A B, R S __________ Reactants and products in the general chemical reaction equation.
a, B, Y e ___ Crystalline state of elements and compounds.
__________________ Normal boiling point, ° K.
Copoee Heat capacity, calories per gram-mole per ° K.
& . Electromotive force, volts.
eWe oo _____ Entropy units, calories per gram-mole or atom per ° K.
AFp Free-energy change, calories per gram-mole or atom.
AFg Standard free-energy change, calories per gram-mole or atom.
. Faraday’s constant, calories peg volt equivalent.
Hp . Heat content, calories per gram-mole or atom.
AHpy o . Heat of fusion, calories per gram-mole or atom.
AH, . Heat of reaction, calories per gram-mole or atom.
AHp_ Heat of formation at given temperature, calories per gram-mole or atom.
AHy_ . Heat of vaporization, calories per gram-mole or atom.
K Equilibrium constant.
MP._ . Normal melting point, ° K.
N_ Number of electrical equivalents involved.
p____ Partial pressure, millimeters of mercury.
Qo ___ Heat exchanged between system and surroundings, calories.
R Gas constant, 1.987 calories per ° K. per gram-mole.
Spo Entropy, calories per gram-mole per ° K.
T Absolute temperature, ° K.
TP. Transition point
4 The following symbols are used in the illustrations:
B—Boiling
D—Decomposition
M—Melting
S—Sublimation

T—Transition



PART 1—THERMODYNAMIC FUNCTIONS AND THEIR
APPLICATIONS

A knowledge of thermodynamic functions
can provide an excellent guide in the control and
improvement of established metallurgical proc-
esses. Screening programs based on thermo-
dynamic calculations can also be used to indi-
cate the most favorable approach to the
development of new extractive metallurgical
processes. Heat content, heat of reaction,
and free energy of formation are the principle
thermodynamic functions needed in evaluating
heat balances and in predicting proposed
chemical reactions.

HEAT CONTENT

Heat content is the basic thermodynamic
function required for heat balances, as well as
for many other useful chemical calculations.
For a system undergoing an isobaric change, it
can be shown from the first law of thermody-
namics that

AH=Q.

This simply states that whenever a process is
carried out under constant pressure, the heat
absorbed or evolved by the system, @, is
equal to the change in the heat content of
the system, AH.

Since the heat content is a function only of
the state of the system, the change in heat
content that occurs during any process is
independent of the path by which the particular
process takes place. Accordingly, the change
in heat content depends only on the initial
and final states and the heat absorbed or
evolved in a metallurgical process can be
calculated from values of the heat content at
the initial and final states.

Because of the relative importance of this
thermodynamic property, physical chemists
and metallurgists have made relatively com-
prehensive experimental measurements of the
heat contents of pure substances in their
various physical states. Since it is difficult to
evaluate absolute heat content values, the
quantities generally determined experimentally
are changes in heat content above an arbitrarily
chosen base temperature. The temperature
298° K., or 25° C., has been conventionally

accepted as the base temperature for metal-
lurgical thermochemistry. Pure elements in
their stable form have been assigned a zero
heat content at this temperature. The heat
content of compounds in their stable state at
208° K. is equal to the heat of formation from
their elements at this temperature. The change
in heat content, (Hp— Hays), is referred to as
the heat content of a substance above the
reference base temperature. .

Considerable effort has gone into compiling,
simplifying, and systematizing values for the
heat contents of elements and compounds.
Changes in heat content with temperature for
pure substances may be represented in graphs
or tabulations, or by empirical equations.

A change in heat content with temperature
is directly related to the heat capacity, (), of
the substance by the equation:

T
Hyp— Hags—= fm C,dT.

Since C, is normally expressed as
Co=a+bT+cT2,

the relationship for a given physical state
becomes

2
HT—H293=GT+ 'l%‘ —'CT—1+d.

Because a heat capacity relationship holds only
for a given physical state, that is, solid, liquid,
or gas, it is important that the specific relation-
ship be used only for the temperature range in
which it is valid. ) )

After a solid is heated to its melting point,
additional heat must be supplied to melt it.
The heat required for melting at constant
pressure is equal to the increase in heat content
and is known as the heat of fusion, AH,. An
equal quantity of heat is liberated when the
reverse operation, solidification, takes place;
that is,

Heat of fusion=heat of crystallization.

Similar heat effects accompany other changes
in physical states of substances, such as heat

3
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of transformation and heat of vaporization.
Values of heat effects accompanying changes in
state vary with the temperature and pressure
under which the change is carried out. Accord-
ingly, values usually reported are those for the
normal melting temperature, transition tem-
perature, or boiling temperature at 1 atmos-
phere pressure (14.7 p.s.i.a.).

The empirical heat content relationship for a
substance tbat undergoes phase changes in
being heated from 298° K. to some higher
temperature can be represented by the equation:

T.P. M.P.
Hy—Hyp= Cp(a)dT+ AH rans. + Cy(8)dT
298 T.P.

B.P, T
L AHu+ _[ o C,,<z>dT+AHv+f . p, Co@aT.

Obviously, the evaluation of heat content values
by this empirical equation involves burdensome
calculations. Fortunately, tables have been
prepared in which heat content values at
various temperatures are reported. Exhaustive
compilations by Kelley (78-83),° Rossini (112),
Brewer (6-9, 11, 12), Coughlin (24), and Stull
(180) deserve particular mention.

The most frequent use of heat content data
by the metallurgist is in determining the amount
of heat evolved or absorbed when the tempera-
ture of a substance is changed during a process.
For such calculations, heat content data in
tabular form require only simple arithmetic
interpolation to reveal the heat content at any
temperature. Heat evolved or absorbed during
a temperature change under constant pressure
is found simply as the difference between the
heat contents at the two temperatures.

ExamrrLe 1: Calculate the heat required to
raise 1 gram-mole of calcium dichloride from
400° K. to 1,200° K. using values from tabu-
lations in part 2 of this bulletin. (Calcium
dichloride melts at 1,055° K.)

At 1,200° K., Hj 300— Hyes=24,840 calories per mole.
At 400° K., H,n— Hy3=1,850 calories per mole.

AH=Hj 30— Hi0=22,990 calories per mole.

The solution of this example, using the empir-
ical equation, would require solving

1,055 1,200
AH = —_ _—
H=Hy po—Hog fm C,,(s)dT+AHu+fl o CoD AT
1,055
= LOO (17.1843.04X 103 T—0.60 X 105T-2)d T

1,200
+6,780+f1’055 24.70 dT.

5 Italicized numbers in parentheses refer to citations in the list of
references at the end of this report.

HEAT OF REACTION AND HEAT OF
FORMATION

Chemical reactions are accompanied by
changes in energy distribution between the
reacting system and its environment. These
are indicated by the evolution or absorption
of heat. Since a system generally becomes
more stable as its heat content decreases, the
reaction will normally proceed toward the state
having the lower heat content. This results
in a negative value for the heat of reaction,
corresponding to an evolution of heat during
the reaction.

When heat is generated, a reaction is referred
to as exothermic, and when heat is absorbed,
it is considered endothermic. Exothermic re-
actions are self-sustaining, once initiated, while
endothermic reactions require additional energy
if they are to continue.

By simple additions and/or subtractions, the
heat involved in any chemical reaction may
be determined. Consider the equation for a
general reaction:

aA+bB rR+sS.

The heat of reaction, AH,, can be calculated
by subtracting the algebraic sum of the heat
content of the reactants from the algebraic
sum of the heat content of the products. Total
heat content of each substance participating
will be equal to the product of its heat con-
tent at a given temperature and the number
of atoms or moles participating in the reaction.
For the above general reaction, this calculation
can be represented empirically:

AH,=[r(Hg)+s(Hs)]—[a(Ha) +b(Hp)].

ExampLe 2: Determine the heat of reaction
for the reduction of dichromium trioxide by
calcium at (1) 298° K. and also at (2) 500° K.

Reaction: Cr;0;+3 Ca———3 CaO+2 Cr
1. Heat of reaction at 298° K.

AHgr0,= —272,650 calories per mole.
AHg,=0 calories per atom.
AHgao=—151,790 calories per mole.
AHg,=0 calories per atom.
AHj=[3(Hcao) +2(Hci)]—[(Heryo,) +3(Hea)]
=[3(—151,790) +2(0)]—[(—272,650) +3(0)]
= —455,370+ 272,650
= — 182,720 calories per mole of Cr;0s.

2. Heat of reaction at 500° K.—This can be
evaluated by using the heat content, Hy, of
each reaction participant, as will now be illus-
trated, or by simple addition of heats of forma-
tion as illustrated in example 3.
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Substance Hisoo—Has| AHzs A Hioo=A Haws+ (Hoo— Hags)
5,540 | —272,650 —267,110
1,330 0 1,330
2,230 —151, 790 —149, 560
280 0 1,280

AHs00=[3(Hcao) +2(Hc:)]—[(Heryo,) +3(Hea))
=[3(—149,560) +2(1,280)]—
. [(—267,110)4+3(1,330)]
= — 448,680+ 2,560 267,110— 3,990
= — 183,000 calories per mole of Cr,0;.
In the simpler case of the formation of a
single compound from its elements,

aA+bB——¢C,
the difference in heat contents,
AHy=c(He)—[a(H,) +b(Hp)],

is called the heat of formation. Since the heat
content of an element at 298° K. is defined as
zero, the heat content of a compound at this
base temperature is equal to the heat of for-
mation from its elements at 298° K.

The additive property of heats of reaction
has long been known as Hess’ principle. Ap-
plication of this concept permits the determina-
tion of the heat of reaction by simple addition
or subtraction of heats of formation at any
given temperature.

ExampLE 3: Determine the heat of reaction
for the reduction of dichromium trioxide by
calcium at 500° K.

Reaction: Cr;0;+3 Ca———3 Ca0+2 Cr

1. 3Ca+3/20,————3Ca0 AH;0=3(—151,650)
= —454,950 calories per 3 moles CaO.

2. 2 Cl‘+ 3/202 —> Cr203 AH500= —271,850
calories per mole Cr,0;.
Subtracting (2) from (1): Cr,0;+3 Ca——3
CaO+2 Cr AH;p= —183,100 calories per mole.
HEAT BALANCE

Most unit processes for extracting and re-
fining metals involve a transfer of heat energy
to or from the surroundings. The necessity
for maintaining optimum temperatures while
conducting metallurgical reactions, the re-
quirement for additional energy to sustain
endothermic reactions, and the removal of
heat energy to condense gaseous products
illustrate a few of the processes in which heat
transfer plays an important role. The supply
and utilization of heat rank in importance
with the supply and demand of raw materials
when evaluating costs and when determining
the feasibility of a process. Accordingly, a
system of energy accounting, or heat balance,
represents one of the indispensable tools that
a metallurigist can use.

The law of conservation of energy is the
basis for all heat balance calculations. This

can be stated simply for a definite system as
follows:

Energy input=energy output-+energy accumulation;
or in terms of heat:
Heat input=heat output+ heat accumulation.

The heat balance must be based on an
arbitrary fixed quantity, which may be a
single batch of material charged into a reactor,
a unit quantity of throughput, or the through-
put for a fixed time interval.

Since the heat content function is independent
of the path of a given process, only data dealing
with the initial and final states of a complex
process are required. These data consist
primarily of the material balance, giving

uantities of substances entering and leaving
the process, information on the temperatures
and physical states of the input and output
substances, and a knowledge of any heat
transferred to or from the system. With
these data, heats of reaction as well as heat
contents of all substances involved in a reaction
can be evaluated. An accounting of all energy
involved in a system can then be determined
readily. A schematic diagram of a hypo-
thetical system will facilitate analysis of the
problem.

ExampLE 4: In the extraction of metals by
chlorination, condensers are employed to recover
a volatile chloride product. An evaluation of
the heat duty on a condenser, and in turn, the
evaluation of the cooling water requirements,
illustrates the simplest form of a heat balance.
Consider the condensation and solidification of
1 mole of tungsten hexachloride (WCl;) as illus-
trated in the following diagram:

WClg WCl

@ 1,000° K. @ 500° K.
—_
-

H,0 H,0

@ 350° K. @ 298° K.

Heat lost by WCls=Heat gained by water.

Heat lost by WCl,
= H, 000 — Hys= (50,000) calories per mole WCls,

= Hioo— Hys= (9,000) calories per mole WCl,.

AH lost in cooling= (41,000) calories per mole WCls
from 1,000° to 500° K.

Because there are no tabulated values for the
heat content of water at the desired tempera-
ture (350° K.) the empirical equation shown in
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part 2 under Water (p. 54) for Zone 1 must
be used:

Hr— Hy3= —5,376418.03T
Hs0— Hygs= — 5,376+ 18.03 (350) =934 calories per
mole H,0.

Heat gained by 1 mole of water when heated
from 298° to 350° K.=934 calories. Moles of
water required to condense and solidify WCl;=

(41,000)
“osd =43.9 moles H,O.

A slightly more complex problem is en-
countered when a chemical reaction takes place
within a process.

ExampLe 5: In the first stage of the Kroll
process for the reduction of titanium tetra-
chloride by magnesium, temperatures of 1,100°
K. are required to promote a reaction between
molten magnesium and titanium tetrachloride.
Determine the heat requirements for the reactor
when the chloride and magnesium are itro-
duced at room temperature, 298° K., and
heated to 1,100° K., the reaction temperature.

Reaction: 2 Mg+ TiCly —————— 2 MgCL+Ti
2 Mg 2 Mg Cl,

@ 298° K. @ 1,100° K.

1,100° K.
—_—
TiCl,
@ 298° K. l Ti @ 1,100° K.
Q

This evaluation can be accomplished by
following any desired path through the process,
since the change in heat content is dependent
on only the initial and final states. Calcula-
tions are often made using either the base
temperature, 298° K., or the reaction tempera-
ture as the reference temperature. The follow-
ing calculations illustrate each method:

1. Evaluate the heat input and output with
reference to 298° K. The heat of reaction at
298° K. will be calculated as was done from the
heats of formation of the compounds. In all
calculations it must be remembered that the
heat content of elements at 298° K. is zero.

AH reaction at 298° K.=2(AHwmqc1, at 298° K.)
_AHTiCI4 at 298° K
=2(—153,200) — (—181,400)
= —"125,000 calories per mole
TiCl,.

Since the heat of reaction is negative, the reac-
tion is exothermic; consequently, heat of reac-
tion is a heat input term.

Heat balance: Heat input=heat output; Basis: 1 mole
TiCl, reacting.

Heat input:

a. Reactants: Since each reactant is at 298°
K., there will be no heat input due to the
reactants.

b. Heat of reaction: —125,000 calories. Since
the heat of reaction is exothermic, heat will be
added to the system. Total heat input=125,000
calories.

Heat output:

a. Products: Titanium, H; ;00— Haes=5,630
calories; magnesium dichloride, 2(Hj, 100— Hags)
=2(25,950)=51,900 calories.

b. Heat loss: Q. Total heat output=>57,500
+Q. Since heat input=heat output, 125,000
=57,500+Q and Q=67,500 calories per mole of
TiCl, reacted.

2. Evaluate the heat input and output with
reference to the reaction temperature, 1,100° K.
The heat of reaction at 1,100° K. will be cal-
culated using heats of formation at 1,100° K.

AH reaction at 1,100° K.=2(AHmgc1, at 1,100° K.)
_AHTiCl4 at 1,1000 K.
=2(—141,750) — (—180,900)
= —102,600 calories per mole.

The reaction is also exothermic at this elevated
temperature; accordingly, the heat of reaction
is a heat input term.

Heat input:

a. Reactants: Although the reactants are in-
troduced into the process, their heat inputs are
negative values because their temperatures are
below the reference temperature of 1,100° K.
Titanium tetrachloride: Hass—Hj, 100=—19,965
calories; magnesium: Hae— Hi, 100=2(—"7,700)
=—15,400 calories.

b. Heat of reaction: 102,600 calories. Total
heat input=102,600—35,400=67,200 calories.

Heat output:

a. Products: Since each product is at the refer-
ence temperature, there will be no heat taken
out by the products.

b. Heat loss: Q. Total heat output=Q. Since
heat input=heat output, Q=67,200 calories
per mole of TiCl, reacted.

The slight variation in answers is due to
rounding off of all heat-of-formation values
in order to report them only to their known
reliability.

Another heat balance problem which
commonly arises is the evaluation of the final
temperature of the products when the reactor 1s
assumed to be adiabatic (that is, insulated in
a manner that eliminates any heat transfer in
or out of the system) or when the heat inpuf
or removal is known.
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ExamprLe 6: Tungsten trioxide (WQ,) is re-
duced by hydrogen to tungsten metal when the
reaction is conducted above 700° C. Determine
whether the products produced in an electrically
heated furnace are above the minimum 700°
C. if 60,000 calories are added to the system for
each mole of WO, reduced.

Reaction: WO;+3H, ———W+3H,0
WO, 3H,0
@298° K. @T,° K.
—_— —_—
Hy
_ _—
3H, w
@298° K. @T,° K.

60,000 calories

Since the reaction temperature is unknown,
a reference temperature of 298° K. will be
used. Heat of reaction at 298° K. will be
calculated from heats of formation. The heat
of formation for elements at their standard
state s zero.

AHg=3(AHg,0) — AHwo,

3(—68,320) — (— 200,850)

— 204,950+ 200,850

—4,100 calories per mole WO,.

(i

Once again, the reaction is exothermic and
the heat of reaction is a heat input term.

Heat balance: Heat input=heat output; basis: 1 mole
of WO:;.

Heat input:

1. Reactants: Since each reactant is at the
reference temperature, 298° K., there will be no
heat input due to the reactants.

2. Heat of reaction: 4,100 calories.

3. Electrical input: 60,000 calories.
heat input = 64,100 calories.

Heat output:

Products: Each product will carry out heat
at the unknown temperature, 7. From the
equation for the reaction, the total heat output
will be equal to three times the heat content
of water plus the heat content of tungsten.
It will equal the total heat input.

64,100=3(Hyr— Hys) H;0+ (Hr— Haps) W.

Total

The evaluation of the temperature requires a
trial-and-error solution, assuming various tem-
peratures until the correct temperature balances
the above equation.

T, K 3(Hr— Hys) H20+ (Hr— Hag) W Total heat
output
1,100 _______. 3(17,735)4-5,010 58, 200
1,200. .. _____ 3(18,768) 5,670 62, 000
1,300 .o 3(19,830) 46,340 65, 800

7

The products will leave the reactor at a tem-
perature between 1,200° and 1,300° K.

FREE ENERGY

The thermodynamic function which provides
the means to evaluate the feasibility of a
given chemical reaction under specified con-
ditions is free energy. Any reaction or process
that takes place is accompanied by a change
in the free energy of the system, and this
change is equal to the mechanical work done by
or absorbed during the process. The magnitude
of the change in free energy becomes a measure
of the tendency for the reaction to proceed
under stipulated conditions.

For the general chemical reaction,

aA+bB———rR+s8,

the change in free energy at a given tempera-
ture and pressure is given by the van’t Hoff
reaction isotherm,
T S
AFp=—RTInK+RTIn 225

J
a% a}

where K is the equilibrium constent of the
reaction and ar, as, a4, and ap are the activi-
ties of the various products and reactants at the
given temperature, 7. By definition, the
activity of a pure liquid, sohd, or gas is equal
to unity. When all of the reactants and
products are in their pure standard state, that
1s, all activities are unity, the change in the
free energy is termed the standard free-energy
change, AF7. The isotherm relationship
becomes

AFS=—RTInK,
and for the van’t Hoff reaction isotherm,

ak a%
AF'T=AF% +RTZ1L 2 b
~ as ap

The direct relationship between the free-
energy change and the equilibrium constant,
K, is valid only when all of the activities are
unity; that is, all reactants and products are
in their pure state. In cases involving solu-
tions, the activity correction factor should be
considered. Since there is very little infor-
mation available on the activities of substances
in solution at high temperatures, it is generally
necessary to assume that the activities of
each component in liquid or solid solutions
are equal to their mole fractions, and the
activities of the components in gases are equal
to their partial pressure.

Calculations involving free-energy changes
are most frequently made to assess the feasi-
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bility of chemical reactions. The simplest
interpretation of the free-energy change is
that reactions resulting in a loss of free ener,

are thermodynamically possible and are likely
to proceed farther toward completion as the
change in free energy becomes increasingly
negative in value. "1t ’is important to empha-
size that the free-energy change accounts only
for the driving energy available and cannot
predict the resistances to a particular reaction
or process. Therefore, it is impossible to
predict the reaction rates by the free-energy
change. .

When the free-energy change is zero, the
reactants are in equilibrium with the products
and the constant, K, becomes equal to the
activity factor or equal to unity, if standard
state activities are assumed. A positive change
in free energy indicates a tendency for the
reaction to go in the reverse direction to that in
which it is written. If the free-energy change
is more positive then 8,000 to 10,000 calories,
there is a general tendency to dismiss the
process as thermodynamically impossible under
the conditions specified. Altering the condi-
tions to operate at different temperatures, or at
either higher or lower pressures, could alter the
feasibility of the process. In addition, sub-
sidiary reactions might alter the energy balance
so as to bring it within the preseribed limits.

The free-energy change during a process is
related to the heat content or enthalpy change
by the following equation:

AFp=AHp— TAS 7.

This empirical relationship states that the
energy available for mechanical work is equal
to the total heat energy evolved or absorbed less
a term, TASy, which accounts for energy lost
due to irreversible factors such as friction.
This latter term is a product of the temperature
at which the process takes place and the change
In entropy which occurs with the process.
Because this bulletin is limited in scope, no
attempt will be made to present a complete
description of entropy or the second law of
thermodynamics. In simple terms a change in
entropy may be considered as a measure of the
unavailability of energy in a system for per-
forming useful work. An increase in entropy,
therefore, would correspond to an increase in
the unavailable energy in a system. Quantita-
tively, a change in entropy in any system is
measured by the heat absorbed or evolved
reversibly divided by the absolute temperature.

Since the change in heat content and entropy
can be expressed directly in terms of heat
capacity and temperature, an empirical equa-
tion may be written for the free-energy change:

T
AFT=[AH293+J;%A deT]— T[A Sggg-}-f;%]

As in the case of heat content and the heat of
formation, empirical equations and tabulations
have been prepared for each substance to relate
the free-energy change values and temperature.

The free-energy c}gmnge for a given reaction
can also be evaluated by simple arithmetic
calculations, using values for the free energy of
formation for each compound involved. 'This
determination is identical to the heat-of-reac-
tion calculation involving heats of formation.
For the general chemical equation,

aA+bB——rR+s8,

the free-energy change due to the reaction is
determined from the empirical relationship,

AFp=[r(AFg)+s(AFg)]—[a(AF4)+b(AFp)].

There is no free energy of formation for the
elements.

The free-energy function is independent of the
path of a given process. Accordingly, a knowl-
edge of the initial and final states of a complex
process or reaction permits the evaluation of the
free-energy changes resulting from the process
or reaction.

Probably the most important application of
thermochemical calculations in extractive metal-
lurgy involves the evaluation of the thermody-
namic feasibility of a proposed reaction and the
operating conditions under which the reaction
should proceed.

ExampLe 7: When preparing yttrium
metal, yttrium halides are reduced with active
metals. Determine whether calcium and/or
magnesium can be used as reducing agents
if the reaction is conducted under 1 atmosphere
pressure. If the reaction is feasible, evaluate
the temperature range in which the reaction

can be conducted.

The free-energy change associated with each
reaction will be calculated, using the free
energy of formation for each of the participating
compounds.

1. Magnesium reduction:

3 Mg+2 YCl,————3 MgCL+2Y. AF% reaction
=3(AFMqc1y) —2(AFYciy).

Products— Reactanis = Reaction

ToK Products Reactants Re:;‘tjon'
AF? 3(AFS AFe 2(AFS r
MeCl, MeCly) Yol Yoy
298 . __ —141,400 | —424,200 | (—215,200)| (—430,400) (+6, 200)
500___.___ —133,500 | —400,500 | (—206,200)| (—412,400)| (411,900)
1,000 - —115,150 | —345,500 | (—183,700) | (—367,400)| (421, 900)
1,500 —99,650 | —209,000 | (—163,700)| (—327,400)| (428, 400)

Employing estimated free-energy values for
yttrium trichloride, the magnesium reduction



THERMODYNAMIC FUNCTIONS AND THEIR APPLICATIONS 9

does not seem to be feasible.
2. Calcium reduction:

3 Ca+2 YCl——3 CaCl,+2Y. AFT reaction
=3(AF&aciy) —2(AFyc1y)

Products— Reactants= Reaction

Products Reactants
T,°K Reaction,
0 0 o AFTO'
AFéscl, |3(AF&scy) | AFYcy | 2(AFycy)
298 _____ —179,650 | —538,900 | (—215,200)( (—430,400)|(—108, 500)
500. ... —172, —517,500 | (—206,200)| (—412,400)|(—105,100)
1,000 .. __ —155,700 | —467,100 | (—183,700)| (—367,400)  (—100,000)
1,500 .. __ —142, —427,200 | (—163,700)| (—327,400) | (—100,000)

The calcium reduction seems to be feasible
over the entire temperature range. The
optimum operating temperature must be deter-
mined by the kinetics involved. Operating
temperatures greater than 1,055° K. are
required to prevent the solidification of calcium
dichloride, which might be expected to hinder
the reaction.

When unit activities for the reactants and
products can be assumed, the free-energy
function is directly related to the equilibrium
constant by the relationship:

AFy=—RTIn K.

Since the equilibrium constant, K, is defined
in terms of the concentrations of substances
participating in the reaction, the free-energy
change can be used to evaluate the relationship
existing between the equilibrium partial pres-

sures of the gaseous participants. Consider
the reduction of a metallic oxide:
Moz(c) + R(c)—_’xRO(()'FM(c)

The equilibrium constant, X, in terms of
pressure will be
K ,= (Pro)>.

Combining these two relations:
AFy=—RT In (Pro)>.

This relationship can be used to evaluate the
pressure under which the reaction can be
made to proceed.

ExamprLeE 8: Determine the equilibrium
pressure of carbon dioxide when lead oxide is
reduced by carbon at 1,000° K. according to
the following reaction:

2Pb0+ C———Pb-+CO,
AFoReaction at 17000° K.= (AF) ‘boz'— 2(AFi”bO>
= (—94,600) — 2(— 28,250)
= —238,100 calories.

The equilibrium constant, K, can be evaluated
as follows:

AF5.000=—RT In K,
—38,100
In K=—7587)(1,000)
K=2.14X 10%.

=19.18,

Since carbon dioxide.is the only gaseous par-
ticipant at 1,000° K., the equilibrium constant,
K, will be equal to the equilibrium pressure
of carbon dioxide; that is, Pgo,=2.14X10°

atmospheres. It is obvious that the reaction
can be conducted by operating below this
pressure.

ExampLE 9: Evaluate the equilibrium partial
pressure of carbon monoxide during the carbon
reduction of dichromium trioxide at 1,400° K.
according to the following reaction:

Cry;03+3C ————2Cr+3CO
AFReaction at 1,400° K=3(AF¢o) — (AFE,zoa)
=3(—56,250) — (— 185,050)
= 416,300 calories;

_ AFjow —16300 _
K= —="p T o8 (1,400) >
K=2.78X10-3.

This equilibrium constant is directly related
to the equilibrium pressure of carbon monoxide:

K= (Pco)?
Pco=0.14 atmosphere.

These results indicate that dichromium trioxide
can be reduced by carbon at 1,400° K. only
when the partial pressure of carbon monoxide
over the reaction is less than 0.14 atmosphere.
This can be accomplished by operating under
vacuum or by removing continuously the
carbon monoxide produced in the reaction
in a stream of inert gas.

Since the free-energy function measures the
energy available to accomplish work during
a proeess, it can be used to evaluate the elec-
tromotive force in an electrolytic cell.

AFr=—N%8

Where Fis the Faraday and N is the number of
electrical equivalents involved, N& becomes
the number of coulombs that pass if the reaction
proceeds to completion and & is the electro-
motive force. With AF7 expressed in calories
and & in volts, the above equation becomes

AFr=—N23,062¢.

ExampLe 10: Evaluate the electromotive
force required to decompose maguesium dichlo-
ride at 1,000° K.

Reaction: MgCl, —-Mg—+Cl,
Because the charge on magnesium changes
from +2 to O,

AF°reaction at 1,000° K.= — (AF}qc1y)
=115,150 calories
AF3, 000= — N(23,062)&
115,150= — (2) (23,062)&
§°= —2.496 abs. volts.



PART 2.—HEAT CONTENT, HEAT-OF-FORMATION AND
FREE-ENERGY DATA

In the following pages are assembled tabular
data and graphs of thermodynamic values for
65 elements, and their known oxides, halides,
carbides, and nitrides. All data and equations
are in terms of calorie-gram mole-° K. units.
The tabular values incorporate a base tempera-
ture of 298.15° K. (25° C.). To-avoid any
possible confusion, the state of reference at this
chosen base temperature is indicated specifically
in each tabular heading.

In compiling these tabulations, data pub-
lished previously by Kelley (79-84), Brewer
(6-9, 11, 12), Coughlin' (24), Stull (130), and
Rossini, Wagman, Evans, Levine, and Jaffe
(112) were of particular importance.

ALUMINUM AND ITS COMPOUNDS
Element, Al (c)

Ss=6.77 e.u.(83)
M.P.=931.7° K.(82)
AHy=2,570 calories per atom
B.P.=2,600° K.(130)
AHy=67,950 calories per atom

Zone T (¢) (298°-931.7° K.)

Cp=4.94+2.96 X 10-3T(82)
Hp— Hyy=—1,605+4.94T+1.48 X 10-3T*
Fp— Hyg=—1,605—4.94TIn T—1.48 X 10-3T2+27.19T

Zone 1I (1) (931.7°-1,300° K.)

C,=17.00(82)
Hr— Hy3=330+7.00T
Fr— Hy=330—7.00TInT+37.83T

10

Zone III (1) (1,300°-2,500° K.) (estimated (130))

( Fp-Has)
T,°K Hr—Hys St T
2 R A 6.77 6.77
400 - 600 8.49 6.99
500 .- 1,230 9.91 7.45
600 .- 1,890 1. 11 7.96
700 - 2, 580 12.17 8.48
800 .. 3,310 13.15 9.01
900 .- 4,060 14.03 9.53
1,000._- 7,330 17.53 10.20
1,100 8,030 18.19 10.89
1,200 8,730 18.80 11.52
1,300.__ 9, 430~ 19.36 (12.11)
1,400 (10, 130) (19. 88) (12. 64)
1,500 , 830) (20.32) (13.43)
1,600 (11, 530) (20. 81) (13. 59)
1,700- (12, 230) (21. 24) (14. 06)
1,800 (12, 930, (21.64) (14. 44)
1,900___ (13, 630 (22.02) (14.84)
2,000 (14, 330) (22. 32; (15. 15)
2,500 (17, 830) (23.94 (16. 80)
Dialuminum Oxide, Al,O (g)
AH3s=(—33,500) calories per mole (8)
S293= (68.2) eu. (24)
Formation: 2Al1-+1/20, ——AL O
(estimated (24))
T,°K Hr—Hgs AHS AF%
______________ —33, 500 —42, 500
(560) (—34, 500) (—45,000)
(1,690) (—35,000) (—48,000)
, 880) (—35,500) (—50, 500)
(4,150) (—36,000) (—53,000)
(5,010) (—37,000) (—55,000)
(7,420) (—36, 500) (—57, 500)
(7,875) (—43,000) (—59,000)
(9,160) 2—43, 500) (—60, 500)
(10, 480 —44,000) (—62,000)
(11,800) (—44, 500) (—63, 500)
(13, 120) (—45,000) (—65,000)
14, 500) (—45, 500) §—66, 500)
(15, 780) (—46,000) —68,000)
(17,130) (—46, 500) (—69, 500)
(18, 470) (—47,000)| (=70, 500)

Aluminum Oxide, AlO (g)

A Hses= 10,000 calories per mole (8)
Sns=51.40 e.Uu. (24)
Formation: Al+1/20,——————AIlO
(estimated (24))
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T,°K Hr—Hny AHS AFS
10,000 44,000
(9, 500) (1, 500)
(9, 500) (—500g
(9,000) (—2,000
(9,000) (—4,000)
(8, 500) (—6,000)
(8, 500) (—8,000)
(5, 500) (=9, 500)
(5,500)|  (—11,000)
(5,000)|  (—12,500)
(5,000)|  (—14,000
(4,500)|  (—15,000
(4, 500) (—16, 500)
(4,000) (—18,000)
(4,000)|  (—19,500)
(3,500)|  (—21,000)

Dialuminum Trioxide (Alumina),
ALO; (c)

AH,5,= — 400,290 calories per mole (53)
Szgs=12.16 €.U. (87)

M.P.=2,313° K.(112)

AH =26,000 calories per mole

Zomne I (c) (298°-1,800° K.)
C,=27.43+3.06X 103T—8.47X 105T-2(82)

Hyp— Hypg=—11,155+27.43T+1.53 X 107312
+8.47X105T!

Formation: 2A1+3/20;0———— —ALO,
Zone I (298°-931.7° K.)

AC,=6.81—4.3X6103T—7.87X105T-*

AH p= —405,20046.81T—2.18X 103724 7.87 X 10571

AF = —405,200—6.81TinT4-2.18 X 102 T2+ 3.93
X105T-1+123.58T

Zone II (931.7°-1,300° K.)

AC,=2.69+1.56X103T—7.87X105T2

AHr=—408,66012.697+0.78 X 10-3T24-7.87 X 105 7!

AFp=—408,660—2.69TinT—0.78 X 10372+ 3.93
X105T-1+102.38T

T,°K. Hr—Hay Sr AHS AF%

12.16 | —400,300 —378,000

2,200 18.48 | —400,400 | —370,300
4,600 23.83 —400, —362, 800
7,220 28.60 | —400,200 | —355,300

9,990 32. 86 —399, 900 —347,

12, 840 36. 67 —399, 700 —340, 400
15,750 40.08 —399, 500 —332,900
18,710 43.22 —404, 400 —325, 200
21,710 46.07 —404, 000 —317,200
24,740 48.71 | —403, 60 —309, 400
27,790 51,15 —403, 200 —301, 500
, 850 53.42 | (—402,800)| (—293,800)
33, 920 55.54 | (—402,500)| (—286,100)
37,000 57.52 | (—402,000)| (—278,100)
40, 090 59.39 | (—401,700)| (—270,600)
43,190 61.17 | (—401,300)| (—263,100)

Aluminum Fluoride, AlF (c)
AHjp= (—84,000) calories per mole (11)
Szgs= (12) e.Uu. (11)
M.P.—(1,100°) K. (6)
AH »=15,000 calories per mole
B.P.=1,650° K. (6)
AHvy=38,000 calories per mole

Zone 1 (g) (298°-2,000° K.)
C,=8.9—1.45X10°T-* (82)

Aluminum Trifluoride, AlF; (c)

AHj3s=— 323,000 calories per mole (11)
Sas=23.8 e.u. (11)
S.P.=1,545° K. (6)
AH,,5:="T77,000 calories per mole

Zone 1 (c¢) (298°-1,100° K.)

C,=15.64411.28X1073T (82)
Hr— Hys=—5,164+15.64T45.64X10737*

Formation: Al+43/2F;——————AIF,
Zone I (298°-931.7° K.)

AC,=—1.73+7.66X1073T+1.20 X 105T2

AHr=—322,400—1.73T+3.83 X107372—1.20 X 105T-!

AF 7= —322,400+1.73TlnT—3.83 X107 T2—0.60
X105T-1+45.83T

Zone II (931.7°-1,100° K.)

AC,=—3.794+10.62X 10737+ 1.20 X 10 T2
AHp=—323,500—3.797+5.31X107372—1.20 X 107!
AFpr=—323,5004+3.79TInT—5.31X1073T%2—0.60

X105T-1434.32T

T,° K Hr—Has Sr AHp AF7
23.8 —323, 000 —306, 400
29. 51 —322, 800 —300, 700
34.12 —322, 550 —295, 200
38.12 —322 400 —289,
41.78 —321, 850 —284, 400
45.04 —321, 450 —279, 100
47.93 —321, 000 —273, 800
50. 52 —322, 100 —268,
52.92 —322, 600 —252, 900

Aluminum Trichloride, AlCl; (c)

AH,i=—166,800 calories per mole (11)
Szgs=40.5 e.Uu. (11)

M.P.=465.6° K. (6)

AH»=8,500 calories per mole

B.P.=720° K. (6)

AHy=15,610 calories per mole

Zone I (c) (298°-465.6° K.)

C,=13.25+28.00X1072T (82)
Hr— Hy=—5,195+13.25T+14.00 X 1073T*

Zone II (1) (465.6°-720° K.)

C»=31.2 (82)
HT"‘ Hzogz - 2,020+312T

Zone ITI (g) (720°-1,800° K.)

C,=19.8—2.69X 10572 (94)
Hp— Hap=20,320+19.8T+2.69X10°T!

Formation: Al-+3/2Cl; —Al Cly
Zone I (298°-466° K.)

AC,= —4.92+24.95X 102 T+ 1,02 X 10572
AHp=—166,100—4.92T+12.47X1073T?—1.02
X 10571
AF7p=—166,100+4.92TInT—12.47X10737%—0.51
X105T-1+20.31T

Zone IT (466°-720° K.)

AC,=13.03—3.05X 1037+ 1.02X 1072
AHp=—163,000+13.037—1.52X10737?—1.02
X 10571
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AFr=—163,000—13.037inT+1.52X1073T*—0.51
X1057-14-118.0T

Zone TIT (720°-931.7° K.)

AC,=1.63—3.056X103T—1.67X 10572
AHp=—140,500+1.63T—1.52X10-3724-1.65X 10°T!
AFT——14O 500—1.63TInT+1.52X1072T2+0.83

X 1057-14-9.48T

T,°K Hr—Hgs Sr AH7 AF7
40.5 | —166,800 —153, 000
47.23 | —166, 300 —148, 300
71.58 | —157,000 —144, 500
75.3 | —155,800 | —141000
80.0 | —154,700 —138, 600

105.0 | —140,000 —140, 700
107.3 | —140, 200 —141, 000
109. 5 —142, 400 —141, 200
111.3 —142, 700 —141, 800
112.9 —143, 000 ~—142, 300
114.5 —142, 900 —143, 000
115.9 |(—143,100) | (—143,800)
117.3 |(—143,400) | (—144, 600)
118.5 |(—142,700) | (— 145 300)
119.7 |(—143,900) | (— 146 000)
120.9 |(— 144 100) | (— 146 500)

Aluminum Tribromide, AlBr; (c)

AH3i=—127,000 calories per mole (11)
S293=(49)e.u. (11

M.P.=370.6° K. (82)

AHy=2,710 calories per mole

B.P.=739° K. (6)

AHy=16,080 calories per mole

Zone I (¢) (298°-370.6° K..)

C,=18.744-18.66 X 10T (82)
Hyr— Hyp=—6,420+18.74T+9.33 X 103 7"

Zone 11 (I) (370.6°-500° K.)

C,=29.5 (82)
Hr— Hyg=—6,410+29.5T

Formation: Al+3/2Br;
Zone I (298°-331° K.)
AC,=—11.854+15.7X1073T
AHr=—124,200—11.857+7.85X 10-37*
AF 7= —124,2004+11.85TInT—7.85X 10372 —62.35T
Zone II (331°-500° K.)

AC,=11.0—2.96 X 1037+ 0.55X 10572

AlBr,

AHr=—139,200+11.07—1.48 X 10372—0.55 X 10571

AF = —139,200—11.0TIn T+ 1.48 X 107372 —0.27

Aluminum Triiodide, All; (c)

AHsgs= —74,400 calories per mole (21)
Szgs= (46) e.u. (21)

M.P =464° K. (82)

AHy=3,980 calories per mole

B.P.=695° K. (6)

AHy=18,500 calories per mole

Zone I (¢) (298°-464° K.)

C,=16.88422.66X102T (82)
Hr7— Hyps=—6,040+416.887+11.33 X 10—37*

Zone II (/) (464°-500° K.)

C,=29.0 (82
Hrp— Hypg= —5,250+29.0T

Formation: Al-+3/21;
Zone I (298°-386.8° K..)

AC,=—2.44+1.85X103T
AH7r=—73,800—2.44T+0.92X 10-37*
AFp=—73,80042.44TinT—0.92X 107372 —13.24T

Zone 11 (386.8°-464° K.)

AC,=—16.86+19.7X10-3T
AH7r=—68,600—16.86 T+ 9.85X 10~°T?
AF 7= —68,600+16.86 Tln T—9.85X 10~3T2—19.76 T'

Zone III (464°-500° K.)

AC,=10.73—2.96X1073T
AHr=—73,000+10.73T—1.48 X 10~3T"
AFr=—73,000—10.73Tin T+ 1.48 X 107372+65.13T

All,

T,°K Hr—Has Sr AHT AFr
(46.0) —74,400 (—173, 600)
(53.26) —73, 500 (—73,400)
(67.97) —68, 200 (—73, 400)

X1057-14-114.2T
T,°K Hr—Hg Sr . AHr AFr
(49.0) —127,000 | (—123,300)
(64.0) —135,200 | (—119,800)
(70.58)| —134,200 | (—116,000)

Tetraaluminum Tricarbide, AlLC; (c)
AHP®y=— 39,900 calories per mole (9)
S28=25.2 e.u. (9)
Zone T (c) (298°-600° K.)
Cp=24.08+31.6X103T(82)

Hr— Hy= — 8,585+ 24.08 7+ 15.8 X 103 1?
Formation: 4A14+3C——— ALC,

Zone I (298°-600° K.)

AC,=—8.02416.7X1073T+6.30 X 10572

AHp=—36,150—8.02T'4-8.35X 107372~ 6.30 X 10571

AF p=—36,1501+8.02TinT—8.35X 1073 T2—3.15
X105T-1—46.2T

T,°K ’ Hrp—Hg Sr i AH% AF%
5. 2 -39, 900 —38, 100
35.5 —39, 500 —37, 600
44.1 -39, 100 —37,150
51. 55 —38, 800 —36, 800
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Aluminum Nitride, AIN (c)

AHP®303=— 64,000 calories per mole (9)
Szgs=3.8 eUu. (9)
M.P.=2,500° K. (9)
Zone I (¢) (298°-900° K.)

C,=5.4747.80X10-3T(82)
Hrp— Hys= —1,980-+5.47T+3.90 X 1073 7"

Formation: Al+1/2 N, ——AIN
Zone I (298°-900° K.)
AC,=—2.844.33X1073T

AH7p=—63,400—2.8T+2.16 X 1073 T
AFp=—63,400+2.8TInT—2.16 X 10372+ 84T

Zone I (¢) (298°-903° K.)

C,=5.5i+1.74X1072T (82)
Hr— Hys=—1,720+5.51T4-0.87 X 10-3 7"
Fr— Hyp=—1,720—5.51TinT—0.87 X 10372+ 26.93T

Zone IT (I) (903°-1,300° K.)
C,=17.50 (82)

Hr— Hz=+1,940+7.50T
Fr—Hys=+41,940—7.50TIn T+ 35.62T

T,°K Hr—Has Sr _(Fr—Hus)
T
.............. 10.5 10.5
625 12.3 10.75
1,250 13.69 11.20
1, 890 14. 86 11.71
2, 550 15.88 12.24
3,240 16. 80 12.75
3,950 17. 64 13.26
9, 440 23. 68 14.24
10, 190 24.39 15.12
10,940 25.04 15.92
11, 690 25. 64 16. 65
(12, 440) (26.2) (17.26)
(13,190) (26.8) (17.91)
(13, 940) (27.3) (18.47)
(14, 690) (27.8) (19.01)
- (28.9) (20. 35)
- (29.3) (20. 80)
(39.3) (21.43)

Diantimony Trioxide

(Orthorhombic), Sb,O; (c)

AHs= — 168,500 calories per mole (113)
Szgg= 29.4 e.u. (83)

M.P.=928° K. (24)

AH »=13,500 calories per mole

B.P.=1,698° K. (24)

AHy=28,910 calories per mole

Zone 1 (c) (298°-929° K.)

Estimated equation:
Cp,=19.14+17.1X1073T (82)
Hy— Hyp= —6,450+19.1T+8.55X 1073 T

Formation: 2Sb-+43/20,————Sb,0;
(estimated (24))

Hr—His AHS AF%

T,°K. Hr—Hjg St AH% AF%
3.8 —64,000 —56,300
6.19 | —64,100 —53, 600
8.24 | —64,200 —51, 000
10.04 | —64,200 —48,300
11.64 | —64,200 —45,700
13.1 —64, —43,200
14.46 | —64, 200 —40, 400
V) =
~~~~~~ de o ———AN
AT == a0
% AlgCy -——__—"—’
| A0 F— ] —
F 50raw i ~—
8 ___| U=
; all — —_—
g- 3 A0
8 -100f
g M _ /’)———
- AlBrg -+~
S et
£ 150 aici, 7 Acls
<
=
x
o
L -200}
w
o
> S — ——— AlFy
-
& -250F o 21,0,
w - PR
z -
w / //
~
w _ | A -~
&J 300 AIFy o /
[T
"
< -3501 =
AI203/
-4
00356 500 1000 1500 2p00

TEMPERATURE, °K.

FiGURE 1.—Aluminum.

ANTIMONY AND ITS COMPOUNDS
Element, Sb (c)

Szgs =10.5 e.u.(83)

M.P.=903° K. (82)

AHy=4,740 calories per atom
B.P.=1,713° K. (112)
AHvy=(46,700) calories per atom (94)

647940 0—63——2
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Diantimony Trioxide
(Cubic, Orthorhombic),
Sb,O; (c)

AHsp=—169,900 calories per mole (111)
Sas=27.7 e.u. (24)
T.P.=842° K. (24)
AH7p=1,390 calories per mole
M.P.=928° K. (24)
AH »=13,500 calories per mole
B.P.=1,698° K. (24)
AHy=8,910 calories per mole
Zone 1 (298°-842° K.)
Estimated equation:
C,=19.14+17.1X1073T (82)
Hr— Hpps=—6,450+19.1T+8.55X 107372 (82)

Formation: 2Sb+3/20, —Sb,0,
(estimated (24))
T,°K Hr—Hsp AHS% AF%
—169, 900 —150, 000

(—169,700)|  (—143,200)

(—169,400)|  (—136, 600)

(—169, 000) (—130, 100)

(—168, 400) (—123, 700)

(—167, 800) (—117, 400)

(—165,600)| (~111,200)

(—160,500)|  (—105, 200)

- (—150,200)|  (—99, 800)
(—158, 000) (--94, 400)

1,300.. (—156, 700) (—89, 200)
1,400.. (—155, 500) (—84, 000)
1,500 (—-154300)|  (—79,000)
1,600... 5—153. 100) (—74, 000)
1,700 —143,000)|  (—69,100)
1,800... (—236, 600) (—60, 000)
1,900 (—236,900)|  (—50,200)
2,000-. (—237,200) (—40, 300)

1

Diantimony Tetraoxide, Sb,O; (c)
AHses=(—209,000) calories per mole (24)
S20s=30.4 e.u. (24)
Decomposes =1,203° K. (24)
Formation: 2Sb+20,——— —Sb,0,
(estimated (24))

Hr—Huxs AH2 AF%

—182, 500)
—173, 500)

—214, 500)

Diantimony Pentaoxide, Sb,O; (c)
AHys=(—229,000) calories per mole (24)
298231-3 e.u. (24)
Decomposes=673° K. (24)
Formation: 2S8b+-5/205—————Sb,0;
(estimated (24))

Hr—Has

AH7 l AF7

Antimony Trifluoride, SbF; (c)

AH = — 216,600 calories per mole (1)
Szgg= (38) e.u. (11)

M.P.=565° K. (6)

B.P.=649° K. (6)

AHy=(14,000) calories per mole

(
—228, 500) 5—172, 500)
(—227,500)|  (—161, 500)

Formation: Sb-3/2F, ——>SbF;
(estimated (11))
T,°K . Hr—Hgs AHp AFz
298 , .............. I —216,600 |  (—203,200)
Boo, - 1CIIIITIIIIIIIII (6,000)] (—213,600)] (—193, 100)

Antimony Trichloride, SbCl; (c)

AH3=—91,400 calories per mole (11)
Szes=44.7 e.u. (11)

M.P.=346.4° K. (6)

AH »=3,030 calories per mole

B.P.=494° K. (6)

AHvy=10,362 calories per mole

Zone I (c) (298°-346° K.)
C,=10.34+51.1X1073T (82)
Hr— Hys=—5,300+10.37'425.55 X 1073 T"
Formation: Sb+3/2Cl,————SbCl;
(estimated(11))

Zone I (298°-346° K.)

AC,=—8.44449.26 X107+ 1.02X 105T*
AHp=—90,700—8.44T+24.63X1073T2—1.02
X105t
AF 7= —90,700+ 8.44TInT—24.63X 107372—0.51
X 10°T-14-3.4T

T,°K Hr—Hygs AHrp ‘ AFp
208 e —91, 400 —177,800
500 oo (17, 400) (—78, 000) (—71,100)

Antimony Tribromide, SbBr; (¢)

AHse= (— 59,900) calories per mole (11)
S20s=153.5 e.u. (11)

M.P.=370° K. (6)

AHy=3,510 calories per mole

B.P.=561° K. (6)

AHy=(12,000) calories per mole

Formation: Sh+3/2Br,——————SbBr;
(estimated (11))

T,°K Hr—Hs AH7 AF7
208 oo —59, 900 (—56, 000)
B00. 111 (77000)|  (—68,400)|  (—51,300)

Antimony Triiodide, SbI; (c)

AH3gs= (—22,800) calories per mole (11)
Sas= (57) e.u. (11)
M.P.=444° K. (6)
B.P.=700° K. (6)
AHy=(15,000) calories per mole
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Formation: Sb-+3/2I,— ——8bl,
(estimated (11))
T,° K. ’ Hr—Hxg AH% l AFy
. T R (—22,800)|  (—24,100)
500« e oo (7,000) (—42, 000) (—25, 500)
(o]
o -20
'g rsm, ~—M B
|
& -40+ v Sby03
S ,,M—'a /
3 SbBra” /
2 -e0f .
z A ,/‘é
Q Al sbeigH” i
= -80 v
< i
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S 100} s
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» -120F e
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e N v
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sv0f "
7 | aMsors
2001225
300 500 1000 1500 2000

TEMPERATURE, ° K.

Ficure 2.—Antimony.

ARSENIC AND ITS COMPOUNDS

Element, As (c)

Sng=8.40 e.u. (83)
S.P.=886° K. (10)
AH ,,5:="17,630 calories per atom

Zone I (c) (298°-883° K.)
C,=5.2342.22X1073T (82)
Hr—Hys=—1,658+5.23T+1.11X10737?

Fr—Hys=—1,668—5.23TInT—1.11X107372+27.287
Above 883° K., diatomic gas (estimated (124))

T,° K. Hr—Hags St — (Fr—Has)
T
8.40 8.4

10.16 8.64

11. 54 9.06

1, 880 12.73 9.60

2, 540 13.75 10. 12

3,230 14.68 10. 64
(26, 630) (33.39) (3.81)
(27, 070) (33, 86) (6.79)
(27, 520) (34.28) (9.27)
(27, 960) (34.67) (11.37)
(28, 410) (35.03) (13. 18)
3 850; (35. 36; (14.76)
(29, 300, (35.67 (16. 14;

(29, 740% (35.95) (17.37
(30, 190 (36.22) (18.47)
, 640 (36. 48) (19. 463
(31, 080) (36.72) (20.37
(31, 530) (36.95) (21.19)

15

Diarsenic Trioxide (Orthorhombic),

ASan (C)

AH3s=157,000 calories per mole (114)

Szgg=25.6 e.u. (112)
T.P.=506° K. (24)

AH7r=4,110 calories per mole

M.P.=542° K. (24)

AH »=17,930 calories per mole

B.P.=730.3° K. (24)

AHy=14,300 calories per mole of As,Op

Formation: 2As+3/20, ——>As,0;4
(estimated (24))
T,° K. Hr—Hgs AH7 AFy
.............. —157,000 |  —137,700
(2, 550) §—156, 7 (—131, 150)
(5.610)| (—156,050)| (—124,800)
(a7,228| (—146,850)| (—119,500)
1200)| (—145,350)|  (—115,100)
(31,100 (—138,050)| (—111,500)
(36,500)| (—154,000)| (—107,850)
(38,200)| (—154,000)| (—102700)
(39,800)| (—154,050)|  (—97,600
(41, 500) (—154, 050) (—92, 450)
(43,000 (—154, 150) (—87, 300
(44, 700 (—154, 200) (—82, 200)
'500)| (—154300)|  (—77,050)
(48,000)| (—154,400)|  (—71,900)
§49, 700) (—154, 500) (—66, 700)
51,400)| (—154,650}|  (—6L 550)
(52,900 (—154, soo; (—56, 400)
(54, 500) (—154, 950 (—51,200)

Diarsenic Trioxide (Monoclinic),

ASan (C)

AHj=—152,900 calories per mole (114)

Sas=33.6 e.u. (24)
M.P.=586° K. (24)

AH 34 =4,000 calories per mole

B.P.=1730.3° K. (24)

AHy=14,300 calories per mole of As;Oq

Formation: 2As+3/20,————>As,0;
(estimated (24))

T,° K. Hr—Hag AHrp AFyp
—152, 900 —136,000
—152,600)|  (—130, 300)
—152, ooo; (—124,800)
—146, 800 (—119, 500)
—145,300)|  (—115,100)
—138,100)|  (—111, 500)
—154,000)| (—107,800)
—154,000)| (=102, 700)
—154,000) (—97, 600)
—154,100) (—92, 500)
—154,100) (—87, 300)
—154, 200) (—82, 200)
—154, 300) (—"77,000)
—154, 400) (—171,900)
—154, 500) (—66, 700)
—154, 600) (—61, 600)
—154, 800) (—56, 400)
—155, 000) (—51, 200)

Diarsenic Tetraoxide, As,O, (c)

AHjes= — 175,500 calories per mole (14)

Sz08=(36) e.u. (24)

Formation: 2As+20,———>As,04
(estimated (24))
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T,° K. Hr—Haps AHrp

(50, 300)

Formation: As+3/2Br,————>AsBr,

(estimated (11))

T,° K. Hr—Hjp AH;' AF;'
....................................... —46, 600 (—43, 600)
......................... (19, 000) (—43, 000) (—36, 800)

Diarsenic Pentaoxide, As,O; (c)

AHjs= — 218,500 calories per mole (112)
Sas=25.2 e.u. (112)

Arsenic Triiodide, Asl; (c)

AHs= —18,700 calories per mole (112)
Sas=(55) e.u. (11)

M.P.=415° K. (6)

AH 3=2,200 calories per mole

B.P.=687° K. (6)

AHy=14,200 calories per mole

Formation: As+3/2I,————>AslI;
(estimated (11))

T,° K. ] Hr—Hugs AH7p AF7

Formation: 2As+5/20,————>As,0;
(estimated (24))
T,°K. H —Huys AH7
______________ —218,500 | —184,500
GO0 (asu0| (17300
(6,600)| (—219,000)| (—161, 500)
, 800 (—219,000)| (150, 000)
(12,500)| (—218,500)| (—
(15,900)| (—218,500)| (—127,000)
900 LI (23,100)| (—233,500)| (—115, 500)
(26,600)| (—232,500)| (—102, 500)
(30,000)|  (—231, 500)
(33,500)(  (—230, 500)
(37,600)|  (—229,000) (
(a1, 7003 5—227, 500)|  (
(46, 000 —226, 000) (
(49, 800) §—224, 500) (
(54,500 | (—222,500)| (
(50,200)|  (—220, 500
(64, 400 (—218, 000 (
(69,400)| (—216,000)  (

......................... (9, 000) (—31,000) (—183, 900)

_________________________ ’_._.._“_._‘._ —13, 700 (—15,000)

-mole

Arsenic Trifluoride, AsF; (J)

AH3s= —218,300 calories per mole (112)
S20s=69.08 e.u. (112)

AF3s= — 214,700 calories per mole

M.P.=267.2° K. (112)

AHyu=2,486 calories per mole

B.P.=333° K. 94)

AHv=17,100 calories per mole

Arsenic Trichloride, AsCl; (J)

AH3gs= — 80,200 calories per mole (112)
Sns: 55.8 e.u. (112)

AF 3= —'70,400 calories per mole

M.P.=257° K. (112)

AHy=2,420 calories per mole

B.P.=403° K. (112)

AHy=17,500 calories per mole

Arsenic Tribromide, AsBr; (c)

AH§93-—- — 46,610 calories per mole (112)
Sas=(53) e. u (112)
M.P.=304° K. (112)

AHu=2,810 calories per mole

B.P.= 494° K. (112)

AHy=10,000 calories per mole

AF, FREE ENERGY OF FORMATION, kcal./qg.

L As205
/
/
- Vi
//
Asis M e 7
L = —
7 %
L _A
AsBr3f”” / Asz04
As
N I e 203
77 7
7/ Id
7/ i
H i
7 / //
A/ .-
- 7/ ,//
e 4
///1
/
- M/E/ /
7" 7
- /
vy, /
| As;03” /' 4
L7 /
AsZ0, /7
I 3204} /
/
/.
- /
Aszo_r/
300 500 1000 1500 2000

TEMPERATURE, °K.

F1GURE 3.— Arsenic.

BARIUM AND ITS COMPOUNDS

Element, Ba (c)

Szgg= 16.0 e.u. (83)
M.P.=983° K. (93)
AH»=1,830 calorxes per atom
B.P.=1, 911° K (130)

AHy= 35,700 calorles per atom



HEAT CONTENT, HEAT-OF-FORMATION, AND FREE-ENERGY DATA 17

Zomne I (c) (298°-983° K..)

C,=5.5541.50X1073T (82)
Hr— Hypg=—1,72045.55T40.75X 1073T*
FT_H298= 1,720— 5.55TInT—0.75X10737"
+21.55T

Zone IT (7) (983°-1,125° K.)

C,=11.5 (82)
HT‘—H203= —4,250+11.5T
Fr—Hypy=—4,250—11.5TInT+64.6 T
Above 1,125° K. (estimated (130))

T,° K. Hr—Higs Sr _(Fr—Hmw)
T
16.0 16.0
17.8 16.25
19. 25 16.77
20. 4 17.26
21. 4 17.93
22.3 18.30
23.1 18. 80
26.38 19.15
27.10 19.83
(27.75) (20.47)
(28. 35) (21.05)
(28.91) (21. 60)
(20.42) (22.09)
(29.91) (22.57)
(30. 36) (23.01)
(30.79) (23.44)
(31.20) (23.84)

Barium Oxide, BaO (c)

AH3i=—133,400 calories per mole (50)
Szos= 16.8 e.u. (83)

M.P.=2,196° K. (8)

AHy=13,800 calories per mole

B.P.=3,000° K. (8)
Zone I (c) (298°-1,300° K.)

C,=12.744-1.040X 10-37—1.984 X 10572 (82)
Hr— Hype= —4,500+12.74T+0.52 X 10-3T2 4 1.984
X 10571

Formation: Ba+1/20,—————BaO

Zone I (298°-983° K.)

AC,=38.63—0.96X 10-3T—1.78 X 1057

AH7p=—135,000+3.63T—0.48X 10-3T2+ 1.78 X 10571

AFp=—135,000—3.63 Tin T'+0.48 X 10-3T2+0.89
X108T-1+4-48.77T

Zone IT (983°-1,125° K.)

AC,=—2.32+0.54 X 10—3T— 1.78 X 105 T
AH7p=—132,700—2.32T+0.27 X 10-3T?+-1.78 X 10571
AFp=—132,70042.32Tin T—0.27 X 10372+ 0.89

X105T-1+4.8T
T,°K Hr—Has Sr AH7 AF7
. S I 16.8 | —133,400 | —126,300
400 . A —133, 200 —124, 000
500-. L IITITTTTT —133,000 | —121, 650
600 —132,700 | —119,400
700 —132, 400 -117,100
800. —132, 200 —115,000
900 —132,000 | —113,100
1,000. —134, 600 —111, 100
1,100 —134,200 | —108,500
1,200. —133,500) | (—106, 000)
1,300. —133,500) | (—103, 500)
1,400, T TTTT{TTITITITTT —133,500) | (—101, 500)
1,500 —133,500) | (—99,000)
1,600 o_ooC| il —133,000)| (—96, 500)
1,700 —132,500)| (—94, 500
1,800 —132,500)| (—92,000)
K S N . —132,000)| (—90, 000)
2,000.-.____TTTITC (23,150) |---_-1101 (~167,000)| (—86,000)

Barium Dioxide, BaO, (c)
AH3i=—151,890+ 250 calories per mole (139)
Szgs=22.62 e.u. (24)

Formation: Ba+0O;—————>Ba0,
(estimated (24))

T,° K. Hr—Hus AH7 AFp
—152, 000 —139, 500
—152,000) (—135, 500)
—151, 500) (—131,000)
—151,000)|  (—127,000)
—151, 000) (~—123,000)
~150, 500) (—119, 500)
—150,000)|  (—115,500)
—152,000)|  (—111,500)
—151,500)|  (—107, 500)
—151, 500) (—103, 500)

(~151,000)|  (~—99,500)
(—150,500)|  (—95,500)
—150, 500) (—91, 500)

Barium Difluoride, BaF; (c)

AH3s= —286,900 calories per mole (112)
Szgs= 2303 e.Uu. (83)

M.P.=1,593° K. (112)

AH »=3,000 calories per mole

B.P.=2,473° K. (94)

AHy=70,000 calories per mole

Zomne I (c) (298°-1,300° K.)

C»=13.98410.20X103T (82)
Hp— Hyp=—4,600+13.98 T4 5.10X 1037

Formation: Ba+F,——————Bak,
Zone I (298°-983° K.)

AC,=0.1448.26 X 10374 0.80 X 10572

AHp=—287,000+0.14T+4.13 X 10-372—0.80X 105 7!

AFp=—287,000—0.14TInT—4.13 X 10-372—0.40
X1057-24-44.48T

Zone II (983°-1,125° K.)

AC,=—5.81+9.76 10-3T+0.80 X 10572
AH7=—284,800— 5.81 T+ 4.88% 10~ —0.80 X 107!
AF p=— 284,800+ 5.81 TlnT— 4.88 X 10-3 T —0.40

X 105T-14+1.91T

o
T,°K Hr—H Sr AH7 AFr
—286, 900 —274, 500
—286, 450 —270, 350
—286,000 | —266,300
—285,550 | —262,450
—284, 950 —257, 550
284500 | —254; 900
—283, 850 —251, 250
—285, 800 —247,700
—284, 800 —243, 900
(=283.770)| (—241,600)
(—283,110)| (—238, 200)

Barium Dichloride, BaCl; (c)

AH3g= — 205,300 calories per mole (11)
Sa8=(29) e.u. (11)

M.P.=1,233° K. (6)

AH »=5,370 calories per mole

B.P.=2,100° K. (6)

AHy=(50,000) calories per mole
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Tribarium Dinitride, BasN, (c)

18

Zone I (¢) (298°-1,198° K.)

Cp=17.0+3.34X103T (82)
Hr— Hpps= — 5,200+ 17.07T+1.67 X 10-37?

Formation: Ba-+Cly—————BaCl,

AH3i= —90,600 calories per mole (9)
Szoa=36.4 e.Uu. (9)
Decomposes=1,270° K. (9)

o_ o .
Zone T (298°-983° K.) Formation: 3Ba+N, ———>Ba;N,
AC,=2.6341.78X 10-3T+0.68 X 105T-? (estimated (9))
AH = —206,000+2.637-+0.89X10-372—0.68 X 10571
AF 7= —206,000—2.63TInT—0.89X10-372—0.34
X1057-14-58.13T T AFD
Zone IT (983°-1,125° K.)
AC,=—3.32+3.28 X 10-3T'+0.68 X 10572 e — (=240
AHp= —203,400—3.32T+ 1.64X10-372—0.68 X 105T— 1,000.___2TTT0IT0TT| (—33,200)
AF rp=—203,400+3.32TinT—1.64X 10-372—0.34
X1057-14-14.68T
T,°K Hr—Hos Sr AH7 AFq
-
-40+ —> -
7
g 6o i
T B’ e
o 80 P Bo0
— _-T ’,’::/B Balz
g -loof P
2’ ~| - /M — __.—|BaBr,
o 120 8a0 F—1 -~ /”‘r -
. . . = e _-1 _Bacl
Barium Dibromide, BaBr, (¢) S -0} 80 r” M= 1 =T
a 2 -
o // /-V
AH3i= — 180,000 calories per mole (11) w eof = r _ Pt
Saes=(35) e.u. (11) L _F _I-
M.P.=1,120° K. (6) 8oL ¥ -
AH = (6,000) calories per mole e P
B.P.=2,100° K. (6) i 8oci
AHy=(50,000) calories per mole 2z -200r
Formation: Ba+Br, —— >BaBr, W o0l -
3 w ——1"%2
(estimated (11)) i b
" -240L = -
T,°K ‘ Hr—FHs Sr AHS AF < 260 /
260k -
(35)| —180,000 | (—175,000) _2goLBof2 ]
o] I k] Wi 300 500 10001500 2000
(73)| (—178,000)| (—131,500) TEMPERATURE, “K.

Barium Diiodide, Bal, (c)

AH3es= — 144,600+ 1,000 calories per mole (11)

Szgs=39 eu. (11)
M.P.=984° K. (6)
AHu = (6,800) calories per mole
B.P.=(2,000°) K. (6)

AHy=(45,000) calories per mole
Formation: Ba-+I,————Bal,

(estimated (11))

T,°K. l Hr—Hag St ‘ AH;' ‘ AFr
(39)| —144,600 | (—143,000)
3, (49)| (—158,700)| (—140,000)
(20, 700) (70| (—151,500)| (—121,500)
(32, 700) (80)| (—148,500)| (—105,500)

FicUure 4.—Barium.

BERYLLIUM AND ITS COMPOUNDS

Element, Be (¢)

Sys=2.28 e.u. (83)
M.P.=1,556° K. (112)
AHy=2,300 calories per atom
B.P.=3,243° K. (138)
AHy=>53,490 calories per atom

Zone I (¢c) (298°-1,300° K.)

C,=3.40+2.90X 1027 (82)
Hr— H;3=—1,143+3.40T+1.45X 1073T%
FT—H299= — 1,143—3.40TlnT—— 1.45X 10-'Tz+2134T
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(Fr—Has)

T,°K. Hr—Hps Sr 7T
_______ 2.28 2.28
415 3.48 2.44
900 4.56 2.76
1,415 5.50 3.14
1,965 6.14 3.33
2,535 7.10 3.93
3,135 7.81 4.33
3,745 8.45 4.70
4,365 9.04 5.07
4, 9.59 5.43
5,615 10.09 5.77
(6, 460) (10.72) (6.11)
(7,220) (11. 25) (6.44)

Beryllium Oxide, BeO (c)

AH3i=—143,100 calories per mole (22)
Szgs=3.37 e.Uu. (83)

M.P.=2,823° K. (42)

AHy=17,000 calories per mole

B.P.=4,533° K. (42)

AHy=117,000 calories per mole

Zone I (c) (298°-1,200° K.)

C,=8.45+4-4.00X 103T—3.17 X 10572 (82)
Hr— Hy=—3,760+8.45T-2.00X 10-372+43.17
X 10571

Zone II (c¢) (1,200°-2,000° K.)
(estimated (24))

Formation: Be+1/20,————BeO
Zone I (298°-1,000° K.)

AC,=+1.4740.60X 10—3T—2.97 X 105 T2

AHp=—144,5660+1.47T+0.30X 10-3724-2.97 X 10571

AFp=—144,560—1.47Tin T—0.30 X 10-372+-1.48
X105T-1435.15T

T,°K Hr—Hs Sr AH7 AF7
............ 3.37 —143, 100 —136, 100
730 5.46 —143, 150 —133, 700
1, 580 7.35 —143, 250 —131, 400
2, 540 9.10 —143, 100 —128, 800
3,600 10.73 —142, —126, 800
4,700 12.20 —142, 800 —124, 350
5,830 13.53 —142, 700 —122,000
7,010 14.77 —142, 550 —119, 750
8,240 15. 95 —142, 300 —117, 450
9,510 17.05 —142, 100 —115, 250
(10, 870) (—141,900) | (—112,850)
(12, 200)
(13, 630)
(21, 300) (—142,900)| (—97,000)

Beryllium Difluoride, BeF, (c)

AH3g=(--227,000) calories per mole (11)
Sos=(17) e.u. (11)

M.P.=1,070° K. (6)

AH»=(6,000) calories per mole

B.P.=(1,600°) K. (6) .

AHy=(40,000) calories per mole

Formation: Be-+F,———BeF,
(estimated (11))
T,°K ' Hr—Hs Sr AHz AF7
an | —227,000 | (—216,900)
(25.5)| (—226,000)| (—210,500)
(38) | (—224,500)| (—195,000)
(52.7)| (—215,500)| (—183,500)

Beryllium Dichloride, BeCl, (c)

AHs3i=—112,600 calories per mole (11)
Sggg= (23) eu. (11)

M.P.=678° K. (6)

AHy=(3,000) calories per mole
B.P.=(820°) K. (6)

AHy=(25,000) calories per mole

Formation: Be-+Cl,——BeCl,
(estimated (11))

T,°K Hr—Hus Sr AH7 AF7
S R W7 ) (2?5)4) (_Hg’ggg) ((-1%' %3
400, 26.4)| (—112, —96,
N — Sol @Y Censn| Caem
Beryllium Dibromide, BeBr; (c)
AHj3gs= —179,400 calories per mole (11)
Sags=(29) e.u. (11)
M.P.=761° K. (6)
AH = (4,500) calories per mole
B.P.=(800°) K. (6) )
AHy=(22,000) calories per mole,
Formation: Be +Br,—————BeBr,
(estimated (11))
T,°K Hr—Hns Sr l AH7p AF7
D S I (29) —79,400 | (—76,500)
. 37.5)| (—86,500)| (—70,500)
ol SRy Gah| Coeon| (Cs9000
Beryllium Diiodide, Bel, (c)
AHje=(—39,400) calories per mole (11)
S293= (31) e.u. (11)
M.P.=1753° K. (6)
AH = (4,500) calories per mole
B.P.=760° K. (6)
AHy=(19,000) calories per mole
Formation: Be+I,———>Bel,
(estimated (11))
T,°K \ Hr—Haus Sr 1 AH7 l AF7
(31 | (—39,400)| (—39,400)
. —53,500) | (—33,200)
<§?éi%’ @ (232,300 (20,700
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Triberyllium Dinitride, Be;N, (c)

AHss=—133,500 calories per mole (81)
Szog= 12.0 e.u. (81)
M.P.=2,470° K. (9)

Zone I (c) (298°-800° K.)

C,=7.324-30.8X103T (82)
Hrp— Hys= —3,550+7.32T+15.4 X 10-3T*

Formation: 3Be+Ny,———>Be;N,
Zone I (298°-800° K.)

AC,=—9.54+21.08 X103 T
AH7=—131,600—9.54T+10.54 X 10—37*

AF = —131.600+49.54TInT—10.54X 10—372—18.14T

T, ° K. Hr—Hus Sr AH7 AF7
—121, 400
—117,200
—113, 100
—109, 000
—105, 400
—101, 000
(—98,200)
(—94, 500)
(—177,900)
(72,700} | ... (—108, 500) (—65,100)
0
__,aJ Bel,
-20 ="
Q /&’E’
: 7
T -40|Bel, £Z
. _—-{BeBry
g "
$ -60f ME—— = —fBes;
// -~
L -
- -~ ———|BeCl
_BO_BeBVZ’ _V‘,_/,—f 2
. AB’ _I—===
/"!’ ///
-100 - -~ =—Be0

BeClor” / -
///
-

-120Be3N

Be0 |

-140

-160

AF, FREE ENERGY OF FORMATION,

-180 =8

-
P

M-
BeF, _ ——1 -+

-200

300 500 1000 1500 20
TEMPERATURE, °K.

Ficure 5.—Beryllium.

00

BISMUTH AND ITS COMPOUNDS
Element, Bi (c)

Szgsz 13.6 e.u. (83)
M.P.=544.5° K. (82)
AH»=2,600 calories per atom
B.P.=1,832° K. (130)
AHy=36,200 calories per atom

Zonel (c¢) (298°-544.5°K.)

Cp,=4.494-5.40X 1027 (82)
Hrp— Hyp=—1,579+4.49T4-2.70 X 103 T*
Fp— Hapg=—1,579—4.49TInT—2.70X 10372+ 18.08 T

Zone II () (544.5°-1,800° K.)

C,=17.50 (82)
Hyp— Hj3=18047.50T
Fr— Hys=180—7.50TInT+32.34T

T,° K. Hr—Hag Sr _ (Fr—Hzng)
T

.............. 13.6 13.6

550 15. 47 13.84

1,340 17.01 1433

4680 2314 15.34

5, 430 24,30 16. 54

6180 25.30 17.58

6, 930 26.18 18.48

1, 7, 680 26.97 19.29
1 8 430 27.67 20. 01
1 9,180 28.32 20. 67
L 9, 930 28.92 21.29
i 10, 680 2947 21,85
1 11, 430 29.99 29,37
L 12,180 30. 48 2987
1, 700. 12,930 30.93 23.32
1,800, 13, 680 31.36 23.76
1,900 (55, 460) (53.87) (24. 68)
2000, LTI (55, 970) (54.13) (26.15)

Bismuth Oxide, BiO (c)

AHjs= — 49,850 calories per mole (112)
Sas=(16.4) e.u. (24)

Formation: Bi+1/20,—BiO
(estimated (24))

T,°K Hr—Hag AHp AFp

—49,850 (—43, 500)
(—49, 500) (—41, 000)
(—49, 500) (—39, 000)
(—51,500)|  (—36, 500)
(—51,500)|  (—34,000)
(—51, 500) (—31, 500)
(—51, 000) (—29, 000)
(—51, 000) (—26, 500)
(—50, 500) (—24, 500)
(—50,500)|  (—22;000)
(—50, 500) (—19, 500)
(—50, 000) (—17,000)
(—50, 000) (—15, 000)
(—49,500)|  (—12, 500)
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Dibismuth Trioxide, Bi,O; (c)

AH3y=—137,900 calories per mole (112)
Szgs=36.2 e.U. (83)

M.P.=1,090° K. (112)

AH»=16,800 calories per mole

B.P.=(2,160°) K. (94)

Zone I (c) (298°-800° K.)

Cp=24.74+4-8.00X 103T (82)
Hy— Hys=—17,732+24.74T+4.00X 103 T"

Formation: 2Bi+3/20,———Bi,0,
Zone I (298°-800° K.)

AC,=5.02—4.30X 1037+ 0.60X 10572
AHp=—139,000+5.027T—2.15X 10-372—0.60 X 105T-!
AF 7= —139,000—5.02TInT+2.15%X 10-372—0.30
X10°T-14+96.5T
Above 800° K. (estimated (24))

T,°K Hr—Has Sr AH7 AF7
36.2 | —137,900 | —118 700
2,770 44.2 | —137,500 | —112,150
5,630 50.56 | —137,100 | —105, 800
8, 550 55.89 | —142,000 [ —99,1
11, 550 60.51 | —141,700 | —92, 000
14, 620 64.61 | —141,300 | —84.850
(18,170) ges. 36)| (—140,500)| (—77, 500)
21, 000) 71.78)| (—140,300)| (—70,850)
..... | (—132,500)| (—64, 500)
..... (—131, 500) 5—58, 000)
(—130,500)| (—52, 000)
---| (—=129,000)| (—46, 000)
(—128, 000) 2— , 000)
--| (—126,500)| (—34,500)
Bismuth Trifluoride, BiF; (c)
AH3gs=(—216,000) calories per mole (11)
S293=(34) e.U. (11)
M.P.=1,000° K. (6)
AH ) =(6,200) calories per mole
B.P.=(1,300°) K. (6)
AHy=(28,000) calories per mole
Formation: Bi+3/2F, ——BiF,
(estimated (11))
T,°K. | Hr—Hus AHp ) AF7
208.. I ..... | (—216,000)' (—200, 000)
F T (6,000)| (—213,500)| (—188,500)

Bismuth Trichloride, BiCl; (c)

AHjg= —90,500 calories per mole (11)
S2s=45.8 e.u. (11)

M.P.=502° K. (6)

AHy=2,600 calories per mole

B.P.=714° K. (6

AHy=17,354 calories per mole

Formation: Bi+3/2Cl,————BiCl,
(estimated (11))

AHp AF7

.............. —90, 500
........................ ‘ (7, 000) ’ (—87,500) (—66, 500)

Bismuth Tribromide, BiBr; (c)

AHj3gs=(—60,000) calories per mole (1)
Sags=(54) e.u. (11)

M.P.=491° K. (6)

AHy = (4,000) calories per mole

B.P.=731° K. (6)

AHy=18,024 calories per mole

Formation: Bi+3/2Br,————BiBr;,
(estimated (11))

T,° K. Hr—Hg AH7 AFR
208 e ' (—60,000)|  (—55,800)
500 LIl (7,000)| (—68,600)| (—47, 500)
Bismuth Triiodide, Bil; (c)
AHsgg==23,700 calories per mole (11)
Saps= (55) e.u. (11)
M.P.=681° K. (6)
Decomposes =773° K. (6)
Formation: Bi-+}3/2I,———Bil;
(estimated (11))
T,° K. ’ Hr—Has AH7 ‘ AFz
208__ e ! ‘ —23,700 | (—23,500)
7 | @000)| (—44,000)  (—20,000)

AF, FREE ENERGY OF FORMATION, kcal/g. —mole

° /I
—Bi0 Bix03
»ol _Mpo -t -
Bily L——"" s
- s
- - Va
- - - /
-40| s —
Bi0O PR Vi
y -
! e /’_,/ //
60 BiBrz ” 49’ e
/‘r}/ },/
vd
BiCl3 yd
_80 -
7

o L

S

12018103
-1a0k
B ___l—-—=BifF
M- a "
rd
-160}- —
7
7
7
180f <
'/
air | "]

- T3
200356500 1000 1500 2000

TEMPERATURE, ° K.
F1gure 6.—Bismuth.
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BORON AND ITS COMPOUNDS

T,° K Hr—Hag Sr AH7 AF;
Element' B (C) 2 TN (R 13.04 | —305,400 | —286,400
400, = 1,640 17.75 | —305,400 | —279,900
Se= 1 09 i | i 22 mm)
M.P.=2,300° K. (24) } = , 27 | 305,000 [ 267,
AH M=5’,300 calories per atom 8007 = 12’, 310 0% —gggi %0 —ggiiggg
el R VI
Zone I (c) (298°-1,200° K.) 1,100 2l 25960 5136 | —206,250 | —239,150
‘ 1,200- 2l 200010 5402 | —205.600 | —234,000
C,=1.5444.40X 10737 (82) ii% - gg,(lxlig gg;? g—ggi,%g g—g%;
Hy— Hys= —6554+1.54T+2.20X 10-37* 2200 -- ) - o —22
Fr— Hyg= —655—1.54TIn T—2.20 X 10-3T2+10.21T o o B 80821 (B o0 (e an
1700, LTI 44,260 64.64 | (—294,200)| (—209,400)
T.° K. Hr— Hag Sr _,(EI#)
» » Boron Trifluoride, BF; (g)
800 301 13 AHios= — 273,500 calories per mole (42)
ir 0520 igﬁ g gi S203=50.70 e.u. (112)
2:048 5.20 2.65 M.P.=145° K. (6)
2,570 5.82 2.96 AH =480 calories per mole
3,130 6.41 3.28 B.P.=172.2° K. (6)
3700 oo g:gg AHy=4,620 calories per mole
(1?: % (g' ig) Eé 323
’ ) ' Zone T (g) (298°-1,000° K.)
i C,=12.4446.70X10-3T—2.12X 10572 (82)
Boron Oxide, BO (g) Hy— Hyp— — 4,720 1244 T+3.35 X 10T +2.12
5 1
Ag§93=i,8300 calor(ies )per mole (112) X10°T™
298 = .60 e.u. (83 .
AF3=11,600 calories per mole Formation: B+3/2F,——————BF;
Diboron Trioxide, B,O; (c) Zone 1 (298°-1,000° K.)
8 = — i AC,=—1.54+1.64X10-3T—0.92X 105T-2
Al = 305,400 colories per mole (112) AHp—=—273,420—1.54T+0.82X 10-3T4-0.92 X 1057
MP—723° K. (82) AF 7= —273,420+ 1,54 Tln T—0.82X 10-T?+0.46
AHy =5,500 calories per mole X10°7T'+4.54T
B.P.=2,300° K. (42)
AHvy=(70,000) calories per mole
T,° K. Hr—H; S AH7 AF7
Zone I (¢) (298°-723° K.) . i i i
C,—8.73+25.40% 10~ T— 1.31 X 105T2 (82) O W7 T a0 | oer00
Hp—Hyp=—4,1704-8.73T+12.70 X 10372 +1.31 ) —273,780 | —266,
X 10571 —273,890 | —265,

Zone 1T (1) (723°-1,800° K.)

C,=30.50 (82)

( (

( (
Hr— M= ~T,890 50,507 — i Caian
; ErllEr
Formation: 2B+3/20,—————B,0, - SO (-2 720)| (200,850
°723° K (7 5803 (a45. 700
Zove I (298°-723° K.) "33, 860) |- 2| (~273,170)| (—244, 050)

AC,=—5.09415.1X1073T—0.71X 10572
AHp= —304,690—5.097T+7.55X 10~3T2+0.71 X 107!
AF 7= —304,690+-5.09 Tin T—7.55X 10312 +0.355

AT ST Boron Trichloride, BCl; (g)
Zone IT (723°-1,200° K.)
AHses= — 94,500 calories per mole (112)
AC,=16.68T—10.3X 10-*T+0.60 X 10572 Syes=69.29 e.u. (112)
AHr=—308,150+16.68T—5.15X 10372 —0.60 M.P.=166° K. (6)
X107 AHy=(500) calories per mole
AF 7= —308,150— 16.68 TIn T'+5.15X 10-*T*—0.30 B L9856 K. (6)

X105T-14-173.25T AHy=>5,700 calories per mole
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Zone I (g) (298°-1,000° K.)

C,=16.86-+2.86%X 10-3T—2.44 X 10572 (82)
Hy— Hyg=— 5,970+ 16.86 T+ 1.43 X 10-3 T2+ 2.44
X 10571

Formation: B+3/2Cl,————
Zone T (298°-1,000° K.)

AC,=2.09—1.63X10°T—1.42X 10572
AH7p=—95,525+2.09T—0.815X 10-3T2+1.42
X 10571
AFp=—95,525—2.09TInT+0.815X10-372+40.71
X10°T-14-26.68T

—BCl,

T,°K Hr—Haxs Sr AH7 AF3%
—94, 500 ~90,
—94, 450 —89, 450
—94, 395 —88, 250
—94, 330 —87, 050
—94,285 —85, 900
—94, 240 —84, 550
—94, 205 —83, 500
—94,190 —82, 150
—94,080)| (—81,250)
—94,080)| (—80,150)
—94,090)| (—79,050)
—94,100)| (—77,750)
—94,130)| (-76,
—94,200)| (—75,550)
—94,250)| (—74,300)
—94,330)| (—73,100)
—94,420)| (—71,850)

(—94,530)| (—70,600)

Boron Tribromide, BBr; ()

AH3s=—57,900 calories per mole (120)
Szos=53.9 e.u. (11)

M.P.=227° K. (6)

AH = (700) calories per mole

B.P.=364.4° K. (6)

AHy=17,298 calories per mole

Zone 1 (g) (364.4°-1,000° K.)
C,=17.83+2.04X103T—1.95X 10°T-2 (82)

Hp— Hys=7,160+17.83T+1.02X 107372+ 1.95
X 10571

Formation: B+3/2Br,————BBr;
Zone 1 (400°-1,000° K.)

AC,=2.73—2.36X103T—1.40X 10572
AH7=—57,46042.73T—1.18X 103724 1.40

X 10571
AF = —57,460—2.73TInT+1.18 X 10-3T2+40.70
X105T-14-32.81T
T,*K Hr—Has St AH7 AFz

AND FREE-ENERGY DATA 23
Boron Triiodide BI; (c)

AH3=(—27,600) calories per mole (11)
Sug= (55) e.u. (11)

AF39=(—31,100) calories per mole

M.P.=316° K. (6)

AHy=(1 000) calories per mole

B.P.=483° K. (6)

AHy=(10, 000) calories per mole

Tetraboron Carbide, B,C (c)

AHy= —13,800 calories per mole (122)
Szgs=6.47 e.U. (83)
M.P.=2,623° K. (9)

Zone I (¢) (298°-1,200° K.)

C,=22.99+5.40X 1037T—10.72X 105 T2 (82)
Hr— Hm= —10,690+22.9974-2.70X 10372+ 10.72
X 10571

Formation: 4B+C————B,C

Zone T (298°-1,200° K.)

AC,=12.73—13.22X10-3T—8.62X 10° T2
AH1'= —20,000+12.73T—6.61X 10-37%+-8.62
X 10871
AF p=—20,000—12.73 Tin T+ 6.61X 10372 +4.31
X105T-14+87.7T

]
T,°K Hr—Hxgs Sr AH7 AFT
6.47 —13,800 —13, 300
10. 82 —13, 600 -13, 150
15. 65 —13,450 —13,100
19. 54 —13, 300 —13,100
23.38 —13,150 —13, 050
26.77 —13, 050 —13, 000
29. 52 —13, 000 —12,950
32. 556 —13,000 —12,900
35.20 —12,950 —12,850
37.66 —12, —12, 750
.35 (—12,800)[ (—12,500)
[ 27 ) (R I

Boron Nitride, BN (c)

AHjgs= — 60,700 calories per mole (33)
Sys=3.67 e.u. (33)
S.P.=3,270° K. (9)

Zone I (¢) (298°-1,200° K.)

C,=3. 64+7.24X1073T (78)
HT—'H298= —1 380"’3 64T+3 62X 10372

Formation: B +1/2N;————>BN
Zone I (298°-1,200° K.)
AC,=—1.2342.33X1073T

AHT= —60,950—1.23 T+ 1.16 X 10—
AFr= —60 950+ 1.23TIn T—1.16 X 107372 +9.94T
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T,° K Hr—Hg Sr AF7
P2 S DU, 7.34 —60, 700 —55, 650
400 630 9.16 —60, 700 —53, 900
500 1,340 10. 74 —60, 700 —52, 200
600..- 2,070 12.06 | —60, 750 —50, 500
700. 2, 900 13.34 —60, 750 —48, 800
800.. 3,840 14.60 | —60, 750 —47,150
900.. 4, 840 15.78 —60, 600 —45, 400
1, 000. 5, 900 16. 90 —60, 500 —43, 750
1, 100. 6, 980 17.92 |  —60,400 —42,100
1,200. o 8,100 18.88 —60, 250 —40, 300
0]
8 - «Ia C
-20}- *¢ ‘
° " __——lBBr;
e -40r 5 ===
eN | =]
l, -60}-88ry
NG e ———-{BCl3
5 -80F E—
Q BCly "1
- -I00}
8
= -120F
a
2 a0}
2
w -160}
o
> -180f
8 ~B203
Y -200 r e
w
w 220} —
u -
w -2401 // _____ BF3
% 260} ==mtT
BFy ’;
-280F
8,05 )
-300 300 500 1000 1500 2000
TEMPERATURE, °K.
Fieure 7.—Boron.
BROMINE
Element, Br, (])
S20=136.4 e.u. (83)
M.P.=265.7° K. (112)

AHy=2,580 calories per atom

B.P.=331° K. (112)

AHy=17,418 calories per atom

Zone I (I) (298°-331° K..)

C,=17.1 (82)
Hr—Hyp=—5,090+17.1T

Fr— Hyg=—5,00—17.1TiInT+77.6 T

Zone 1T (g) (331°-1,600° K..)
C,=9.04—0.37X 10572 (82)

Hr— Hys=4,940+9.04T+0.37 X 10571

Fr— Hyu=4,940—9.04TIn T+0.185X 105T-1+0.51 T

T,°K Hr—Huns St _ (Fr—Hyg)
T
36.4 36.4
62. 74 41.12
64.71 45. 65
66.33 48.96
67.71 51. 55
68. 91 53. 65
69. 96 56. 39
70.91 56. 90
71.85 58.30
72. 56 59.37
73.24 60. 38
73.96 61. 36
74. 54 62.19
75,18 63. 02
75. 74) (63. 78)
76. 29) (64. 49)
(76.74) 65. 08)
(77.24) 65. 72)

CADMIUM AND ITS COMPOUNDS
Element, Cd (c)

S20s=12.37 e.u. (28)

M.P.=594° K. (82)
AHy=1,450 calories per atom
B.P.=1,038° K. (7)

AHy=23,870 calories per atom

Zone I (c) (298°-594° K.)

C,=5.314-2.94X1072T (82)

HT—H293= e 1,714+531T+ 1.47X 10372
Fr— Hyp=—1,714—5.31TInT—1.47 X 103T24-24.07T

Zone II (1) (594°-1,038° K.)

C,=T.
Hrp—Hy=—810+7.10T

10 (82)

Fr—Hyy=—810—7.10TInT+32.99T

Zone IIT (g) (1,038°-2,000° K.)

Cp=(5.0) (141)

Hyp— Hys=+25,370+5.0T

Fr— Hyu=+25,370—5.0TinT—6.57T

T,°K. Hr—Hus St _ (Fr;Hm)
D R I 12.37 12.37
400- 645 14.23 12.62
500- 1,310 16.71 13.08
600 3,450 19.41 13.67
700- - 4,160 20. 50 14.57
800 . 4,870 21.45 15.36
900_ . 5, 580 22.29 16.09
1,000 6, 200 23.04 16.75
1,100- (30, 700) (46. 55) (18.62)
1,200 . (31, 200) 246. 98) (20. 96)
1,300 - (31, 700) 47. 38) (22.98)
1, 400 (32, 200) (47.75) (24.74)
1,500 - (32, 700) (48.09) (26.28)
1,600 - (33, 200) (48. 41) (27. 66)
1,700 - (33, 700) (48.72) (28.90)
1,800 - (34, 200) (49. 00) (30. 00)
1, 900~ (34, 700) (49.27) (31.01)
2,000 __ (35, 200) (49. 52) (31.92)
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Cadmium Oxide, CdO (c)

AH3%= —61,200 calories per mole (98)
Sas=13.1 e.u. (24)

Formation: Cd-+1/20, —CdO
(estimated (24))

AHR AFg

—61, 200 —54,100
—61,100) (—81, 700)
—61,100) —47, 000)
~62, 500) 5-44, 400)
—62,500)|  (—41,800)
—62,500)| (-39, 200)
—82, 500; —386, 700)
—62, 400 —32, 700)
—86, 100) —27, 800)
—84, 800) (~8, 700)

Cadmium Difluoride, CdF, (c)

AH3s=—167,000 calories per mole (11)
Szgs= (22) e.U. (11)

M.P.=1,383° K. (6)

AHy=15,400 calories per mole

B.P.=2,023° K. (6)

AHy=>52,000 calories per mole

Formation: Cd+F;———CdF,
(estimated (11))

T,° K. Hr—Hzg AHg AFg
...... —167, 000 é—155, 400)
(4, 000) 5—165, 900) —147, 000)
(14, 000) —165, 000) (—129, 000)
[€75110/1) ) (R A,

Cadmium Dichloride, CdCl, (c)

AH%s=—93,000 calories per mole (112)
Seos=31.2 e.U. (83)

M.P.=841° K. (6)

AHy=5,300 calories per mole

B.P.=1,240° K. (6)

AHy=29,860 calories per mole

Zone I (298°-800° K.)
C,=14.64+9.60X10-3T (82)
Hr— Hys=—4,790+ 14.64T+ 4.80X 103 7"
Formation: Cd+Cl,—————CdCl,

Zone I (298°-594 K.)

AC,=0.514-6.60X 10374 0.68 X 1052

AH7=—93,215+40.51T+3.30 X 10-3T2—0,68 X 105 T

AFp=—93,215—0.51 Tin T—3.30 X 10~3T2— 0.34
X10°T-1+39.48T

Zone 11 (594°-800° K.)

AC,=—1.2849.54X 10— T+ 0.68X 10572

AH7=—94,100—1.28T+4.77 X 10-3T2—0.68 X 105~

AF7=—94,100+1.28 TInT—4.77 X 10-3T2— 0,34
X10°T-14-30.5T

T,°K Hr—Hms Sr AHS AFp

............ 32| —g3 —82, 700

1,780 36.33| —02,700 | —70,200

3,720 40.68| —92,300 | —76,900

5, 750 44.36| —03,260 | —72 650

7,840 47.58| —92,750 | —69,300

9,990 50.45| —02,200 |  —65, 900

@) .......... (cEmam)| (0010

62, 000)|-Z22200 —74,000)| (—47,900)

Cadmium Dibromide, CdBr, (c)

AH39s=—175,800 calories per mole (11)
Szgs=34.4 eUu. (83)

M.P.=841° K. (6)

AH»=5,000 calories per mole

B.P.=1,136° K. (6)

AHy=27,000 calories per mole

Formation: Cd-+Br,———>CdBr,
(estimated (11))

-mole
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Figure 8. —Cadmium.
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Cadmium Diiodide, Cdl; (c)

AH3s= — 48,750 calories per mole (11)
Sgog=39.5 e.Uu. (11)

M.P.=660° K. (6)

AH 4=3,660 calories per mole

B.P.=1,069° K. (6) }

AHy=25,400 calories per mole

Formation: Cd 4+ I,————CdI,
(estimated (11))

T,°K Hr—Huys AHY AFg
298 e emeae —48, 750 —49, 000
500 - ool (4, 000) (—62, 700) (—46, 300)
1,000 .o eee (19, 000) (—56, 200) (—32,000)
1,500 s (56, 400) (—50, 800) (—13,000)

Zone I (¢) (298°-1,800° K.)

Cp=11.6741.08X1037T—1.56 X 10572 (82)
Hr— Hyp= —4,0(2504- 11.67T+0.54X10-3724-1.56
X1

T-1

Formation: Ca-+1/20, —Ca0

Zone I (298°—673° K.)

AC,=2.85—2.92X10-3T—1.36X 10572

AH7p=—152,950+42.85T—1.46 X 10—3T24-1.36 X 105T-!

AFp=—152,950—2.85TInT+1.46 X 10-3724-0.68
X105T-14+-43.87T

Zone II (673°-1,124° K.)

AC,=1.80—0.82X103T—1.36X 105T?

AHp=—152,85041.807—0.41 X 10-3T2+1.36 X 1057 1

AF p=—152,850—1.80TInT+0.41 X 10-37T2+40.68
X108T-14-37.57T

CALCIUM AND ITS COMPOUNDS
Element, Ca (c)

Szgs=9.95 e.Uu. (83)
T.P.=673° K. (82)
AHr=115 calories per atom
M.P.=1,124° K. (80)
AHy=2,230 calories per atom
B.P.=1,760° K. (130)
AHy=35,840 calories per atom

Zone I (@) (298°-673° K.)

C,=5.244-3.50X 1037 (82)
Hyp— Hyp=—1,718+5.24T+1.75X 1037
Fr— Hyp=—1,718—5.24TInT—1.75X 10-3T2426.13 T

Zone II (8) (673°-1,124° K.

C,=6.294-1.40X 1037 (82)
Hp— Hyp=—1,834+6.29T+0.70 X 10-3 T
Frp— Hy=—1,834—6.29TInT—0.70X 103724 32.49T

T,°K Hr—Hygs Sr AHY AF2
............ 9.5 | —151,790 —144,350
1,100 12.67 | —151,700 —141, 850
2,230 15.19 [ —151,650 —139, 400
3,400 17.32 | —151, 550 —136, 950
4,600 19.17 | —151,600 —134, 500
5,820 20.80 | —151,500 —132, 050
7,040 22.23 | —151,450 —129,
8,270 23.53 | —151,400 —127,200
9, 520 24.72 | —151,300 —124,700
10, 800 25.84 |(—153,400) | (—122,400)
12,110 26.88 |(—153,300) | (—119,900)
13, 430 27.86 |(—153,200) | (—117,250)
14, 760 28.78 [(—153,100) | (—114,500)

Calcium Dioxide, CaO, (c)

AH3gs=(—156,500) calories per mole (24)
S293= (154) e.u. (24)
Decomposes=548° K. (8)

(estimated (24))

T,°K Hr—Haxg Sr _ (Fr—Hz)
T

.............. 9. 95 9. 95

650 11.82 10. 20

1,330 13.34 10. 88

) 14.67 11.23

2,910 15.97 11.81

3, 16. 96 12. 41

4,390 17.83 12.94

5,160 18.64 13.48

5,930 19.38 13. 97

(8,880) (21.88) (14.47)

(9, 630) (22. 58) (15.18)

(10, 380) (23.08) (15. 58)

(11, 210) (23. 69) (16. 20)

Calcium Oxide, CaO (c)

AH3g=—151,790 calories per mole (57)
S293=9.5 e.Uu. (83)

M.P.=2873° K. (112)

AHy=12,000 calories per mole

B.P.=3,800° K. (94)

( Hr—Hps AHp AFp

.............. (—156, 500) E— 143, 500)
(1,875) (—156, 000) —139, 500)
(3, 800) (—155, 500) (—135,000)

Calcium Difluoride, CaF, (c)

AH = —290,200 calories per mole (112)
Sogs=16.48 e.u. (134)

T.P.=1,424° K. (82)

AHr=1,140 calories per mole

M.P.=1,691° K. (82)

AH»=6,780 calories per mole

B.P.=2,145° K. (112)

AHvy=83,000 calories per mole

Zone T (a) (298°-1,424° K.)

C,=14.30+47.28X 10737+ 0.47 X 10572 (82)
Hr— Hys= —4,400+14.30743.64 X 10372 —0.47
X 10571
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Zone 11 (B) (1,424°-1,691° K.)

C,=25.814-2.50X103T (82)
— Hpps=—14,900425.81T+1.25X 103 T*

Zone III () (1,691°-1,800° K.)

C,=23.90 (82)
Hr— Hys=—1,000+23.90T

Formation: Ca + F, ————— CaF,

Zone I (298°-673° K.)

AC,=0.77+3.34 X 10737+ 1.27 X 105 T2

AHr=—290,1504-0.77T+41.67X10-3T2—1.27 X 105!

AFp=—290,150—0.77TInT—1.67X10-372—0.63
X1057-14-47.48T

Zone II (673°-1,124° K.)

AC,=—0.2845.44X1073T4-1.27 X 105T-2

AHr=—290,010—0.28T42.72X 10372 —1.27 X 10571

AFp=—290,010+0.28TinT—2.72X 10372 —0.63
X1037-14-41.11T

T,° K. Hr—Hs Sr AHr AFp

............ 16.48 | —290,200 —2717,700
1,760 21.54 | —289,900 —273, 500
3, 540 25. 52 —289, 600 —269, 400
5,400 28.91 —289, 300 —265, 300
7,320 31.87 —289,050 | —261,400
9,280 34.49 —288,7 —257, 500
11, 300 36. 86 —288, 250 —253, 500
13, 380 39.06 | —287,850 | —249,750
15, 550 41,12 —287, 300 —246, 000
, 850 43.12 | (—288,750) §—242, 150)

20, 230 45,03 | (—287,800)( (—238,
, 680 46.84 | (—286,850)| (—234,600)
26, 660 49.60 | (—284,990)( (—230,900)

Calcium Dichloride, CaCl; (c)

AHsgs= —190,400 calories per mole (94)
S293= 27.2 e.u. (83)

M.P.=1,055° K. (82)

AH»=6,780 calories per mole

B.P.=(2,300°) K. (6)

AHv=(55,000) calories per mole

Zone I (¢) (298°-1,055° K.)
C,=17.184+3.04X10-37T—0.60 X 10572 (83)
Hyp— Hyps=—5,460+17.18 T4 1.52X 10-372+0.60
X 10871
Zone II (I) (1,055°-1,700° K.)

C,=24.70 (89)
Hr— Hyg— — 4,880+ 24.70T

—"_>0a012

Formation: Ca-Cl,

Zone I (298°-673° K.)

AC,=3.12—0.52X 1037+ 0.08 X 10572
AHpr=—191,28043.127—0.26 X 10-372—0.08
X 10571
AF 7= —191,280—3.12TInT+0.26 X 10-372—0.04
X10°T-14-56.41T

Zone IT (673°-1,055° K.)

AC,=2.07+1.58X103T+0.08 X 10572
AHr=—191,150+2.07T+0.79X 107372 —0.08 X 105 T!
AFr=—191,150—2.07TinT—0.79X 107372 —0.04
X 105T-1450.32T

Zone I1I (1,055°-1,124° K.)

ACcp=9.59—1.46X 103T—0.68 X 10572
AHr=—190,500+9.59T—0.73 X 10-3724-0.68
X 10571
AF p=—190,500—9.59TinT+0.73 X 10372+ 0.34
X1057-14+-100.69T

T,°K Hr—Hjgs Sr AHp AFp
27.2 | —190,400 | —179,650
32.53 | —190,050 | —175,950
36.66 | —189,700 | —172,500
40.02 | —189,450 | —169,050
42.88 | —189,350 | —165,750
45.4 | —189,050 | —162,350
47.60 | —188,750 | —159,150
49.84 | —188,350 | —155,700
60.62 | (—182,300)| (—150,300)
62.6 | (—181,500)| (—147,700)
64.42 | (—180,600)| (—145,100)
66.10 | (—179,770)| (—142,400)

Calcium Dibromide, CaBr,; (c)

AHs3s=—161,300 calories per mole (114)
Szga= (31) e.Uu. (114)

M.P.=1,033° K. (6)

AH=4,180 calories per mole

B.P.=(2,100°) K. (6)

AHy=(50,000) calories per mole

Formation: Ca-+4Br,————CaBr,
(estimated (11))

Hr—Hs AHy AFp

.............. —161, 300 (—157, 500)
(3, 500) (—168,700)[  (—150,350)
(13,900)| (—166,600)| (—133,500)
(30,100)| (—160,900)| (—119, 500)

Calcium Diiodide, Cal, (c)

AHgee= — 127,500 calories per mole (112)
Szgs- (34) €.U. (112)
P.=1,013° K. (6)
AH M= (5 000) calories per mole
B.P.=(1,500°) K. (6)
AHy=(35,000) calories per mole

Formation: Ca+I,———Cal,
(estimated (11))

T,°K l Hr—His AHy | AFy
....................................... -127, 500 (—126, 400)
(3,900) (—141, 600) (—124, 000)
(14, 100) (—139, 700) (—106, 000)
1,500 e eees (31,100)| (—132,200)|  (—91,000)
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Calcium Dicarbide, CaC, (c)

AH 3= —15,000 calories per mole (112)
Szgs= 16.8 e.u. (83)
T.P.=720° K. (82)
AHr=1,330 calories per mole
M.P.=2,573° K. (9)

Zone I (a) (298°-720° K..)
C,=16.404+2.84X10-3T—2.07 X 105T-2 (82)

Hrp— Hys=—5,700416.40T+1.42X 10372 +4-2.07
X105T1

Zone II (8) (720°-1,300° K.)

C»=15.404-2.00X10-3T (82)
Hr— Hyp=—3,150+15.40T+41.00X 102 T*

Formation: Ca+2C————CaC,

Zone 1 (208°-673° K..)

AC,=2.96—2.7X103T+2.13 X 105 T2

AHr=—15,0004+2.96T—1.35X10-372—2.13 X 10571

AF 7= —15,000—2.96 Tin T+ 1.35X 10-3T*
—1.07X1057T-1+13.72T

Zone II (673°-720° K.)

AC,=1.91—0.60X10-3T+-2.13 X 10572

AHr=—14,70041.917—0.30 X 10-372—2.13 X 10571

AFr=—14,700—1.91TIn T4 0.30X 10-37%—1.06
X100T-14-7.02T

Zone IIT (720°-1,124° K.)

AC,=0.91—1.44X 1037+ 4.20X 10572

AH7=—12,320+0.917—0.72 X 10-3T2—4.20 X 105T-1

AFr=—12,320—0.91TinT+0.72X 107372 —2.10
X108T-1-3.17T

Sr AH3 AFg
16.8. | —15000 | —16,200
21.41 —14, 550 —16,700
25.11| —14200 | —17,300
28.27 —13, 950 -17,950
30,09 | —13,900 | ~—18,
35.12 —12, 500 —19,450
37.14| -—12,500 | —20,300
38,08 | —12,650 | —21,200
4065 | —12,600 | —22, 100
4219 | (—14,800)| (—22,900)

Tricalcium Dinitride, Ca; N; (c)

AHjs= — 108,200 calories per mole (9)
Szgs= 25.4 e.u. (9)
M.P.=1,468° K. (112)

Zone I (¢) (298°-800° K.)

C;=20.44422.00X 10-3T (82)
Hr— Hys=—7,100+20.447411.00X 10-2T"

Formation: 3Ca+N,———Ca,N,

Zone I (298°-673° K.)

AC,=—1.94+410.48X103T
AHr=—108,100—1.94T+5.24 X 10372
AF7r=—108,10041.94TinT—5.24X 103724 40.46 T

Zone II (673°-800° K.)

ACy,=—5.09+16.78 X103 T
AHr=—107,670—5.09T+8.39 X 10-3T"
AFr=—107,670+5.09TInT—8.39X 103 T2+ 21.28T

T,°K Hr—Hzs Sr AHj AFg
25. 4 —108, 200 —93, 200
33.61 | —108,100 —88,100
40.41 —107,700 —83, 200
46.33 | —107,350 —178,350
51.72 | —107,100 —173, 560
56.59 | —106, —68, 750
(o]
-20} ®C - ———Co
M ————CaC;
-a0k _ar”
3 prd
§ -eof A
> / Cot,
< -sof - — "
2 C‘I;Nz/ - -
= -100} M= —=>¢9Q
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Figure 9.—Calcium.

CARBON AND ITS COMPOUNDS
Element, C (c)

Szos= 1.366 e.u. (83)
S.P.=4,620° K. (130)
Zone I (¢) (298°-2,300° K.)

C,=4.104-1.02X 10-3T—2.10X 105 T2 (82)
Hr— He=—1,97244.10T40.51X 107272 +2.10
X 10571

Fr—Hy=—1,972—4.10Tln T—0.51 X 1077+ 1.05

X 108T-14-27.72T

T,° K. Hr—Ham Sr _ <£r-__fr-')

- 1.36 1.36

250 2.08 1.42

570 2.79 1.65

950 3.48 1.90

1,370 4.13 2.17

1,830 4.74 2.43

2,310 5.31 2.74

1,000. -- 2,810 5.83 3.02
1,100. o o e 3,320 6.32 3.10
1,200 3, 6.78 3.568
1,300 4,390 7.21 3.84
1,400 - 4,930 7.61 4.10
1,500. 5, 480 7.99 4,33
1,600. 6,040 8.36 4,57
1,700. 6,610 8.69 4.81,
1,800 7,190 9.02 5.02
1,900_ 7,780 9.34 5.26
2,000 e e 8,380 9.65 5.46
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Carbon Monoxide, CO (g)

AH$gs= —26,416 calories per mole (112)
Szos=47.31 e.Uu. (83)

M.P.=68.10° K. (112)

AH»=200 calories per mole

B.P.=81.66° K. (112)

AHy=1,444 calories per mole

Zone I (g) (298°-2,500° K.)

C,=6.7940.98 X 10-3T—0.11 X 10872 (82)
HT—Hm= -2, 1(%9_+6 79T+0.49X10-37T2+-0.11
X 10

Formation: C+1/20,
Zone I (298°-2,000° K..)
AC,=—0.89—0.54X10-37+2.19X 105 T2
AH7r=—25,380—0.89T—0.27 X 10~372—2,19X 10571

AFr= —25 380+0.89Tln T+0.27 X 10-7T%—1.10
X 108T-1—28.84T

—— CO

T,° K. Hr—Haxs St AHg AF3
47.31 —26,400 —32,800
1 49.36 —26, 300 —35,000
1,418 50. 94 —26, 200 —37,100
2,137 52.26 —26, 350 —39,350
2,874 53.38 —26, 400 —41, 550
, 628 54.39 —26, 500 —43,700
4,400 55.30 —26, 600 —45, 850
5,186 . 13 —26,750 —47,950
5, 960 56.94 —26, 900 —50, 100
6,798 57.59 —27,000 —52,150

y 58.23 —27,300 —b54,3

8,370 58.83 —27,350 —56,
, 29 59. 45 —27,460 —58, 400

10,020 60.03 —27, 650 —60,
10, 850 . 63 -27, —62,650
11,700 60. 92 —28,000 —64, 650
12,580 61.42 —28,250 —66, 750
13,570 61.91 —28,450 —68, 750

Carbon Dioxide, CO, (g)

AHj36=—94,052 calories per mole (112)
S208=51.05 e.u. (83)
8.P.=194.7° K. (112)
AH,.51=16,031 calories per mole

Zone I (g) (298°-2,500° K.)
Cp=10.5542.16 X 10-3T—2.04 X 105 T2 (82)
HT—Hm— —3,926410.557+1.08 X 10—3T2+2.04
X1 0 T
Formation: C+0,———— CO,
Zone I (298°-2,000° K.)
AC,=—0.7140.14X 1037+ 0.46 X 10572
AH7r=—93,650—0.71T+0.07 X 10372 —0.46 X 105 T-!

AFr=—93,650+0.71Tin T—0.07 X 10-2T2—0.23
X108T-1—5.56 T

647940 0—63——3

T,° K. Hr—Huyg Sr AH3 AFg
51.05 | —94,050 —94,250
53.76 —04, 050 —094, 300
56. 10 —94,100 —94, 400
58.11 —94,150 —94, 450
59. 89 —94,150 —94, 500
61. 51 —94, —94, 500
62.98 —94, 250 —04, 550
64. 33 —94, 400 —94, 600
65. 59 —04, 250 —94, 600
66.75 —94,300 —04, 650
67.84 —94,300 —94, 700
68. 86 —94,300 —94, 750
69. 82 —94,400 —904, 750
70.39 —94,700 —94, 800
71.34 —94, 750 —94, 850
72.09 —94,800 —94, 900
72.85 —94, 850 —94, 900
73.93 —94, 850 —95,000
Carbon Tetrafluoride, CF, (g)

AH3gs= — 162,500 calories per mole (106)

Saga=62.8 e.Uu. (80)
M.P.=89.47° K. (108)
AH =167 calories per mole
B.P.=145.14° K. (106)

AHvy=3,010 calories per mole

Zone I (g) (298°-1,200° K.)

C,=16.644-7.84X10-3T—4.00X 10572 (?79)
Hp— Hyp=—6,650-+16.64T+3.92X 10372+ 4.00

X 10871
Formation: C+2F,
Zone I (298°-1,200° K.)

—> CF4

AC,— —4.044-5.94X103T—0.30 X 10572
AHr=—161,700—4.047+2.97 X 10-2T2+0.30 X 10571
AFp=—161 700+4 04TinT—2.97 X103 T?+0.15

X 105T-1410.8T

o

T,° K. Hr—Has Sr AHp AF7
............ 62.8 | —162,500 | —151,850
1,615 67.47 | —162,600 | —148,100
430 71.49 | —162,700 | —144,450

5,410 76.10 | —162,900 | —140,
2 520 78.35 | —162,900 | —137,200
9,720 81.28 | —162,850 | —133,550
11,995 83.96 | —162,800 | —129,900
14,315 86.41 —162, 700 —126, 250

16,760 88.72 | —162,500 | —122,
19,085 90.75 | —162,600 | —119,000
(27,400) |- meoemomeee (—160,500)| (—107,700)
(42,660) |- ______.. (—156,900)| (~—85,100)

Carbon Tetrachloride, CCl, (1)

AHj= — 33,200 calories per mole (112)

Sas=51.3 e.u. (83)
M.P.=249.1° K. (112)
AH =644 calories per mole
B.P.=350° K. (112)
AHy=17,283 calories per mole
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Zone I (g) (350°-1,000° K.)

C,=23.34+2.30X10-3T—3.60 X 10572 (83)
Hp— Hyo= —1,560+23.34T+1.15X 10-3 T2+ 3.60
X 10571

Formation: C42Cl,—CCl,
Zone I (350°-1,000° K.)

AC,=1.6+1.16X103T—0.14X 10572
AHp=—27,02041.6T40.58X10-372+4-0.14 X 10571
AF p=—27,020—1.6 Tln T—0.58 X 10372+ 0.07

X105T-1445.44T
T,°K. Hr—Has Sr AHp AFr
51.3 —33,200 | —16,300
8,845 79.98 | —26,300 | —12,750
11,100 84.99 | —26,050 -9,
13,450 89.29 | —25,800 —6,150
15, 860 92.99 | —25,550 —2,050
18,310 96. 26 —25,300 +450
790 99.18 | —25,050 43,500
23,290 101.82 | —24,850 —+6, 850
(36,250) |- o eeomee (—23, 600) §+22 , 300)
(49,900)|__T 11T (—22,350)| (437, 300)

Carbonyl Chloride (Phosgene), COCI; (g)

AHjs= — 53,300 calories per mole (112)
Szgs= 69.13 e.u. (38)

M.P.=145.34° K. (38)

AHy=1,371 calories per mole

B.P.=280.7° K. (38)

AHy=5,825 calories per mole

Zone I (g) (298°-1,000° K.)
C,=15.60+3.46 X 10-37—1.91 X 105T-2 (82)
Hp— Hyps=—5,446+15.60T+1.73X 103724 1.91
X 10571
Formation: C+1/20,+Cl,
Zone 1 (298°-1,000° K.)

AC,=—0.90+11.88X103T+1.07 X 10572
AHp=—52,700—0.90T+0.94X 10372—1.07

——COCl,

X 10571
AF r=—52,7004+0.90TinT—0.94X 10372 —0.54
X105T-143.92T
T,° K. Hr—Haxs Sr AH7 AF7
69.13 —53,300 —50, 300
1,545 73.58 —53,200 —49, 300
3,165 77.19 —53,100 —48,300
4,855 80 —53,050 —47,
6, 82.96 —53,000 —46,
8, 85.36 —52, 900 —45,450
10, 210 87.49 —52,900 —44
s 89.44 —52, 800 —43, 500
[0221,111) ) P (—51,800)| (—39,400)
(32, 800) (—50,600)| (—35,400)

Carbon Tetrabromide, CBr, (c)

AHs3gs=(—500) calories per mole (11)
Szgs——‘ (56) e.u. (11)

T.P.=320° K. (82)

AH7=1,430 calories per mole

M.P.=363° K. (82)

AH =950 calories per mole

B.P.=463° K. (6)

AHy=(9,700) calories per mole

Zone I (a) (298°-320° K.)

C,=345 (82
HT— H293= bt 10,287+ 34.5T

Zone 1T (B8) (320°-363° K.)

C,=43.0 (82)
Hr— Hys=—11,580+43.0T

Zone IIT (I) (363°-463° K.)
C,=36.7 (82)
HT_ Hns: —8,340+ 367T
Zone IV (g) (463°-1,000° K.)

C,=25.03+0.60X 103T7—3.03X 10572 (82)
HT—H293—5 2(:;)5—7{—‘_25 .037+0.30X10-372+43.03
X 1

Formation : C+2Br,———>CBr,

Zone 1 (298°-320° K.)

AC,=—3.8—1.02X10374-2.10X 105T-?

AHT—l 877—3.8T—0.51X 10372 —2.10X 10571

AF7r=1,8774-3.8TinT+40.51X10-372—1.05
X105T-1—10.1T

Zone II (331°-363° K.)

. AC, —20 86—1.02X 10-3T+2.84 X 10°T~2
- AHT— —20,000+20.867—0.51 X 10372 —2.84 X 1057+

AF 7= —20, 1000— 20.86 Tln T+ 0.51 X 10372 —1.42
X 108T-14201.0T

Zone III (363°-463° K.)

AC,=—14.55—1.02X 10374 2.84 X 10572
AHT— —16,730+14.55T—0.51X 107372 —2.84
X 10571
AFp=—16,730—14.55TInT+0.51 X 103 T2 —1.42
X105T-1+154.2T

Zone 1V (463°-1,000° K.)

AC,=2.89—0.42X 10-3T—0.19X 105 T2

AHT——3 3104+2.89T7—0.21 X 10-37T24-0.19 X 10571

AFT——3310 2.89TInT+0.21X10737%+0.1
X108T-14+-52.9T

T,° K. Hr—Has Sr AHr AFr

. . e . 56, —500)| (45,000
" ’ 6,340 E74?02) (_fl,mo; (9,700)
18, 400 (100. 0) (—1,840) (15, 400)
20, 840 18, 300

23,300 (108.5) | (-1,200)|  (20,700)
25,790 (111.7) (—950) (23,750)
28,310 (114.8) (—700)|  (26,700)
At MRCLCI Ry (R
,000) |- ooooeee , ,
Ees, F1170) ] PR (2,800)|  (62,500)

Carbon Tetraiodide, CI, (c)

AH3s= (39,700) calories per mole (11)
qus=(60) e.Uu. (11)

M.P.=444° K. (6)

AHy=(1,150) calories per mole

B.P. —(580°) K. (6)

AHy=(12,000) calories per mole

Formation: C+2l,—CL,
(estimated (11))



HEAT CONTENT, HEAT-OF-FORMATION, AND FREE-ENERGY DATA 31

T,°K. Hr—Hn; AHS AFY T,°K Hr—Higs St AHp AFy
208.. I (39,700) (29,800) b1 S 56.31 34,500 32,900
500 o mmmmeaeaen (10,000) (30, 100) (40, 500) 400 .o LTl 59.58 34,600 32,350
500-__ 62.21 34,700 31,800
600 64.45 34,750 31,160
R00..0" Gal2| 34800 780

1

Cyanogen, C;N, 900..... 60.68 34,850 29,350
Tanege o nEoHm 2@
AH393="73,600 calories per mole (112) 1'200" 4 ) 160
1200 73.60 34,900 27, 500

Sgs=57.86 e.u. (112) 1,300 74.56 34,900 ,
M.P.=245.3° K. (112) i’?,?)?," ;g-gg gi,ggg gg,%

AH y=1,938 calories per mole 1600 - ’ ’
1600__ 77.65 34,950 25, 000

B.P.=252° K. (112) 1,700 - 78.55 34,950 24,
AHy=5,576 calories per mole 1,800. 79.34 34,950 23,800
. 1,900 - LTI 80.21 34,950 23,100
Zone I (g) (298°-2,000° K.) 2,000- oo 80.85 34,950 2,650

C,=14.904-3.20X 10-3T—2.04 X 10372 (82)
Hr—Hyg= —?b%'g(')-ll- 14.90741.60X 10372+ 2.04
% —

Formation: 2C+N,————C,N,

Zone I (298°-2,000° K.)

AC,=0.0440.14X10-374-2.16 X 10572

AHp=174,250+0.04T40.07 X 10372 —2.16 X 105 7!

AF 7=74,250—0.04TinT—0.07 X 10372 —1.08
X1087-1—10.45T

T,° K. Hr—Hns Sr AHz AF}
57. 86 +73, 600 +71,800
1,445 62.02 , 800 69, 800
2,965 65. 41 74,000 68, 800
4, 560 68. 32 74,100 67,700

6,220 70.88 74,200 )y
7,930 73.16 74,250 65, 550
9,695 75. 24 74,300 64, 500
11, 500 77.14 74, 350 63, 400
13,250 78.75 74,300 62, 350
15, 205 80. 51 74,400 61, 200
16, 990 82.08 74,400 60, 100
19,015 83. 46 74,450 59, 100
20, 900 84,34 74,450 57,900
22, 900 86. 24 74, 450 56,400
24, 820 87.34 74,450 55, 400
26, 840 88.34 74, 450 54,750

28, 900 89. 47 74,450 53,
30,810 90. 45 74, 450 52, 500

Cyanogen Chloride, CNCI (g)

AHjs=234,500 calories per mole (112)
Szgs=56.31 eUu. (112)

M.P.=266.3° K. (112)

AH=2,720 calories per mole

B.P.=286.1° K. (112)

AHy=6,290 calories per mole

Zone I (g) (298°-2,000° K..)

C,=11.8841.64X10-3T—1.49X 10572 (82)
Hy— Hppe=—4,115+11.8874-0.82X 107372+ 1.49
X108T-1

Formation: C+1/2Cl;+1/2N,———CNCl

Zone 1 (298°-2,000° K.)

AC,=0.044+0.08X103T+0.95X 105T2

AH7=234,800+0.04740.04X10-372—0.95X 105 7!

AF r=34,800—0.04TIinT—0.04X 10372 —0.47
X108T-1—-5.66T

Cyanogen Bromide, CNBr ([)

Szgs=59.05 e.u. (112)
S.P.=334° K. (112)
AH 445:.=11,300 calories per mole

Zone I (g9) (334°-2,000° K.)
C,=12.20+1.42X103T—1.34X 10572 (82)

Hrp— Hyp=—4,150+12.2074-0.7i X 10372+ 1.34
X105T-1

Formation: C+41/2Br;+1/2N, —CNBr
T° K. Hr—Hays Sr

............ 59. 05

1,175 52. 44

2,380 55.13

3,630 57.40

4,910 59.37

6, 220 61.12

7,550 62. 69

8,910 64.12

11, 665 66. 63

14,475 68.79

17,310 70. 69

20, 185 72.38

23,095 73.91

Cyanogen Iodide, CNI (c)

AHsgs=40,400 calories per mole (112)
Szos=30.8 e.u. (119)
S.P.=413° K. (112)
AH ,y51=14,200 calories per mole

Zone I (g) (413°-2,000° K.)
C,=12.30+1.38X 10-37—1.04 X 10572 (82)
Hp— Hye=10,100+12.307+-0.69 X 10-3 T2+ 1.04
X 10571

Formation: C+1/2N,+1/21,

——CNI

Zone 1 (456°-1,500° K.)

AC,=0.43—0.15X 10-3T41.06 X 105 T2

AH 7=47,450+0.43T—0.075X 10-3T2— 1.06 X 10° 7!

AF 7=47,450—0.43TIn T+ 0.075X 10-3T2—0.53
X108T-1=7.0T
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T,° K. Hr—Hams Sr AHp AF7
30.80 40, 400 42, 600
34.07 38,400 43,550
71,10 47, 450 42, 400
73.24 47,500 41,300
75.28 47, 600 40, 450
77.01 47, 650 39, 450
78.57 47,650 , 400
79.91 47,700 37,500
81.25 47,700 36,400
82.49 47,750 35,400
83. 51 47,750 34,500
84.65 47,800 , 400
85. 58 47,800 32,400
89.74 (47,750) (27, 150)
+100
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TEMPERATURE, °K.

F1cure 10.—Carbon.

CERIUM AND ITS COMPOUNDS

Element, Ce (c)

Sas=13.64 e.u. (121)
M.P.=1,077° K. (126)
AHy=2,120 calories per atom (112)

Zone I (c) (298°-800° K.)

C,=4.404-6.00X 1037 (82)
Hr— Hys=—1,575+4.40T+3.00 X 10372
Fr— Hypy=—1,575—4.40TInT—3.00X 10372+ 17.65T

T, ° K. Hr—Hs Sr — (Fr—Hm) THm)
13.64 13.64
15.57 13.87
17.15 14.38
18. 54 14.97
19.82 15. 57
21.00 16. 16

(22. 05; (16.78)
(23. 15 517. 33)
(29.00) 20.7)
(31.3) (23.1)

Dicerium Trioxide, Ce,O; (c)

AHse=(—435,000) calories per mole (24)
S393= (2181) eUu. (24)
M.P.=1,960° K. (42)

Formation: 2Ce+3/20, ———Ce,0;
(estimated (24))

Cerium Dioxide, CeO; (c)

AH3s= — 260,180 calories per mole (58)
Sas=14.88 e.u. (24)
M.P.=>2,873° K. (42)

Zone I (c) (298°-2,500° K.)

C,=15.04+2.5X1072T (94)
HT— Hzog= —4,580+ 15.0T+ 1.25X 10_:"1'2

Formation: Ce+0;—————CeO,
Zone I (298°-800° K.)
AC,=3.44—4.50X103T+40.40X 10572
AHp=—259,500+3.44T—2.25X 10-3T2—0.40 X 10° T

AF 7= —259,500—3.44TIn T+ 2.25X 10-372—0.20
X105T-14-69.25T

T,°K Hr—Haxg Sr AH°r AF°r
____________ 14.88 | —260,180 | —245,940
1,620 19.53 | —259,950 | —241,250
3,230 23.28 | —259,780 | —236,480
4,870 26. 23 —259, 660 —231, 860
6, 530 28.68 —259, 610 —227,110
8,220 30.93 | —259,600 | —222,460
9, 930 32.98 | (—259, 600) §—2l7, 950;
11, 680 34.83 | (—259, 550; —213, 200,
20, 730 42.28 | (—261,500)| (—189,500)
30, 400 47.73 (261,000)| (—161,000)

Cerium Trifluoride, CeF; (c)

AHss= — 391,000 calories per mole ()
Sags= (24) e.u. (11)

M.P.=(1,703°) K. (29)

AH = (9,000) calories per mole

B.P.=(2,600°) K. (6)

AHy=(62,000) calories per mole

Formation: Ce-3/2F,
(estimated (11))

%CGF;;
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AH°r ' AF°r
—391, 000 %—372, 100)
5—391, 000 —360, 500
—388, 500, 2—330,000
(—386, 500 —307, 000)

Cerium Tetrafluoride, CeF, (c)

AH3p=— 442,000 calories per mole (11)
Szps= (37) e.u. (11)

M.P.=(1,250°) K. (6)

AH = (10,000) calories per mole

Formation: Ce+2F;—————CeF,
(estimated (11))

T,°K Hr—Haxs AHS AF%
.............. —442,000 | (—420,000)
(6,000)| (—440,500)|  (—436,000)
(23,000)| (—436,500)| (—419,000)
(52,000) |______________ (—390, 000)
Cerium Trichloride, CeCl; (c)
AHsgs= — 252,840 calories per mole (128)
Soes=234.5 e.u. (128)
M.P.=1,095° K. (29)
AH 3= (8,000) calories per mole
B.P.=(2,000°) K. (6)
AHvy=(46,000) calories per male
Formation: Ce+3/2Cl,——CeCl;
(estimated (11))
T,°K Hrp—Hxs AH} AF%
P S I —252, 840 —236, 160
500 (5,000) | (—251,500)| (—225,300)
(19,000)|  (—248,500)| (—198,800)
(43,000)| (—246,500)|  (—179, 300)

Cerium Tribromide, CeBr; (c)

AH3i=—192,000 calories per mole (§)
Sggs=(4.5) e.Uu. (11)

M.P.=1,005° K. (29)

AHy=(8,000) calories per mole

B.P.=(1,830°) K. (6)

AHy=(44,000) calories per mole

Formation: Ce+3/2Br,———CeBr,
(estimated (11))

l Hr—Huns ‘ AF%

(—185, 000)
(—174, 000)
(—148, 000)
(—127, 000)

33
Cerium Triiodide, Cel; (c)

AH3p=—163,000 calories per mole (5)
Szgg= (50) e.U. (11)

M.P.=1,038° K. (29)

AH = (8,000) calories per mole

B.P.=(1,670°) K. (6)

AHy=(40,000) calories per mole

Formation: Ce+3/2I,———Cel;
(estimated (11))

T,°K Hr—Haxs AH? AF%
P I S —163, 000 (—161, 000)
500, oo (5, 000) (—184, 500) (—156, 500)
1,0000 . (19, 000) (—181, 500) (—130, 000)
1,500 . (44, 000) (—169, 700) (—107, 000)
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TEMPERATURE, °K.

Figure 11.—Cerium.

CHLORINE
Element, Cl; (¢)

Szgs=53.31 e.u. (83)
M.P.=172.16° K. (112)
AHy=1,531 calories per atom
B.P.=239.1° K. (112)
AHy="4,878 calories per atom
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Zone I (g) (298°-3,000° K.)

C»=8.82+0.06 X 10-3T—0.68 X 10572(82)
Hyp— Hypg=— 2,861+ 8.82T+0.03X 10272+ 0.68

Zone I (c) (298°-1,800° K.)

C,=28.53+2.20X 10-3T—3.74 X 105 T2 (82)
Hr— Hy=—9,760+28.53 T+ 1.10X 10—2T2+43.74

X 10571 X105 T-1
Fp— Hys=—2,861—8.82TInT—0.03X 103724 0.34
X10°T~1+6.06T Formation: 2Cr 3/20, ——Cr,0,
T,°K Hr—Hm S | FrHm o 7one I (298°-1,800° K.)
AC,=6.11—4.02X 10-3T'— 1.38 X 105 T2
______________ 53.31 53.31 AHp=—274,75046.11T—2.01X 10-3724-1.38 X 105 T-!
s .89 8.1 AFp=—274750—6.11TIn T+2.01X 10~3T21-0.69
2 544 59.29 55.05 X105T-14105.95T
3490 60. 57 55,68
4,296 61, 86 56,39
5176 62. 80 57.05
6,059 63.84 5774
6,813 64,56 58. 36 Sr AHS AF3
7,830 65.35 58,82
8 618 66.08 59. 41
9,606 66.76 59,90 19.4 | —272,650 | —253,150
10,372 67.37 60. 46 27.66 | —272,650 | —247,100
11, 385 67.87 60,75 33.92 | —271,850 | —240,
12,187 68. 47 61.28 39.00 | —271, —234, 050
13,165 68.88 61.57 43.56 | —271,150 | —227.850
13, 981 69.38 62.02 47.50 | —270,850 | —221.700
14, 950 69,89 62, 41 51,00 | —270,600 | —215,550
5420 | —270,450 | —200,450
57.14 | —270,200 | —203,250
50.84 | —270,050 | —197,200
62.33 | —269,950 | —191,050
CHROMIUM AND ITS COMPOUNDS o050 | ot | Zihom
HE CE
Element, Cr (c) 72.51 | —270,250 | —161,000
MSzgs=5.68 e.uI.{(Sg) )
P.=2173° K. (112 . ..
AH y=3,500 calories per atom Chromium Dioxide, CrO; (c)
B.P.=2.915° K. (130)
AHy=83,360 calories per atom Agagg= — 142,500 calories per mole (24)
208=(12.70) e.u. (24)
Zone 1 (¢) (298°-1,800° K.) Disproportionates 700° K. (8)
C,=5.84+2.36X10—3T—0.88X 10572 (82) .
Hyp— Hyps= —2,147(')+ 5.84T+1.18X10-2T2+40.88 Formation: Cr+40,———CrO,
X 10571 estimated (2
Fr—Hys=—2,140—5.84TIn T— 1.18 X 10-3T240.44 ( ( 4))
X 10571+ 34.56T
,° K. Hr—H: AHj AF%
T,°K HrHas s (Fr—Hn) oK ‘ T Hm I r
T (—130, 000)
(~125, 500)
208 | 5.68 5.68 (—121, 500)
400 620 7.46 5.75 (—117, 500)
500_. 1,280 8.93 6.38 (—113,000)
600. 1,960 10.17 6.75
700 2, 660 11.25 7.45
800 3,380 12,21 8.01
i I T o
1,100 5,770 14.74 9.49 Chromium Trioxide, CrO; (c)
1300 7 5% 6.2 10,41
1,400__ 8, 430 16.88 10, 84 AH3gs=(—140,000) calories per mole (24)
v is uE E =28 el (o1
1,700_- 11, 250 18.70 12,09 M.P.=471° K. (24)
1,800 T 12,230 19.27 12. 44 AHy=3,770 calories per mole
R 13,260 19.78 12,79
2,000 LI 14, 300 20,41 13.26 .
Formation: Cr+3/20,—————CrO;
(estimated (24))
Dichromium Trioxide Cr,O; (c)
AH3s= —272,650 calories per mole (98) T,°K l Hr—Hos AH% AF%
Szgsz 19.4 e.u. (112)
T.p.=29816°K. (24 e (—140,000)|  (—121,000)
AH7=100 calories per mole 400_. %, 2?)8) 2-—}32888)) E—i(l)sy %g
J— o - 'y - 'y
M.P.=2,553° K. (94) 600 (1(2: 3003 (—133,000)| (—103, 500)

AH ) =4,200 calories per mole
B.P.=3,273° K. (94)
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Chromium Difluoride, CrF, (c)

AH3s=—182,000 calories per mole (11)
Sz08=(20) e.u. (11)

M.P.=1,375° K. (6)

AHy=(5,500) calories per mole

B.P.=(2,400°) K. (6)

AHy=(60,000) calories per mole

Formation: Cr4+F,———CrF,
(estimated (11))

T,° K. lHT—Hm AH7 ‘ AF7

—182,000 |  (—172,000)
(—181,900)|  (—165, 500)
(—179,800)|  (—148,000)
(—169,600)|  (—137,000)

Chromium Triﬂuoridé, CrF; (c)

AH3g=—266,000 calorles per mole (112)
Sas=(25) e.u. (11)

M.P.=1,373° K. (6)

AHy= (11,000) calories per mole

B.P.=(1,700°) K. (6)

AHy=(48,000) calories per mole

Formation: Cr+3/2F, ——CrF;
(estimated (11))
T,°K. Hr—Hus AHp AF;

.................................... —266, 000 (—250, 000)
...................... (5,000) (— 264 700) (—239, 000)
...................... (18, 000) (—261, 100) (—215,000)
...................... (42, 000) (—248, 700) (—197, 000)

Chromium Tetrafluoride, CrF, (c)

AHm—( 286, 500) calories per mole (/1)
S20s=(38) e.u. (11

M.P.=(550°) K. (6)

AH = (5,500) calories per mole

B.P.=(570°) K. (6)

AHy=(14,000) calories per mole

Formation: Cr+2F, ——CrF,
(estimated (11))
T,°K. I Hr—Has l AHp AF;

.................................... 286, 500) (—267,100)
...................... . (6, 000) (— 284, 500) (—254, 000)

Chromium Dichloride, CrCl, (c)

AHje= —94,560 calories per mole (112)
S295= 278 eu. (83)

M.P.=1,088° K. (112)

AH¥=17,700 calories per mole

B.P.=1,573° K. (94)

AHy=47,500 calories per mole

Zone I (c) (298°-1,088° K.)

Cp=15.23+5.30X 10T (94)
— Hyg= —4,770+15.23 T+2.65 X 10-3T?

Zone II (J) (1,088°-1,573° K.)

Cr,=24.0 (94)
HT— H293= —3,400+24.T

Formation: Cr-Cl,———CrCl,
Zone 1 (298°-1,088° K.)

AC,=0.57+2.88X10—3T+1.56 X 10572

AHr=—94,330+0.57T41.44X1073T2—1.56 X 105 7!

AFp=—94,330—0.57Tin T—1.44X 10-37%—0.78
X105T-14-34.98T

Zone IT (1,088°-1,573° K.)

AC,=9.34—2.42X1073T+1.56 X 105 T2
AHT— —92,900+9.347—1.21X 10-372—1.56 X 10571
AFp=—92, 1900—9. 34TinT+1.21X10737%—0.78

X 105T-14-90.87 T

(-]

T,°K Hr—Has Sr AHrp AFp
27. —94, 560 —85, 250
33.0 —94,270 —82,150
36.71 —94,020 —79,050
00 —93,730 —76,050
43.02 —93, 430 —173,050
45. 66 —93,110 —70, 350
48.08 —92,780 —67, 700

49.93 —92, 450 —65,
60. 4 —84,160 —63, 400
62. 4 —83,635 —61,000
64.4 —82,910 —59, 700
66. 4 —82,410 — 58,250
67.8 —81, 700 — 56,100

Chromium Trichloride, CrCl; (c)

AH3ps=— 132,500 calories per mole (94)
S293= (30) e.Uu. (83)
S.P.—1,220° K. ()
AH,,5=56,800 calories per mole

Zone I (c) (298°-1,200° K.)
Cp=19.44+47.03X103T (94)
Hm— —6,105+19.44T+3.51X 1073 7%
Formation: Cr+3/2Cl, CrCl,

Zone I (298°-1,220° K.)

AC,=0.374+4.58X10-3T+1.90 X 105T*
AHT— —132,300+0.37 T+ 2.29 X 10372 —1.90 X 1057
AFp=— 132 300—0.37TinT—2.29X10737T2—0.95

X 105714 58.90T

T,° K. Hr—Ha Sr AH7 AFz

(30.0) | —132,500 | (—115,900)
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Chromium Tetrachloride, CrCl, (I)

AHj3s= —110,000 calories per mole (11)
S295= (61) e.Uu. (11)

M.P.=(245°)K. (6)

AH p=(2,000) calories per mole

B.P.=(430°)K. (6)

AHy=(9,000) calories per mole

Formation: Cr+2Cl,————CrCly
(estimated (11))

T,°K l Hr—Has AHp | AF:
S ‘ .............. ‘ —110, 000 (—95, 000)
500 ... LIl (i7,000)| (—97,600)|  (—85,500)

Chromium Dibromide, CrBr; (c)

AH3gs= (—74,000) calories per mole (11)

Szos= (30) e.U. (11)

M.P.=1,115° K. (6)

AHy=(6,500) calories per mole

B.P.=(1,400°) K. (6)

AHy=(35,000) calories per mole

Formation: Cr+Br,————CrBr,
(estimated (11))
T,°K ’ Hr—Haxs AH7 AHjp
(—74,000)|  (—70,000)
(—80,500)|  (—63,500)
(—79,000)|  (—48,000)
(—33,000)|  (—36,000)

Chromium Tribromide, CrBr; (c)

AH3g3=—91,000 calories per mole (11)
S293=(44) e.u. (11)

S.P.=(1,200°) K. (6)

AH 4451 = (54,000) calories per mole

Formation: Cr+3/2Bry—————CrBr,
(estimated (11))
T,°K Hr—Hus | AH7 l AF7
208 e e —91, —86, 000,
g00___IIIIIIIIIIIIIIIIIIT (5, 000) l (—101, 600) ‘ (27000

Chromium Diiodide, Crl, (c)

AH3ps=(—43,000) calories per mole (11)
20s=(34) e.u. (11)

M.P.=1,066° K. (6)

AH = (6,000) calories per mole

B.P.=(1,100°) K. (6)

AHyp=(24,000) calories per mole

Formation: Cr4I,— —Crl,
(estimated (11))
T,° K. Hr—Hus AH7 AF7
.............. (—43,000) (—43, 000)
(4,000)|  (—57,000)|  (—41,000)
(14000)|  (—55,100)|  (—26,000)
(58,000)|  (—20,000)|  (—16,

Tetrachromium Carbide, Cr,C (c)

AHss= — 16,400 calories per mole (112)
Syes=25.3 e.u. (112)
M.P.=1,793° K. (94)

Zone I (¢) (298°-1700° K.)

C,=29.3547.40X1073T—5.02X 10572 (82)
Hrp— Hys=—10,764+29.35T+3.70X 107372+ 5.02
X 10571

Formation: 4Cr+C—————Cr,C

Zone I (298°-1,700° K.)

AC,=1.89—3.06X1073T40.60X 10572

AHp=—16,620+1.897—1.53X10~372—0.60X 105T!

AF 7= —16,620—1.89TIn T+ 1.53 X 10-3T%—0.30
X105T-1+10.19T

T,° K Hr—Hs Sr AH7 AFg

............ 25.3 —16, 400 —16, 750
2, 800 33.36 —16, 350 —16, 900

5, 850 40.16 —16, 250 —17,050

9,010 45.92 —16, 200 —17,250
12,290 50. 97 —16,100 —17,400

15, 700 55. 52 —16, 050 —17,600

19, 200 59. 64 —16, 050 —17,750
22,770 63. 41 —16, 200 —17,950

26, 420 66. 88 —16, 400 —18,150

30, 160 70.14 —16, 600 —18,150

34, 000 73.12 —16, 850 —18, 450
37,950 76.14 —17,100 —18, 500
42,010 78.94 -17, 250 —18, 650
46,180 81.63 —17, 550 —18, 700

50, 480 84.23 —17, 850 —18, 750

Heptachromium Tricarbide, Cr,C; (c)

AHjs= — 42,600 calories per mole (112)
Szgs=48.0 eUu. (112)
Disproportionates 1,940° K. (8)

Zone I (¢) (298°-1,500° K..)
C,=56.96+14.54X10-37—10.12X 105T-2 (82)
Hp— Hyp= —21,010+56.96 T+ 7.27 X 107372+ 10.12
X 10871

Formation: 7Cr+3C————Cr;C;

Zone I (298°-1,500° K.)
AC,=3.78—5.04 X 1073T+2.34 X 10 T2
AHp=—42,600+3.78T—2.52X 10312 —2.34 X 10571
AFp=—42,600—3.78 TInT+2.52X 10372 —1.17
X 1087-14-18.30T
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——-={Crlz
T,° K. Hr—Huygs Sr AHY AFT ZOL 8 P il
- —u =
_— Bl ———— —CrBry
48.0 | —42,600| —43,80 @ -40F. L=—d=" M=
su| “ax “em gl =
—41, —44, —=_-CrBr. |~ —
87.94 | —41,720 |  —45,500 Y e L — =FR CrClz
ff| R R e | femi[em
U160 | —aLz0| —4rs0 B o0 e R ==
121.97 | —41,380 —48,200 L erel -~
128.76 |  —41,590 —48, 850 . -IOOF + =
185.06 | —41,960 | —49,500 = 7
140.98 | —42,410 | —50,150 O _|ppl-CrCf
e ) em s :
" ’ ! s -I40L- s S CrF; ]
o -
(o] -
& 470f =
. . . . w crfp 7
Trichromium Dicarbide, Cr;C; (c) © g0
o M_
AHji= —21,000 calories per mole (112) & -200f — ol
S208=20.42 e.u. (31) z b
M.P.=2,163° K. (112) u -220r — oy
- ——
°_1 700° & -240L PP
Zone I (c) (298°-1,700° K.) o cry b B
Cp=26.194-9.48 X 10"3T—4.72 X 105T-2 (84) W -260’-0F 7’/
Hp— Hyg=—9,790+26.19T+4.74 X 10-3T2+4.72 < ¢
X 10871 -280F
. -300
Formation: 3Cr+2C————Cr,C, 300 500 1000 1500 2000

Zone I (298°-1,700° K.)

AC,=0.47+0.36X 107374-2.12 X 105 T2
AHr=—20,450+0.47T+0.18 X 10372 —2,12X 10571
AFp=—20,450—0.47Tin T—0.18 X 10-3T2—1.06
X1057T-1+1.40T

AF, FREE ENERGY OF FORMATION, kcal./g. —mole

-240,

-280
=300

- Craf

T

T

(:VN}1F

B CryCy

[-Crog I*
Cro,

Cry03

CraC P
C. —

—————"]CN
L —

————p

CrqC
Cr3Cy

CryCs

Cra03

300 500

1000 1500 2000
TEMPERATURE, °K.

Ficure 12—Chromium (a).

TEMPERATURE, °K.
Ficure 13.—Chromium (b).

T,°K Hr—Haxs Sr AHp AF7
20.4 —21,000 —21, 200
28.09 —20, 750 —21, 350
34.37 —20, 560 —21, 550
39.78 —20,430 —21, 800
44.40 —20,210 —21,900
48. 89 —20,020 —22, 250
52.71 —19,910 —22,400
56. 36 —19, 860 —22,700
59.71 —19,810 —22,950
63.08 —19, 800 —23, 450
66.16 —19, 800 —23,
69. 04 —19, 750 —24, 200
71.62 —19, 670 —24, 350
74.32 —19, 550 —24, 650
76.72 —19, 370 —24, 850
(79.0)| (—19,250)| (—24,950)
(81.32)| (—19,200)| (—25,450)
(61, 650) (83.92) (—19,050){ (—25,850)

Chromium Nitride, CtN (¢)

AHss=—29,500 calories per mole (81)
S20=8.9 e.u. (81)
Disproportionates (17,800° K.) (94)
Zone I (c¢) (298°-800° K.)

C,=9.84+3.9X103T (82)
HT—H293= —3,110+9.84T+ 1.95%X 107372

Formslttion : CI"—l— 1/2N;————CrN

Zone I (298°-800° K.)

AC,=0.67+1.03X10-374-0.88X 105 T2 .

AHp= —29.450+0.67T+0.51X 10—3T2—0.88 X 105!

AFp=—29,450—0.67TlnT—0.51 X 10737T%—0.44
X105T-1+423.96T
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AH7 ‘ AFp

—29, 500 —23,650
—29,330 —21, 650
—29,180 —19, 750
—29,020 —17,850
—28,850 —16,050
—28, 690 —14,250

COBALT AND ITS COMPOUNDS

Element, Co (c)

Sa03=6.86 e.u. (83)
T.P.=718° K. (82)
AH7=0 calories per atom
T.P.=1,400° K. (82)
AHr=130 calories per atom
M.P.=1,763° K. (82)
AHy=3,640 calories per atom
B.P.=3,373° K. (112)

Zone T (a) (298°-718° K.)

Cp,=4.72+4.30X1072T (82)
Hrp— Hys= —1,60044.72T+2.15X 1037"
Fr— Hyp=—1,600—4.72TIln T—2.15X 107372+ 25.94T

Zone 11 (8) (718°~1,400° K.)

C,=3.30+5.86 X 10T (82)
Hp— Hys=—979+3.30T+2.93 X 1037*
Fr—Hyg=—979—3.30TInT—2.93 X102+ 16.36 T

Zone I1I (v) (1,400°-1,763° K.) *
C,=9.60 (82)
Hrp— Hys=—3,920+9.607T
Fp— Hys=—3,920—9.60TinT+60.0T
Zone 1V (I) (1,763°-1,900° K.)
C,=8.30 (82)
Hr— Hys=+2,010+8.307
Fr— Hys=+2,010—8.30TinT+47.07T

T,°K Hr—Hms Sr _(Fr~Huny)
T

.............. 6. 86 6. 86

640 8.70 7.10

1,300 10.17 7.56

2,010 11.47 8.12

2,760 12. 62 8.67

3, 550 13.67 9.24

4, 380 14. 65 9.78

5, 250 15. 57 10. 32

6, 180 16. 45 10.83

7,180 17.32 11.33

8, 250 18.18 11.83

9,390 19.02 12.31

10, 480 19.78 12.80

11, 440 20. 40 13.25

12, 400 20.98 13.69

16, 950 23. 56 14. 14

17,780 24.01 14. 65
(18,610) |- oo (14. 60)

Cobalt Oxide, CoO (c)

AHss= —57,300 calories per mole (4)
13293:12.63 e.Uu. (88)
M.P.=2,078° K. (112)

Zone I (¢) (298-1,800° K.)

Cp=11.54+4-2.04X1073T+0.40X 105 T2 (82)
Hyp— Hpps=—3,400+11.54T+1.02X 107372 —0.40 X
X 10571

Formation: Co+1/20, ——Co0

Zone I (298°-718° K.)

AC,=3.24—2.76X1073T4-0.6 X 10572

AHp=—57,940+3.24T—1.38X10372—0.60X 105 7!

AFp=—57,940—3.24Tln T+1.38X 107372 —0.30
X108T-14-39.28T

Zone II (718°-1,400° K.)

AC,=4.66—4.32X1073T+0.60X 105 T2

AHp= —58,590+4.66T—2.16 X 10~*72—0.60 X 105 7!

AF p=—58,590—4.66 Tln T+2.16 X 10~37T%—0.30
X105T-1+489T

Zone III (1,400°-1,673° K.)

AC,=1.6441.54X10-3T4-0.60X 105 T2

AH7z=—>55,750—1.64T+0.77 X 103T2—0.60 X 105 7!

AF 7= —55,750+1.64Tin T—0.77 X 107372 —0.30
X108T-1+5.47T

Zone TV (1,673°-1,800° K.)

AC,=—0.34+1.54X107*T+0.60 X 10572
AHp=—61,480—0.34T+0.77 X 10~3T2—0.60X 105 7!
AFp=—61,48040.34Tln T—0.77 X 10-37T2—0.30

X105T-14-18.27T
] 0
T,°K Hr—Hgs Sr AHp AFp
12.63 —57,300 —51,700
16.35 —57,000 —49, 850
19.21 —56, 750 —48, 100
21. 56 —56, 550 —46, 400
23. 56 —56, 400 —44,700
25.31 —56, 2560 —43, 050
26.87 —56, 200 —41,100
28.27 —56, 150 —39,750
29. 55 —56, 100 —38,100
30.73 —56, 200 —36, 450
31.84 —56, 150 —34, 650
32,00 | —56,400 |- —33,150
33.81 —56, 500 —31,300
34.88 —56, 350 —29,750
35.81 —56, 250 —28,150
36.72 —59, 650 —26, 500

Tricobalt Tetraoxide, Co;O, (c)

AHsgs= — 207,000 calories per mole (24)
Szgg=35.66 e.Uu. (24)

Zone I (¢) (298°-1,000° K.)

C,=30.84+17.08 X 10-3T—5.72X 10572 (91)
Hp— Hy= — 11,870+ 30.84T+8.54X 1037+ 5.72
X 10571

Formation: 3Co+20; ——Co0,0,

Zone I (298°-718° K.)

AC,=2.36+2.18X 103 T—4.92X 10572

AH 7= —209,450+2.36 T+ 1.09X 107372+ 4.92
X 1057T!

AF 7= —209,450—2.36 TIn T—1.09X 10372+ 2.46
X1057-14102.16 T
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Zone IT (718°-1,000° K.)

AC,=6.62—2.50X 103T—4.92X 105 T2

AHr=—211,22046.62T—1.25X 107372 —4.92
X10571

AFp=—211,220—6.62TInT+1.25X 10372+ 2.46
X1087-1+131.03T

T,°K Hr—Hms Sr AHp AF7
—182,300
—173,800
—165, 500
—157,200
—149,000
—140, 750
—132, 550
—124, 650
(—82, 500)
Cobalt Difluoride, CoF; (c)
AHjg=— 158,000 calories per mole (11)
Szgs= (21) e.Uu. (11)
M.P.=1,475° K. (6)
AH »=(9,000) calories per mole
B.P.=(2,000°) K. (6)
AHy=(48,000) calories per mole
Formation: Co+F,— ——CoF,
(estimated (11))
T,° K. l Hr—Hags AH7 ‘ AF7
b S R —158,000 |  (—147,900)
500 - e ees (3, 500) (—157, 400) (—141, 000)
1,000 oL T (13,000)| (—156,100)|  (—125,000)
1,500 ccc o ocem (34,000)| (—144,700)| (—108,500)
Cobalt Trifluoride, CoF; (c)
AH3i=(—190,000) calories per mole (11)
Sae=(27) e.u. (11)
M.P.=(1,300°) K. (6)
AH = (12,000) calories per mole
B.P.=(1,600°) K. (6) .
AHy=(40,000) calories per mole
Formation: Co-+3/2F, ———CoF,
(estimated (11))
T,°K Hr—Hos AH7 AF7
(—190,000)|  (—174, 000)
(—188,700)|  (—163, 500)
(19,000)| (—185,000)| (—140,000)

Cobalt Dichloride, CoCl, (c)

AH3s=—77,800 calories per mole (112)
Sas=25.4 e.u. (83)
M.P.=997° K. (112)
AHy="7,400 calories per mole
B.P.=1,323° K. (112)
AHvy=27,200 calories per mole

Zone I (¢) (298°-997° K.)

Cp=14.41414.60X 10737 (82)
Hr— Hys=—4.945-+14.41T+7.30X 107372

Formation: Co+4Cl,—————CoC(Cl,
Zone I (298°-718° K.)

AC,=0.87+10.24 X 10374 0.68X 105 T2
AH7=—78,300+0.87T+5.12X10-372—0.68
X 10571
AFr=—78,300—0.87TInT—5.12X 107372 —0.34
X 105T-1+4+43.3T

Zone II (718°-997° K.)

AC,=2.2948.68X 1037+ 0.68X 10572
AH7p=—79,000+2.29T+4.34X10-3T2—0.68

X 10571
AF p=—79,000—2.29TInT—4.34X 10-372—0.34
X1057-14-53.02T
T,° K. Hr—H s Sr AH7 AFz
25.4 —77,800 —67,430
31.22 | —77,260 —63,900
35.9 —76, 670 —60, 650
39.94 | —76,010 —57,500
43.61 | —75,260 —54, 550
47.0 —74, 400 —51, 600
50.12 | —73,440 —48,850
60.45 | —65,000 —46,000
Cobalt Dibromide, CoBr; (c)
AHjs= — 50,600 calories per mole (1)
Szgg= (33) e.Uu. (11)
M.P.=951° K. (6)
AH = (8,000) calories per mole
B.P.=(1,200°) K. (6)
AHy=(25,000) calories per mole
Formation: Co+Bry—————€0Br,
(estimated (11))
T,° K Hr—Hjs AHS ‘ AF%
....................................... —50, 600 (—47,500)
(4,000)|  (—57,000)|  {—42,000)
(24, 000) (—45, 900) (—29, 000)
(61,000) (—18, 500) (—20, 500)
Cobalt Diiodide, Col, (c)
AHjs= —21,000 calories per mole (11)
Szgs= (37) eUu. (11)
M.P.=790° K. (6)
AH = (6,000) calories per mole
B.P.=(1,100°) K. (6)
AHy=(24,000) calories per mole
Formation: Co+I,— ——Col,
(estimated (11))
T,°K ‘ Hr—Hag AH% | AF%

(—23, 400) 5-7. 000)
+3, 000)
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Tricobalt Carbide, Co;C (c)

AH3= 49,330 calories per mole (81)
Szgs= 22.9 e.u. (9)
AF93=9,000 calories per mole
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Figure 14.—Cobalt.

COLUMBIUM AND ITS COMPOUNDS
Element, Cb (c)

Szgs—g 7 e.u. (7
M.P.=2770° K. (7)
AHy= (6 500) calories per atom
B.P.=(5,400°) K. (7)
AHy=(155,000) calories per atom

Zone I (¢) (298°-1,900° K.)

C,=5.6640.96 X 10-3T (82)
Hrp— Hyg=—1,730+5.66 T-+0.48 X 10-3 T
Fr— Has=—1,730—5.66 Tin T— 0.48 X 10-3T2+29.45T

Columbium Dioxide, CbO, (c)

AH3gs=(—190,400) calories per mole (24)
S20=13.03 e.u. (91)

Formation: Cb+0;———CbO,
(estimated (24))
T,°K Hr—Has AH°r AF°r

______________ (190,400)|  (—177,200)

(1,500)| (~190,200)| (—172,800)

(3,100)| (—190,000)| (—168, 500)

(4700)| (—189,700)| (—164,200)

(6, 400) (—189, 500) (—160, 000)

(8,000)| (—189,300)| (155, 700)
- (9,600)| (—189,100)| (—151,600).

- (10,300)| (—188,900)|  (—147,400)
1,100 (13,000)| (—188,700)| (—143,300)
1,200.. (14,700)|  (—188,500)| (—139,100)
1,300 (16,400)| (—188,300)| (—135,000)
1,400 (18,200)|  (—188,100)|  (—130,900)
1,500 @ 0| (157900 (12690
1,600_. (1,700)| (—187,700)| (—122,800
1,700 1500)|  (—187,500)| (—118,800)
1,800 (25, 300) (—187, 300) (—114, 700)
1,900 , 200) (—187, 100) (—110, 700)
2000 (29,200)| (—186,800)|  (—106,700)

Dicolumbium Pentaoxide, Cb,O; (c)

AHjs= — 455,000 calories per mole (67)
S293=32.8 e.Uu. (90)
M.P.=1,785° K. (107)
AHy=24,200 calories per mole
=>2,500° K. (42)

Zone I (c) (298°-1,785° K..)

C,=36.23+5.54X103T—4.88 X 10572 (107)
HT—Hm— —12,680+36.23 T+2.77 X 103 T2+ 4.88
X1 05T‘l
Zone IT (I) (1,785°-1,810° K..)

C,»=>57.90 (107)
Hr— sts— —17,255+57.90T

Formation: 2Cb+5/20, ——Cb,0;

Zone I (298°-1,785° K..)

AC,=7.014+1.12X10-3T—3.88X 10°T*
AHT— —458,440+7.01T+0.56 X 10~372+3.88 X 10° -1
AFp= —458 440—7.01TInT—0.56 X 10372+ 1.94

X 105714 156.52T

Zone II (1,785°-1,810° K.)

AC,=28.68—4.42X 1037+ 1.0X 10572
AHT — 463,750+ 28.68 T—2.21 X 10-3T2—1.0X 10571
AF p=—463,750—28.68 Tln T+ 2.21X 10372 —0.50

X 105T-1+317 orT
T,°K Hr—Haw Sr _(Fr—Huzs) ° °
T T,°K Hr—Has Sr AHp AFr

.............. 8.7 8.7 32.8 —455,000 | —423,050
610 10. 46 8.91 3, 500 42.91 | —454,550 | —412,250
1,215 11.81 9.36 7,100 51.00 | —453,950 | —401, 750
1,835 12.94 9.86 10, 880 57.85 | —453,200 | —391,200
2,470 13.92 10. 40 14, 500 63.82 | —452,900 | —381,300
3,110 14.77 10. 86 18, 700 69.08 | —452,000 | —370,900

3,750 15. 53 11.39 , 000 73.82 | —451,000 | —360,
1, 4,400 16.21 11.81 26, 800 78.14 | —450,600 | —350,800
1, 5,070 16.85 12.23 30, 940 82.11 | —449,700 | —340, 600
1, 5,760 17.45 12.67 35, 260 85.78 | —448,850 | —330,850
1, 6,450 18.00 13.04 39, 470 89.20 | —448,1 —321,100
1, 7,160 18.53 13.44 43,890 02.42 | —447,200 | —311,100
1, 7,870 19.02 13.78 48,070 95.56 | —446,900 | —301,900
1, 8, 580 19.48 14.11 52,720 08.34 | —445,550 | —291, 650
1,700 9, 300 19.91 14. 44 57,150 100.68 | —444,800 | —281,800
1,800.. 10, 020 20. 34 14.77 86, 430 117.35 | —419,150 | —273,150
1,900._ 10, 760 20.72 15.05 (92 370) (120. 48) | (—416, 950) (—264, 650)

(2,000 (11, 410) (21.13) (15.42) 230) (123. 45)| (—415,000)] (—256,




HEAT CONTENT, HEAT-OF-FORMATION, AND FREE-ENERGY DATA

Columbium Pentachloride, CbCl; (c)

AH°3= —190,600 calories per mole (48)
Sggs= (65) e.u. (11)
M.P.=485° K. (6)
AH »=8,400 calories per mole
B.P.=516° K. (6)
AHy=11,500 calories per mole

Formation: Cb+-5/2Cl;————————CbCl;
(estimated (11))

T,° K ’ Hr—Haus AH7Z AF7
.............. —190,600 |  (—167,500)
(13,000)| (—183,000)| (—153,000)

Columbium Pentabromide, CbBr; (c)

AH®33=—132,850 calories per mole (48)
S20s=(78) e.u. (11)
M.P.=500° K. (6)
AH = (8,500) calories per mole
B.P.=545° K. (6)
AHy=(12,000) calories per mole

Formation: Cb+5/2Br,———CbBr;
(estimated (11))

T,°K ‘ Hr—Has AH7 AF7
D SN I —132,850 |  (—12€.200)
500 - - oo (12,000)| (—108,500)| (—114,500)

Columbium Nitride, CbN (c)

AH3g=— 56,800 calories per mole (100)
S293= 105 e.Uu. (9)

M.P.=2,372° K. (94)

AHy=(14,500) calories per mole

Zone I (c) (298°-600° K.)

C,=8.694-5.40X 10-2T (94)
Hr— Hyp=—2,831+8.69T+2.70 X 102 T*

Formation: Cb+1/2N,— CbN

Zone I (298°-600° K.)

AC,=—0.30+3.93X10-3T
AHr=—56,900—0.3074-1.96 X 10-3T?
AFp=—156,9004-0.30TlnT—1.96 X 10-3T2+420.42T

T,° K. Hr—Hag

41

0
_ _———-CbN

-401- i — m=T T
2 CbN "
g
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o
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Fiaure 15.—Columbium.

COPPER AND ITS COMPOUNDS
Element, Cu (c)

8293=7.97 e.U. (83)
M.P.=1,357° K. (82)
AH »=3,120 calories per atom
B.P.=2,855° K. (112)
AHy="72,800 calories per atom

Zone I (¢) (298°-1,357° K.)

C,=5.414+1.50X 1037 (82)
HT— H293= — 1,680+ 5.41 T"l" 0.75X 103772
Fr— Hyg=—1,680—5.41TIlnT—0.75X 10-312+28.7T

Zone TT () (1,357°-1,600° K.)

C,=17.50 (82)
Hyp— Hyg=—20+7.50T
Fr—Hy=—20—7.50 Tin T+41.54T

_(Fr—Hw)
T,°K Hr—Hs St T

7.97 7.97
9.70 8.20
11.07 8.64
12.22 9.14
13.20 9. 66
14.07 10.16
14.86 10. 64
15. 58 11.09
16.25 11.53
16.87 11.96
17. 44 12.35
20. 29 12.80
20.81 13.32
21.29 13.80
(21.74) (14.24)
a0 ue

22. 2
ézgoo ________________________ (14, 980) (22. 96) (15.47)
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Dicopper Ozxide, Cu,0O (c) Copper Fluoride, CuF (c)
AHjs= — 40,800 calories per mole (2) AH3p= —60,000 calories per mole (11)
Sos=22.44 e.u. (24) Sz9s=(16) e.u. (11)
M.P.=1,502° K. (112) M.P.=(1,020°) K. (42)
AH=13,400 calories per mole AH = (4,500) calories per mole
) o B.P.=(1,660°) K. (42)
Zone 1 (c) (298°-1,200° K.) AHy=(36,000) calories per mole
C,=14.90+5.70X 10T (52) Formation: Cu+1/2F; —CuF
HT—Hm— ——4 ,696+14.907T+2.85X 10-37% (estimated (11))
Formation: 2Cu—|— 1/20,———Cu,0 .

Zone 1 (298°-1,200° K.) T.° K. ‘ Hr—Hums AH7 aFr
AC,=0.50+2.2X 10-3T+0.20 X 1057 TRt | (Canoon)| (8000
AHp=—40,980+0.50T+ 1.1X 10-3T2—0.20 X 1051 ] IR 3| N -
AF7p=—40,980—0.50TIn T— 1.1X 10-3T2—0.10 (22,000)  (~50,300)|  (~39,000)

X108T-14-21.98T

T oK HoHm | s AFE AP Copper Difluoride, CuF, (c)
AHj=—128,000 calories per mole (11)
g?ﬁ :ﬁ'% Zgg’égg Sags=(22) e.u. (11)
31.31 | —40,500 | —31,900 M.P.=(1,200°) K. (6)-
o gg T40.300 | —30,260 AH )= (6,000) calories per mole
40,12 | —39,000 | —26,950 B.P.=(1,800°) K. (6)
g;g IEE;% :g;% Formation: Cu+F;————CuF,
4846 | —38800 | —20 650 (estimated (11))
(50.2) | (—38,400)| (—19,100)
&4 ol tu T
(63.7) | (—29,600) 2—13ﬁ 700) T,°K. Hr—Hzms AHy AFr
S N —128,000 |  (—117,600)
A a;’ml B it
1,000, TTIIIIIIIIIIIT X —125, —95,
Copper Ozxide, CuO (c)

AHsy= —37,500 calories per mole (2) .
Sus—10.19 eu. (56) Copper Chloride, CuCl (c)
M.P.=1,720° K. (24)

AHyu=2,820 calories per mole AHses= — 32,600 calories per mole (11)

Z o °K. S20s=20.8 e.u. (83)
one I (¢) (298°-1,250° K.) wERI &
Cp=9.271+4.80X103T (82) AH =2,620 calories per mole
Hrp— Hyp=—2,977+9.27T+2.40X 1037 B.P.=1,963° K. (6)
Formation: Cu+1/20,———CuQ AHy=39,600 calories per mole
Zone I (¢) (298°-703° K.)
o ° C,=5.874+19.20X 1037 (82)
Z;)ge 10(22:f 2. slleft))?STIio) 20X 10572 Hy— Hoy=— 2,605+ 5,817+ 9.60X 10727
AH7=—37,640-+0.28T+1.4X 10272 —0.20 X 10571 Zone II (I) (703°-1,200° K.)
AFT——37 640—0.28TInT—1.4X10-372—0.10 C,=15.80 (79)
X 1057-1424.93T Hp— Hm_—z 220+15.80T
Formation: Cu-+1/2Cl;———CuCl
T,° K. Hr—Hags St AH°T AF°T

Zone I (298°-703° K.)
------------ 10:19 | —37,50 | —30,850 AC,= —3.95+17.67X 10-3T+0.34 X 10572

1,110 13.40 —37,350 —28, _ _: _
za0| 1895 —s7m _gz‘;‘é AH7= 31,9663, 95T+8.83X10-377—0.34
éﬁ o gg? o -ggig{s}g :221%00 AFp=—31,066+3.95TInT—8.83 X 103 T2—0.17
g: 320 33. u :323 o I g7 X 105T-1— 7.5gT
1who| 2015 :gg?ﬁ T16%0  Zone II (703°-1,200° K.)
. - -12, 150 _
12, 860 28.6) | (—35, —10, AC,=6.0—1.53X 10-3T+0.34 X 1052
(roiy| (oo | ool oo AHp=—31,80046.0T—0.765% 10- T2 — 0.34
(15, 870) (31.0) (—37,300) (—6, 400) X 105T—1
18,80 (20) | (=36,90)| (~430 AFp=31,800— 6.0 Tln T+0.765X 10~ T2 —0.17

X105T1+50.5T
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T,°K Hr—Has Sr AHy AF7

20.8 —32,600 —28, 500
1,280 24.48 |  —32,450 —27,200
2,720 27.68 —31,950 —25,800
4,385 30.71 | —31,500 —24, 850
6,210 33.52 | —30,600 —23,600
10, 420 39.37 —27,450 —22, 950
12, 000 41.23 —27,000 —22, 500
13,580 42.9 —26, 550 —21,950
15,160 44. 41 —26, 050 —21, 400
16,740 45.78 | —25,650 —21,150

’Copper Dichloride, CuCl, (c)

AH3s= — 53,400 calories per mole (11)
Sz08=(27) e.u. (11)
Decomposes=810° K., 1 atm Cl, (6)

Zone I (¢) (298°-800° K.)
C,=15.42+12.00X103T (82)
Hyp— Hyp=—5,1314+15.42T+6.00X 1037
Formation: Cu-Cly——CuCl,
Zone I (298°-800° K.)

AC,=1.19+10.44X10-3T4-0.68 X 105 T2
AHp=—53,990+1.197+5.22X 10-37T2—0.68 X 10571
AF p=—53,990—1.19Tin T—5.22 X 10372 —0.34

X108T-14+450T
T,°K Hr—Hos Sr AH7 AF7
27.0)|  —53,400 | (—43,200)
2,000 % 7| —52 850 2—39, 700)
4,080 37.4)| —52,200 | (—36, 500)
6,290 (41.4)| —51,500 | (—33,450)
8, 620 (45.0)| —50,700 | (—30, 550)
11, 030 (49.2)| —49,800 | (—28, 450
Copper Bromide, CuBr (c)
AHss= —25,450 calories per mole (11)
sta=22.97 eu. (55)
M.P.=761° K. (6)
AHy=(2,300) calories per mole
B.P.=1,591° K. (6)
AHy=(33,400) calories per mole
Formation: Cu+1/2Br, —CuBr
(estimated (11))
T,°K Hr—Hng AHp AF7
...... —25, 450 —24, 400
(3,000))  (—28,400)|  (—21,500)
(13,000)|  (—24,000)|  (—17,000)
(21, 000) (—24, 900) (—13, 400)

Copper Dibromide, CuBr, (c)

AH3s=—33,200 calories per mole (112)
S20s=(33) e.u. (11)
Decomposes=600° K., 1 atm Br; (6)

Formation: Cu+Br,———CuBr,
(estimated (11))

T,°K ’ Hr—Hos AHp AFp
D S RS —33,200 (—30, 400)
800 - oo , (4, 000) (—40, 000) (—24, 300)

Copper Iodide, Cul (c)

AHjs=—16,500 calories per mole (11)
Sggs=23.l e.u. (112)

M.P.=861° K. (6)

AHy=(2,600) calories per mole

B.P.=1,480° K. (6)

AHy=(31,100) calories per mole

Zone I (¢) (298°-675° K.)
C,=12.142.86X103T (82)
Hr— Hys=—3,733+12.1T+1.43 X 10-3T?
Formation: Cu+1/21,- Cul

Zone I (298°-386.1° K.)

AC,=1.9—4.59X103T
AHp=—16,850+1.97—2.29 X 10-37*
AFr=—16,850—1.9TInT+2.29 X 10372+9.47T

Zone II (386.1°-456° K.)

AC,=—2.911+1.36X103T
AHr=—17,350—2.91T+-0.68 X 10—3T"
AFp=—17,3504+2.91TinT—0.68X 107372 —16.1T

Zone IIT (456°-675° K.)

AC,=2.21+1.36X1073T
AHp=—24,700—2.21T40.68 X 10—3T"
AF 7= —24,700—2.21TinT—0.68X 1073 T2+ 31.3T

(estimated (11))

Tricopper Nitride, Cu;N(c)

AHjs=17,800 calories per mole (9)
Metastable, decomposes>740° K.

Copper Nitride, CuN (c)

AH593=.—60,230 calories per mole (131)
S293=39.68 eu.
AF3s= —62,850 calories per mole

Copper Trinitride, CuN; (c)
AH33=167,230 calories per mole (43)
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Ficure 16.—Copper.

DYSPROSIUM AND ITS COMPOUNDS

Element, Dy (c)

Szgg= 1787 e.u. (127)
M.P.=1,673° K. (125)
AH y»=4,100 calories per atom
B.P.=2,600° K. (126)
AHy=67,000 calories per atom

Data above 298° K. estimated by (130)

Formation: Dy+3/2F;,—————DyF,
(estimated (11))
T,°K l Hr—Has AH7 AF7
(—355,000)
(—343, 000)
(=313, 000)
(32 000) (— 365 500) (—287, 500)

Dysprosium Trichloride, DyCl; (c)

AH3p=(—211,000) calories per mole (5)
qus= (40) e.u. (11)

M.P.=920° K. (29)

AH = (7,000) calories per mole

B.P.=(1,800°) K. (6)

AHvy=(45,000) calories per mole

Formation: Dy+ 3/2Cl, ————DyCl;
(estimated (11))
AHp ' AF7
(—211,000)|  (—195,000)
(—210, 000) (—185, 000)
) (—206, 000) (—161, 000)
(43,000)| (—202,500)| (—142,000)

Dysprosium Tribromide, DyBr; (c)

AH3s=(—173,000) calories per mole (5)
Sags= (45) e.u. (11

M.P.=1,152° K. (29)

AH = (9,000) calories per mole

B.P.=(1,750°) K. (6)

AHy=(44,000) calories per mole

Formation: Dy+3/2Br,————DyBr;
(estimated (11))

AH? AF%

T,° K. Hr—Has Sr (Fr—Hys)
T
17.87 17.87
(19. 81) (18.14)
(21.31) (18.61)
(22. 58) (19.18)
(23.67) (19.75)
(24.64) (20. 29)
(25. 52) (20. 84)
(26.32) (21.33)
(27.06) (21.83)
(27.76) (22.30)
(28.41)
(29.02) (23.17)
(29.61) (23. 58
(30. 16) (23.97)
(30.70) (24. 36)
(33.51) (24. 76)
(33.94) (25.23)
(17, 360) (34. 36) (25. 68)

Dysprosium Trifluoride, DyF; (c)

AHsp=(—373 000) calories per mole (5)
Szgs— (25) e.u. 1
M.P.=(1,427°) K (29)
AH = (8,000) calories per mole
B.P.=(2,500°) K. (6)
AHy=(60,000) calories per mole

....................................... (—173, 000) (—166, 500)

(5, 000) (—183, 500) (—156, 000)
(18, 000) (—181, 000) (—131, 000)
(43, 000) (—167, 000) (—112, 000)

Dysprosium Triiodide, Dyl; (c)

AHm— — 143,700 calorles per mole (5)
o See=(47) e.u. (11

M.P. =1,243° K. (29)

AHy= (10 000) calories per mole

B.P.=(1,590°) K. (6)

AHy=(41,000) calories per mole

Formation: Dy+3/2,—————DylI;
(estimated (11))

T,° K. Hr—Haxgs AH? AF?
.............. —143, 700 (—141, 000)
(5, 000) (-165, 000) (—143, 600)
(19, 000) (—161, 500) (—108, 000)
(46, 000) (—145, 000) (—84, 000)
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~60 or's Formation: Er+43/2F,———ErF,
8ol =" (estimated (11))
o el
8 -l00- L~ e DyBrs
[ -~ o ol T,°K.. Hr—Hs AHP AF?
. -120fF e IS
g' /// +- /AB——-' DyCl3
o -140Fpyi, = == e (—367,000) | (—349,000)
S 3 P = @000y (—367.000)| (—337,000)
g - - a7, 000) (—364,000)|  (—308, 000)
-160} » @2 (—359,500)|  (—281, 500)
= DyBr3*” -
-~
2 -180f =
-1 - 3 =
S ool oesr” Erbium Trichloride, ErCl; (c)
[1 ey
o
L 220 AH3ps= —229,070 calories per mole (127)
3 Sggg=35.1 e.u. (127)
-240 M.P.=(1,049°) K. (29)
IS AHy=(8,000) calories per mole
& -260} B.P.=(1,770°) K. (6)
Z 280 AHy=(44,000) calories per mole
w /n-“ —————— JoyFs Formation: Er-+3/2Cl,————ErCl,
@ -3001 //J (estimated (11))
LQI: -320} ///
-340 =z T,°K. Hr—Hns AH? AF%
7
36023 r” 229,000 | —211,400
300 500 1000 1500 2000 RN R 1(3%3 2@1 %0 %‘f% %
TEMPERATURE, °K - E@: pre] I o I
Ficure 17.—Dysprosium.
ERBIUM AND ITS COMPOUNDS Erbium Tribromide, ErBr; ()
AHsi=(—169,000) calories per mole (5)
Element, Er (c) Spoe— (44) e.u. (11)
M.P.=1,196° K. (29)
Sus=17.48 e.u. (122) AH = (10,000) calories per mole
M.P.=1,800° K. (1256) B.P.=(1,730°) K. (6)
%H Ig,=4,100°cé11%or%es p)er atom AHy=(43,000) calories per mole
. P.=2,900 . (126 .
. . - >
AHy=170,000 calories per atom Formation: Er+ 3/2Br; ErBr;
. (estimated (11))
(estimated (130))
T,° K. Hr—Hag AHfF AF?
T,° K. Hr—Hig Sr _(Fr—Hxm)
T 08| (~169,000)|  (—162,000)
: (5,000 | (—179,500)| (—153,000)
17. 48 1748 LO0O. .. (18,000) (—177,000) (—126, 000)
(19.47) (17.75) 1,500 - (43,000) (—163, 000 (—106, 500)
(21.02) (18, 24)
a s
24. 42 19. 97 i iiodi
@2 (1900 Erbium Triiodide, Erl; (c)
N (5, 870) o 89 o 89 s 40,000 calori le (5)
1, (6, 670) (27. 56) (22.01) A%”: _471 ’ Icla) Ories per mole
¥ {7 480) (8. 21) (22 46) 208 = (47) e.u. (
}, 8,%8; %;ﬁ) ggg(lyg M.P.=1,273° K. (29) |
1, (10, 020) (50,97 (@23.7) %}%’: 805%)89)) %a l(%gl)e § per mole
1) (10, 890) (30.50) (24.10) LP.=(1, - (6)
11. 82, %ggg ggg 3% gi 3;; AHy=(40,000) calories per mole
2, (17, 480) (34.13) (25.39) Formation: Er+3/2I,——— Erl,
(estimated (11))
Erbium Trifluoride, ErF; (c)
T,° K. Hr—Has AH? AF%
AHm— E2 ;367 ,000) calorles per mole (5)
Syp= eu. (11) —  aee e 140,000 |  (—137,000)
M.P.=(1,413°) K. (29) SR G E"}ﬁ%’ﬁﬂ%ﬁ g-igg,googg
B = (500 cories per mole P o] Clesoom| (76,500

AHy= (60 000) calories per mole
647940 0—63——4
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Fi1curg 18.—Erbium.

EUROPIUM AND ITS COMPOUNDS

Element, Eu (¢)

S2es=(17.0) e.u. (130)
M.P.=(1,173°) K. (125)
AH=2,500 calories per atom
B.P.=(1,700°) K. (125)
AHy=40,000 calories per atom

(estimated (130))

THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

Formation: Eu+F,———EuF,
(estimated (11))

T,°K. Hr—Hap AH? AF?
(—282,000) (—270, 000)
(—281, 000) (—261 000)
(—280, 000; (=
1,500 o (24 000) (—279, 500) (—223, 5«»

Europium Trifluoride, EuF; (c)

AHjg= (—366,000) calories per mole (5)
208= (25) e.u. (11)

M.P.=(1,560°) K. (29)

AHy=(8,000) calories per mole

B.P.=(2,550°) K. (6)

AHy=(60,000) calories per mole

Formation: Eu-3/2F,———EuF;
(estimated (11))

Hr—Hxs AHR AF?

(—366,000)|  (—347,800)
(—366, 000) E—336, 000)
(

(—363, 000) ~—306, 000)
(—361, 000) —279, 000)

(32, 000)

Europium Dichloride, EuCl, (c)

AHsi=(—192,000) calories per mole (6)
Szgs=(30) e.u. (11

M.P.=(1,000°) K. (29)

AH = (6,000) calories per mole

B.P.=(2,300°) K. (6)

AHy=(55,000) calories per mole

Formation: Eu+Cl,————EuCl,
(estimated (11))

Hr—Hayg AH7 AFr

T, °K. Hr—Hag Sr (Fr—Hamw)
T

(17.0) (17.0)
(18.91) (17.26)
(20. 40) (17.74)
(21. 66) (18. 30)
(22.76) (18. 86)
3, 460) (23.73) (19. 41)
54, 210) (24.62) (19. 95)
4, 980) (25.43) (20. 45)
(8,270) (28.45) (20.94)
(9,070) (29. 15) (21. 60)
(9,870) (29.79) (22.20)
(10, 670) (30.38) (22.76)
(11, 470) (30.93) (23.29)
(12, 270) (31. 45) (23.79)
(13,070) (31.94) (24.26)
(48, 670) (53. 49) (25.89)
(49, 170) (53.26) (27.38)
(49, 680) (53. 57) (28.73)

Europium Difluoride, EuF; (c)
AHjgs=(—282, 00(;)1 calories per mole (4)

208= (20) e
M.P.=(1, 571°) K. (29)
AH = (5,000) calones per mole
B.P.=(2,700°) K. (6)
AHy=(78,000) calories per mole

.............. (—192,000) [

(4,000)|  (—191,000) (—173, 500)
(13,000)|  (—190,000)}
(31,000)| (—183,000)| (—

Europium Trichloride, EuCl; (c)

AH3gs= (—208,000) calories per mole (5)
Szgs= (4:0) e.u. (11)

M.P.=896° K. (29)

AH = (7,000) calories per mole

Decomposes (6)

Formation: Eu-+3/2Cl,—————EuCl,
(estimated (11))

T,°K Hr—Hags AH7 AF7
.............. —208, 000) (—192,000)
(5,000)| (—207,000)| (-—181,500)
(19, 000) (—203, 000) (—158, 000)
(43, 000) (—192, 000) (—139, 000)
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Europium Dibromide, EuBr; (c)

AH&,;—( 162,000) calories per mole (5)
Szs=(40) e.u. (11)

M.P.=(950°) K. (29)

AH = (6,000) calories per mole

B.P.=(2,150°) K. (6)

AHy=(50,000) calories per mole

Formation: Eu+Br,— ——EuBr,
(estimated (11))

T,°K. Hr—His AHZ AF3
S R 5—162 ,000)|  (—158,000)
500 IooIIITIITI (4,000)| (—169,000)| (—151,000)
1,000. 520,000 (—161, 000) (—133, 000
1,500 e cccccncceacmamaaea 32, 000) (—160 000) (—122, 500)

Europium Tribromide, EuBr; (c)

AH3=(—166,000) calories per mole (5)
20s=(46) e.u. (11)

M.P.=(975°) K. (6)

AH = (8,000) calories per mole

Decomposes (6)

Formation: Eu+3/2Br,— —EuBr,
(estimated (11))
T,°K. Hr—Has AH7 AF7
208 ... | (—166,000)|  (—159,000)
Boo .- IIIIIIIIIIIIIITT (5,000)| (—176,500)| (—149, 500)
1,000 = (18,000)] (—174,000) (—125,000)
1,500_L1ITIIIIIII 43,000)]  (—162,000)| (—106, 500)

Europium Diiodide, Eul, (c)
AH3p=(—127, 000) Icalorles per mole ()

208=(40) e
M.P. —(800°) K (29)
AHy=(5,000) calories per mole
B.P.=(1,850°) K. (6)
AHy=(40,000) calories per mole

Formation: Eu+1, ——Eul,
(estimated (11))
T,°K Hr—Huxg AHZ AFz

(—127,000)[  (—127,000)
(—141,000)(  (—124,000)
(19,000)|  (—134,000)|  (—110,000)
(31,000)|  (—133,000)]  (—99,000)

Europium Triiodide, Eul; (c)

AH3ps=(—112 000) calories per mole (6)
Saos=(48) e.u. (11)

M.P.=(1,150°) K. (29)

AH =(9,000) calories per mole

Decomposes (6)

Formation: Eu+3/2I,—————Eul;
(estimated (11))
T,°K Hr—Has AH7 AFp
(—112,000)  (—110,000)
(—133,000)|  (—104,000)
(—129,500)(  (—77,000)
(—118,000)| (53, 000)

-50 ~I Euls
w--"

70k =

P 70 3
-~
€ -0} —= ——& —Eu,
P "] _~EuBr3
» ~HOFEu; P= === EuB
o u ———1EuBr,
N 3 " m- =" Eucis
° -|30}-Evl2 =" 4ﬁ === ==
o P ‘_,/ ’7EUCI2
< === 1
Gl
= -150-5..3.2}, W= =
<] 470 EuBry ,a,’r“fuf
g EuCly r’::/ -
& -190 euciy =
v -210F :J
w | M_—— EuFp
-
o A
> -230F -
(O] Pras
& -250| e
2 -
w -1 _EuFy
W ~270|-EvFe ===
@ Pad
w ~290F P
-
w -310F —= =
-
-
330 —F
-350 EuFy |~
300 500 1000 1,500 2000

TEMPERATURE, °K.

F1Gure 19.—Europium.

FLUORINE
Element, F; (9)

Szgs=48.56 e.Uu. (83)
M.P.=53.54° K. (112)
AH =122 calories per atom
B.P.=85.0° K. (112)
AHy=1,562 calories per atom

Zone I (g) (298°-2,000° K.)

C,=8.2940.44 X 10-3T—0.80 X 10572 (82)
Hr-—Hm——-2 767(')_-}-8 .2974-0.22X10-3T2+0.80
X108

Fr— Hyp=—2,760—8.29 Tln T—0.22 X 10~372+0.40
X 105T-147.3T
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T,°K. Hr—Haxs Sr _(F'T;ﬂ
48.56 48. 56

50. 83 48.86

52. 62 49. 44

54.14 50.11

55. 44 50.77

56. 58 51.43

57.59 52.06

58. 51 52. 66

59.34 53.14

60. 11 53.77

60. 81 54.29

61. 46 54.77

62.07 55.24

62. 64 55. 69

63.18 56. 11

63. 68 56. 52

64. 16 56. 90

2,000, s 14, 670 64. 62 57.29

GADOLINIUM AND ITS COMPOUNDS
Element, Gd (c)

S293=15.83 e.u. (121)
M.P.=1,523° K. (127)

AHn=3,700 calories per atom

B.P.= 3000° K. (127)

AH v—72 000 calories per atom
(estimated (130))
T,°K. Hr—His St _(Fr—Hus)
T

15.83 15.83

(18.12) (16.93)

(19.66) (16.70)

(20.98) (17.31)

(22.13) (17.93)

(23.14) (18.51)

(24. 05) (19.07)

(24.89) (19.62)

(25.66) (20.13)

(26.37) (20.62)

(27.05) (21.09)

(27.68) (21.53)

(28.29) (21.97)

(31.17) (22.37)

(31.66) (22.91)

(32.12) (23.41)

(32. 55) (23.88)

(17,270) (32.96) (24.32)

Digadolinium Trioxide, Gd,O; (c)

AH3g= — 433,940+ 860 calories per mole (59)

Gadolinium Trifluoride, GdF; (c)

AH3s=(—379, OOO)I)calorles per mole (6)

Sas= (25) e.u
T.P.=1,280° K. (29)
M.P.=1, 650° K. (29)

AHy= (8 000) calories per mole

B.P.=(2,550°) K. (6)

AHy=(60,000) calories per mole

Formation: Gd+3/2F,———

(estimated (11))

—>GdF,

T,°K 1 Hr—Has AH7 AFp
....................................... (—379,000) (—361 ooo)
(4,000)| (—379,000)| (—
(17,000)|  (—376,000)| (— 319 000)
(32,000)| (—372,000)] (—290, 500)

Gadolinium Trichloride, GdCl; (c)

AH3=—240,080 calories per mole (127)
Szgs=34.9 e.u. (127)
M.P.=882° K. (29)
AH = (7,000) calories per mole
B.P.=(1,850°) K. (6)
AHy=(45,000) calories per mole

Formation: Gd+3/2Cl,———

(estimated (11))

—>GdCl,

o

o

T,°K ] Hr—Has AHr AF
1 ) PSS —240, 100 —222,000
500 - el (5,000)| (—239,000)| (—211,000)
1,000 -l (19,000)|  (—235,500)| (—188,000)
1,500, e e eeeaeee 43,000)| (—222,000); (—170,000)

Gadolinium Tribromide, GdBr; (c)

AHj=—178,000 calories per mole (11)
Msm= (46

) e.u. (11)

P.=1,043° K. (29)
AH=(8,000) calories per mole
B.P.=(1,760°) K. (6)
AHy=(44,000) calories per mole

Formation: Gd+3/2Br;—————>GdBr;
(estimated (11))

’ Hr—Hays ’

AH7 ‘

o

—178, 000
(—186, 000

(—171, 500)
—137, 000

(—189, 000§ g— 161, 500;

(—172, 000,

—118, 500)

Gadolinium Triiodide, GdI; (c)

AHjs= — 147,000 calories per mole (11)

Szgg= (48) eu.
M.P.=1,199° K. (29)
AH »=(10,000) calories per mole
B.P.=(1, 610°) 6)
AHy= (40 000) calories per mole

Formation: Gd+3/2l,————GdI,
(estimated (11))

T,°K ‘ Hr—Has AFr
—147 000 (—144, 000
168 000 (—140,.500,
—165, 000 (=113, 000
—151, 000) (—89, 000
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Ficure 20.—Gadolinium.

GOLD AND ITS COMPOUNDS
Element, Au (c)

Szgs= 11.32 e.u. (37)
M.P.=1,336° K. (82)
AHpy=2,955 calories per atom
B.P.=2,980° K. (130)
AHy="77,540 calories per atom

Zone 1 (¢) (298°-1,336° K.)

Cp=>5.6641.24X1073T (82)
Hrp— Hype=—1,74345.66 T+0.62 X 10—37"
Fp— Hype=—1,743—5.66 Tin T—0,62X 107372+ 26.95T

Zone II (I) (1,336°-1,600° K.)

C,=17.00 (82)
Hr— Hy=530+7.00T
Fr— Hy=530—7.00TInT+34.1T

T,°K Hr—Hjys Sr _(Fr—Hzg)
T
.............. 11.32 11.32
625 13.12 11.56
1,245 14. 51 12.02
1, 15. 66 12,53
2, 530 16. 67 13.06
3,180 17. 53 13. 56
3,850 18.32 14.04
4,530 19.04 14. 51
5,220 19.70 14.95
5,930 20. 32 15.37
6, 660 20. 90 15.78
10, 330 23.64 16.26
11,030 24.12 16.77
11,730 24. 57 17.24
(12, 430) (24. 99) (17. 68)
(13, 130) (25. 39) (18. 10;
(13, 830) (25.77) (18. 50
(14, 530) (26.13) (18.87)

Digold Trioxide, Au,O; (c)
AHj0s=(—800) calories per mole (24)
Sas=(31) e.u. (24)

Formation: 2Au+3/20;————Au,0;
(estimated (24))

T,°K Hr—Has AH7 I AF 7
(—800) (18, 550)
(—350) (25, 100)
(+100) (31, 450)

Gold Fluoride, AuF (g)
AH 3= — 18,000 calories per mole (11)
Sas=1(23) e.u. (11)

Formation: Au+1/2F;——————AuF
(estimated (11))

T,°K Hr—Hus ’ AH7 ’ AF 7
T -
??0060:::::::ZZZ:::: (12,000)|  (—13,500) (—9; 000)

Gold Difluoride, AuF; (c)

AHjs=(—57,000) calories per mole (11)

Szgs= (28) eUu. (11)
Formation: _Au+F2————>A_uF2
(estimated (11))
T,° K. Hr—Hus AH7 AF7
.............. —57,000)|  (—47,400)
3833ZZZZIIZZIZZII:::I (4, 000) g—ss,soog (—40, 500)
Gold Trifluoride, AuF; (c)
A Hies= (— 100,000) calories per mole (11)
Szps= (38) eu. (11)
M.P.=(1,000°) K. (6)
Formation: A}1—|—3/2F2————>AuF3
(estimated (11))
T,°K Hr—Hs AH7 AFT
—100, 000, (—86,200)
s e | T 1 R B )

Gold Chloride, AuCl (c)

AHss= — 8,400 calories per mole (112)
Szgs= (24) eUu. (11)
B.P.=(1,600°) K. (6)
Formation: Au-+1/2Cl,———AuCl
(estimated (1))
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- - Gold Tribromide, AuBr; (c)
T,° K. Hr—Haxs AH 7y I AF
AH3i=— 11,000 calories per mole (11)
] WP 80| (—4200) Sow=(54) e.u. (11)
500 - - o cmeceeeee (3,000 (—17,500) (—1,400)
1,000 - oo (13, (—2,900) (42, 600) Decomposes (6)
. . Formation: Au-3/2Bry———AuBr;
Gold Dichloride, AuCl; (c) (estimated (11))
AHsis= — 18,100 calories per mole (112) . . .
Saes= (36) e.u. (11) T,° K. Hr—Hops AHyp AFyp
Decomposes= >460° K. (6)
Formation: Au-+Cl,———AuCl, 388:::::::::::::::::::::::::’“"‘“25,'6665 Ciaso| o
(estimated (11))
° K. Hr—H; AH 7 AF 3 .
T T M T r Gold Iodide, Aul (c)
208 . e[ —18,100 (-9, 500)
B00- - 4,000 (=17,000)|  (=3,600) AHgs= 4240 calories per mole (11)

M= 3006% &)
Gold Trichloride, AuCl, (c) o '

AHzq=—28,300 calori le (112) Formation: Au-+1/2 ,————Aul
5is=— 28,300 calories per mole ]

Sz (45) o (&) ¥ (estimated (11))

M.P.=561° K. (6)

B.P. =.(700°) K. T,°K Hr—Hus AHy ‘ AFp
Formation: Au-+3/2Cl,————AuCl,
imated (11)) = 29Beeee e 240 —400)
(estimated (11)) S 3,000)|  (—9,000) §+3oo)
T,° K. Hr—Hss AHZ ' AF7
R TR Coa| a0 Gold Diiodide, Aul, (c)
A Hsgs= (+6,900) calories per mole (11)
Gold Bromide, AuBr (c) Sae=(39) e.u. (11)
Decomposes (6)
AHsg= — 3,300 calories per mole (112 .
S::§= (27) e.u. (11) P 2) Formation: Au+12————>Au12
M.P.=(1,600°) K. (6) (estimated (11))
Formation: Au+1/2Br,————AuBr
(estimated (11)) T,°K. [ Ho—FHs AFL AF.
° ° o I e X 6,
noK l Hr—His Az ’ APz S — ‘ {4,000) ?_"7‘%3 &s,goog)
____________ l —3,300 (-2, 550)
500 < - o e ccemeaee (3,000) - ©
Gold Triiodide, Aul; (c)
Gold Dibromide, AuBr; (c)
AH3e=(+8,300) calories per mole (11)
AH3e= —5,550 calories per mole (11) Sa=(50) e.u. (11)
Sa0s=(39) e.u. (11) Decomposes (6)
Decomposes (6)
Formation: Au+Br,——>AuBr, Formation: Aq 43/2,———Aul,
(estimated (11)) (estimated (11))
T,°K. ‘ Hr—Hps AHZ AF 7 T,° K. Hr—Hans AHp l AFr
________________ i - _ 8,300)|  (49,200)
% ......................... ‘ (4, 000) (1313%) §+§: ?883 2533 ......................... (5,000) (—1(3.000) (49, 500)
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Figure 21.—Gold.

HAFNIUM AND ITS COMPOUNDS
Element, Hf (c)

S20s=13.1 e.u. (83)
M.P.=2,488° K. (85)
AHy= (6 000) calories per atom
B.P.=5,500° K. (7)
AHy= 155 000 calories per atom

Zone I (c) (298°-2,488° K.)
C,=6.0040.52X 10-37(82)

Hr— Hzp=—1,8104-6.007+0.26 X 103 T2
Fr— Hzs=—1,810—6.00T(nT—0.26 X 10-3T*
+

27.16T
T, ° K. Hr—Haxg Sr _(Fr—Hus)
T
208 e 13.1 13.1
400 670 14.95 13.30
1,320 16. 40 13.70
1,980 17.55 14.27
2, 645 18.45 14. 61
3,320 19. 26 15.26
4,010 20.10 15. 68
K 4,710 20.81 16.10
5,420 21.44 16. 54
1,200 - et 6,140 21.96 16.84
1,300 6, 870 22. 51 17.31
1,400. 7,610 23.07 17. 58
1,600 e 8,360 23. 52 17.91
1,600 9,1 23.92 18.22
1,700, 9, 890 24.32 18.59
1,800. 10, 595 24.77 18.78
1,900. 11,470 25.03 19.11
2,000 e 12,270 25.43 9.31
2,500 e e e (16, 440) (28.14) (21. 56)

Hafnium Dioxide, HfO, (c)

AH3s= —266,050 calories per mole (66)
Sgss=14.18 e.u. (132)
M.P.=3,063° K. (8)

Zone I (c) (298°-1,800° K.)
C,=17.39+2.08X 10—3T—3.48 X 10572 (105)

HT—Hm— —6,440+17.397+1.04X 107377+ 3.48
X 10571

Formation: Hf +O,——HI{O,

Zone I (298°-1,800° K.)

AC,=4.2340.56X 10-3T—3.08 X 10572
AHT— —268,400+4.23 T+0.28 X 10-3T3+4-3.08 X 10571
AFp= —268 400—4.23TinT—0.28 X 10372+ 1.54

X 105T‘1+78.16T
T,°K. Hr—Hgs Sr AHp AFr

—266, 050 —251, 750
—265,900 | —246,
—265,650 | —242,150
—265,350 | —237, 550
—264,950 | —232,950
—264,600 | —228, 6.
—264,200 | —224,100
—263, 850 —219, 700
—263,400 | —215,300
—263,100 | —211,200
—262, 600 —206, 900
—262, 200 —202, 500
—261,850 | —198, 350
—261, 350 —194, 350
—260,950 | —190, 250
—260, 350 —186, 050

(—259,100) | (—181,400)

(—258,550) | (—177,600)

(—255,850)| (—159, 600)

Hafnium Tetrafluoride, HiF, (¢)

AHse= (—435,000) calories per mole (11)
Sas=(35) e.u. (11)
S.P.=(1,200°) K. (6)
AH 5= (63,000) calories per mole

Formation: Hf+42F,——HfF,
(estimated (11))

‘ Hr—Huxs AHy AFr

(—435,000)| (—412, 500)
(—433,500)|  (—398, 500
(—429,500)|  (—363,000)

Hafnium Tetrachloride, HCl, (c)

AHss= (—255,000) calories per mole (11)
8293—456 e.u. (13 )
S.P.=590° K. (6)
AH, .= (24,000) calories per mole

Zone I (¢) (298°-485° K.)

Cp=31.47—2.38X 10573 (105)
Hr— Hm= —10,180+31.47T+2.38 X 10571
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Formation: Hf-+2Cl,———HICIl,

Zone I (298°-485° K.)

AC,=17.83—0.64X1037T—1.02X 10572

AHT— —257,650+7.83T—0.32X10-3T2+1.02 X 10571

AFp= —257 650—7.83TlnT+0.32X 1037%+0.51
X1057-14126.78T

Zone II (500°-2,000° K.)
(estimated (42))

T,° K. | Hr—Hms AHp 1 AFy
208 oo (—255,000)|  (—232, 900)
7 _ 3,000 | (—254,350) 5—225, 350)
500 6,000 | (—253,700)| (—218,200
1,000 T (—209,
1,500 (—199; 000)
2,000, LI\ (—180,
Hafnium Tetrabromide, HiBr, (c)
AHj=(—210,000) calories per mole (11)
Szgs= (57) e.Uu. (11)
S.P.=595° K. (6)
AH u51=(24,000) calories per mole
Formation: Hf + 2Br,——HfBr,
(estimated (11))
T,° K. Hr—Hags AHp AFp
208 || (—210,000)| (—201,750)
1 (6,000)| (—223,750)| (—187,500)
Hafnium Tetraiodide, Hil, (c)
AHj3s=(—145,000) calories per mole (11)
Szgg= (62) e.u. (11)
S.P.=(700°) K. (6)

AH,,31=(28,000) calories per mole
Formation: Hf-+2I,—HIfI,
(estimated (11))

T, ° K. Hr—Has AH7 AFR
208 o (—145,000)|  (—142,000)
500 Lo CIIIIIIIIITIIIT (6,000 (—177,700)| (—137,500)

Hafnium Nitride, HIN (c)

AH3es= —88,240 calories per mole (66)
Sps=13.1 e.u. (66)

AF53=281,400 calories per mole

M.P.=3,580° K. (9)
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Ficure 22.—Hafnium.

2000

HOLMIUM AND ITS COMPOUNDS

Element, Ho (c)

Sggg— (17 77) €. Uu. (121)
P.=1,773° K. (125)
AH M—4 100 calories per atom
B.P.=2,600° K. (125)
AHy=67,000 calories per atom

(estimated (130))

T,° K. Hr—Haxgs Sr _(LT-T_H"’”)
.............. 17.77) (17.77)
(670) (19, 71) (18.04)

(1, 350) (21.21) (18.51)

(2,040) (22.48) (19.08)
(2,750) (23.57) (19. 65)

(3, 480) (24.54) (20.19)

, 220) (25.42) (20.74)

(4, 985) (26.22) (21.24)

, 760) (26. 96) (21.73)

(8, 560) (27.66) (22.20)
(7,370) (28.31) (22. 65)

(8,200) (28.92) (23.07)

(9, 050) (29.51) (23.48)

(9, 910) (30. 06) (23.87)

(10, 790) (30. 60 (24. 26)

(15, 760) (33.41) (24. 66)

(16, 560) (33.84) (25.13)

(17, 360) (34.26) (25. 58)

(21, 360) (36.04) (27. 50)
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Holmium Trifluoride, HoF; (c)

AH§93= —370,000 calories per mole ()
Saps=(25) e.u. (11)

M.P.=1/416° K. (29)

AHy= (8 000) calories per mole

B.P.=(2,500°) K. (6)

AHy= (60,000) calories per mole

Formation: Ho+3/2F,———HoF,;
(estimated (11))

o

T,°K Hr—Hags AH7 AFp
—370, 000 (—352,000)
(4, 000) (- 370 000) (—340, 000)
(17, 000) (—367 000) (—311, 000)
(32, 000) (—362, 500) (—285,000)

Holmium Trichloride, HoCl; (c)

AHsgg=—233,000 calories per mole (5)
Szgs= (39) e.u. (11)

M.P.=991° K. (29)

AH = (8,000) calories per mole

B.P.=(1,780°) K. (6)

AHy=(44,000) calories per mole

Formation: Ho+3/2Cl,———HoCl,
(estimated (11))

T,° K. | Hr—Hg ’ AHp AF7
—233, 000 (—217, 000)
(5,000) (—232,000) (—206, 000)
(19,000) | (—228,000)|  (—181,000)
(43, 000) (—224, 500) (—162, 500)

Holmium Tribromide, HoBr; (c)

AHsp=(—171 000) calories per mole (5)
Sps= (45) e.u. (11)
P.=1, 192° K (29)
AH M—(IO 000) calories per mole
B.P.=(1,740°) K. (6)
AHy= (43 000) calories per mole

Formation: Ho+3/2Br,—————HoBr,
(estimated (11))

AHp AFy
(=171,000)|  (—164, 500)
(—181,500)|  (—154,000)
(—179,000)|  (—129,000)
(43,000)| (—165,000)| (—110,000)

Holmium Triiodide, Hol; (c)

AHj3=(—142,000) calories per mole (5)
Sags= (47) e.u. (1 1)

M.P.=1,262° K. (29

AHy= (10 000) calories per mole

B.P.=(1,570°) K. (6)

AHy= (41 000) calories per mole

Formation: Ho+3/2I,————Hol,
(estimated (11))
T,°K Hr—Hs AH7 AF7
(—139, 000)
(—134, 500)
(—106,000)
- (44,000)] (145,500 (-8, 500)
-60 —
— —{ Hol
-8oF L= )
v #’/
S 00| - B HoB
£ + A== N3
T - M
, ~120 = =
g /// /"/
g ~140f = ==
2 3 PR B _—{HoCl3y
-160}F i ==
=z HoBra” //,/‘
g -180f- =
Z -200\- =7
S 1
w _ZZO_HoCIs’
w
© 240}
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& -260}
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i 280} u—
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E '300" // —
--320F =
uq- ///
-340 —=
HoFy r
-360
300 500 1000 1500 2000

TEMPERATURE, °K.

Ficure 23.—Holmium.

HYDROGEN AND ITS COMPOUNDS
Element, H, (9)

Szgs=31.22 e.Uu. (83)
M.P.=13.96° K. (130)
AH =28 calories per atom
B.P.=20.39° K. (130)
AHy=216 calories per atom

Zone I (g) (298°-3,000° K.)

C,=6.52+0.78X103T+40.12X 10572 (82)
HT—Hm-——l 937?_-1-6 .52740.39X1037T2—0.12
X 105T-1
Fr—Hae=—1,939—6.52T in T—0.39X10-377—0.06
X105T-14+12.7T
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T,° K Hr—Hms Sr _(Fr—Huys)
T
298 31.22 31.22
400. .. 33.26 31. 50
500 34.82 32.01
600_ 36.09 32. 58
700. 37.18 33.17
800 . 38.12 33.73
900. 38.96 34.27
1 39.71 34.77
1 40.32 35.15
1,2 3 40.99 35.64
1,300 7,180 41.67 36.15
1,400 7,937 42.15 36. 49
1,500 8,670 42,73 36. 95
1,600-. 9, 571 43.21 37.23
1,700 10, 271 43.68 37.63
1,800__ 10, 935 44. 06 37.98
1,900._ 11, 851 44. 54 38.32
2,000 .. 12, 648 45.01 38.68
2,500 . 16, 827 46. 88 40.15

Hydrogen Peroxide, H,O, (I)

AH3ys= —44,750 calories per mole (36)
Szgs=22.35 e.Uu. (24)

Water, H,O (I)

AH3s= — 68,317 calories per mole (24)
S20s=16.75 e.u. (83)

M.P.=273.16° K. (24)

AH»=1,436 calories per mole

B.P.=373.16° K. (24)

AHy=9,770 calories per mole

Zone I (1) (298°-373° K.)

C,=18.03 (82)
— Hyps=—5,376418.03T

Zone 1I (g) (373°————3,000° K.)
Cp,=7.174+2.56 X 10374 0.08 X 10572 (82)
Hr— Hzoa—— +8,280-+7.17T+1.28X10-372—0.08
% 10571
Formation: H;+1/20,
Zone I (298°-373° K.)

AC,=7.95—1.28X10-3T+0.08 X 10572

——>H20

AHp=—170,600+7.95T—0.64X 10~-3T2—0.08 X 10571

AF p=—70,600—7.95Tln T+ 0.64X 10-3724-0.04
X103T-14+-91.75T

Zone II (373°-2,500° K.)
AC,=—2.91+41.28X10-37T+0.16 X 10572

AHr=—56,940—2.917+0.64X 107372 —0.16 X 105 7!

AF = —56,940+42.91Tin T—0.64X 10372 —0.08
X105T1—8.11T

T,°K Hr—Hogs Sr AH7 AFy
16.75 | —68,320
47.01 —58, 050
48. 86 —58, 300

50. 41 —58, —50,
51.77 —58, 700
52.99 —58, 900
54.10 —59, 100
1,000. . 55.12 —59, 250
1,100.. 56. 07 —59, 350
1,200. 56. 97 —59, 500
1,300_ 57.82 —59, 600
1,400 58. 63 —59, 700
1,500 031 59. 40 —59, 800
1,600. 23, 040 60. 06 —60, 050
1,700. 24,180 60. 71 —60, 200
1,800. 25,335 61. 42 —60, 050
1,900 26, 510 62. 02 —60, 200
2,000 27,915 62.78 —60, 250
2,500 34, 205 65. 59 —60, 300

Hyp— H3=8,300410.43742.50X 10-3724-1.68
—H,0,

AC,

M.P.=272.5° K. (94)

AHy=2,920 calories per mole

B.P.=425° K. (94)

AHy=10,530 calories per mole

Zone I (g) (425°-1,500° K.)
C,=10.43+5.00X10-37—1.68X 10572 (82)

X 10571

Formation: H,+O0)————
Zone 1 (425°-1, 500° K.)
=—3.25+3.22X1037T—1.4X 10572

AHr=—32,200—3.257+1.61X10372+1.4X 107!
AFp=—32,200+3.25T in T—1.61X10-3T2+-0.7

X105T-14+4.38T

T,° K. Hr—Hus Sr AH7 AF7

............ 22.35 —44,750 —28,100
2,130 28. 92 —44, 750 —22,600

14, 460 61. 55 —33,150 —20, 200
15,690 63. 84 —33,400 —17,600
17,020 65. 89 —33, 450 —14,900

18, 440 67.78 —33, 600 —12,300

19, 850 69. 83 —33, 650 —9, 900

21, 400 71.08 —33, 700 —6, 900

22, 900 72.47 —33, 700 —4,200

24, 510 73.92 —33,700 —1, 600
26,170 75.22 —33, 650 +1, 200
27,870 76. 48 —33, 650 3, 600

29, 420 77.57 —33, 700 6, 500
(39, 150) (83.18)( (—32,400) (19, 600)

(50, 000) (88.00)| (—30,350) (32, 350)

Hydrogen Fluoride, HF (g)

AHsis= —64,200 calories per mole (112)
Szgs=41.49 e.u. (83)

M.P.=190.1° K. (112)
AH=1,094 calories per mole
B.P.=293.1° K. (112)
AHy=1,800 calories per mole
Zone I (g) (298°-2,000° K.)

C,=6.43+0.82X 10-37+0.26 X 10572 (82)
HT—Hm——l 866+6.437+0.41X10-372—0.26
X10

10571

Zone I (298°-2,000° K.)

aAC,

AHT
AF p=—63,695-+0.98 Tln T—0.10X 10-3T2—0.30

Formation: 1/2H,+1/2F;———

—0.98+4-0. 21>< 10-37+0.60X 10572

—HF

—63,695—0.987+0.10X 10-372—0.60X 10571

X 108 T-1—8.45T

o -]
T,°K. Hr—Hxus St AHrp AFr

D2 SN PR 41.49 —64, 200 —64,520
400 oo 710 43. 54 —64, 250 —64, 650
500 e 1, 405 45.09 —64,300 —65, 000
600 - 2,105 46. 36 —64, 350 —65, 150
700-.. 2, 800 47.43 —64, 450 —65, 250
800.-- 3, 505 48. 38 —64, 500 —65,350
900.- 4,215 49.21 —64, 600 —65, 450
1,000 4,935 49.97 —64, 650 —65, 550
1,100 5, 681 50. 68 —64, 700 —65, 700
1,200. - 6, 395 51.31 —64, 800 —65, 750
1,300 7,160 51. 99 —64, 900 —65, 850
1,400 7,895 52. 46 —64, 950 —65, 900
1,500 8, 684 53.01 —65, 000 —65, 950
1,600 9, 440 53.49 —65,100 —66, 050
1,700.. 10, 235 54. 02 —65, 100 —66, 150
1,800 11,020 54. 42 —65, 100 —66, 150
1,900 11, 817 54.89 —65, 200 —66, 200
2,000 12, 635 55. 28 —65, 200 —66, 200

2,500 (16, 761) (55.13)| (—65,400)[ (—66,450)
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Hydrogen Chloride, HCI (g)

AHsp=—22,063 calories per mole (112)
Sags=44.61 e.u. (83)

M.P.=158.9° K. (112)

AH =476 calories per mole

B.P.=188.1° K. (112)

AHy=23,860 calories per mole

Zonel (g9) (298°-2,000°K.)

C,=6.344-1.10X10-3740.26 X 10572 (82)
Hp— Has=—1,86046.34T+0.55X 10-372—0.26
X 10871

Formation: 1/2H;+1/2Cl,———HCI
Zone I (298°-2,000° K.)

AC,=—1.33+0.68X10-3740.54 X 10572
AHr=-—21,500—1.33T+0.34X 10372 —0.54
X 10571
AFr=—21,500+1.33TinT—0.34X 1073 72— 0.27
X105T-1—11.39T

T,°K. Hr—Hs Sr AH3 AFg
44,61 —22,060 —22,750
46. 66 —22,100 —22,950
48.21 —22,200 —23,200
49. 49 —22, 300 —23,400
50. 58 —22,350 --23, 600
51. 54 —22, 450 —23,750
52. 40 —22, 500 —23, 900
53.18 | —22,550 | —24,000
53. 84 —22, —24,150
54. 57 —22, 650 —24, 400
55.16 —22, 650 —24,400
55,78 —22, 750 —24, 650

—22,800 | —24, 700

(
58.32 | (—22,800) 5—25, 450)
58.60 | (—22,850)| (—25,550)

Hydrogen Bromide, HBr (g)

AHsp= —8,660 calories per mole (112)
Szgg=47.63 eu. (83)

M.P.=186.24° K. (112)

AH =575 calories per mole

B.P.=206.4° K. (112)

AHy=4,210 calories per mole

Zone I (g) (298°-1,600° K)

Cp=6.254-1.40X 10374 0.26 X 10572 (82)

Formation: 1/2H,+1/2Bry——mF——
Zone ] (298°-331° K.)

AC,=—5.56+41.01 X 10~3740.20 X 10572

AH7=—6,980—5.56 T40.51 X 10~3T2—0.20 X 10571

AF 7= —6,980+5.56 TIn T—0.51X 10-3T2—0.10
X10°T-1—50.87T

Zone 1T (331°-1,600° K.)

AC,=—1.53+1.01X 1037+ 0.38 X 105 T2

AH7r=—12,000—1.53T40.51 X 10372 —0.38 X 105 T~

AFr=—12,0004-1.537InT—0.51 X 10~37T2—0.19
X105T-1—12.12T

—HBr

T,°K Hr—Hg Sr AH AF2
47.63 —8, 660 —12, 800
49.68 —12, 650 —13, 300
51.24 —12,700 —13,450
52, b4 —12, 800 —13,600
53. 64 —12,900 —13,750
54.63 —12, 950 —13, 850
55. 51 —13, —14,000
56. 31 —13, 050 —14, 200
57.06 —13, 050 —14,150
57.75 —13, 100 —14, 300
58.34 —13, 150 —14, 400
59.00 —13, 150 —14, 550
59. 52 —13,150 —14, 600
60.11 —13, 250 —14, 750

(62.02)| (—13,100)| (—14,950)

Hydrogen Iodide, HI (g)

AH3p3=6,200 calories per mole (112)
S2gg=49.33 e.U. (83)

M.P.=222.36° K. (112)

AH =686 calories per mole

B.P.=237.8° K. (112)

AHy=4,724 calories per mole

Zone I (g) (298°-2,000° K.)

C,=6.2941.42X10-3740.22 X 10572 (82)
Hrp— Hag= —1,865+6.29T740.71 X102 T2—0.22
X 10571

Formation: 1/2H,+1/2I,——HI

Zone 1 (298°-386.8° K.)

AC,=—1.76—4.92X10-3T—0.06 X 10572

AH7p=6,920+1.76 T—2.46 X 10-3724-0.06 4 105 7!

AF7=6,920+1.76 Tln T+ 2.46 X 10-3T2+0.03 X 10571
—32.9T

Zone II (386.8°-456° K.)

AC,=—6.57+1.03X103T4-0.16 X 10572

AH7=6,530—6.57T+0.51X 10-3T2—0.16 X 1057

AF1=6,53046.57 TlnT—0.51 X 10~372—0.08 X 1057
—58.47T

Zone IIT (456°-1,500° K.)
AC,=—1.41+1.03X10-37+0.16 X 10572

AHp=—800—1.41T+0.52 X 1073T2—0.16 X 1057
AF p=—800+1.41TinT—0.52 X 10-3T2—0.08 X 1057

—11.76T
T,°K Hr—Hxs Sr AHj AFg
49.33 —+6,200 +-300
51.38 +3, 950 —1,750
52.94 —1,4 —2,450
54.25 -1, —2,650
55.37 —1, 550 —2, 800
56. 36 —1,650 —3,000
57.25 —1,700 ~3,150
58.07 —1,700 —3,350
58.84 —1,750 —3, 550
59. 51 -1,750 —3, 700
60.18 —1,800 —3,850
60.77 —1,800 —4,050
61.36 —1,750 —4,150
61.87 (—1,750)|  (—4,300)
62.45 (—=1,750)|  (—4,450)
62. 87 (—1,750)|  (—4,600)
63.43 (~1,750)|  (—4,700)
63.76 (-1,750)|  (—4,800)
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Hydrogen Cyanide, HCN (g)

AH3is=231,200 calories per mole (112)
Szoa=48.23 e.u. (83)

M.P.=170.4° K. (112)

AH =40 calories per mole

B.P.=298.8° K. (112)

AHy=6,027 calories per mole

Zone I (g9) (298°-2,000° K.)

C»=8.924-3.10X103T—1.12X 10° T2 (82)
Hr—Hyps=—3,173+8.92T+41.55X 107372+ 1.12
X 10871

Formation: 1/2H,+C+1/2N;———
Zone I (298°-2,000° K.)

AC,=—1.774+1.18X1073T4-0.92 X 105 T2

AH7=31,980—1.77T+0.59X 10~3T2—0.92 X 105!

AF7=31,980+1.77Tln T—0.59X 10~372—0.46
X105T-1—20.43T

—HCN

T,°K Hr—H Sr AH? AF3
208 .. 48.23 | 431,200 28, 700
400.. 50.87 , 150 27,850
500._ 53.04 31,100 27,050
600_. 54.91 31,150 26,
700-.- 56. 56 31,000 25, 400
800 58.05 30, 900 ,
50. 41 30, 850 23, 850
1,000 60. 67 30, 800 23, 050
1, 61.74 30, 800 22, 350
1, 62.91 30, 700 21, 450
1, 63. 86 30, 600 20,
1, 64.89 30, 600 20, 000
1, 65. 51 30, 550 19, 600
1, 66. 65 30, 550 18, 350
1, 67.51 30, 550 17, 550
1, 30, 600 16, 750
1, 69.19 30, 700 16, 000
2, 69. 71 30, 600 , 450
2 (73.48) (31, 200) (11, 200)

Hydroden Trinitride (Azoimide), HN; (g)

AH3=170,300 calories per mole (112)
Ss=56.8 e.u. (83)

M.P.=193° K. (112)

B.P.=309° K. (112)

AHy=17,100 calories per mole

Zone I (g9) (309°-1,800° K.)

Cr=11.33+4.62X 10-3T—2.38 X 105 T~ (82)
Hr— Hyp= E)?&?_SIZ-F 11.337+2.31X 1072 T2+2.38

Formation: 1/2H,+3/2N;,————HN;,

Zomne I (309°-1,800° K.)
AC,=—1.924-2.7X103T—2.44 X 10572
AH7r=169,940—1.927+41.35X 10-3T2+2.44 X 10571
AFr=69,94041.92Tin T—1.35X 10-3T2-1.22
X108T-14-15.67T

67. 14 , 600 90, 000
69. 10 ” 600 92, 950
70.90 69, 850 95, 850
72. 56 69, 700 98, 750
74.00 69,800 | 101,750
75. 58 69,900 | 104, 500
76.75 69,900 | 107,650
78.20 70,100 | 110,350
79.36 70, 113, 250
80. 56 70,400 | 115,950
8l. 62 70, 700 900
82. 68 70,850 | 121,950
(83.79)|  (71,200)| (124, 650)
(84. 61) 0,900)| (127, 400)

+90
HN3 e
2 .70
£
|
o
<.s50|
o
g
5- +30[ Hen =]
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< \1\,\2”2%
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& ofw 7
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E Hal /Jg, HCI
w 30} "% o
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o P |
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70350 500 1060 1500 P00

TEMPERATURE, °K.

Ficure 24.—Hydrogen.

IODINE

Element, I, (¢)

Szgs=27.90 e.Uu. (112)
M.P.=386.1° K. (112)
B.P.=456° K. (82)
AHy=19,970 calories per atom

Zone I (¢) (298°-386.1° K.)

Hr— =-3, . . -
F;— H:::= —3,388—9.59TInT—5.95X10-3T2+39.73T
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Zone II (I) (386.1°—456° K.)

C,=19.20 (82)
Hp— Hyg=—2,445419.20T
Fr— Hyg=—2,445—19.20 Tin T+ 92.2T

Zone I1TT (g) (456°-1,500° K.)

C,=8.89 (82)
Hr— Hy=12,226+8.89T
Fr— Hyp=12,226—8.89TInT—3.04T

T,° K. Hr—Hns Sr — (Fr—Hw)
T
.............. 27.90 27.
5,235 41.85 28.76
16,670 67.05 33.71
17, 560 68. 67 39.40
18, 450 70.04 43.68
19, 340 71.23 47.06
, 2 72.29 49.06
21,130 73.23 52.10
22,020 74.08 54.05
22,910 74.85 55.76
23,810 75. 567 57.25
24,700 76.23 58. 59
25, 590 76. 84 59. 78
(30,000) |- e cceeeeeeee (64.42)

IRON AND ITS COMPOUNDS

Element, Fe (c)

S29s=6.49 e.u. (83)
T.P.=1,033° K. (82)
AH =410 calories per atom
T.P.=1,179° K. (82)
AH7r=210 calories per atom
T.P.=1,674° K. (82)
AHr=110 calories per atom
M.P.=1,803° K. (82)
AHy=3,700 calories per atom
B.P.=3,008° K. (8
AHy=284,620 calories per atom

Zone I (o) (298°-1,033° K.)

Cp=3.374-7.10X 107374 0.43 X 10572 (82)
Hrp—Hap=—1,17643.37T+3.55X 10372 —0.43
X105T-1
Fr—Hap=—1,176—3.37TInT—3.55X 10372 —0.21
X108T-1+17.96T

Zone II (8) (1,033°-1,179° K.)

C,=10.40 (82)
Hp— Hyg= — 4,280+ 10.40T
Fr— Hyy— —4,280—10.40TIn T+ 66.07T

Zone III (v) (1,179°-1,674° K.)

»=4.85+43.00X 10—3T (82)
Hr— Hy=390+44.85T+1.50X 1037
Fr— H3=390—4.85TInT—1,50X 10372+ 24.60T

Zone IV () (1,674°-1,803° K.)

C,=10.30 (82)
Hr— Hyps= —4,420+10.307
Fp— Hys=—4,420—10.30TIn T+ 65.31T

Zone V (1) (1,803°-1,900° K.)

C,=10.0 (82)
Hrp— Hy=—180410.0T
Fr—Hzs=—180—10.0TIin T+ 54.4T

T,° K. Hr—Hiys Sr - g’;g’;“)
.............. 6.49 6.49
640 8.34 6.75
1,310 9.83 7.20
, 060 11.17 7.75
2, 860 12.42 8.34
3,720 13.57 8.92
4,680 14.70 9.47
5,830 15. 91 10.08
7,160 17.18 10. 65
8, 18.23 11.28
9,230 18.91 11.83
10,120 19.57 12.32
11,040 20.21 12.87
11,990 20. 82 13.32
13,090 21.49 13.83
14,120 22.08 14.18
18, 820 24. 66 14.78
(19, 760) (25.08) (16. 20)

Iron Oxide, Fe O (c)

AH3i= —63,800 calories per mole (70)
Segs=13.74 e.u. (70)

M.P.=1,650° K. (24)

AHy=17,490 calories per mole

Zone I (¢) (208°-1,650° K.)

C,=11.66+2.00X1037T—0.67 X 10572 (84)
Hrp— Hyps=—3,790+11.66 T+ 1.00X 10372+ 0.67
X 10571

Zone II () (1,650°-1,800° K.)

C,=16.30 (84)
Hrp— Hae=—1,200+16.30T

Formation: 0.95Fe+1/20,————Fe 40

Zone I (298°-1,033° K.)

AC,=4.71—5.60X10-3T—0.90 X 10T

AHp=—65,250+4.71T—2.80X 10-372+0.90 X 10571

AFp=—65,250—4.71TinT+2.80X 10-3T%+0.45
X105T-14-47.61T

Zone IT (1,033°-1,179° K.)

AC,=—2.3241.50X10-3T—0.47 X 10572

AH7r=—62,200—2.32T+0.75X 10-3T2+4-0.47 X 1057

AFp=—62,20042.32TInT—0.75X 107%12+0.23
X105T1—0.43T

Zone III (1,179°-1,650° K.)

AC,=3.23—1.50X 103T—0.47 X 105 T2

AH7=—66,720+3.23T—0.75X 1073T24-0.47 X 105T!

AF7=—66,720—3.23TInT+0.75X10-37%+0.23
X10°T-1441.0T

Zone TV (1,674°-1,800° K.)

AC,=2.42—0.50X 1037+ 0.20 X 10572

AHp=—59,430+2.42T—0.25X 10-3T2—0.20 X 10571

AFp=—59,430—2.42TInT+0.25X 1073T2—0.10
X105T-1+31.35T
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T,° K. Hr—Hxs Sr AH7 AF7
13.74 | —63,800 —58,670
1,210 17.22 | —63,700 —57,000

2,440 19.97 —63, 400 —55,
3,700 22.07 | —63,250 —53, 550
4,980 24.24 —63, 150 —51,100

6,280 25.97 | —63,150 —50,
7,590 27.52 | —63,200 —48,950
8,920 28.92 | —63,400 —47,350
10, 280 30.21 | —63,800 —45,700
11,670 31.42 —63, 900 —43, 950
13,080 32.55 | —63,900 —42,350
14, 520 33.62 —63, 750 —40, 750
15, 980 34.62 | —63,700 —39,050
17, 460 35. 58 —63, 550 —37,400
26, 510 41.06 —56, 050 —36,000
, 1 42,00 | —55,900 —34,750

T,°K Hr—Hags Sr AH7 AF g
35.0 —267, 800 —243, 200
46.48 | —267,200 —234, 900
56.12 | —266, —226, 900
64.75 —265, 300 -219, 100
72.88 —264, 000 —211, 500
80.77 | —262,300 —204, 200
88.18 —260, —197,000
93.24 | —260,800 —189, 900
97.81 —261, 500 —182, 600

101.99 —262,000 —175, 500
105. 83 —261, 500 —168, 300
109. 39 —261, —161, 100
112.70 —260, —154,

115.80 —260, 500 —146, 800
118.71 —260, 800 —139, 800
121.45 —260, —133, 000

Triiron Tetraoxide, Fe;O, (c)

AH3s= —267,800 calories per mole (24)
Szos=35.0 eu. (83)

T.P.=900° K. (24)

AHr=0 calories per mole

M.P.=1,870° K. (30)

AH»=33,000 calories per mole

Zone I (a) (298°-900° K.)

C,=21.884-48.20 X 103T (27)
HT— Hna: —8,640+21.88T+24.10X 1037

Zone II (B8) (900°-1,800° K.)

C,=48.0 (27)
HT‘—' Hzoa= - 12,650+ 4800 T

Formation: 3Fe-+20,—————Fe,0,
Zone I (298°-900° K.)

AC,= —2.55424.90X24.90 X 10~3T'—0.49 X 105 T2
AHp=—268,300—2.55T+12.45X 10372+ 0.49
X 10571
AFr=—268,3004-2.55TIn T—12.45X 10~3T2+0.24
X105T-14+73.07T

Zone II (900°-1,033° K.)

AC,=23.57—23.30X 10-3T—0.49 X 105 T?
AHp=—272,760+23.57T—11.65X 10~3T2-+0.49
X 10571
AFr=—272,760—23.57Tin T+ 11.65X 10-3T2+0.24
X1057-14-234.0T

Zone 11T (1,033°-1,179° K.)

AC,=2.48—2.00X10-3T'40.80 X 1057?
AHp=—262,950+2.48T—1.00X 10~372—0.80
X 10571
AFr=—262,950—2.48 Tln T+ 1.00 X 10372 —0.40
X10°T-14-89.38T

Zone 1V (1,179°-1,674° K.)

AC,=19.13—11.00X 10-3T'+0.80 X 10572
AHp=—277,000+19.137—5.50 X 10~372—0.80
X 10571
AFp=—277,000—19.13 Tin T+ 5.50 X 10~3T2—0.40
X108T-14+162.62T

Zone V (1,674°-1,800° K.)

AC,=2.78—2.00X 10—37'+0.80 X 1057-?

AHp=—262,500+2.78 T—1.00X 10-372—0.80
X101

AF 7= —262,500—2.78 Tin T+ 1.00 X 10-3T%—0.40
X10°T-1+91.0T

Diiron Trioxide, Fe,O; (c)

AHj= —196,800 calories per mole (112)
Szog=21.5 e.u. (112)

T.P.=950° K. (24)

AH7r=160 calories per mole
T.P.=1,050° K. (24)

AHr=0 calories per mole

Decomposes=1,730° K. (24)

Zone I (o) (298°-950° K.)

C,=23.49+18.60X 10-3T—3.55 X 10572 (84)
Hp— Has=—9,020+23.49749.30X 107372+ 3.55
X 10571

Zone II (8) (950°-1,050° K.)

C,=36.0 (84)
Hr— Hys=—11,980+36.0T

Zone 11T (v) (1,050°-1,730° K.)

C,=31.714+1.76 X 1037 (84)
Hr— Hap=—8,4504-31.71T+-0.88X 10-2 T

Formation: 2Fe+3/20,————>Fe;0,

Zone I (298°-950° K.)

AC,=6.014+2.90X 10-3T—3.81 X 10572

AH r=—200,000+6.017+1.45X 10-3T24-3.81 X 105T!

AFp=—200,000—6.01TInT—1.45X 107372+ 1.90
X1057-14-108.4T

Zone II (950°-1,033° K.)

AC,=18.52—15.7X10-3T—0.26 X 10572

AH7p= —203,300+18.52T—7.85X 10-3T%+0.26
X 10571

AF = —203,300—18.52TInT+7.85X 10-3T%+0.13
X1057-14-189.0T

Zone IIT (1,050°-1,179° K.)

AC,=0.1740.26 X 10—37+0.60 X 10°T"*
AHr=—193,100+0.17740.13 X 10~*T?—0.60 X 10° 7!
AF7=—193,100—0.17 Tin T—0.13 X 10~3T%—0.30

X 1057-14-60.07T

Zone IV (1,179°-1,674° K.)

AC,=11.27—5.74X 1073T+-0.60X 10° T2
AHp=—202,600+11.27T—2.87X1073T2—0.60
X 10571
AF = —202,600—11.27 Tln T+ 2.87X 10~37%—0.30
X103T-14-142.29T
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Zone V (1,674°-1,730° K.)

AC,=0.37+0.26 X 10-3T+0.60 X 10512

AHp=—192,400+0.37T+0.13 X 10-3T2—0.60 X 105!

AF p=—192,400—0.37Tln T—0.13X 10-372—0.30
X105T-14+-61.3T

T,°K Hr—Haps Sr AH7 AFg
2L.5 | —196,800 | —177,400
20.41 | —196,400 | —170,800
36.14 | —195,800 | —164, 500
42.04 | —195,200 | —158,300
47.35 | —194, —152,200
52,25 | —193,800 | —146,200
55.84 | —193,000 | —139,500
61.05 | —192,600 | —134,500
64.37 | —192,900 | —128,500
67.30 | —193,200 | —122,800
70.01 | —192,800 | —116,900
72.53 | —192, —111,100
74.80 | —102,300 | —105,300
77.13 | —191,900 —99, 400
79.29 | —191,400 ~93,700
Iron Difluoride, FeF, (c)
AHjs= —168,000 calories per mole (112)
S205=20.8 e.u. (18)
M.P.=1,375° K. (6)
AHy=(8,000) calories per mole
B.P.=(2,100°) K. (6)
AHy=(50,000) calories per mole
Formation: Fe4+F,————FeF,
(estimated (11))
T,°K Hr—Hags AHZ { AF7

—168, 000 (—157,300)
(—167,400)|  (—150, 500)
(—166, 700) (—133,000)
(—156,300)| (—118,500)

Iron Trifluoride, FeF; (c)

AH3g=(—235,000) calories per mole (11)
Sas=(25) e.u. (11)

M.P.=1,300° K. (6)

AH = (12,000) calories per mole

B.P.=(1,600°) K. (6)

AHy=(40,000) calories per mole

Formation: Fe+ 3/2F,—————TFeF,
(estimated (11))

T,°K ‘ Hr—Hang AH G ’ AF7
(—235,000) (—219, 000)
3 (—232,900) (—207, 500)
(19, 000) (—230, 600) (—183,000)
(46, 000) (—215, 400) (—160, 000)

Iron Dichloride, FeCl; (c)

AH3i=—81,900 calories per mole (112)
Sy8=28.7 e.u. (83)

M.P.=950° K. (82)

AH=10,280 calories per mole

B.P.=1,299° K. (112)

AHy=30,210 calories per mole

Zone I (c) 298°-950° K.)

C,=18.94+2.08 X103 T—1.17X 10572 (82)
Hyp— Hyps=—6,090+418.94T41.04 X 107372+ 1.17
X105T-1

Zone II (I) (950°-1,110° K.)

C,=24.40 (82)
HT— H298=81,100+24.40T

Formation: Fe-+Cl,————FeC(Cl,

Zone I (298°-950° K.)

AC,=6.75—5.08X103T—0.92X 10572

AH7r=—84,000+6.75T+2.54 X 10-3T2+0.92 X 105!

AFp=—84,000—6.75TInT+2.54X 1073 T3+ 0.46
X105T-14-75.2T

Zone II (950°-1,033° K.)

AC,=12,2—7.16X10-3T+0.25X 105 T2

AHp=—"77,980+12.2T—3.58 X 10-3T%—0.25X 10571

AF7p=—T77,980—12.2TInT+3.58 X103 T2—0.12
X1057-1+105.57T

L] -]

T,°K Hr—Hags St AHgp AFp
28.7 —81,900 —T72,600
1,930 34.27 —81, 450 —69, 500
3,870 38.59 —81,030 —66, 500
5,820 42.15 —80, 670 —63,700
7,800 45.20 —80, 400 —61,000
9, 830 47.91 —80,090 —58,100
11, 880 50.32 —79, 880 —>55,400
24, 410 63. 51 —69, 380 —53,100
, 860 65. 85 —69,010 —>51, 500

Iron Trichloride, FeCl; (c)

AHj=—95,700 calories per mole (92)
Sogs= (32.2) e.u. (136)

M.P.=577° K. (136)

AH ,=10,300 calories per mole

B.P.=592° K. (136)

AHy=16,020 calories per mole

Zone I (¢) (298°-577° K.)
C’,,=29.56—6.11><105T‘2 (136)
H r— Haps= —10,860+29.56 T+ 6.11X 10571
Formation: Fe-+3/2Cl; —FeCl;

Zone I (298°-577° K.)

AC,=12.96—"7.19X 1037 —5.52X 10572

AHp=—101,100+12.96 T—3.59X 1073 T2+ 5.52
X1037T-1

AFp=—101,100—12.96 Tin T+ 3.59X 103 T
+2.76 X 105714 142.0T
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T,°K ' Hr—Haxs Sr AH7 AF7
298 e 32.2 —95, 700 —79, 500
400 .. 2, 500 39.38 —95,100 —74,000
500 . 5,140 45.27 | —94, 400 —68, 800

Iron Dibromide, FeBr, (c)

AH3=(—60,000) calories per mole (112)
Sogs= (32) e.u. (11)

M.P.=957° K. (6)

AH = (9,000) calories per mole

B.P.=(1,200°) K. (6)

AHy=(26,000) calories per mole

Formation: Fe+Br,——FeBr,
(estimated (11))

T,° K Hr—Hngs AH7 AF7
______________ —60, 000 (—57,700)
(4,000  (—66,800)|  (—52,000)
(24.000)|  (—55,800)|  (—38,000)
(62,000)  (—27,500)|  (—29, 500)

Iron Tribromide, FeBr; (c)

AHs3g=(—65,000) calories per mole (11)
A8295=(46) e.Uu. (11)

M.P.=(500°) K. (6)

AH 3= (5,000) calories per mole
B.P.=(900°) K. (6)

Ay =(20,000) calories per mole

Formation: Fe43/2Br, ——FeBr,
(estimated (11))
T,°K Hr—Hags AH7 AF7p
998 - (—65,000)|  (—60,400)
500_ LI (.000)|  (—54,500)|  (—37,000)

Iron Diiodide, Fel, (c)

AH39s=—30,000 calories per mole (11)
Sogs=(36) e.u. (11)

M.P.=860° K. (6)

AH = (7,000) calories per mole

B.P.=(1,100°) K. (6)

AHy=(25,000) calories per mole
Formation: Fe+1,——Fel,

(estimated (11))

T,°K ' Hr—Has AH7 ’ AF7
! —30, 000 } (—30, 200)
) | (—44,000) | (—28, 500)
>} (=33.000)]  (—15,000)
....................... (61,000)& <—5,500>} (—6,000)

Triiron Carbide, Fe;C (c)

AH393=15,780 calories per mole (81)
Szgg=24.2 e.u. (83)

T.P.=463° K. (82)

AH =180 calories per mole

M.P.=1,500° K. (82)

AH =12,330 calories per mole

Metastable above 2,000° K.

Zone T (a) (298°-463° K.)

C,=19.644+20.00X 1037 (82)
HT— H293= “6,745“‘" 19.64 7T+ 10.00X 1037

Zone 1T (B) (463°-1,500° K.)

C,=25.6243.00X1072T (82)
Hr— Hyps=—7,515+25.62T+1.50X 107372

Zone T1T (1) (1,500°-1,900° K.)

C,=30.60 (82)
Hyp— Haps=+740+30.60T

Formation: 3Fe+C—————Fe;C

Zone T (298°-463° K.)

AC,=5.43—2.32X1073T+-0.81 X 10572
AHp=+4,530+5.43T—1.16X 10372—0.81 X 105 7!
AF 7= +4,530—5.43TInT+1.16 X 107372—0.40

T X105T-1+31.98T

Zone IT (463°-1,033° K.)

AC,=11.41—19.32X1073740.81X 10572

AHpr=+3,850+11.41T—9.66X 107372 —0.81 X 105 7!

AFp=13,850—11.41TInT+9.66X107372—0.40
X105T-1+66.2T

Zone I1T (1,033°-1,179° K.)

AC,=—9.68+1.98X 10-3T+2.10X 10572

AH7=13,130—9.68T+0.99 X 10372 —2.10X 10571

AF7=13,130+49.68 Tln T—0.99 X 103 T2—1.05X 107!
—78.14T

Zone IV (1,179°-1,500° K.)

AC,=7.00—7.0X103T74+2.10X 10572

AHp=—1,000+7.00T—3.5X 107372—2.10X 1057

AFp=—1,000—7.00TIn T+3.5X 103 T2—1.05X 10° 71
+46.45T

Zone IT (1,500°-1,674° K.)

AC,=11.95—10.02X1037+2.10X 10572

AH7=17,340411.95T—5.01 X 1073T2—2.10X 10° 7!

AF p=7,340—11.95TIn T+ 5.01 X 107372 —1.05X 10571
+74.62T

Zone ITT (1,674°-1,803° K.)

AC,=—44—1,02X10-37+2.10X 10572

AH7=21,700—4.4T—0.51 X 10-3T2—2.10X 107!

AFp=21,700+4.4Tin T+0.51X 107372 —1.05X 10571
—47.48T

Zone TV (1,803°-1,900° K.)

AC,=—3.50—1.02X10-37+2.10X 10572

AH7=8,980—3.50T—0.51X 103 T2—2.10X 1057

AF7=8,980+3.50 TIn T+0.51X 10372 —1.05X 1057t
—33.8T
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T,°K Hr—Hxs St AH7Z AFy
- 24.2 +5, 780 4,800
2, 690 31. 96 6, 300 4,400
5,670 38.61 6, 950 3, 800
8, 390 43. 57 7,050 3,100
11, 150 47.82 7, 2, 500
13, 940 51. 55 6, 750 1,850
16, 760 54. 86 6, 200 1,300
19, 610 57.87 5,100 750
) 60. 61 3,450 450
25,400 63.15 2,200 200
28, 340 65. 50 2, 050 10
31, 310 67.70 1, 800 —400
46, 640 77.99 13, 800 —650
49, 700 79. 96 13,450 —1,150
52,760 81.82 12, 650 —2,050
55, 820 83. 57 12, 050 —2, 900
58, 880 85.23 400 —3,200

Tetrairon Nitride, Fe,N (c)
AH3g=—2,550 calories per mole (112)
S203=37.3 e.u. (112)
Zome I (¢) (298°-1,000° K.)

C;,=26.844-8.16 X 10737 (82)
Hr— Hjs= —8,350+26.84T4-4.08 X 10-3T"

Formation: 4Fe+1/2Ny—+—— Fe,N

Zomne 1 (298°-1,000° K.)

AC;=10.03—20.75X103T—1.72 X 10572

AH7r=—5,200+10.037—10.37 X 10372+ 1.72 X 10571

AFp=—5,200—10.03TInT+10.37X10-372+-0.86
X103T-1+-73.47T

T,° K. Hr—Huxs Sr AHp AF7

37.3 —2,550 4900

3,030 46.4 —2,435 +1, 900

6,090 53.0 —2,400 43,100

9,230 58.8 —2,580 +4,150

12,450 63.8 —2,970 +5,300

15, 650 67.8 —3, 580 6,700

19,120 72.2 —4,330 +7,800

22, 570 75.3 —5,070 +9, 500

Diiron Nitride, Fe,N (c)
AH3ys=—900 calories per mole (112)
Szgs=24.2 e.u. (112)
Zone I (¢) (298°-1,000° K.)

C,=14.9146.09X 10737 (82)
HT— H293= —4,713+ 14.91 T+ 3.04X10372

Formation: 2Fe+1/2N,————Fe,N

Zone I (298°-1,000° K.)

AC,=4.84—8.62X10-3T—0.86X 10572

AHp=—2,250+4.84T—4.31X1073724-0.86X 10571

AFp=—2,250—4.84Tin T+ 4.31 X 10-3724-0.43
X103T-1+41.7T

T,°K. Hr—Has St AH7 AF7
24.2 —900 2, 500
29.3 —800 3, 600
33.3 —740 4,750
36.7 —740 5, 850
39.5 —830 7,000
42.2 —1,040 8, 000
44. 4 —1,270 9, 350
46.6 —1, 600 10, 600

647940 0—63——F5

61

40
Y N e B E—— —=FeNTT ]
> FesC - . FegN
g Opren e
& -20f "
2z M ——Fe0
3 -40f ==
= -60}Feo
o
% -80f -
E -100+ _~"Fey05
2 T
w -120} = &7&304
o J ~ P
g -140} /
2 -160f =
w
w -|80_Fe20 /
w T
a
L -200f d
-
< -2201
-240[ Fe304 /
260356500 1000 500 2000
TEMPERATURE, °K.
Ficures 25.—Iron (a).
+20}
@
o
IE or 8 _ e ————1 Fely
. ,/’!_—_
£ 20| gy~ FoB ————{Fetr;
3 Felp -———= = R
< a0} v Lo
3 S e l_
IR . e i Fect
- FeBrz 74
s FeC|27 MB T ———FeCl
& -80}-reciy
w
S -100
> W FeF,
© -j20 B S
w -
z A
:j -140F =
W Fer, - B —————fFeF3
E 160 2 ,‘ﬁ’
W g0 P
//
200} Pt
~ //
2220 FeF3 |~
300 500 1000 1500 2000

TEMPERATURE, °K.

Ficurgs 26.—Iron (b).



62 THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

LANTHANUM AND ITS COMPOUNDS

Element, La (c)

S2s=13.64 e.u. (121)
T.P.=1,141° K. (126)
M.P.=1,193° K. (84)
AHy=2,790 calories per atom
B.P.=4,515° K. (112)
AHy=281,000 calories per atom

Zone I (c) (298°-800° K.)

Cp=6.174+1.60X1073T (84)
Hr— Has=—1,910+6.17T40.80 X 10-372
Fr—Haps=—1,910—6.17TinT—0.80X 1073724 28.11T

Zone II above 1,193° K.
(estimated (130))

Lanthanum Trifluoride, LaF; (c)

"AH3= (—396,000) calories per mole ()
Sagg=(24) e.u. (11)
M.P.=1,766° K. (29)
AH = (8,000) calories per mole
B.P.=(2,600°) K. (6)
AHy=(62,000) calories per mole

Formation: La+3/2F,————LakF,
(estimated (11))
T,°K Hr—Hp AHrp | AFgp
. T (—396,000)|  (—377,000)
500 Il (4,000)| (—305,800)| (—365,000)
1,000 .. IIIIIIIIIIITI (17,000)|  (—392,800)|  (—336,000)
10500, IIIIIIIII (32,000)| (—301,250)|  (—307,000)

T,°K Hr—Hag Sr _(Fr—Hzg)
T

.............. 13. 64 13.64
680 15. 60 13.90

1,380 17.16 14. 40

2,080 18.44 15.00

2,805 19. 56 15. 57

3,530 20. 52 16. 09

(4,290) (21. 50) (16.73)
(5, 060) (22. 26) (17.20)

(5, 850) (23.02) 17.68)

(9,380) (25.94) (18.13)

(10, 180) (26. 58) (18.75)

(10, 980) (27.17) (19.33)

(11, 780) (27.73) (19. 88)

(12, 580) (28.24) (20. 38)

(13, 380) (28.73) (20. 86)

(14, 180) (29.18) (21.31)

(14, 980) (29. 62) (21.74)

(15, 780) (30.03) (22.14)

Dilanthanum Trioxide, La,O; (c)

AHsp= —428,570 calories per mole (60)
S203=13.6 e.u. (109)
M.P.=2,600° K. (94)

Zomne I (c) (298°-1,173° K.)

C,=28.86+3.076 X 103T—3.275X 10572 (3)
Hy— Hm= —908?%5‘_+ 28.86T+1.538X 107312+ 3.275
X1

Formation: 2La+3/20,——————La,0,

Zone I (298°-1,173° K.)

AC,=5.78—1.62X 103T—2.675X 10572
AHp=—431,1204-5.78T—0.81 X 103724 2.675

X 10871
AF 7=—431,120—5.78TInT+0.81 X 103724 1.337
X 105T-14126.887T
T,°K Hr—Hag Sr AH7 AF7
13.6 —428, 570 —402, 600
19.7 —428, 350 —393, 100
26.5 —428, 050 —384, 500
32.6 —427,800 | —376,600
37.5 —427,300 | —368, 100
41.7 —427,050 —360, 000
45.7 | (—426,400)| (—351,300)
48.7 (—425 950) | (—342,400)
51.9 | (—425,700)| (—334,900)
13,2000 el (27 070) (65.0){ (—430,150)| (—326,900)

Lanthanum Trichloride, LaCl; (c)

AH3s= —255,910 calories per mole (127)
S20s=34.5 e.u. (127)

M.P.=1,135° K. (29)

AH = (9,000) calories per mdle

B.P.=(2,020°) K. (6)

AHy=(44,000) calories per mole

Formation: La-+3/2Cl,—————LaCl;
(estimated (11))
T,°K ] Hr—Hms AH7 AFp
—238, 300
E—Z27 400)
(—180, 900)

Lanthanum Tribromide, LaBr; (c)

AHsgs= (—197,000) calories per mole ()
Sogs= (45) e.u. (11)

M:P.=1,062° K. (29)

AH = (8,000) calories per mole

B.P.=(1,850°) K. (6)

AHy= (45,000) calories per mole

Formation: La-3/2Br,—————LaBr;
(estimated (11))
T,°K Hr—Hmps | AHp | AF7
(—197, 000) (—191, 000)
: (—213,500)|  (—180,000)
1,000._ - (—217, 200) (—154, 000)
1,500 (43,000)| (—209,000)|  (—133;000)

Lanthanum Triiodide, Lal; (c)

AHse= (—166,700) calories per mole (5)
S295= (49) e.u. (11)

M.P.=1,045° K. (29)

AH = (8,000) calories per mole

B.P.=(1,675°) K. (6)

AHy=(40,000) calories per mole

Formation: La-3/2I; ———Lal;
(estimated (11))
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T,°K Hr—Hus l AH7 AF;
b1 S .| (—166,700)|  (—164,800)
500 . (5,000)| (—188,100)| (—160, 000)
1,000 (19,000)|  (—184,400)|  (—133,000)
1,500 oo , 000) (—1783, 500) (—109, 500)
Lanthanum Nitride, LaN (c¢)
AH® 3= —172,100 calories per mole (112)
208=11.5 e.u. (9)
AF 08 = —64,700 calories per mole
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LEAD AND ITS COMPOUNDS
Element, Pb (o)

Szos= 15.49 e.Uu. (83)

M.P.=600.

5° K. (82)

AH=1,225 calories per atom
B.P.=2,024° K. (130)

AHy=42,880 calories per atom

Zomne I (c) (298°-600.5° K.)

C,=5.82+1.

90X 103T'(82)

Hr— Hyp=—1,82045.82T7+0.95X 10372
Fr— Hops=—1,820—5.82TInT—0.95X 103 7"

+24.04
Zome II (I) (600.5°~

T
1,300° K.)

C,=6.80 (82)
Hrp— Hyps=—838+6.80T
Fr— Hypy= —838—6.80TInT+28.15T

Zone IIT (1,300°-2,000° K.)
(estimated (130))

T,°K Hr—Hap Sr (Fr—Hm)

T
15.49 15.49
17.38 15.75
18.90 15.83
20. 14 16.78
23.23 17.63
24.14 18.39
. , 24.94 19.08
, 960 25.65 19.69
1,100__ , 640 26.30 20.26
1,200 ,320 26. 89 20.79
1,300 , 000 27.44 21.28
1,400 (8,780) (28.02) (21.75)
1,500. (9, 450) (28.48) (22.18)
1,600 (10,110) (28.91) (22. 60)
1,700 (10, 760) (29.30) (22.98)
1,800 (11, 410) (29. 67) (23.34)
1,900 (12, 050) (30.02) (23. 68)
2,000 2,680 (30.34) (24. 00)

Lead Oxide (Yellow), PbO (c)

AHPy= — 52,070 calories per mole (112)
Saqs= 16.1 e.u. (89)
M.P.=1,159° K. (112
AH y=2,800 calories per mole
B.P.=1,745° K. (112)
AHy=>51,000 calories per mole

Zone I (¢) (298°-1,000° K.)

Cp=9.051+6.40X103T (82)
Hyp— Hage=—2,983+49.05T+3.20X 10-377

Formation: Pb+1/20,——PbO

Zone I (298°-600.5° K.)

AC,=—0.35+4.0X1073T+0.20 X 10572
AH1=—52O70 0.3574+2.0X 107372 —0.20X 10571
AFT——52070+035TZn T—2.0X1073T%—0.10

X 1057-14-23.35T

Zone II (600.5°-1,000° K.)

AC,=—1.3345.90X10-374+0.20 X 10572
AH1-= —53,070—1.337+2.95X 10-372—0.20X 10571
AFT=—53 070+1.337 In T—2.95X1073T2—0.10

X 105T-14+18.57T

(23, 200) (—45,300)

Lead Oxide (Red), PbO (c)

AHjs= — 52,400 calories per mole (112)

Sas=15.6 e.u. (89)
T.P.=762° K. (red yellow) (24)
AH7=250 calories per mole
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Zone 1 (B) (298°-762° K.)

C,=10.60+4.00X10-3T (82)
Hr— Hys=—3,338-+10.607+2.00X 10— 73

Formation: Pb+1/20,—————PbO

Zone 1 (298°-600.5° K.)

AC,=1.20+1.60X10-3T+0.20X 10572

AH7p=—52,770+1.207T+0.80 X 10372 —0.20 X 105 7!

AFp=—52,770—1.20T In T—0.80X 10-372—0.10
X103T-1+32.77T

Zone 11 (600.5°-762° K.)

AC,=0.224-3.50X102T+0.20X 10572

AHr=—53.730+0.22T+1.75X 107372 —0.20 X 10871

AFpr=—53,730—0.22T In T—1.75X10-372—0.10
X108T-14-28.72T

T,° K l Hr—Hgs l Sr ' AH 7 AF g
15.6 —52,400 —45, 130
19.12 —52,200 —42,700
21.88 —52, 000 —40, 300
24.22 —51,900 —38,100
26.25 —52,750 —35, 500
.................................... —34, 250
Trilead Tetraoxide, Pb;O, (c)
AH3s=—175,500 calories per mole (112)
S293=50.5 e.Uu. (83)
Formation: 3Pb+20,— ——Pb,0,
(estimated (24))
T,°K Hr—Hos AH7 AFo
.............. —175, 500 —147, 500
(3,300)| (—175,500)| (—138,000)
(7,410) (- 175 000) (—129, 000)
(11,470)|  (—174,500)| (—119, 500)
(15, 740) (—177,500) (—110,000)
(20,370)|  (—176,500)|  (—100, 500)
(25, 370) ('—175 000) (—91, 000)
(81,180)| (—173,000)|  (—81,500)

Lead Dioxide, PbO, (c)

AH3p= —66,120 calories per mole (112)
Szgs——-ls 3 e.u. \83)

Formation: Pb+Q,—————Pb0,
(estimated (24))

T,°K Hr—Hags AH7Z AF7
.............. —66, 100 —52,300
(1, 580) (—65,900) (—47,700)
(3,190 {—65, 700) (—43,100)
(4, 825) (—65, 500) (—38,600)
(6, 610) (—66, 400) (—34,000)
(8, 490) (—66, 000) (—29, 400
(10, 480) (—85, 500) (—24, 800)
(12, 460) (—65,000) (—20,300)
(14, 550) (—64, 400) (—15,900)

Lead Difluoride, PbF, (c)

AH3= — 158,500 calories per mole (112)
Sogs=(29) e.u. (112)

M.P.=1,097° K. (6)

AH=1,860 calories per mole

B.P.=1,566° K. (6)

AHy=38,340 calories per mole

Zone I (298°-1,097° K.)
C,=16.50+4.10X 1037 (15)
H7p— Has=—5,100+16.50 T+ 2.05X 1037
Formation: Pb+4F,———PbF,

Zone I (298°-600.5° K.)

AC,=2.39+1.76X10-3T+0.80X 10572
AHp=—159,00042.397+0.88X10-372—0.80 X 10571
AFr=—159,000—2.39TInT—0.88X 10-372—0.40

X 1057-1451.13T

Zone IT (600.5°-1, 097° K.)

AC,=1.414+3.66X10737+40.80X 10572
AHT—— —160,01041.41741.83X10-372—0.80X 10571
AF = —160 010—1.417TInT—1.83X10-372—0.40

X 105714 47.48T

T,° K. Hr—Has Sr AH% AF%
,,,,,,,,,,,, 29.0 —158, 500 —148, 060
1,830 34.32 —158, 100 —144, 550
3,160 38.43 —158, 250 —141,700
5, 540 41.74 —157, 400 —137,900
7,450 44.75 —158, 250 —134, 500
9,410 47.26 —157,800 —131, 000
11,410 49. 57 —157, 350 —127,700
13, 450 51.88 —156, 850 —124, 550
17,390 53. 89 —154, 500 —116, 600
(27, 000) (64.0) | (—151,200)( (—112,100)

Lead Tetrafluoride, PbF, (c)

AHss= — 222,300 calories per mole (112)
Sogs=(45) e.u. (11)
S.P.=773° K. (6)

Formation: Pb-+2F,————PbF,
(estimated (11))

T,°K ' Hr—Hoxs AH? ’ AF%
208 e e —222, 300 5—202 0)
500 - - oo eeaeae (6,000) (—220, 800) 189, 300)

Lead Dichloride, PbCl; (c)

AH3ss= — 85,850 calories per mole (112)
S205=232.6 e.u. (83)

M.P.=771° K. (82)

AH3=5,800 calories per mole

B.P.=1,227° K. (6)

AH y—29 604 calories per mole

Zone I (¢) (298°-771° K.)
C,=15.96+8.00X103T (82)
HT—Hzgs— —5,115+15.96 T4 4.00X 10~ 372
Zone 11 (1) (771°-900° K.)

C,=27.20 (82)
Hyp— Hyg= — 5,600+27.20T
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Formation: Pb+Cl, ——PbCl,

Zone 1 (298°-600.5° K.)

AC,=1.32+6.04X103T+0.68X 10572

AHr=—86,280+1.32T+3.02X10-372—0.68 X 1057

AFr=—86,280—1.32TInT—3.02X 107372 —0.34
X105T-14-46.26T

Zone II (600.5°-771° K.)

AC,=0.34+7.94X 1037+ 0.68X 10572

AHp=—87,240+0.34T+3.97 X103 72— 0.68 X 105T!

AFp=—87,240—0.34TInT—3.97X10-372—0.34
X105T-14-42.4T

Zone IIT (771°-900° K.)

AC,=11.58—0.06X10-3T+0.68X 10572
AH7p=—87,750+11.58T—0.03 X 10-372—0.68 X 10571
AFr=—87,750—11.58 Tin T+ 0.03 X 10-372—0.34

X105T-14-113.74T
T,°K Hr—Huxg St AHY AF%
............ 32.6 —85, 850 —175,060
1,920 38.14 —85, 450 —71,400
, 830 42.40 —85, 050 —67,900
b, 890 46.156 —84, 500 —64, 550
0 49. 46 —85, 150 —61, 100
16, 160 60. 07 —78, 590 —57, 850
18, 880 63.27 —77,430 —55, 650
(21, 400) (66. 1) (—76,450){ (—53,000)

Lead Dibromide, PbBr, (c)

AH$s=—66,210 calories per mole (112)
S20s=238.6 e.u. (83)

M.P.=761° K. (82)

AH y=4,430 calories per mole

B.P.=1,187° K. (6)

AHy=27,694 calories per mole

Zone I (c) (298°-761° K.)

C,=18.59+2.20X103T (82)
Hrp—Hp=—5,640+18.59T+1.10X 10372

Zone II (1) (761°-900° K.)

C,=27.60 (82)
Hr— Hp=—17,435+27.60T

Formation: Pb+Br,——————PbBr,

Zone T (298°-331° K.)

AC,=—4.33+0.30X 10T
AH7=—64,930— 4.33T+0.15% 10-37*
AF7=—64,930+4.33TInT—0.15X 10-3T2— 15.62T

Zone 1T (331°-600.5° K.)

AC,=3.734+0.30X 1037+ 0.37 X 10572

AHp=—74,975+3.73T+0.15X 10-3T2—0.37 X 105 T

AFp=—174,975—3.73TInT—0.15X 10372 —0.18
X103T-14-61.94T

Zone IIT (600.5°-761° K.)

AC,=2.754-2.20X 1037+ 0.37 X 10572

AHp=—75,940+2.75T+1.10X 10372 —0.37 X 10571

AFp=—175940—2.75TInT—1.10X 10-3T2—0.18
X10°T-14+57.85T

65

Zone IV (761°-900° K.

AC,=11.74+-0.37 X 10572
AHp=—77,7304-11.74T—0.37 X 10571
AFp=—77,730—11.74TinT—0.18 X 105714 118.0T

T,°K Hr—Hags Sr AHY AF%
____________ 38.6 —66, 210 —62, 250
1,970 44.29 ~173, 500 —59, 150
3,930 48,66 —73,150 — 55,650
5,900 52.25 —72,750 —52,200
7,910 55.35 —173, 550 —48, 600
14, 640 64. 22 —68, 400 —45,300
17, 400 67. 47 —67,200 —42, 500
(19, 800) (69. 80) —66, 400 (—39, 650)

Lead Diiodide, Pbl; (c)

AHsps= — 41,850 calories per mole (112)
Sops=42.3 e.u. (112)

M.P.=685° K. (82)

AHy=6,010 calories per mole

B.P.=1,145° K. (6)

AHy=24,846 calories per mole

Zone I (c) (298°-685° K.)

C,=18.004-4.70X103T (82)
Hyp— Hyps=—5,576+18.007+-2.35X 103 T

Zone IT (I) (685°-800° K.)

C,=32.40 (82)
Hrp— Hypy= —8,325+32.40T

Formation: Pb+I,—————Pbl,

Zone I (298°-386.1° K.)

AC,=2.59—9.10X 103T
AHp= —42,220+2.59T—4.55X 103 T?
AFp=—42,220—2.59TInT+4.55X 103 T2+ 15.72T

Zone I1 (386.1°-456° K.)
AC,=—7.024+2.80X103T
AHr=—43,150—7.02T+ 1.40X 10-37*
AFp=—43,150+7.02TIinT—1.40X 10372 —36.83T

Zone II1 (456°-600° K.)
AC,=3.29+2.80X103T

AHz=— 57,850+ 3.29T+1.40 X 10-3T*
AFp=—57,850—3.29 TinT— 1.40X 10-3 T2+ 58.55T

Zone IV (685°-800° K.)
AC,=186.71

AHr=—61,550+16.71T
AFp=—61,550—16.71TinT+150.87T

|
Sr l AH? | AF%
| )
42.3 —41, 850 —41, 550
48.1 —45,730 —41,280
52.54 | —55,850 —39,150
56.31 | —55, 350 —36, 850
68.58 | —49,850 |  —32,570
72.9 i —48, 200; —30, 200
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FicURE 28.—Lead.

LITHIUM AND ITS COMPOUNDS

Element, Li (c)

Szosz 6.75 e.u. (34)
M.P.=453.7° K. (34)
AH =723 calories per atom
B.P.=1,604° K. (130)
AH v—32 190 calories per atom

Zone I (¢) (298°-452° K.)

C,=3.15+8.40X 10— T (82)
Hr— Hype=—1,31343.15T+4.20 X 10-3 7%
Fr— Hys=—1,313—3.15Tin T— 4.20 X 10-2T*
+16.84T

Zone II (1) (452°-1,604° K.)

C,=6.935—0.078 X 1037+ 0.36 X 10572 (34)
HT—Hm— —1,324+6.935T—0.039X10-372—0.36
X 10571
Fr— Hys=—1,324—6.935TIn T+0.039 X 10-373—0.18
X105T"+38.19T

Zone IIT (g) (1,640°-2,500° K.)

C,=3.934-0.364X 103 T+ 12.94 X 105T-2 (34)
HT—Hm—- -|-38 9T56+3 .93T+0.182X 107377 —12.94
— Hyy= +38 956 —3.93TInT—0.182X 107372 —6.47
X 105T-1—8.23T

T, ° K. Hr—Haus Sr —(Fr—Hw)
T
______________ 6.75 6.75
630 8. 57 7.0
2,049 11.71 7.62
2,763 13,01 8.4
3, 462 14.09 9.14
4,155 15.01 9.82
4, 846 15. 83 10. 44
5, 536 16. 56 11.01
6,224 17.21 11. 56
6,912 17.81 12.05
7,598 18.36 12. 51
8, 284 18. 86 12.94
8, 967 19.34 13.36
9, 648 19.78 13.76
45, 404 41.79 15.08
45,901 42,08 16, 88
46, 399 42.35 17.93
486, 897 42. 60 19.15

Dilithium Oxide, Li,O (c)

AHj3i= —142,570 calories per mole (75)
Sm—90 e.u. (75)
M.P.=(2,000)° K. (42)

Zone I (¢) (298°-1590° K.)

C,=14,939+6.08 X 10-3T—3.38X 10572 (116)
Hr—Hm—S 858;_14 .93974-3.04X107372+3.38
51

Formation: 2Li+1/20,————— —Li,0

Zone I (298°-452° K.)

AC,=5.06—11.22X103T—3.18 X 10572
AHT—144 648+45.06T—5.61X 10-3724-3.18 X 10571
AF7=144,648—5.06Tin T+ 5.61 X 10372+ 1.59

X 1057-1461.28T

Zone 1T (452°-1,500° K.)

AC,=2.51+5.74X10-3T—3.90X 10573

AHT—138 800—2.51T+2.87X10-372+3.90X 10571

AF7=138,800+2.51Tin T—2.87X 107372+ 1.95
X105T“+18 6T

T,° K. Hr—Hys Sr AHR AF2
____________ 9.06 —142, 570 —133, 950
7, 306 13.22 —136, 900 —125,100

8,905 16.79 —138, 500 -122,
10, 620 19.91 | —138,600 —118, 700
12,430 22.70 —138, 550 —115, 350
14,320 25.22 —138, 450 —~112, 050
16, 270 27.63 | —138,300 —108, 800
18,317 29.68 | —138,050 —105, 500

20, 418 31.68 | —137,700 -102,
22, 586 33.56 | —137,350 —99, 050
24,818 35.35 | —136,900 —95, 850
27,050 37.05 —136, 550 —92, 900
30 233 38.67 —136, 100 —89 550

Lithium Fluoride, LiF (c)

AHg= — 146,300 calories per mole (112)
8293—8 57 e.u. (112)

M.P.=1,120° K. (6)

AHy=2, '360 calories per mole

B.P.=1,954° K. (6)

AH V—50 970 calories per mole
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Zone I (c) (298°-1,120° K.)

Cp,=9.144-5.19X10-2T (82)
Hr— Hyp=—2,954+9.14T+2.59X 103 T*

Formation: Li+1/2F,—————LiF

Zone I (298°-452° K.)

AC,=1.84—3.43X10-2T+0.40X 10572

AHr=—146,5501+1.84T—1.71X10-3T2—0.40 X 10871

AFp=—146,550—1.84TinT+1.71X10-2T?—0.20
X10°T-1+33.53T

Zone I1 (452°-1,120° K.)
AC,=—1.94+5.056%X10"3T+0.04 X 108T-2

AHp=—146,400—1.94T+2.52X10-3T?—0.04 X 10571
AFr=—146,4004+1.94TinT—2.52X 10-372—0.02
X105T-1+12.23T
Sr AHR AFg
8.57 | —146,300 | —139,650
11.79 —146, 150 —137,250
14.34 | —146, —134, 950
16.53 | —146,700 | —132, 550
18. 46 —146, 550 —130, 200
.20 | —146,350 | —127,850
21.79 —146 100 —125, 550
23 28 —145 800 | —123,300

—145, 400
(30.57) (—141,900) | (— 112 200)

Lithium Chloride, LiCl (c)

AH3yy=—97,700 calories per mole (112)
S20s=13.9 e.u. (83)

M.P.=887° K. (6)

AH{=3,200 calories per mole

B.P.=1, 1653° K. 6)

AHV—35 960 calories per mole

Zone I (c) (298°-887° K.)

Cp=11.04-3.40X 1037 (74)
HT—Hm—-—3 429+11.0T+1.70X 103 T*

Formation: Li+1/2Cl,——————LiCl

Zone I (298°-452° K.)

AC,=3.44—5.03X10-3T+0.34X 10572
AHr=—98,400+3.447—2.51 X 10-3T2—0.34 X 10571
AFr= —98 400—3.44TinT+2.51X10-3T2—0.17

X 108T-14-38.76 T

Zone 1T (452°-887° K.)

AC,==—0.345+3.45X 10-3T—0.02 X 10572
AHT-— —98,360—0.345T+1.72X 10-372—0.02 X 105 T-1
AFT——98 360+0.345TInT—1.72X 10372—0.01

X 108T-1417.02T

Sr .| aHp AFp
13.9 | —97,700 | —92,500
17.48 | —97,500 | —90,850
20.28 | —98,100 | —89,200
-97, —87,000
24.66 | —97,750 | —85,600
26.47 | —97,850 | —84,450
3L.71 | —94100 | —82 600
(33.6) | (—93,550)| (—81,500)
(40.1) | (—90,800)| (—75,800)

Lithium Bromide, LiBr (c)

AH3es= — 83,720 calories per mole (11)
Sogs=19 e.u. (11)

M.P.=825° K. (6)

AH y=2,900 calories per mole

B.P.=1,583° K. (6)

AHy=235,420 calories per mole

Zone I (¢) (298°-825° K..)

C,=11.5+3.02X 10-3T (74)
Hp— Hag=—3,560+11.5T+1.51 X 10372

Formation: Li+1/2Br,————LiBr

Zone I (298°-331° K.)

AC,=—0.2—5.38X102T
AHr=—83,420—0.2T7—2.69X10-37*
AFp=—83,4204-0.2TInT+2.69X103T2+3.01T

Zone IT (331°-452° K.)

AC,=3.83—5.38X10-3T+0.19 X 10572
AHp=—88,650+3.83T—2.69X 10-3T2—0.19 X 10571
AF 7= —88,650—3.83TInT+2.69 X 10-3T2—0.09

X 1067-14-42.83T

Zone ITT (452°-825° K.)

AC,=0.05+3.1X103T+0.17 X 105 T2
AHr=—88,400+0.057+1.55X 1073 T2+0.17 X 10871
AFp=—88,400—0.05TInT—1.55X 10-372+0.08

X105T-1420.45T
T,°K Hr—Hus Sr AHR AFg
19.0 —83,720 —81, 950
22. 69 —87,400 —80,
25. 56 —87,950 ~78,700
27.95 -87, -176,

(38.9) | (—83,660)
(45.4) | (—81,250)| (—64,600)

Lithium Iodide, Lil (c)

AH3i= —64,790 calories per mole (112)
Szgs=(21) e.U. (11)

M.P.=713° K. (6)

AH»=1,420 calories per mole

B.P.=1,440° K. (6)

AHy=40,772 calories per mole

Zone I (c) (298°-713° K.)

Cp,=12.342.44X1073T (74)
HT—H293= —3,7734+12.3T+1.22X1073T*

Formation Li+1/2], ——Lil

Zone I (298°-386.8° K.),

AC,=4.36—11.91X107%T
AHT— —65,550+4.36 T— 5.95X 103 T*
AFr= —65 550—4.36 TIn T+ 5.95X 10—2734-34.3T

Zone II (386.8°-452° K.)
AC,=—0.45—5.96X103T

AHT— —63,750—0.45T—2.98 X 10372
AF = —63 750+ 0.45TInT+2.98 X 103134+ 2.0T
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Zone 11 (456°-713° K.)

AC,=—0.93+2.52X103T—0.36 X 10572

AH7p=—65,600+0.937+1.26 X 10~372+0.36 X 10571

AFr=—65,600—0.93TinT—1.26 X 10-3T2+0.18
X105T-14-15.54T
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TEMPERATURE, °K.

Ficure 29.—Lithium.

Trilithium Nitride, Li;N (c)

AHji= —47,500 calories per mole (9)
Szgs=9 e.u. (9)
Decomposes (9)

Zone 1 (¢) (298°-800° K.)

C,=11.734-23.00X 10737 (82)
HT—H293= —4,520+ 1173T+115X 10372

Formation: 3Li+1/2N,————Li,N

Zone T (298°-452° K.)

AC,=—1.05—2.71X1073T
AHp=—47,050—1.05T—1.35X 107372 .
AFp=—47,050+1.05Tin T+ 1.35X 10372+ 26.35T

Zone 1T (452°-800° K.)

AC,=—12.404-22.72X 10~ T—1.08 X 10573

AHp=—47,000—12.40 T+ 11.36 X 103 T%+1.08 X 105 T~

AFp=—47,000+12.40 Tln T— 11.36 X 103 T2+ 0.54
X105T-1—37.8T

T,° K. Hr—Hs Sr AH7 AF7
9.0 —47, 500 —37,300
14.7 —48,100 —34,150
19.7 —50, 150 —30, 100
24.2 —50,170 —26, 050
28.3 —49, 950 —22,000
32.1 —49, 570 —18,100

LUTETIUM AND ITS COMPOUNDS

Element, Lu

Szgs= (1179) e.u. (121)
M.P.=(2,000°) K. (125)

(c)

AH = (4,600) calories per atom

B.P.=(2,200°) K. (125)

AHvy=159,000 calories per atom

(estimated (130))

T,° K. Hr—Hs Sr _(FL_’I‘M
(11.79) (11.79)
(13.66) (12.00)
(15.15) (12.49)
(16. 40) (13.05)
(17.47) (13.60)
(18.42) (14. 14)
(19.28) (14. 67)
(20.06) (15.17)
(20.78) (15. 65)
(21. 46) (16.11)
(22.09) (16. 55)
(22. 68) (16. 96)
(23. 25) (17.37)
(23.78) (17.75)
(24.30) (18.12)
(24.79) (18.48)
(25.26) (18.82)

(19.17)

Lutetium Trifluoride, LuF; (c)
AH3s= (—367,000) calories per mole (5)

S293= (26) eu. (11)
T.P.=927° K. (29)
M.P.=(1,455°) K. (29)

AH = (8,000) calories per mole

B.P.=(2,500°) K. (6)

AHy=(60,000) calories per mole
Formation: Lu-+3/2F,———LukF,

(estimated (11))

T,° K. l Hr—Hs ’ AH7 } AF7
208 { .............. (—367,000)|  (—349,000)
500 - e ememee (4,000)| (—366,700)|  (—338,000)
1,000 m o e ‘ (17,000)|  (—363,700)|  (—309,000)
1,500 o e 1 (32,000)| (—359,200)| (—283,000)

Lutetium Trichloride, LuCl; (c)

AHjs= — 228,000 calories per mole (5)

Sas=(37) e.u. (11)
M.P.=1,178° K. (29)

AH = (9,000) calories per mole

B.P.=(1,750°) K. (6)

AHy=(43,000) calories per mole
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Formation: Lu+3/2Cl,————LuCl, Formation: Lu+3/2l,————Lul;
(estimated (11)) (estimated (11))
T,°K ’ Hr—Huns ’ AH7 ‘ AF7 T,°K Hr—Hns AHS | AF%
298 e —228,000 (—211, 500) —133, 000 (—131, 000)
500 . (5,000) (—226,100) (—200, 000) (—154, 000) (—125, 000)
1,000~ (19,000)| (—223,000)| (—174,000) (—150,500)|  (—96,000)
100 - LTI (43,000)| (—219,400)| (—154,500) (—98,000)|  (~71,000)

Lutetium Tribromide, LuBr; (c)

AHss=(—164,000) calories per mole (§)
Sops=(44) e.u. (11)

M.P.=(1,298°) K. (29)

AH=(10,000) calories per mole

B.P.=(1,680°) K. (6) )

AHy=(42,000) calories per mole

Formation: Lu+3/2Br, ——LuBr,
(estimated (11))
AHS AF$
(—164,000)|  (—157,000)
(—174,600)|  (—146,000)
(—171,900)|  (—121,000)
(~157,600)|  (—104; 500)
-50
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TEMPERATURE, °K.

F1cure 30.—Lutetium.

Lutetium Triiodide, Lul; (c)

AH3w=—133,000 calories per mole (5)
Szgs= (46) e.u. (11)

M.P.=1,323° K. (29)

AH = (11,000) calories per mole

B.P.=(1,480°) K. (6)

AHy=(38,000) calories per mole

MAGNESIUM AND ITS COMPOUNDS

Element, Mg (c)

Sogs=7.77 e.u. (83)
M.P.=923° K. (82)
AH y=2,160 calories per atom
B.P.=1,393° K. (112)
AHy=31,500 calories per atom

Zone I (¢) (298°-923° K.)

Cp=6.144-1.50X103T—0.78 X 10°T~2 (82)
Hyp— Hapg=—2,160+6.14T+40.75X 10372+ 0.78
X 10571
Fp—Hap=—2,160—6.14TInT—0.75X 10-372+0.39
X105T-14-33.08T

Zone IT (1) (923°-1,393° K.)
C,=7.4 (82
Hr— Hypy=—440+47.40T
Fr— Hypy=—440—7.40TinT+40.2T
Zone 11T (g) (1,393-1,800° K.)
C,=4.97 (84)

Hr— Hpp=34,440+4.97T
Fr— Hyp=34,440—4.97TInT—2.4T

T,°K Hr—Hag Sr (FT';?”‘)
7.77 7.77
9. 52 7.97
10.95 8.44
12.16 8.97
13.23 9.49
14.19 10.01
15.04 10. 52
18.16 11.20
18.87 11.68
19.47 12.43
20.07 13.09
43.27 13. 53
43.67 15.73
43.99 17. 58
44.37 19.12
44, 67 20. 62
(44.87) (21.79)
(44, 390) (45.17) (22.92)

Magnesium Oxide, MgO (c)

AH3s= — 143,700 calories per mole (117)
S2s=6.40 e.u. (83)

M.P.=3,173° K. (112)

AH»=18,500 calories per mole
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Zone I (298°-2,100° K.)

C,=10.184-1.74X1037T—1.48X 10572 (82)
Hr— Hype=—3,609410.18T+0.87X 1073724 1.48
X107t

Formation: Mg+1/20,———M¢gO

Zone I (298°-923° K.)

AC,=0.46—0.26 X 103 T—0.50X 10572

AHp=—144,00040.46T—0.13 X 1073724-0.50 X 10571

AF 7= —144,000—0.46 TinT+0.13X 107372+0.25
X105T-1+428.73T

Zone IT (923°-1,393° K.)

AC,=—0.80+1.24X103T—1.28 X 10572
AHp=—145,750—0.80T+-0.62X 10372+ 1.28
X 10571
AF = —145,7504-0.80TInT—0.62 X 10-3T2+0.64
X1087-14-22.71T

Zone IIT (1,393°-1,800° K.)

AC,=1.63+1.24X 1037 —1.28 X 10572

AHr=—180,500+1.6374-0.62X 1073724 1.28 X 10571

AFr=—180,500—1.63 TinT—0.62X 10372+ 0.64
X1087-14+65.4T

T,°K Hr—Huxs St AH% AFT
208 ... 6.40 —143, 700 —136, 100
400 . 9.18 | —143,700 | —133,500
500__ 11.43 | —143,700 | —131,000
600__ 13.34 | —143,700 | —128,400
700 15.0 —143,700 | —125,900
800__ 16.5 —143, 700 —123, 300
900_____ 17.87 | —143,650 | —120,750
1,000. -- 19.13 —145, 800 —118, 050
1,100 .. 20.29 —145, 700 —115, 200
1,200. .. 21.38 —145, 600 —112, 600
1,300 _. 22.38 | —145,300 | —109,500
1,400 23.32 | —176,850 | —106,850
1,600 _. 24.19 | —176,600 | —101,700
1,600 - _ 25.0 —176, 200 —96, 700
1,700._. 25.76 | —175,900 —91, 600
1,800. - 26. 48 —175, 600 —86, 600
1,900 527. 16)| (—175,200)| (—81,800)
2,000 27.81)| (—175,050)| (—76,950)

Magnesium Difluoride, MgF, (c)

AH3ps=—263,500 calories per mole (112)
S2g3= 13.68 e.u. (112)

M.P.=1,536° K. (82)

AH»=13,900 calories per mole

B.P.=2,500° K. (112)

AHy=65,000 calories per mole

Zone I (¢) (298°-1,536° K.)

C5=16.9342.52X 10-3T—2.20 X 10°T2 (82)
Hp— Hag=—5,898416.93T+1.26 X 10-3T2+2.20
X 10571
Zone II () (1,536°-1,800° K.)

C,=22.60 (82)
Hp— Hag=2,400+22.60T

Formation: Mg + F, ——— MgF,

Zone I (298°-923° K.)

AC,=2.50+0.58X10-3T—0.62X 10572

AHr=—264,500+2.50T+0.29X 10372+ 0.62 X 10571

AF 7= —264,500—2.50TInT—0.29 X 10-3T2+0.31
X105T14+-59.87T

Zone II (923°-1,393° K.)

AC,=1.244-2.08X103T—1.4X 10572

AH7p=—266,220+1.24T+1.04 X103 T2+ 1.4 X 10571

AF p=—266,220—1.24TinT—1.04X103724-0.7
X105T-14-53.81T

Zone IIT (1,393°-1,536° K..)

AC,=3.67+2.08X1037T—1.40X 10572
AH7r=—301,05043.67T+41.04X 10372+ 1.40 X 10571
AFp=—301,050—3.67TinT—1.04X10-3T2+0.70

X 105714+ 96.44T

Zone IV (1,536°-1,800° K.)

AC,=9.34—0.44X 10374 0.80X 10572

AHp=—292,760+9.34T—0.22 X 1073T2—0.80 X 10571

AFp=—292760—9.34TInT+0.22X 10-372—0.40
X1057-14+130.8T

T,°K Hr—Hag St AH% AF%
13.68 | —263, 500 —250, 800
18.42 | —263,250 —246, 500
22.15 | —263, —242, 300
25.36 | —262,750 —238,
28.15 | —262,600 —234, 200
30.60 | —262,250 —230, 150
32.80 —261, 850 —226, 150
34.82 | —263,800 —221, 950
36.67 | —263,450 —216, 750
38.39 | —263,100 —213, 700
40.00 | —262, 500 —209, 500
41.50 | —293,800 —205, 300
42.90 | —293,150 —198, 950
53.35 | —278,450 —193, 250
54.72 | —277,600 —187, 800
56.01 —276, 700 —182, 600

Magnesium Dichloride, MgCl, (c)

AH3s= — 153,200 calories per mole (112)
Szgs=2l.4 eUu. (112)

M.P.=987° K. (82)

AH=10,300 calories per mole

B.P.=1,691° K. (112)

AHy=232,700 calories per mole

Zone I (c) (298°-987° K.)

C,=18.90+1.42X103T—2.06 X 10°T* (82)
Hyp— Hyp=—6,389418.90T+0.71X 10-372+2.06
X 10871

Zone IT (I) (987°-1,500° K.)

C,=22.10 (82)
Hp— Hye=+1,650+22.10T

Formation: Mg+ Cl, MgCl,

Zone I (298°-923° K.)

AC,=3.94—0.14X1073T—0.6 X 10572

AHr=—154,600+3.94T—0.07 X 10~3T2+0.6 X 10° 7!

AFp=—154,600—3.94Tln T+0.07 X 10372—0.3
X1057-14-66.56 T'

Zone IT (923°-987° K.)

AC,=2.68+1.36 X 10~37—1.38 X 10372

AH7p=—154,200+2.68 T+0.68 X 10~*T2+1.38 X 105T!

AF 7= —154,200—2.68 Tin T—0.68 X 102 T%—0.69
X103T-1+55.47T
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Zone ITT (987°-1,393° K.)

AC,=5.88—0.06X 107274 0.68X 10572

AHr=—148,150+45.887—0.03 X 10-372—0.68 X 10571

AFp=—148,150—5.88Tln T'+0.03 X 10-3724-0.34
X105T-1+73.54T

Zone 1V (1,393°-1,500° K.)

AC,=8.31—0.06X 10T+ 0.68 X 10572

AHr=—183,100+8.317—0.03 X 10-372—0.68 X 1057!

AF p=—183,100—8.31TIn T+ 0.03 X 10-372—0.34
X1087-1+116.34T

T,°K Hr— Hag Sr AHS AF%

............ 21.40 —153,200 —141,400
1,800 26. 59 —152, 850 —137,300

3,650 30.71 —152, 500 —133, 500

5, 565 34.19 —152, 100 —129, 700

7,480 37.15 —151, 750 —126, 100

9,420 39.74 —151, 400 —122, 400
11,380 42.05 —151, 050 —118, 850
23,750 54.67 —142, 450 —115, 150

25, 960 56. 78 —141, 750 —112, 450
28,170 58.70 —141, 300 —110, 000

30, 380 60. 47 —141, 450 —107, 050

32, 590 62.10 —171, 600 —104, 600

34, 800 63. 67 —170, 650 —99, 650

Magnesium Dibromide, MgBr, (c)

AHsp=(—123,900) calories per mole (11)
S293= (30) eu. (11)

M.P.=984° K. (6)

AH=8,300 calories per mole

B.P.=(1,500°) K. (6)

AHy=(35,000) calories per mole

Formation: Mg+ Br, MgBr,
(estimated (11))
AHS l AFS
(—123, 900) (—120, 000)
(—130, 700 (—111,000)
(—122,200) (—92, 450)
(—149, 500) (—69, 600)

Magnesium Diiodide, Mgl, (c)

AHj3s= — 86,800 calories per mole (11)
S293= (33) eu. (11)

M.P.=923° K. (6)

AH = (5,300) calories per mole

B.P.=(1,200°) K. (6)

AHy=(25,000) calories per mole

Formation: Mg-+1, Mel,
(estimated (11))
|
T,°K Hr—Has AHg | AF%

‘i
________________________________________ —86, 800 [ (—86,000)
(4,000) (—100, 700) | (—83, 000)
(19, 900) (—95, 000) (—69, 500)
(57,000)|  (—97,500)|  (—58,000)

Trimagnesium Dinitride, Mg;N, (c)

AH3g=—110,200 calories per mole (102)
S2gg=21.8 eu. (102)

T.P.=823° K. (82)

AHr=110 calories per mole
T.P.=1,061° K. (82)

AH =220 calories per mole
Decomposes=1,300° K. (9)

Zone 1 (@) (298°-823° K.)

Cp»=20.77411.20X 10737 (82)
H7— Hys=—6,691+20.77T+5.60X 107372

Zone 11 (B) (823°-1,061° K.)

C,»=20.074-10.66 X 10737 (82)
Hr— Hys=—5,830+20.07T+5.33 X10-3T*

Zone TIT (v) (1,061°-1,300)° K.)

C,=28.50 (79)
Hp— Hyps=—8,5604-28.50T

Formation: 3Mg+N,——————Mg;N,

Zone I (298°-823° K.)

AC,=—4.31+5.68X103T+2.34X10°T~2

AHp=—108,400—4.317+2.84X1073T2—2.34 X 10571

AFp=—108,400+4.31TinT—2.84X 103T%—1.17
X1087T-14-18.05T

Zone IT (823°-923° K..)

AC,=—5.0145.14X10~3T+2.34 X 10572

AHp=—107,500—5.01742.57 X 10~3T2—2.34 X 103!

AF p=—107,500+5.01Tln T—2.57 X 103 T —1.17
X1057-14-12.70T

Zone ITT (923°-1,061° K.)

AC,=—8,79+9.64X 10-°T _
AHp=—112 700—8.79 T+4.82 X 10~372
AFp—= —112,700+8.79 Tin T—4.82 X 10-3T2 — 5.38 T

Zone IV (1,061°-1,300° K..)

AC,=0.32—1.02X 10-*T
AHp=—115,430—0.32T—0.51 X 10-*T?
AFp=—115430+0.32TIn T+0.51 X 10372+ 50.4T

T,°K Hr—Hjp Sr AHp AFp

208 e 21.8 —110, 200 —96, 100
2,510 29. 04 —110, 250 —91, 300

5,100 34.81 —110, 300 —86, 600

7,790 39.72 —110, 300 —81, 900

10, 590 44.03 —110, 300 —77,100

13, 510 47.93 —110, 250 —72,400

16, 550 51. 50 —110, 200 —67,700

19, 570 54.69 —116, 650 —62, 350

22,790 57.76 —116, 400 —56, 900

25, 640 60. 24 —116, 350 —51,350

28, 490 62. 52 —116, 150 —45, 650
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Ficure 31.—Magnesium.

MANGANESE AND ITS COMPOUNDS
Element, Mn (c)

Szgs= 7.59 e.u. (83)
T.P.=1,000° K. (82)
AH =535 calories per atom
T.P.=1,374° K. (82)
AH =545 calories per atom
T.P.=1,410° K. (82)
AHr7r=430 calories per atom
M.P.=1,517° K. (82)
AH=3,500 calories per atom
B.P.=2,368° K. (82)
AHy=153,700 calories per atom

Zone I (a) (298°-1,000° K.)

C,=5.70+43.38X103T—0.37 X 10°T-2 (82)
Hp— Has=—1,97445.70T+1.69X 107372 +0.37
X 10571
Fr—Hp=—1,974—5.70TIn T—1.69X 10-2T2+0.18
X105T-1431.74T -

Zone II (B) (1,000°-1,374° K.)

C,=8.33+0.66X10-3T
Hr— Hys=—2,675+8.337+40.33 X 10-3T"
Fr— Hyp=—2,675—8.33TInT—0.33 X 10-2T"
+49.27T

Zone III (y) (1,374°-1,410° K..)

C,=10.70
HT_ H293= bl 4,760+ 10.70T
Fr— Hyp=—4,760—10.70TInT+67.5T

Zone IV () (1,410°-1,517° K.)

Cp,=11.30 (82)
Hr— Hps=—1,517411.30T
Fr— Hy=—1,5617—11.30TinT+69.7T

Zone V (1) (1,517°-2,368° K.)

C,=11.0
Hr— Hps=—1,220+11.0T
FT—“H295= - 1,220 - 11.0TlﬂT+672T

Zone VI (g) (2,368°-5,000° K.)

C,=6.26 (82)
Hrp— Hy=63,710+6.26 T
Fr— Hag=63,710—6.26 TIn T+ 4.26 T

T,°K Hr—Hags Sr _(Fr—Hm)
T
208 e e 7.59 7.59
400____ 690 9.58 7.86
500._ 1,385 11.13 8.36
600-___ 2,210 12.47 8.78
700.___ 2,895 13. 66 9.53
800____ 3,715 14.756 10.12
900____ 4,570 15.76 10. 67
1,000-_. 5,450 16. 69 11.24
1,100__ 6, 890 18.09 11.82
1,200__. 7,795 18.87 12.37
1,300 8,715 19.61 12.91
1,400 .. 10,220 20.72 13. 56
1,500-. 11,780 21.80 13.95
1,600. 16, 380 24.82 14. 58
1,700 17,480 25. 49 15.21
1,800 18, 580 26.12 15. 80
1,900 19, 680 26.71 16.35
2,000 oo 20. 780 27.28 16.89
2,500 eeeeaelooo 79,190 52.09 20. 41

Manganese Oxide, MnO (c)

AHs= —92,050 calories per mole (124)
Sa0s=14.27 e.u. (136)

M.P.=2,058° K. (94)

A H=13,000 calories per mole

B.P.=3,400° K. (8

Zone I (¢) (298°-1,800° K.)

C,=11.11+1.94X 1037 —0.88 X 10572 (82)
Hrp— Hyps=—3,690+11.11T7+0.97 X 107272 +-0.88
X 10871

Formation: Mn—+1/20,—————>MnO

Zone I (208°-1,000° K.)

AC,=1.83—1.94X10-3T—0.31 X 10°T %

AHFT'—— —92,600+1.837—0.97X10-27T24-0.31X 10571

AFp=—92,600— 1.83 Tln T+0.97 X 10-2T%+0.15
X1057-1+29.6T

Zone IT (1,000°-1,374° K.)

AC,= —0.8040.78 X 10-3T—0.68 X 105T*
AH;= —92,950—0.80T+0.39 X 10-2T2+0.68 X 10571
AF 7= —92,950+0.80 Tln T—0.39 X 10— T+ 0.34

X 1087-1413.15T

Zone IIT (1,374°-1,410° K.)

AC.= —3.174+1.44 X 10-3T—0.68 X 10572
AH o= —80,800—3.17T+0.72 X 107372 +0.68 X 10° T~
AFp— —80.800+3.17 Tin T—0.72 X 10°T2+0.34

X 108T-1—5.97T

Zone IV (1,410°-1,517° K.)

AC,=—3.774+1.44X 10~*T—0.68 X 10572
AH:-= —89,480—3.77T+0.72X 10-372+0.68 X 105!
AFp=—89,480+3.77Tln T—0.72X 10-372+-0.34

% 108T-1—10.63T
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Zone V (1,517°-1,800° K.)

AC,=—3.47+1.44X10—2T—0.68 X 10572

AH7=—93,400—3.47T+0.72X 10—372+-0.68 X 105 T!

AF p=—93,400+3.47Tin T—0.72X 1073724 0.34
X10°T-1—-5.79T

T,°K Hr—Has Sr AHp AFp

............ 14.27 —92,050 —86, 750
1,130 17. 53 —92, 000 —84, 950

2,280 20.09 —91, 900 —83, 20!
3,470 22.26 —91,900 —81, 550
4, 680 24.13 —91, 750 —179,700
5,900 25.76 —91,750 —78,000
7,150 27.23 —91, 750 -76, 300
8,430 28. 54 —91, 800 —74, 550
8,750 29. 83 —93, 300 —72,750
11,100 31.01 —92, 250 —~71,000
12,470 32.01 —92,250 —69, 100
13, 840 33.12 —92, 800 —67, 450
15,210 34.07 —93,450 —65, 600
16, 590 34.96 —97,050 —63, 500
17,970 35.79 —97,250 —61,450
19, 350 36. 58 —97,400 —59,450

Trimanganese Tetraoxide, Mn;O, (c)

AH3p= —331,400 calories per mole (115)
Szes=35.5 eUu. (83)
T.P.=1,445° K. (§2)
AH7r=4,970 calories per mole
M.P.=1,863° K. (8)
AH=(39,000) calories per mole (42)

Zone I (a) (298°-1,445° K.)
C,=34.644-10.82X10-37T—2.20X 10572 (82)
Hyp— Hypg=—11,550+34.64T+5.41 X 10-3T2+2.20
X 10871
Zone 1T (8) (1,445°-1,800° K.)

C»=50.20 (82)
Hr— Hys=—17,600+4-50.20T

Formation: 3Mn-+20, Mn,0,

Zone T (298°-1,000° K.)

AC,=3.22—1.32X10-3T—0.29X 10572

AHp=—332,400+3.22T—0.66 X 10-3724-0.29
X105T-1

AF = —332,400—3.22Tin T+0.66 X 10-372+-0.15
X10°T-1+106.75T

Zone II (1,000°-1,374° K.)

AC,=—4.674-6.84X10-3T—1.40X 10572
AHT— --3307(‘5_00 —4.67T+3.42X 10372 +1. 40
X1

AF r=—330,600-+4. 67TZnT—3 42X 10-T%+0.70
X 108T-1454.40T

Zone III (1,374°-1,410° K.)

AC,=—11.784-8.82X 10-3T'—1.40 X 105 T-?
AHr= —3(2)4111_30 11.78 T+ 4.41X 10-*T?+1.40

AFp=—324,130+411.78 TIn T—4.41 X 10-3T2+0.70
*1087-1-0.14T

Zone IV (1,410°-1,445° K.)

AC,=—13.58+8.82X 103T—1.40X 10572
AHT= —321,600—13.58 T+4.41X 10372+ 1.40
X 10571
AFp=—321,600+13.58 Tin T—4.41 X 10~3T24-0.70
X108T7-1—15.43T

Zone V (1,445°-1,517° K.)

AC,=2.0—2.00X10-37+40.80X 10572
AHT— —329,100+2.07—1.00X 10-372—0.80X 10571
AF p=—329,100—2.0TIn T+1.00X 10372—0.40

X 105T-1+95.46 T

Zone VI (1,517°-1,800° K.)

AC,=2.88—2.00X10737+0.80X 10572
AHT— —340,700+2.887—1.00X 10~372—0.80 X 10571
AFr= —340 700—2.88TlnT+1.00X 103 7%—0.40

X 105T-14109.88T

T,° K. Hr—Hs Sr AHp AF7
35.5 —331,400 —308, 100
46.25 | —331,200 —297, 300
54. 86 —330, 900 —288, 850
62.15 | —330,850 —280, 800
68.54 | —330,300 —272,200
74.20 | —330,150 —263,
79.23 —330, 050 —255, 600
83.78 | —330,050 —247, 350
88.02 | —331,450 —238, 750
92. 05 —331, 200 —230, 400
95.93 | —330,800 —221, 950
99.72 | —331,900 —213, 650

106. 68 —328, —205, 300
109.92 | —338,600 —196, 250
112.96 | —338,800 —187, 600
115.84 | —338,850 —179,100

Dimanganese Trioxide, Mn,O; (c)

AHgps= —229,200 calories per mole (8)
S293=26.4 e.u. (91)

Decomposes=1,626° K. (42

Zone I (c) (298°-1,350° K.)

C,=24.73+8.38X 10~3T—3.23 X 10572 (106)
Hr— Hzes——s 830+24.73T+4.19X 10-3T2+3.23
X 10871

Formation: 2Mn+3/20,————>Mn,0;

Zove I (298°-1,000° K.)

AC,=2.59+0.12X 10-3T—1.89 X 10572
AHT= —230;}_00-!—2 .59T+0.06 X 10-3T2+1.89
10%
AF p=—230,600—2.59 Tln T—0.06 X 10-3724+0.94
X 105T-14-80.7T

Zone IT (1,000°-1,350° K.)

AC,=—2.67+5.56X 10-3T—2.63 X 1082
AHT= —229,210—2.67T+2.78 X 107272 +-2.63
X 10871
AFp= —229 210+2.67Tin T—2.78 X102 T?+1.31
X 1057-1450.84T
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Hr—Hags St AH$% AF%

—210, 650

(= 236 300) 130 700)

Manganese Dioxide, MnO, (c)

AH3es= — 124,450 calories per mole (24)
S293= 1268 e.Uu. (83)
Decomposes=1,120° K. (8)

Zone 1 (c) (298°-800° K.)
C,=16.60+2.44X10-3T—3.88 X 10572 (82)
Hr— Hyp=—16,360+16.60T+1.22X 10-3T2+3.88
X 10571
Formation: Mn+0,————MnO,
Zone I (298°-800° K.)

AC,=3.74—1.94X10"3T—3.11 X 10572
AHp= —126,62043.74T—0.97X10-3724-3.11

X 10871
AF 7= —126,620—3.74TinT+0.97 X 107372+ 1.55
X108T-14-70.21T
T,°K Hr—Has Sr AHG AF%

............ 12.68 | —124,450 | —111,350

1,450 16. 84 —124, 400 —1086, 900

3,020 20.35 —~124, 350 —102, 600

4,690 3 —08, 250

6,410 —93, 900

8,190 —89, 650

(10, 000) (—85, 350)

R (—81,150)
- (= 123 200)| (—77,000)

11,850) |...
(13,730) | ----

Manganese Difluoride, MnF; (c)

AH3= —190,000 calories per mole (11)
So=22.3 e.u. (11

M.P.=1,129° K. (6)

AHy= (5 500) calories per mole

B.P.=(2,300°) K. (6)

AHy= (57 000) calories per mole

Formation: Mn+F,————MnF,
(estimated (11))

T,°K l Hr—Hayg AH7 l AF7
—190, 000 —180, 000
(3,500)| (—189,500)|  (—173,000)
(13,000)| (—188,300)| (—157,000)

(30, 000) (—182, 000) (—146, 500)

Manganese Trifluoride, MnF; (c)

AH3s= —238,000 calories per mole (11)
Syos==(28) e.u. (11)

M.P.=(1,350°) K. (6)

AH = (11,000) calories per mole

B.P.=(1,600°) K. (6)

AHy=(42,000) calories per mole

Formation: Mn+3/2F;,————>MnF,
(estimated (11))

T,° K. l Hr—Hyp ‘ AH; ' AF7
208. .. [N PO 238, (=222, 200)
500. .. R (5,000)| (—236,800)| (—210,500)
1,000 oo e (—191, 000)

Manganese Dichloride, MnCl, (c)

AHsp= —115,190 calories per mole (92)
Szgs=28 eu. (83)

M.P.=923° K. (82)

AH»=28,970 calories per mole

B.P.=1,463° K. (6)

AHy=29,600 calories per mole

Zone I (c) (298°-923° K.)
C,=18.0443.16X10-3T—1.37 X 105732 (82)
HT—Hm— —602%9-]—18 .04T+1.58X10-37741.37
Zone II (1) (923°-1,200° K.)

C,=22.60 (82)
Hr— Hys=+280+22.60T

Formation: Mn-+Cl,————MnCl,
Zone I (298°-923° K.)

AC,=3.52—0.28X10-3T—0.32X 10572
AHT— —116,350+3.52T—0.14 X 1023724 0.32 X 105 7!
AFp= —116 350—3.52TInT+0.14X1073T2+0.16

X 108T-1+58.5T

Zone II (923°-1,000° K.)

AC,=8.08—3.44X103T+1.05X 10572

AHT=—110 100+8.087—1.72X 103 T2—1.05X 105T~!

AFp=—110,100—8.08 TIn T+ 1.72X 107372 —0.52
XlOsT“+79 81T

Zone IIT (1,000°-1,200° K.)

AC,=5.45—0.72X103T+0.68X 10572
AHT=—109280+545T-036X10’3T2—068X105T-
AFT=——109280 5.45TInT+0.36X 107372 —0.34

X 1057-14-62.33T

o o]
T,°K Hr—Has Sr AHr AFyp
............ 28.0 —115,190 —105, 100
1, 850 33.33 —114, 900 —102, 050
3,730 37.52 —114, 550 —98, 850
5, 640 41.0 —114, 300 —95, 850
7, 590 44.01 —113, 900 —92, 750
9, 600 46. 69 —113, 600 —89, 650
11, 680 49.14 —113, 250 —86, 800
22, 880 61.21 —103, 850 —84, 500
25,140 63. 36 —103, 750 —82, 550
27, 400 65. 33 —103, 400 —80, 750
(29, 400) (67.2) | (—103,150)| (—79,150)
(31, 650) (68.8) | (—102,400)| (—76,250)
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Manganese Trichloride, MnCl; (c)

AHj3is= —110,000 calories per mole (11)
Sgos= (39) e.u. (11)
B.P.=(900°) K. (6)
AHy=(21,000) calories per mole
Formation: Mn+3/2Cl,————MnCl,
(estimated (11))

T,°K ) Hr—Hags AH7 ’ AFy
. T I —110, 000 (—95, 400)
800 .. (5,000)| (~108,900)|  (—85, 500)

Manganese Dibromide, MnBr, (c)

AHjye= — 88,700 calories per mole (11)
Sas=(32) e.u. (11)

M.P.=971° K. (6)

AH = (7,000) calories per mole

B.P.=(1,300°) K. (6)

AHy=(27,000) calories per mole

Formation: Mn+Br,————-MnBr,
(estimated (11))

T,°K Hr—Has AH7p AFy
—88, 700 (—85 100)
(—95600)| (-

1,000. (—85,100)|  (— 64 000)
1,600 - - T (62,000  (—57.000)|  (—54,000)
Manganese Diiodide, Mnl, (c)
AH3ys=—57,100 calories per mole (11)

Sys= (35) eu. (11)

M.P.=911° K. (6)

AH = (6,500) calories per mole

B.P.=(1,100°) K. (6)

AHy= (23 000) calories per mole

Formation: Mn+I,————Mnl,

(estimated (11))

T,° K Hr—H AH7 AF
—57,100 (—57,000)
(—69,100)|  (—54, 500)
(—60, 700) (—40, 000)
(—36,500)|  (—30, 000)

Trimanganese Carbide, Mn;C (c)

AH3s=—3,600 calories per mole (89)
Sys=23.7 e.u. 81

T.P.=1,310° K. (82)

AHr= 3 570 calories per mole

M.P.=1 480° K. (9

Zone I (a) (298°-1,310° K.)

C,=25.2645.60X 10-3T— 4.07X 105T-3 (82)
— Hyg= ;901‘;54-25 .26 T+2.80X 107377+ 4.07

Zone 1T (8) (1,310°-1,480° K.)

C,=38.00 (82)
Hr— Hys=—17,150+38.00T

Formation: 3Mn-+4C—————Mn,C

Zone T (298°-1,000° K.)

AC,=4.06—5.56X 1073T—0.86 X 10572

AHr=—4,84044.06T7—2.78 X 107372+ 0.86 X 10571

AFp=—4,840—4.06T InT+2.78 X10-3T2+0.43
X1057-14-26.42T

Zone IT (1,000-1,310° K.)

AC,=—3.8342.60X1073T—2.0X 10572
AHT-— —2,740—3.83T+1.30X 10-3T2+2.0X 10571
AFp=—2, ,740+3.83T InT—1.30X 10372+ 1.0

X 105T-1—26.15T

Zone IIT (1,310-1,374° K.)

AC,=9.0—3.00X10-3T+2.10X 10572
AHT— —12,60049.07—1.50X 103 T2+2.10X 1057
AFp= —12 600—9.07 InT+1.50X10-37T2—1.05

X 1057-1469.4T

Zone IV (1,374°-1,410° K.)

AC,=1.8—1.02X107374-2.10X 10572
AHT —4,550+1.87—0.51X1073T2—2.10X 10571
AFp=—4,550—1.8T InT+0.51X1073T?—1.05

X 1057-1413.4T

Zone V (1,410°-1,480° K.)
AC,=—1,02X10737T+2.10X 1057

AHT— —3,300—0.51X107372—2.10X 105!
AFr=—3,300+0.51X1037T2—1.05X 10°T1—0.65T

T,° K Hr—Hass Sr AHp AFT
23.7 -3, 600 —3, 500
30. 75 —3,450 —3, 450
36.48 —3, 300 —3, 450
41.37 —3, 500 -3, 600
45. 66 -3,150 —3, 600
49. 48 -3, —3, 600
52.95 —3,300 —3, 600
56.14 -3, 450 -3, 600
59.07 —5,200 —3, 600
61.8 —5,300 —3, 400
64.36 -5, -3,250
69. 86 —3,150 —3,200
72.48 —4, —3, 200

Tetramanganese Nitride, Mn,N (c)

AH3p=
Zone I (¢) (298°-800° K.)

C,=21.15430.50X10-3T (82)
HT-—Hzgs——7 661+21.15T+15.25X10737%

Formation: 4Mn+41/2N,———>Mn,N

—30,300 calories per mole (97)
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T,° K. Hr—Hags Sr=Sxs AHp
.............. —30, 300
3,250 9.36 —30,150
6, 720 17.10 —29, 800
10, 520 24.02 -—29, 700
14, 640 30.35 —28, 700
19, 000 36.17 —27,950

Pentamanganese Dinitride, Mn;N, (c)

AH3s= —48,200 calories per mole (97)
Szgs=47.3 eu. (9)

Zone I (c) (298°-800° K.)

C,=30.55+4-38.40 X 1073T (82)
Hzgs— —10,800+30.55T+19.20X 10372

Formatlon : 5Mn+N,———Mn;N,

Zone I (298°-800° K.)

AC,=—4.61+20.48X103T+1.85X 10572
AH[—- —56,800—4.617+10.24 X 1073 T2—1.85X 10571
AFp= —56 800+4.617TInT—10.24X10-372—0.92

X 105T-1+10.67T

T,°K Hr—Hoxs Sr AH7 AF7
47.3 —48, 200 —37,350
60. 2 —47, 900 —33, 700
70. 81 —47, 300 —30, 200
80. 32 —46, 900 —27, 250
88.91 —45, 500 —23, 650
97.65 | —44,100 —20,
O Wi T
Mn3zN|
-25F Mngh —=Mnl
MngN = g 2
Mn:N:'/ o | 48—
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. o B _4—
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Ficure 32.—Manganese.
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Trimanganese Dinitride, Mn;N; (c)

AH3gs= — 45,800 calories per mole (9)
Szgs=32.7 eu. (9)
Zone I (c) (298°-800° K.)

C,=22.32122.40X1073T (82)
HT‘_HZQS— —7,650+22.32T7+11.20 X 10737*

Formation: 3Mn+ N, —Mn;N,

Zone I (298°-800° K.)

AC,=—1.44+11.24X103T+1.11 X 10572
AHT— —45,500+1.44T+5.62X 107372 —1.11 X 107!

AF p=—45, 500+1 44TlnT—5.62X 10-372—0.55
X 105T"+28 86T
T,° K. ‘ Hr—Hags Sr 1 AH7 | AF?
_______________________________ 32.7 —45,800 —35,150
3,070 41. 55 —45, 500 -31,
, 300 48.75 | —45,050 —28, 050
9, 750 55.03 | —44,800 —24, 950
13, 470 60.76 | —43, 900 —21, 500
17, 350 65.94 | —43,200 —18, 300

MERCURY AND ITS COMPOUNDS
Element, Hg ()

Szgs= 1819 e.Uu. (130)
M.P.=234.29° K. (130)
AH =549 calories per atom
B.P.=629.88° K. (130)
AHy=14,137 calories per atom

Zone I (I) (298°-630° K.)

C,=6.61 (82)
HT—Hm—— —1,971+6.61T
Fr— Hyp= -1, ,971—6.61TinT+26.08T

Zone II (g) (630°-3,000° K.)

C,=4.969 (82)
HT—H298—13 055+4.969T
FT—H293= 13 055—4. 969TlnT 8.21T

T,° K. Hr—Haus Sr _ (Fr—Hw)
T
18.19 18.19
20.13 18.45
21. 61 18.94
22.81 19.48
45.73 22.10
46.39 25.10
46.97 27. 50
47.50 29. 47
47.97 31.13
48.41 32. 56
48.81 34.57
49.18 35.19
49. 52 35.85
49.84 36.71
50.14 37.49
50. 43 38.21
50. 70 38. 86
50. 95 39.45

Dimercury Oxide, Hg:O (c)

AHjs= —21,800 calories per mole (112)
Sas=(31.4) e.u. (24)
Formation: 2Hg+1/20; Hg,0
(estimated (24))
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T,°K Hr—Hsgp AHS AF%
- —21,800 (—13,000)
(2,000  (—21,500)|  (—10,000)
(3,700)|  (—21,500) (—17,000)
, 900) 2—21, 000) (—4, 000
(7,350) —49, 000) , 000)
(9.750) (—48, 000) (9, 000)
(11,650)|  (—47,500) , 000
(13, 550) (—47, 000) 23, 000)
Mercury Oxide, HgO (c)
AHjs=—21,680 calories per mole (112)
Szgs"—— 172 e.u. (112)
Formation: Hg+1/20, —HgO
(estimated (24))
T,° K Hr—Hag AH% AF%
______________ —21, 680 —14,000
1,150y  (—21,550)(  (—11,350)
(2,380)|  (—21,350) (—8,850)
(3,660)|  (—21,100) (—$6, 350)
(4,870)|  (—34,850) (—2, 400
(6, 250)|, 5—34, 350) (42, 250
(7, 700) —33,800) (46, 800
(9, 200) (—33, 200) (11, 250)
(10,700)|  (—32,600)| (415, 650)
(12,300)|  (—31,900)| (420, 050)
(14,080)|  (—31,150)|  (4-24,350)
(15,680)|  (—30,350)| (428 600)
(17,490)|  (—29,550)| (432, 750)
Mercury Fluoride, HgF (c)
AHsps= — 46,000 calories per mole (1)
Szgs= 22 e.u. (11)
M.P.=843° K. (6)
Decomposes to Hg+HgF; (6)
Formation: Hg+ 1/2Fy——HgF
(estimated (11))
T,°K Hr—Hs ‘ '

- S R ‘ '

500 - - e (3, 000) ( —45, 000)' (= 35 000)
Mercury Difluoride, HgF, (c)
AH3i=—95,000 calories per mole (11)

Szgg= (28) e.u. (11)
M.P.=918° K. (6)
AH = (5,500) calories per mole
B.P.=920° K. (6)

AHy=(22,000) calories per mole
Formation: Hg+F —HgF,
(estimated (11))

T,° K 4 Hr—Hus XHS l AF%
208 . ‘ .............. ‘ —95,0 (—83, 000)
8600_ T (4,000  (—94, 000) (75, 000)

647940 0—63——6

Mercury Chloride, HgCl (c)

AHsg= —31,600 calories per mole (11)
5293223.5 e.Uu. (83)
M.P.=816° K. (6)
Decomposes to Hg+HgCl,
Zone I (¢) (298°-800° K.)
C,=11.054+3.70X 10737 (82)
Hp— Hypy=—3,457+11.05T41.85X 107372
Formation: Hg+1/2Cl,———HgCl
Zone I (298°-630° K.)

AC,=+40.0343.67X103T+0.34 X 10572

AHT— —31,6504-0.037+1.83 X 10-3T2—

AFT——31 650—0.03TInT—1.83X10-372—0.17
X105T'1+22.44T

Zone IT (630°-800° K.)
AC,=1.67+3.67X10-3T+0.34X 10572
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0.34X 10571

AHT— —46,67041.677+1.83X10372—0.34 X 10571

AF p= —46 670—1.67TinT—1.83X1073T2—0.17
X 108T-14-56.73T

T,°K Hr—Hags St AH% AF%
23.5 —31,600 —25,250
27.13 —31,350 —22,950
29.97 —31, 250 —21,000
32.36 —31,00 —19,009
34.43 —45, 650 —16, 550
36.27 —44, 200 —11, 360

Mercury Dichloride, HgCl; (c)

AHsg=— 53,400 calories per mole (11)
Sois=234.5 e.u (83)
M.P.=550° K. (8)
AH 3 =4,150 calories per mole
B.P.=557° K. (6)
AHy=14,080 calories per mole
Zone I (¢) (298°-550° K.)
C,=15.28410.4X1073T (110)
Hr— Hm-— —5,015+15.28 T+ 5.2X 1073T*
Zone II (g) (557°-1,000° K.)

C,=14.66+0.26 X10°T—0.75X 10572 (110)
H1—Hm$ 15, 220+ 14.667+0.13X10737%+40.75
X10

Formation: Hg+Cl,—————HgCl,
Zone I (298°-550° K.)
AC,=—0.15+10.34X103T+0.68X 10572

HT— —53,600—0.15T+5.17 X 103T2—0.68 X 10571

AFp=—353, 1600+ 0.15TInT—5.17 X 10-3T2—0.34
X 1057-1+38.70T

Zomne II (557°-630° K.)
AC,=—0.77+0.2X10-37—0.07 X 10572

AHT— —33,335—0.77T+0.10X 103724 0.07 X 10571

AF = —33, 335-I—0 77TinT—0.10X 107312+ 0.035
X 105T-1—4.88T

Zone ITI (630°-1,000° K.) .
AC,=+0.8740.20X10~3T—0.07 X 10572

AHT— —48,350+0.8774-0.10X 1073724+0.07 X 105T!

AFp= —48 350—0.87TinT—0.10X 1073724-0.035
><105T‘1+29 45T
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T,° K Hr—Haxg Sr AH% AF%
____________ 34.5 —53,400 —42,370
1,825 40.05 | —53,100 —38,700
3,825 44.51 | —52,600 —35,200
24, 190 81.41 | —33,750 —33,350
25, 650 83.67 |  —47,500 —31,650
27,125 85.64 | —47,600 —29, 500
28, 600 87.37 |  —47,500 —27,350
30,085 88.94 |  —47,400 —25,
Mercury Bromide, HgBr (c)
AH3gs= — 24,470 calories per mole (83)
S2gs=26.7 e.u. (83)
M.P.=680° K. (6)
Decomposes to Hg+-HgBr,
(estimated (11))
T,°K Hr—Hjp AHS ’ AFG
298 oo —24,470 —21,200
500 CCTTTITTIITIII (3,000)| (—27,450)]  (—16,600)
Mercury Dibromide, HgBr, (c)
AH3g=— 40,500 calories per mole (106)
S-_>95= 38.9 e.u. (80)
M.P.=514° K. (6)
AH»=3,960 calories per mole
B.P.=592° K. ()
AHy=14,080 calories per mole
Formation: Hg+Br, ———>HgBr,
(estimated (11))
T,°K Hr—Hog AH% AF$%
208 —40, 500 —35,900
500 . (4, 000) (—47,350) (=34, 000)

Mercury Iodide, Hgl (c)

AH3g= —14,455 calories per mole (112)
Sais=28.6 e.u. (112)

M.P.=563° K. (6)

Decomposes to Hg+ Hgl,

Zone I (¢) (298°-563° K.)
C;,=11.404-4.61X10-3T (110)
Hr— Hapg= —3,600+11.407+2.30X 1037
Formation: Hg-+1/21,— ——Hgl
Zone I (298°-386.8° K.)

AC,=—1.34X10-3T
AHr=—14,400—0.67X 1037
AFp=—14,40040.67X 10-3T2+8.14T

Zone IT (386.8°-456° K.)

AC,=—481+4.61X103T
AHr=—14,910—4.81T+2.30 X 10-372
AFr=—14,9104+4.81TInT—2.30X 10-3T2—23.16T

Zome 111 (456°-563° K.)

AC,=0.354+4.61X10-3T
AH7=—22,2004+0.357+2.30X 10372 .
AF p=—22,200—0.35TInT—2.30 X 10~ T2+ 13.52T

Sr I AH7 AFZ
28.6 —14, 450 —11,900
32.42 | —16,450 —13,000
35.43 | —21,450 —17,100

Mercury Diiodide, Hgl, (c)

A Hsg= — 25,200 calories per mole (112)
S2s=40.8 e.u. (83)

T.P.=403° K. (82)

AH =650 calories per mole

M.P.=523° K. (82)

AHy=4,500 calories per mole

B.P.=627° K. (82)

AHy=14,263 calories per mole

Zone I (o) (298°-403° K.)

C,=18.50 (82)
Hrp— Hyp=—5,516+18.50T

Zone II (8) (403°-523° K.)

C,=20.20 (82)
Hr— H3=5,550+20.20T

Zone IIT (1) (523°-627° K.)

C,=25.0 (82)
Hr— Hy3=3,560+25.0T

Zone IV (g) (627°-1,000° K.)

C,=14.90—0.27X105T2 (82)
Hr— Hyps=+16,993414.907+0.27 X 1057t

Formation: Hg+I,———Hgl,

Zone I (298°-386° K.)

AC,=2.30—11.90X103T
AHp=—25,357+2.30T—5.95X 1073 7"
AFp=—25357—2.30TInT+5.95X 1073 T2+ 17.14T

Zone 1T (386.1°—403° K.)

AC,=—17.31
AHp=—26,300—7.31T
AFp=—26,300+7.31TInT—35.41T

Zone IIT (456°-523° K.)

AC,=4.7
AHr=—41,00044.7T
AFp=—41,000—4.7TinT+70.22T

Zone IV (523°-627° K.)

AC,=9.5
AH7p=—39.0154+9.5T
AF r=—39,015—9.5TIinT+96.45T

Zone V (630°-1,000° K.)

AC,=1.04—0.27X 10572
AH7r=—33,50041.047+0.27 X 105T!
AFp=—33,500—1.04TInT+0.135X 10571+ 32.88 T

T,°K Hr—Haxs Sr AH®T AFT

40.8 —25,200 —23,600

46.28 | —29,200 —22,950

52.35 | —38,650 —20, 500

65.3 —33,300 —17,600

90.78 | —32,700 —15,200

92.76 |  —32,600 —12,750

I _ 5 94. 50 —32, 500 —10, 250
1,000 - 31,920 96. 08 —32,400 —7,800
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Figure 33.—Mercury.

MOLYBDENUM AND ITS COMPOUNDS
Element, Mo (c)

S205=6.83 e.u. (83)
M.P.=2,883° K. (112)

Zone I (¢) (298°-1,800° K.)
C,=5.484-1.30X103T

Hr— Hap=—1,690+5.48T+0.65X 1037?
Fr— Hype=—1,690—5.48TinT—0.65 X 10-37T2+4-30.24T

Hr—Hag Sr - —(—F—ﬂm)

Molybdenum Dioxide, MoQO, (c)

AH3y=(—131,000) calories per mole (8)
S20s=11.06 e.u. (24)
M.P.=>2,500° K. (42)

Formation: Mo+ O,———Mo0O,
(estimated (24))

T,°K Hr—Hxgs AH7 AFp
(—131,000) (—118, 300)
(~130,500)|  (—115,000)
—130, 500) (—111, 500)
(—130,500)|  (—108, 000)
(—130,000)|  (—104, 500)
(—130, 000) (—101, 000)
(—130, 000) (—97, 500)
(—129, 500) (—94, 000)
(—129, 500) (—91, 000)
1,200 (—129,500)|  (—87,500)
1,300 ,000)|  (—129,000)|  (—84,000)
1,400 ,800)|  (—129,000)|  (—80, 500)
1,500 (29,500)| (—129,000)|  (—77,000)
1,600 (32,500)| (—128,500)|  (—73,500)
1,700__ (35,300)| (—128,500)|  (—70,000)
1,800 (38,100)| (—128,500)|  (—67,000)
1,900 (41,200)|  (—128,000) (—63, 500)
2,000 (44,400)| (—128,000)|  (—60,000)

Molybdenum Trioxide, MoO; (c)

AH3s= —180,330 calories per mole (112)
S2s=18.68 e.u. (112)

M.P.=1,068° K. (112)

AH=12,540 calories per mole

B.P.=1,428° K. (112)

AHy=33,000 calories per mole

Zone I (c) (298°-1,068° K.)
C,=20.074+5.90 X 103 T—3.68X 10572 (23)

Hrp— Hags=—"7,480+20.07T+2.95X 10372+ 3.68
X 10571

Formation: Mo+3/20,— —MoO;

Zone I (298°-1,068° K.)

AC,=3.8543.10X 103 T—3.08 X 10572

AHr=—182,600+3.85T+41.55X 107372+-3.08 X 10571

AFr=—182,600—3.85TInT—1.55X 1073 T2+ 1.54
X105T-1+89.7T

o

Hr—Has Sr AHrp AFp

—180, 330
—180, 050
—179, 700
—179, 200

(90,800) |- 2211 | (—122,600)| (—90,000)
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Molybdenum Hexafluoride, MoF; ([)

AHjgs= —405,000 calories per mole (112)
Sas=(77) e.u. (42)

M.P.=290° K. (6)

AH=2,500 calories per mole

B.P.=309° K. (6)

AHy=6,000 calories per mole

Formation: Mo+ 3F,—————MoF,
(estimated (42))

T,° K. AFp

(—383,000)
(—368, 000)
(—332, 000)
(—297,000)
(—264, 000)

Molybdenum Dichloride, MoCl; (c)

AH3y=(—44,000) calories per mole (12)
8293:—' (29) eu. (12)

M.P.=1,000° K. (12)

AH=16,000 calories per mole

B.P.=1,700° K. (12)

AHy=236,000 calories per mole

Formation: Mo+ Cly————MoCl,
(estimated (12))

AH7 AF7

(—44,000)|  (—35,000)
(—43,000)|  (—29,000)
(—39,000)  (—16,000)
(—28, 000) (—8,000)

Molybdenum Trichloride, MoCl; (c)

AH3p=(—65,000) calories per mole (12)
Sogs=137.8 e.u. (12)
S.P.=1,300° K. (12)
AH u5:=>52,000 calories per mole

Formation: Mo+ 3/2Cl,———MoCl,
(estimated (12))

T,°K Hr—Hys AH7 l AF7
208..._ 2—65,000) (—50, 000)
800 e 5,000) —64, 000) (—40, 000)
1,000 o (20, 000) (—58,000) (—20, 000)
1,600 oo (83, 500) (—5, 000) (—6, 000)

Molybdenum Tetrachloride, MoCl, (c)

AH3i= (—79,000) calories per mole (112)
Sags=47.4 e.u. (12)
S.P.=595° K. (12)
AH ,5=25,000 calories per mole

Formation: Mo -+2Cl,————MoCl,
(estimated (12))

T,°K Hr—Hag AH; l AFg
....................................... (—"79, 000) (—60, 000)
(6, 600) (—177,000) (—47,000)
(44, 500) (—51, 000) (—36, 000)
(56, 700) (—51, 000) (—28,000)

Molybdenum Pentachloride, MoCl; (c)

AH3s=(—90,800) calories per mole (112)
Sogs=(65) e.u. (94)

M.P.=467° K. (6)

AH = (8,000) calories per mole

B.P.=540° K. (6)

AHy=(12,000) calories per mole

Formation: Mo+5/2Cl,————>MoCl;
(estimated (11))

T,°K Hr—Hxg AH7 AF7
298 (—90, 800) (—68, 500)
(—84, 000) — 56, 000)
(—175, 000) —31,000)
(—175,000) —10, 000)

Molybdenum Hexachloride, MoCl; (c)

AHses=(—90,000) calories per mole (112)
B Saes="72.3 e.u. (11)
S.P.=630° K. (6)
AH gu5:=(19,000) calories per mole

Formation: Mo-+3Cl,————MoCl,
(estimated (11))

T,°K Hr—Hys AH1°- AF;
.............. (—90, 000) (—62,000)
(9, 300) (—87,000) —43, 000)
45, 600 (—67,000) (—13,000)
(62, 100) (—67, 000) (+14,000)

Molybdenum Dibromide, MoBr; (c)

AH3s= (—28,500) calories per mole (12)
Sogs=34.5 e.u. (12)

M.P.=(1,000°) K. (12)

AH = (6,000) calories per mole

B.P.=(1,500°) K. (12)

AHy=(31,000) calories per mole

Formation: Mo-+Br,—————MoBr,
(estimated (12))

T,°K Hr—Has AH; ‘ AF;’-
(—28, 500) (—26, 000)
(—35,000) (—21, 000)
(—30, 000) (—8,000)
(—19,000) §+ 1, 000)
(+12, 000) -4, 000)
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Molybdenum Tribromide, MoBr; (c)

AHsgs=(—40,000) calories per mole (12)
Szgg=43.8 e.Uu. (12)
S.P.—=(1,250°) K. (12)
AH su31=(50,000) calories per mole
Formation: Mo+ 3/2Br,———>MoBr;
(estimated (12))

T,°K ‘ Hr—Hus AH7 AFg
208 | (—40,000)|  (=35,000)
500 .- (5,000)]  (—50,000)|  (—25,500)
1,000 - E ,000)|  (—46,000) (—3,000)
1,500 oo 81, 000) (46, 000) (47, 000)

Molybdenum Tetrabromide, MoBr; (c)

AH3s=(—45,300) calories per mole (12)
Szgg=(59) eu. (12)
S.P.—620° K. (12)
AH,,51=(26,000) calories per mole

Formation: Mo+2Br,———MoBr,
(estimated (12))
T,° K. Hr—Hjp AH; AF;
| (—45,300|  (—39, 500)
(7,300) (—58, 400) (—28, 000)
(46,300)|  (—31,500)| (=17, 000)
(58,800)|  (—31,500) (—4, 000)

Molybdenum Pentabromide, MoBr; (c)

AHzgs—( 50,000) calories per mole (12)
Sos=(77) e.u. (12)

M.P.=<500° K. (12)

AH = (8,000) calories per mole

B.P.=(600°) K. (12)

AHy=(14,000) calories per mole

Formation: Mo+5/2Br,————>MoBr;
(estimated (12))
T,° K. Hr—Hyp AH; AF;

(—>50,000) (—43,000)
(—61, 400) (—31,000)
(44, 000) (—45, 500) (=12, 000)
(59, 000) (—45, 500) (44, 000)

Molybdenum Diiodide, Mol, (c))

Asts—( 12,000) calories per mole (112)
Sa0s=(36) e.u. (12)

M.P.=(1,000°) K. (12)

AHy= (6,000) calories per mole

B.P.=(1,200°) K. (12)

AHy=(25,000) calories per mole

Formation: Mo+I,——Mol,
(estimated (12))

T,°K Hr—Hogs AHp AF7
.............. (—12,000) (—12, 500)
(4,000) (—26,000) (—11,000)
(16, 500) (—21, 500) (+3, 000)
(57, 500) (412, 000) (46, 000)

Molybdenum Triiodide, Mol; (c)

AH3e=(—15,000) calories per mole (112)
Sags= (48) e.u. (12)
S.P.=(1,200°) K. (12)
AH,,51=(48,000) calories per mole

Formation: Mo-+3/2l,—————Mol;
(estimated (12))
T,°K Hr—Hags AHp AF7
998 - | (-15,0000|  (—15,000
500 ...l G,000|  (—36,0000]  (—11,000)
1,000 - IIIIIIIIIIITE (19,000)|  (~32,000)|  (+12,000)
1,500_ .o (67,0000  (+18,000)| (421,000

Molybdenum Tetraiodide, Mol, (c)

AHsee=(—18,000) calories per mole (112)
Sgga=(64) e.u. (12)
S.P.=695° K. (12)
AH,u5:=(29,000) calories per mole

Formation: Mo+2I,————Mol,
(estimated (12))

T,°K Hr~Has AHp AFZ
O R (18,0000  (—18,500)
500 ...l 6,000 (—46,000)|  (—15,000)
1,000 - IIIIIIIIIIT (50,000|  (—15000)|  (+4;000)
1,500, LI (60,000 (=15,000)|  (+13,000)

Molybdenum Pentaiodide, Mol; (c)

AHses= (—18,000) calories per mole (112)
Szgs=81.5 eu. (12)
S.P.=650° K. (12)
AH 1= (26,000) -calories per mole
Formation: Mo-+5/2l,——>Mol;
(estimated (12))

T,°K Hr—Hjps AH; AF;
.............. (—18,000) (—19, 500)
(8,000) (—52,000)| ~ (—15,000)
(51, 000) (—24,000) (410, 000)
(62, 000) (—24,000) (425, 000)

Dimolybdenum Carbide, Mo,C (c)

AH3s=4,200 calories per mole (9)
Szgs= 19.1 e.w (9)
M.P.=2,965° K. (9)

Formation: 2Mo+C———Mo.C
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F1cure 34.—Molybdenum (a). Ficure 36.—Molybdenum (c).
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NEODYMIUM AND ITS COMPOUNDS Formation: Nd +3/2F;,————NdF;
(estimated (11))
Element, Nd (c)
Sggg—_— 17.54 e.u. (121) T,° K. ‘ Hr—Hjs AH; AF;'

MHP.= 1,297 11< (125)

AHy=2,600 calories per atom g9 | —385, 000 —366, 000
BP=3450° K. (125) el G RO (i
AHy=69,000 calories per atom VT R0 (im0 (206 500)

Zone I (c) (298°-900° K.)

C,=5.61+5.34X 10T (82) . . .
Hp— Hyp— — 1,010+ 5.61 T+2.67 X 10-37T2 Neodymium Trichloride, NdCl; (c)
— —_—— — — —372
Fr— Hyg=—1,910—5.51TIn T—2.67 X 10-*T?+21.61T AHsag— — 245,600 oalories per molo (128)

S293=34.6 e.u. (128)
T,°K Hr—Hys Sr _ (Fr—Hx) M.P.=1,031° K. (29)
T AH = (8,000) calories per mole
B.P.=(1,940°) K. (6)
i;gg AHy=(46,000) calories per mole
1.5 Formation: Nd+3/2Cl,————NdCl;
19.70 (estimated (11))
20. 40
21.07
(21.83) o o
Eg g% T,° K. Hr—Hxng AH7 ‘ AFr
82 ggg 930
(24. 90) Chz | (Cor a0
82 33 (—241.100)|  (—192, 600)
&0 (—232,000)|  (—173, 600)
(27.03)
(@7. 48)
Neodymium Tribromide, NdBr; (c)
DlneOdelum Trioxide, Nd,O, (c) AH3g= (— 187,000) calories per mole (6)
AHj=—432,150 calories per mole (61) MS;?:%Q: eKu ((2191))
Sys= (41.6) e.u. (24) AH 3= (8,000) calories per mole
Zone I (¢) (298°-1,175° K.) B.P.=(1,810°) K. (6)
AHy=(45,000) calories per mole
C,=28.99+5.76 X 103T— 4.159 X 10572 (3) . T
Hy— Hy=— 10,290+ 28.99 T+ 2.88 X 10-3T%+4.159 Formation: Nd+3/2Br,————NdBr,
X 10571 (estimated (11))
Formation: 2Nd+3/20, ————Nd,0;
ZoneI (298°-900° K.) T, K. ‘ Hr-Hw | AH3 ’ A}
Ag,,=7.(313 —6.42X10-37T—3.559 X 10572
—_ 037—3. 3 —187,000|  (—180,600
AHry Xl?)?é‘l—510+7 037—3.21X10-37T2+43.559 (5’%) g_}gg %§ §:}12%§
AF 7= "1435150—7.03 Tln T+3.21X 10-3T2+1.78 (5000} (i 00| iz a0
X1057T-14-115.1T
T,° K. Hr—Hw | Sr AHR AF; Neodymium Triiodide, NdI; (c)
I (41.6)| —432, _ AHse= — 158,000 calories per mole (5)
5100 | G8®)| ia 000 | (408000 Sy = (49) e.u. (11)
TE rEown K o
12, 350 (66.0)| 431,550 | (285,100 M.P.=1,048° K. (29)
15, 600 (70.4)|  —431,000 | (—378, 600) AH = (8,000) calories per mole
189 TRl L 000 | (872 100) B.P.=(1,640°) K. (6)
25, 750 (81.0) 22431: 000; 22223; %3 AHy=(41,000) calories per mole
2,300 (84.3) (—436,900)| (—352, 250) Formation: Nd—+3/2,————NdI;

(estimated (1))

Neodymium Trifluoride, NdF; (c)

AHj=(—385,000) calories per mole (5)
S298= (24) e.Uu. (11)

—156, 000
UP Lo k. () H?‘i %i
M= calories per mole 100’
B.P.—(2,600°) K. (6) (=100, 000)

AHy=(62,000) calories per mole
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Fictre 37.—Neodymium.

NICKEL AND ITS COMPOUNDS
Element, Ni (c)

829327.12 eu. (83)
T.P.=633° K. (82)
AHr=0 calories per atom
M.P.=1,725° K. (82)
AH y=4,210 calories per atom
B.P.=3,073° K. (112)
AHy=91,000 calories per atom

Zone 1 (a) (298°-633° K.)

Cp,=4.06+7.04X1073T (82)
Hp— Hys=—1,525+4.06T+3.52X 1037
Fp—Hys=—1,525—4.06TInT—3.52X 107372 +22.16 T

Zone IT (B8) (633°-1,725° K.)

C,=6.00+1.80X 10T (82)
Hrp— Hy=—1,700+6.007+0.90 X 1037
Fr— Hy=—1,700—6.00Tin T—0.90 X 103T2+33.3T

Zone TTT (1) (1,725°-1,900° K.)
C,=9.20 (82)

HT_Hzggz —330+920T
Fp— Hyg=—330—9.20TInT+54.85T

T,° K. Hr—Has Sr _(Fr—H)
T

.............. 7.12 7.12
665 9.03 7.37

1,380 10. 63 7.87

2,180 12.08 8.44

2,940 13.26 9.06

3,690 14. 26 9.65

4,445 15.15 10.21

5,210 15. 96 10.75

5,985 16.70 11.26

6, 780 17.39 11.74

7, 600 18.056 12.20

8,450 18. 68 12. 64

9,320 19. 28 13.07

10, 210 19.85 13.47

11,110 20. 40 13.86

16, 230 23.35 14.33

17, 150 23. 85 14.82
(18, 070) (24.32) (15. 30)

Nickel Oxide, NiO (c)

AH3s= — 57,300 calories per mole (4)
Szgg=9.08 e.Uu. (88)

T.P.=525° K. (82)

AH7=0 calories per mole

T.P.=565° K. (82)

AH7p=0 calories per mole

M.P.=2,233° K. (42)

Zone I («) (298°-525° K.)

C,o=—4.99+37.58 X 1073T+3.89X 10572 (82)
Hrp— Hyge=+1,122—4,99T+18.79X 10372 —3.89
X 10571

Zone 11 (B) (525°-565° K.)

C,=13.88 (82)
Hp— Hys= —4,347+13.88T

Zone 111 (y) (565°-1,800° K.)

C,=11.184+2.02X 10737 (82)
Hp— Hyg= —3,140+11.18 T+ 1.01 X 10-3T*

Formation: Ni+1/20,—————— NiO

Zone T (298°-525° K.)

AC,=—12.63430.04 X 10-3T+4.09 X 10572

AHp=—53,500—12.63 T+ 15.02X 10~3T2—4.09
X 10371

AFp=—53,500+12.63Tin T—15.02X 103T?
—2.04X105T-1—55.39T

Zone 11 (525°-565° K.)

AC,=6.24—7.54X1073T+0.20X 10572

AHp=—58,970+6.24T—38.77X103T2—0.20 X 105!

AFp=—58,970—6.24Tln T+3.77X10737?—0.10
X10°T-1+63.65T

Zone III (565°-633° K.)

AC,=3.54—5.52X10-3T+0.20X 10° T2
AHp= —57,808+3.54T—2.76 X 10-372—0.20 X 10° 7!
AFp=—57,808—3.54Tin T+2.76 X 10372 —0.10

X 1057-14-43.98T
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Zone 1V (633°-1,725° K.)

AC,=1.6—0.28X103T+0.20< 10572

AH7r=—57,6004+1.67—0.14X107372—0.20X 10571

AF ¢=—57,600—1.6TinT+0.14X10~372—0.10
X103T-14-32.82T

T,°K Hr— Hayg Sr AH% AFp
9.08 —57,300 —
12.43 —57,150 —48, 300
15.47 —56, 850 —46, 100
18.05 — 56, 650 —44, 000
20.02 —56, 500 —41, 900
21.73 —56, 400 —39, 800
23.24 — 56, 250 —37,750
24. 60 —56, 150 —35, 700
25.84 —56, 000 —33, 600
26.97 —55, 900 —31, 600
28.08 —>55, 800 —29, 550
29.11 —55, 650 —27, 550
30. 08 —55, 600 —25, 550
31.01 —55, 450 —23, 500
31.90 —55,300 —21, 550
32.76 —59, 400 —19, 550

Nickel Difluoride, NiF, (c)

AH3g=—158,000 calories per mole (11)
Szgs=17.69 eUu. (18)

M.P.=(1,300°) K. (6)

AH = (8,000) calories per mole

B.P.=(1,900°) K. (6)

AHy=(48,000) calories per mole

Formation: Ni+F,————NiF,
(estimated (11))

T,° K. Hr—Hjg AH; AF;

.............. —158, 000 —146, 700
(4,000) (—156,900)|  (—140,000)
(13, 000) (—156,000) (—124, 000)
(34, 000) (—143, 600) (—108, 500)

Nickel Dichloride, NiCl; (c)

AH$g= —"73,000 calories per mole (11)
Szgg=23.3 e.Uu. (16)

M.P.=1,303° K. (25)

AH=18,470 calories per mole

Zone I (¢) (298°-1,303° K.)

C,=17.504-3.16 X 103 T— 1,19 X 10572 (25)
Hrp— Hyy=—5,750+17.50T+1.58 X 10-3T2+1.19
X107

Formation: Ni+Cl,————NiCl,

Zone 1 (298°-633° K.)

AC,=4.62—3.94X 103T—0.51 X 105T-?

AH7r=—74,375+4.62T—1.97X 10-3T2+0.51 X 10571

AFr=—74,375—4.62TIn T+ 1.97X 10-3T2+0.25
X105T-1+67.13T

Zone IT (633°-1,303° K.)’

AC,=2.6841.30X10-37—0.51 X 10572

AHr=—74,200+2.68T+0.65X 10-3T240.51 X 10571

AFp=—174,200—2.68 Tln T—0.65X 10-3T2+0.25
X105T-1+56.05T

AND FREE-ENERGY DATA

T,°K Hr—Hags Sr AH7p AF7
23.3 | —73,000| —61,900
2846 | —72,700 | —58,100
32.61 | —72,400 |  —54,500
36.06 | —72,150 |  —51,000
39.02 | —71,900 | —47,500
4,60 | —71,600 |  —44,000
43,91 | —71,250 | —40,600
46,01 | —70,900 | —37,100
47.95 | —70,400 |  —33,800
49.80 | —70,100 | —30,600
51,59 | —69,450 |  —25,900
Nickel Dibromide, NiBr, (c)
AH3e=—51,700 calories per mole (11)
S293= (30) e.u. (11)
S.P.=(1,150°) K. (6)
AH 5= (36,000) calories per mole
Formation: Ni+Br,———NiBr,
(estimated (11))
T,° K. Hr—Hps AH7 AFp
—51,700 | (—47,000)
@000)| (58,6000  (—41,500)
(14,000)|  (—56,900)|  (—24,000)
(72, 000) (=7,500)|  (—17,000)
Nickel Diiodide, Nil; (c)
AH3s= —23,100 calories per mole (11)
S293= (34) eu. (11)
S.P.=(1,020°) K. (6)
AH 5 = (32,000) calories per mole
Formation: Ni+I,— —Nil,
(estimated (11))
T,°K i Hr—Hus AHp } AFp
D T —23,100 | (—23,000)
(4,0000|  (—37,000)|  (—20,500)
- : (14,000)|  (—35,300) (—2, 000)
1,500, LTI (68,000)| (410, 000) (44, 000)

Trinickel Carbide, Ni;C (c)

AH3=9,200 calories per mole (81)

S293= (23.8) e.u. (78)

Formation: 3Ni+C————Ni;C

(estimated (81))

AFp

(+8,900)
(4,800)
(3,700)

(2, 600)
(1, 500)
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Fiaure 38.—Nickel.

NITROGEN AND ITS COMPOUNDS
Element, N, (g)

Sgog=45.77 eu. (83)
M.P.=63.18° K. (112)
AHy=172 calories per atom
B.P.=77.36° K. (112)
AHy=1,335 calories per atom

Zone I (g) (298°-2,500° K.)

C,=6.664-1.02X 10727 (82)
Hr— Hys=—2,031+6.66T+0.51 X 10-37*
Fp— Hyp=—2,031—6.66TInT—0.51X10-372—0.87T

T,° K. Hr—Hags Sr _(FT_TH’“)
.............. 45.77 45.77
710 47.82 46.05
1,413 49. 39 46. 48
2,126 50. 69 47.19
2,854 51.81 47.70
3, 508 52.80 48.25
4,358 53.70 48. 86
5,132 54,51 49. 38
5,916 55. 25 49.87
6,723 55. 96 50. 31
7,500 56. 65 50. 72
8,288 57.26 51.25
9, 186 57.79 51. 60
9, 943 58. 26 52.08
10, 750 58. 76 52. 40
11, 620 59. 37 52.78
12,470 59. 77 53.14
13,433 60. 23 53. 51

Dinitrogen Oxide, N,O (g)

AH3=19,490 calories per mole (112)
Sggs= 52.8 e.u. (112)

M.P.=182.30° K. (112)

AHy=1,563 calories per mole

B.P.=184.68° K. (112)

AHvy=3,956 calories per mole

Zone I (g) (298°-2,000° K.)
C,=10.924+2.06 X 10-3T—2.04X 10572 (82)
Hr— Hyp=—4,032+10.927+41.03X10-37242.04
X107

Formation: N,+1/20,————>N,0

Zone I (298°-2,000° K.)

AC,=0.68+0.54X1037T—1.84 X 10572
AHT—IS 650+4-0.687+0.27 X 10372+ 1.84 X 10571
AF7=18,650—0.68 Tln T—0.27X 10-372+0.92X 10571

+23.2T
T,°K Hr—Hs Sr AH7 AFT
............ 52.8 +19, 500 24,700
990 55. 85 19,400 26,100
2,085 58. 02 19,400 28,250
3,175 60. 07 19,450 30,050
4,360 61.89 19, 500 31,800
5,585 63. 53 19, 600 33,550
6,855 65.02 19,700 35,300
8,145 66. 38 19,800 37,050
9,318 67.66 19, 900 38,700
10,815 68.88 20, 000 40, 450
12,062 69.87 20,100 42,150
13, 565 70. 92 20,300 43,900
14,801 71.82 20, 500 45,700
16,345 72.78 20, 600 47,200
17,629 73. 58 20, 700 48,800
19,170 74.45 20, 800 50, 450
20, 541 75.22 20, 900 52, 000
22,030 75.59 21,000 54, 500
Nitrogen Ozxide, NO (g)
AH3=21,600 calories per mole (112)
S293=50.34 eu. (83)
M.P.=109.5° K. (112)
AH ;=550 calories per mole
B.P.=121.4° K. (112
AHy=3,293 calories per mole
Zone 1 (g) (298°-2,500° K.)
C,="7.034+0.92X1037—0.14X 10572 (82)
Hr— Hm-— —2,18447.037+0.46X1078T2+0.14
X 06 T-1
Formation: -1/2N,+1/20,————NO

Zone I (298°-2,500° K.)

AC,=0.12—0.08 X 10-37+0.06 X 1057

AHT—21 590+0.127—0.04X107372—0.06 X 10571

AF7=21,590—0.12Tin T+ 0.04 X 10-372—0.03 X 10571
2T
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T,°K Hr—Hns Sr AH7 AFT
50.34 | 421,600 20, 700
52. 44 21, 600 20, 400
54.05 21, 600 20,100
55.40 21, 600 19, 800
56. 57 21, 600 19, 500
57.60 21, 600 19, 200
58.55 a1, 18,850
50.38 21, 600 18, 650
60.13 21, 600 18, 300
60. 84 21, 650 18, 050
61.5 21, 650 17,800
62.11 21, 650 17, 500
62.77 21, 650 17,100
63.24 21, 700 16, 900
63.75 21, 700 16, 550
64.26 21, 700 16, 250
64.73 21, 700 15,950
65.26 21, 700 15, 650
Dinitrogen Trioxide, N,O; (g)
AH3is=17,500 calories per mole (24)
Sys=(63.9) e.u. (24)
M.P.=162° K. (112)
B.P.=275° K. (112)
AHy=9,400 calories per mole
Formation: N2+3/202-‘—_'—>N203
(estimated (24))
T,°K Hr—Hag AH7 AF7
...... 17, 500 (33, 500)
(1,800) (17, 500) (39, 000)
(3, 600) (17, 500) (44, 000)

Nitrogen Dioxide, NO, (g)
AH3=8,091 calories per mole (112)
Szgs= 57.46 e.u. (83)
Zone I (g9) (298°-2,000° K.)

C,=10.264-2.04X10-3T—1.61 X 10572 (82)
Hr— Hyp=—3,690+10.26 T+1.02X 103724 1.61
X 10571

Formation: 1/2N;+0;,————NO,
Zone I (298°-2,000° K.)

AC,=—0.23—0.54 X 10-3T7—1.21 X 10572
AHp=7,780—0.23T—0.27 X 10-37241.21 X 105 7!
AF7r=17,7804-0.23T In T+0.27 X 107372+ 0.60X 10571

Dinitrogen Tetraoxide, N,O, (g)

AH3=2,309 calories per mole (112)
Szgg': 72.73 e.u. (112)

M.P.=261.96° K. (112)

AHy=3,502 calories per mole

B.P.=294° K. (112)

AHy=9,101 calories per mole

Zone I (g) (298°-1,000° K.)

C,=20.0549.50X 103T—3.56 X 10572 (82)
Hyz— Hyps=—17,594+20.05T+4.75X 10372+ 3.56
X101

Formation: N,+20,——N,0,
Zone I (298°-1,000° K.)

AC,=—0.93+6.48 X103T—2.76X 10572
AH7=1,372—0.93T+3.24 X 10-372+2.76 X 10571
AF7=1,3724-0.93T In T—3.24X 107372+ 1.38 X 10571

+68.31T
T,°K Hr—Hs Sr AH7 AFq
72.73 2,300 23, 500
78. 66 2,200 30,750
83.67 2,300 37,600
88.09 2, 500 44, 000
92.03 2,850 52,100
95. 61 3,100 59,050
98.85 3,450 66, 000
101.83 3, 900 73, 000

Nitrosyl Chloride, NOCI (g)

AH3=12,570 calories per mole (112)
Sps=63 e.u. (112)

M.P.=211.7° K. (119)

B.P.=267.4° K. (112)

AHy=6,000 calories per mole

Zone I (g) (298°-2,000° K.)

C,=10.73+1.84X 103T—1.66 X 10572 (82)
Hr— Hip=—3,838+10.73T40.92X 107372+ 1.66
X10571

Formation: 1/2N,+1/20,
+1/2Cl,——NOCI
Zone I (298°-2,000° K.)

AC,=—0.59+0.8110-3T—1.12X 1057

AH7=12,335—0.59T+0.40X 103724 1.12 X 107!

AF7=12,335+0.59 Tin T—0.40 X 10372+ 0.56
X105T1+7.96T

+13.41T
T,°K Hr—Has Sr AH7p AF;

57.46 8, 100 12, 400
60. 23 8,000 13, 900
62. 49 7,900 15,350
64. 46 7,800 16, 750
66. 2 7,750 18, 250
67.78 7,750 19, 750
69. 21 7,900 21, 350
70. 52 7,900 22, 850
71.65 7,900 24, 400
72.84 8,050 N
73.77 8,000 27,400
74.84 8,000 28, 700
75. 64 7,900 30, 300
76. 61 8,200 31,750
77.83 8,200 33, 300
78.19 8,300 34, 600
78. 88 8,300 36, 150

20, 990 79. 60 8,200 37,700

T,°K. Hr—Hys AH°T AF°T
12, 550 15,850
12, 450 17,050
12,350 18,
12,300 19, 350
12,300 20, 500
12,250 21,750
12,250 22,
12,300 24, 100
12,350 25,300
12,350 26, 350
12,350 27,700
12,400 28, 900
12, 400 30,000
12, 550 31,100
12, 600 32, 300
12, 600 33,350
12,700 34,600
12, 600 35, 600
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Ammonia, NH; (g) OXYGEN

AHs= —11,040 calories per mole (112) Element, O, (g)
Szga=45.96 e.u. (83)
M.P.=195.40° K. (112) S20s=49.01 e.u. (83)
AHy=1,350 calories per mole M.P.=54.36° K. (112)
B.P.=239.73° K. (112) AH =106 calories per atom
AHy=5,580 calories per mole B.P.=90.19° K. (112)
Zone I (g) (298°-2,000° K. AHy=1,630 calories per atom

Zone I (g) (298°-3,000° K.)

C,=7.1176.00X 1097 —0.37 X 10°T " (85) Cp=7.1641.00 X 10-3T—0.40 X 10:T (82)

HT—Hzgg— —2,510+7.11T+3.00X 10-3T2+0.37

10571 Hyp— Hys=—2,313+7.16 T+ 0.50X 10—3724-0.40
X 0 X 10371
Formation: 1/2N,;+3/2H,————NH, Fr— Hy=—2,313—7.16 Tin T—0,50X 10-372+0.20
. o . X105T-1—0.55T
Zone 1 (298°-2,000° K.) P
AC,=—6.0+4.32X 107 —0.55X 10572 LoK Hr—Hiss S e
AHp=—9,630—6.074+2.16 X 10-372+0.55X 10571
AFr=—9,630+6.0TInT—2.16 X1073724-0.27 49,01 49,01
X1087T-1—1493T7 4o TTTTTTTTTTTTTTTTTTTTTTTmTTTTTTTTT 723 gé ;3 zg gg
1,455 )
2,210 54,10 50,42
T,° K. Hr—Huys Sr AH°r AF°r 2 ggg gg g‘; g} g};
4,602 57.33 52.21
45.96 | —11,050 | —4,000 5430 5820 2.7
""""" 895 48,54 | —11,650 —1,600 6,208 59.01 53.27
1,845 50.66 | —12,000 +1,200 7,040 59.72 53.83
; : ' 7,873 60. 41 54.35
2,885 52.55 | —12,400 +3,700 7,878 g0.41 g
3,975 5493 | —12,800 +6,350 o6 e .78
5 145 55.79 | —12,950 s 10, 442 62.21 55. 68
6,380 57.28 | —13,150 12, 000 10,42 b2 5. 08
7,680 58.61 | —13,350 14,800 1.3 e.n s
F g8 HE 48 Gl e AR
11,830 62.28 | —13,700 23,200 14,155 64.22 b7.14
um 8% km| oAb
16, 565 6652 | —13,800 susn  PHOSPHORUS AND ITS COMPOUNDS
T e
21,848 68.58 | —13,200 0,050 i
23195 69.21 | —13,500 315 Element (White), P, (c)
Sogs=42.4 e.u. (83)
M.P.=317.4° K. (82)
) AH =601 calories per atom
70 B.P.=553° K. (112
AHy=11,880 calories per atom
Nz0 Zone I (c) (298°-317.4° K.)
2 60} C,=2250 (69
§ Hrp— Hag=— 6,709+ 22.5
' / o ANO Fy— Hag— — 6,709— 22.50 Tln T+ 108.28 T
< .50 Zone 1T (1) (317.4°-553° K.)
S / HC,,— 23.50 (82)23 sor
R NH Hr— Hyy=—6,435+
Z a0} ) A Fp— Ho— —6,435—23.50 Tin T+ 113.15T
E / Nop Zone 111 (g) (553°-1,500° K.)
= C,=18.93+0.86X 10 T—2.81X 10572 (82)
O +30f v HT—H298—7,343—|- 18.937+0.43 X 10372+ 2.81
e Nzo.,»k X 10571
'c"J_' N20 Fp— Hy=17,343—18.93TinT—0.43 X 107372+ 1.40
% polno Y1051+ 59.17T
g | wa j/\/\\ No T,°K. Fir—Hiss sv | -Cr-Hm
w NO, /
E o 2.4 42.4
5 5y &
T A ngl A
/ 87.21 58.32
NH3 89.48 61. 66
91. 52 64.5
o iE g
300 500 1000 . 1500 2000 32 ?g Zé gg
TEMPERATURE, " 36,790 99. 48 74.95

Ficure 39.—Nitrogen.
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Element (Red), P, (c)

Sops=21.84 e.u. (130)
S.P.=870° K. (112)
AH.u0:=17,350 calories per atom

Zone 1 (¢) (298°-870° K.)

C,=18.96+15.60X103T (82)
Hr— Hap=—6,348+418.96 T+ 7.80 X 103 7"
Fr— Hzps=—6,348—18.96 Tin T— 7.80 X 103 7"
+109.78T

Zone II (g) (870°-1,500° K.)
C,=18.934-0.86X103T—2.81 X 10572 (82)
Hr— Hypy= 2221%% ;18.93 T+0.43X 103724 2.81
1

Frp— Hz03=6,293—18.93 Tin T— 0.43 X 10372+ 1.40
X10°T-1+89.47T

Formation: P,+50,——P, Oy
Zone I (298°-317.4° K.)

AC,=—41.55+103.00%X 10-3T+2.0X 10572
AHp=—711,525—41.55T+51.5X 10~ T2— 2.0 X 10571
AFp=—711,525441.55TInT—51.5% 103 T2 — 1.0

X 105T-1—28.68T

Zone II (317.4°-553° K.)

AC,=—42.55+103.0X 10-3T+2.0X 1057
AHp=—711,720—42.55T+51.5X 10-3T2—2.0X 1057~
AFp=—711,720+42.55Tln T—51.5X 103 T2 — 1.0

X 1057-1—33.72T

Zone IIT (553°-631° K.)

AC,=—38.01+102.14X 107374 4.81 X 10572
AHp=—725,450—38.0T+51.07X 107372 —4.81

X 10571
AF p=—725,450438.0TIn T— 51.07 X 10372 —2.40

5 1
T,°K. Hr-Hw | s | _(Fr—Hm) X10°T741.05T
T Zone IV (631°-1,400° K.)
o184 o1 84 AC,=18.87—5.86X 10737+ 4.81X 10572
29.00 22.80 AHp=—"722,540+18.87T—2.93X107372—4.81
34,80 24,64 % 10571
g0.58 1 AF7="—722,540— 18.87Tin T+ 2.93 X 10-3T?—2.40
48.32 3112 X1057-14-347.93T
R .29 (estimated (24))
64.81 39.04
66.37 41,90
67.83 4371
69. 19 45.36 T,°K Hrp—Hs Sr AHZ AFp
""" 50| (an| rani | (oot s
Phosphorus OXIde, PO (g) 12, 080 (97.87)| —720,500 | (—609, 400)
wim| b mems) cume
AH3=—9,500 calories per mole (112) 23:300 (161.26)| —709.700 | (—543,700)
S2es=(53.6) e.u. (24) 59, 650 (169.91)| —708,400 | (—522,800)
. 67,050 | (177.71)| —707,100 | (—502;300)
Formation: 1/4P,+1/20, — PO 74,400 | (184.72)| —705,600 | (—481,500)
. 1,750 | (191.12)| —704,300 | (—461,300)
(estimated (24)) 89,100 |  (196.99)| —703,100 | (—440,900)
96,450 |  (202.44)| —702,000 | (—420,900)
T,°K Hry—Has AHp AF7
0500 | (-15.000 Phosphorus Trifluoride, PF; (¢)
(—10,000)|  (—17,000)
R oo I rah AHs= (—170,000) calories per mole (42)
(—13,500)|  (—21,000) Soe=064.1 c.u. (83)
(—13,500)|  (—22,000) M.P.=122° K. (112)
o B.P.—172° K. (112)
(—13,500)|  (—25,500) AHy=3,700 calories per mole
—14,000 (—26, 500)
g—ﬁgggi (27,20 Zone I (g) (298°-2,000° K.)
(—14,000)| (29, 500) C,=17.18+1.92X10-3T—3.88 X 10572 (82)

Tetraphosphorus Decaoxide, P,O,, (¢)

AH= —720,000 calories per mole (112)
Sogs=(67.4) e.u. (24)
S.P.=631° K. (82)
AH ,,5:=17,600 calories per mole

Zone I (c) (298°-631° K.)

C;,=16.754+108.0X103T (82)
Hr— Hype=—9,795+16.75T+ 54.0 X 1073 T

Zomne II (g) (631°-1,400° K.)

C,=73.60 (82)
Hyp— Hyg=—6,570+73.60T

Hp— Hpg=—6,509+17.18 T4 0.96 X 10~ T2+ 3.88
X 10571

Formation: 1/4P,43/2F,——

Zone T (298°-317.4° K.)

AC,=—0.8841.26X1073T—2.68 X 10572

AHp=—170,700—0.887+0.63 X 107372+ 2,68 X 1057

AF p=—170,7004-0.88TInT—0.63X 107372+ 1.34
X1037-14-15.33T

Zone II (317.4°-553° K.)

AC,=—1.1341.26X1073T—2.68X 10572

AHp=—170,770—1.13T+0.63 X 107372+ 2.68 X 105

AF7r=—170,77041.13TInT—0.63X 107372+ 1.34
X1037-14-14.13T

>PF3
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Zone III (553°-1,500° K.)

AC,=0.01+1.05X10-3T—1.98X 10572

AHp=—174,100+0.017+0.525X 10-372+41.98 X 10571

AFp=—174,100—0.01TInT—0.52X 10-3724-0.99
X103T14-27.5T

Sr AHp AFp
64.1 | (—170,000)| (—164,250)
68.33 | (—170,500)| (—162,200)
71.91 | (—170,600)| (—160,000)
75.03 | (—173,600)| (—157,600)
77.77 | (—173,600)| (—155,000)
80.2 | (—173,500)| (—152,400)
82.38 | (—173,500)( (—149,800)
84.37 | (—173,400)| (—147,100)
86.06 2—173, 500)| (—144,600)
87.84 | (—173,200)| (—141,900)
80.28 | (—173,200)| (—139,200)
90. 81 2—173, 000)| (—138,700)
92.11 | (—172,900)| (—134, 100)

Phosphorus Trichloride, PCl; (I)

AHj3=—176,900 calories per mole (11)
Soes=52.2 e.u. (11)

AF 3= —174,500 calories per mole

M.P.=182° K. (6)

B.P.=348° K. (6)

AHy=17,278 calories per atom

Phosphorus Pentachloride, PCI; (c)

AH$s=—106,500 calories per mole (11)
S293=40.8 e.u. (11)
AF 3= —"75,800 calories per mole
S.P.=439° K. (6)
AH ,u31=14,000 calories per mole

Phosphoryl Chloride, POCI; (1)

AH3i=—151,000 calories per mole (112)
M.P.=274.3° K. (112)

B.P.=378.5° K. (112)

AHy=8,211 calories per mole

Phosphorus Tribromide, PBr; (I)

AH3g= (—47,500) calories per mole (112)
Sags=(59) e.u. (11)

M.P.=233° K. (6)

B.P.=447° K. (6)

AHy=19,500 calories per mole

Formation: 1/4P,+3/2Br,—————PBr,
(estimated (11))

T,°K. Hr—Hys AH7 ) AF7
208 (—47,500)|  (—45, 500)
500 ...l (15,500)|  (—44,500)|  (—40,000)

Phosphorus Pentabromide, PBr; (c)

AH3ps= — 66,000 calories per mole (112)
Soes=(53) e.u. (11)

AFz03=(—41,500) calories per mole

S.P.=379° K. (6)

H ,u51=13,000 calories per mole

Phosphoryl Bromide, POBr; (c)

AHj=—114,600 calories per mole (112)
M.P.=328° K. (112)

B.P.=464.9° K. (112)

AHyp=9,080 calories per mole

Phosphorus Triiodide, PI; (c)

AH3s=—10,900 calories per mole (11)
Sas=(57) e.u. (11)

M.P.=334° K. (6)

B.P.=(500°) K. (6)

AHy=10,500 calories per mole

Formation: 1/4P,+3/2I,——PI;
(estimated (11))

T,° K. Hr—Hung AH7 AFp

208 - 10,900 |  (—12,000)
500 - e (7,000) (—19, 300) (-9, 600)

4100
Y
2 o
g LT S —— L
]
&
< ook
s | [ [ 1
x. S B
2
8 200}
.—
<<
=
(i
e -300
w
o
e
E '400"
2 //
w //

7

w -500} S o4
: S/’/

-600}- >

7
P4°|a’,
700356500 1000 5500 2000

TEMPERATURE, °K.

Ficure 40.—Phosphorus.
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PLATINUM AND ITS COMPOUNDS
Element, Pt (c)

S20s=10.00 e.u. (83)
M.P.=2,042.5° K. (112)
AH 3 =5,200 calories per atom
B.P.=4,100° K. (112)
AHy=(122,000) calories per atom

Zone I (¢) (298°-1, 900° K.)

C,=5.744-1.34X 10737+ 0.10 X 10572 (82)
Hr— Hzp=—1,737+5.74T+0.67 X 10372—0.10

X 10571
Fp— Hpps=—1,737—5.74TinT—0.67 X 103712 —0.05
X1057T-14-28.79T
T,°K Hr—Hs Sr _ (Fr—H)
T
10.0 10.0
11. 86 10.25
13.28 10.72
14. 44 11.24
15. 46 11.77
16. 37 12.29
17.18 12.79
17.93 13.27
18.61 13.71
19.25 14.16
19.84 14. 57
20. 39 14.96
20.93 15.35
21.43 15.71
21.93 16. 08
22.37 16. 40
11, 550 22. 81 16.73
(12, 370) (23.52) (19.34)

Platinum Chloride, PtCl (c)

AH3=—13,000 calories per mole (11)
Segs=(22) e.u. (11)
Decomposes=856° K., 1 atm Cl, (6)

Formation: Pt+1/2Cl, PtCl
(estimated (11))
T,°K. Hr—Hjp AH; ‘ AF;
—13,000 (—8, 500)
(=13, 100) (—6, 000)
(=9, 700) (+3, 000)

Platinum Dichloride, PtCl, (c)

AHj=—29,000 calories per mole (11)
Sags=(31) e.u. (11)
Decomposes=854° K., 1 atm Cl, (6)

Formation: Pt+ Cl,————PtCl,
(estimated (11))

T,°K Hr—Hj AH; ’ AF;-
208, e —29,000 (—19, 500)
500 .. (4,000) (—28, 000) (=12, 500)
1,000 (15, 000) (—24, 700) (+4, 000)

Platinum Trichloride, PtCl; (c)

AHsg= — 43,000 calories per mole (11)
S298= (35) e.u. (11)
Decomposes=708° K., 1 atm Cl; (6)

Formation: Pt+2/3Cl,———PtCl;
(estimated (11))

T,° K. Hr—Huys AH7 | AHZ
208 o —43,000 (—26,600)
500 _ LI (5,000)|  (—41,800)|  (—15, 500)
1,000 (20, 000) (—36, 800) (+9, 000)
Platinum Tetrachloride, PtCl, (c)
AHsgs=— 53,000 calories per mole (11)
Szgg= (50) e.u. (11)
M.P.=>600° K. (6)
Formation: Pt+2Cl,———PtCl,
(estimated (11))
T,° K. } Hr—Hoag AH; AF;-
298 - l ______________ —53,000 (—33,000)
500_ - Il 6,000)| (—51,700)|  (—20,500)
1,000..--_T T CTTIIITT (24,000)|  (—45,000)  (+10,000)
Platinum Bromide, PtBr (c)
AH3p= —6,350 calories per mole (11)
Sags= (25) e.u. (11)
Disproportionates (6)
Formation: Pt+1/2Br, ——>PtBr
(estimated (11))
T,° K. l Hr—Has AH7 l AF7
208 ' ______________ l —6,350 (—5,400)
500 LTI (2,000  (—10,400) (—3,000)
Platinum Dibromide, PtBr, (c)
AH3=—15,650 calories per mole (1)
Sops=(36) e.u. (11)

Decomposes=683° K., 1 atm Bry (6)
Formation: Pt+Br,——>PtBr,
(estimated (11))

T,°K l Hr—Hus AH7 | AF7
298 - } ______________ —15,650 (~12, 400)
500 LI (4,000)|  (—22,450) (—7,000)
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Platinum Tribromide, PiBr; (c)

AH$gs= — 24,000 calories per mole (11)
Szgsz (47) e.u. (11)
Decomposes=678° K., 1 atm Brs (6)

Formation: Pt+3/2Br,——PtBr,
(estimated (11))

T,° K. ‘ Hr—Hus AHp | AFp
208 . ‘ ______________ —24,000 ‘ (—18,700)
500. . (5,000|  (—34, 500) (—9, 500)
Platinum Tetrabromide, PtBr, (c)
AHs3e=—32,300 calories per mole (11)
Szgs= (60) eUu. (11)

Decomposes=600° K., 1 atm Brs (6)
Formation: Pt+2Bry—————PtBr,
(estimated (11))

T,° K. Hr—Has AH; AF;-

298 | —32,300 (—25, 500)
500o o (6,000)|  (—46,600)|  (—14,000)
Platinum Iodide, PtI (c)

AH3es=440 calories per mole (11)

Sogs=(26) e.u. (11)
Disproportionates (6)
Formation: Pt+1/2I,————PtI
(estimated(11))
T,° K. Hr—Has AH; AFp
298 e +440 (—200)
500 < oo (2,000) (—17,200) (O]
Platinum Diiodide, PtI, (c)
AH3s=—4,100 calories per mole (11)
Sa0=(38) e.u. (11)

Decomposes=600° K., 1 atm I, (6)
Formation: Pt4+I,————>Ptl,
(estimated (11))

T,° K. Hr—Hag AH7 AF7
. N S —4,100 ,
500 . (4,000)|  (—18,000) 5:? ggg;

Platinum Triiodide, PtI; (c)

AHses= —8,700 calories per mole (11)
Sggs= (50) e.u. (11)
Decomposes=550° K., 1 atm I, (6)

Formation: Pt+43/2I,——Ptl;
(estimated (11))

T,° K. Hr—Hpys ‘ HAz AF?
298 i —8,700 (—8,200)
500 - -~ -ooomooes (5,000  (—30,000) (—4, 000)
Platinum Tetraiodide, Ptl, (c)
A Hjs=—11,250 calories per mole (11)
S2gs=(64) eu. (11)
Decomposes=550° K., 1 atm (6)
Formation: Pt+2I,——Ptl,
(estimated (11))
T,° K. Hr—Hauygs éH; AF7
.................................. —11,250 (—13,900)
S N (—39,900) (—5, 500)
+15
- PtClg
2 +10 /P:CI3
g .
¢ S ] e
° 4 %
S Ofe £ O/
x- 1 // /D/D//‘I'/(D
= / /.—4’0 :i]
S gl P Lol %oy
. b 0
< e A
@x mq‘: // / EMJ
o -10F 11
- 7
w PtBrp / /1
o P [ /011
> 151 777 T
& /7141
RN e N
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LZu 201 2 /T
o /9/ /
& -25Lmsp4/ 4
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u /
LS} -30F /1
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35360 500 1000 1500 2000

TEMPERATURE, °K.

Figure 41.—Platinum.
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POTASSIUM AND ITS COMPOUNDS
Element, K (c)

Szgs=15.3 e.Uu. (83)
M.P.=336.7° K. (32
AHy=>554 calories per atom
B.P.=1,030° K. (130)
AHy=18,530 calories per atom

Zone I (¢) (298°-336.7° K.)

Cp=6.0443.12X103T 34 -
Hr— Hyy=—1,940+6.04T+1.56 X 103 7%
Fr— Hp=—1,940—6.04Tln T—1.56 X 10-372+26.08 T

Zone 11 (I) (336.7°-1,030° K.)

C,=6.03+40.992X 10374 1.96 X 10572 (34)
Hr— Hyp=—676+6.03T+0.49 X 10372 —1.96 X 105T-1
Fp— Hp=—676—6.03Tin T—0.496 X 10-372—0.98
X105T-1+22.79T

Zone III (g) (1,030°-2,500° K.)

C,=4.90+0.054X 10737+ 0.033 X 10572 (34)
Hyr— Hyp= +20,016+4.90T+0.027 X 10-372—0.033
X 10571
Fp— Hjp=+20,016—4.90Tln T—0.027 X 10-372—0.016
X105T-1—-5.47T

T,°K. Hr—Hys Sr _(Fr—Hym)
T
15.3 15.3
1,324 19. 17 15. 86
2,067 20. 83 16.70
2,793 22.15 17. 50
3, 509 23.26 18.24
4,220 24.21 18. 94
4,934 25.05 19. 57
5, 654 25.81 20.16
25,404 44.69 21. 60
25, 900 45.12 23. 54
26, 397 45. 52 25.22
26, 894 45.89 26. 68
27, 391 46.23 27.97
27, 889 46. 56 29.13
28, 386 46. 86 30. 16
28, 885 47.14 31.09
29, 384 47.41 31.94
29, 47.67 32.73

Dipotassium Ozxide, KO (c)
AHss= —86,400 calories per mole (112)
Sa0s=(20.3) e.u. (24)

Formation: 2K+1/20,—————K,0
(estimated (24))

AHp AFp
—86, 400 (—176, 300)
(—87, 600) (—72, 600)
(—87, 600) (—68, 900)
(—87, 700) (—65, 100)
(—87, 700 (—61, 400)
(—87, 800) (—57, 600)
(—87,800)| . (—53,800)
(—87, 900) (—50, 000)
(—125, 400) (—44, 400)
(—124, 700) (—37, 100)
(—124, 000) (—29, 800)
—123,300) (—22, 600)
—122, 600) (—15, 400)

Dipotassium Dioxide, K,O, (c)

AHj=—118,000 calories per mole (112)
Sags=(26.3) e.u. (24)

M.P.=763° K. (106)

AH3=6,100 calories per mole (24)

Formation: 2K-+0, —K,0,
(estimated (24))

(41, 950)

B
g

Dipotassium Trioxide, K;O; (c)

AHj=—125,000 calories per mole (112)
Sas=(28.6) e.u. (24)

M.P.=703° K. (112)

AH3=17,030 calories per mole

2K +3/20,—K;0;
(estimated (24))

Formation:

T,°K Hr—Has AH7 AFp
—125,000 —102, 500
(—125,500)|  (—95,000)
(—125,000)|  (—87,500)
(—124, 500) (—80, 000)
(—124,000)|  (—72,500)
(—115, 500) (—66, 000)
(—114, 500) (—60, 000)
(—113,500)|  (—54,000)
Potassium Dioxide, KO, (c)
AHj= — 67,600 calories per mole (40)
S293=27.9 e.u. (133)
M.P.=653° K. (8)
AH=3.920 calories per mole
Formation K +0,————KO,
(estimated (24))
T,° K Hr—Hoas AHp AFy
-------------- pm) cam
G| (S| (45400
(5, 800) (—66, 800) (—45, 900)
(11.800)|  (—62,300)|  (—42,700)
T igg) ?%’ 7003 ﬁié‘%’ %;
Elgi 7503 (—59,900)|  (—34,800)
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Potassium Trioxide, KO; (c)

AHj= —62,000 calories per mole (104)
Szgs= (335) e.Uu. (24)
Formation: K+3/20,————KO;,
(estimated (24))

T,°K Hr—Hs AH7 AF7
—62, 000 (—45, 500)
(—62,000) (—39, 500)
(—61, 500) (—34, 000)

Potassium Fluoride, KF (c)

AHsgs= —134,500 calories per mole (112)
Szgg= 15.91 e.u. (112)

M.P.=1,130° K. (82)

AH=6,750 calories per mole

B.P.=1,775° K. (6)

AHy=41,275 calories per mole

Zone I (¢) (298°-1,130° K.)

C,=11.0243.12X103T (82)
Hr— Hys=—3,4244+11.02T+1.56 X 1037

Zone IT (I) (1,130°-1,200° K.)

C,=16.0 (82)
Hr— Hys=—310+16.0T

Formation: K+1/2F,———KF
Zone 1 (298°-336. 7° K.)

AC,=0.83—0.22X 1037+ 0.40 X 10572

AH7p=—134,600+40.837—0.11 X 10-372—0.40 X 10571

AFp=—134,600—0.83TInT+0.11X 10-372—0.20
X105T-14+28.95T

Zone IT (336.7°-1,030° K.)

AC,=0.8441.91X103T—1.56 X 10572

AHr=—135,860-+0.84T+0.95X 10-3T24-1.56 X 10571

AFpr=—135,860—0.84TinT—0.95X 10-372+0.78
X105T7-14-32.24T

Zone 11T (1,030°-1,130° K.)

AC,=1.9742.85X10-3T+0.37 X 10572

AHr=—156,540+1.97T+1.42X 10-372—0.37 X 10571

AFr=—156,540—1.97TinT—1.42X10372—0.18
X1057-1460.44T

Zone 1V (1,130°-1,200° K.)

AC,=6.95—0.274X 10T+ 0.37 X 10572

AHr=—151,650+6.957—0.137 X 10-372—0.37
X105T-1

AFp=—151,650—6.95TInT+0.137X 10-3T2—0.185
X105T-14-90.95T

T,°K Hr—Hog Sr AH7 AFp
15.91 —134, 500 —127, 500
19. 46 —134, 500 —124, 400
22.22 —134, 900 —122, 400
24. 57 —134 750 —119, 900
26. 59 ——134, 550 —117, 500
28.37 —134, 400 —115,100
29. 98 —134, 150 —112,700
31.45 —133, 900 —110, 300
32.80 —152,700 —106, 90
40.12 —145, 300 —103, 300

43.2) | (— 143 700)| (— 92 600)

Potassium Chloride, KCl (c)

AH3ps= —104,175 calories per mole (112)
Szgs= 19.76 e.u. (83)

M.P.=1,043° K. (82)

AH»=6,100 calories per mole

B.P.=1,680° K. (6)

AHy=238,840 calories per mole

Zone I (¢) (298°-1,043° K.)
C,=9.8945.20X1073740.77X 10572 (82)
HT—H293=—2,920+9.89T+ 2.60X10372—0.77
X 10571
Zone IT (1) (1,043°-1,200° K.)
C,=16.00 (82)
Hr— Hyy= —440+16.00T

Formation: K+1/2Cl, —KCl

Zone T (298°-336.7° K.)

AC,=—0.564+2.05X103T+1.11 X 10572

AHT——103 730—0.56T+1.02X 10372 —1.11 X 10571

AFr=—103,730+0.56 Tin T—1.02X 10-3T2—0.56
><105T‘1+18.44T

Zone IT (336.7°-1,030° K.)

AC,=—0.5544.18X103T—0.85X 10572
AHT— —104,990—0.557+42.09 X 10272+ 0.85X 105!
AF r=—104, 1990+ 0.55TIn T—2.09X 1032 +0.42

X 1057-14-21.78T

Zone IIT (1,043°-1,200° K.)

AC,=5.69—0.084X10-37+-0.31 X 10572
AHT— —122,00045.69T—0.042X10-372—0.31
X 10571
AFp=—122,000—5.69TinT+0.042X10-37T?—0.15
X105T-14+79.28T

T,°K Hr—Haug Sr AH 7 AF7

298 et em 19.76 —104,175 —97, 550
400-_ 1,260 23.40 —104, 650 —95,200
500-- 2,520 26,21 —104, 550 —92,
600._ 3,810 28. 56 —104, 450 —90, 500
700-- 5,150 30. 62 —104, 250 —88, 200
800--. 6, 550 32.49 —104, 000 —85, 900
900-- 8,000 34.20 —103. 700 —83, 650
1,000 9, 500 35.78 —103, 350 —81, 400
1,100__ 17,160 43.12 —115,800 —78, 600

_______________ 18, 760 44. 51 —115,250 —75,300
(1 500) ............. (23, 800) (48.36)| (—112,950)| (—65,600)

Potassium Bromide, KBr (c)

AH3ps=—93,730 calories per mole (112)
8293—22 6 e.u. (83)

M.P.=1,015° K. (6)

AHy= 5 000 calories per mole

B.P.=1, 1656° K. 6)

AHV—37 060 calories per mole

Zone I (c) (298°-1,000°K.)

C,=11.56+43.32X1073T (20)
HT—Hzgg— —3,594+11.56 T+ 1.66 X 10737

Formation: K+1/2Br,—————KBr

Zone I (298°-331° K.)

AC,=—3.031+0.20X1073T
AHT— —92,840—3.037+0.10X 10-37?
AFp=—92,840+3.03TIn T—0.10X 107312 —9.13T
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Zone II (331°-1,015° K.) 4ok K0
AC,=1.0142.33X103T—1.78 X 10572 /
AHpr=—99,100+1.01741.16X10737241.78 X 105! 20k /
AF7=—99,100—1.01TInT—1.16 X 1073724-0.89 S /

X 105T-1432.75T g ;
' 30 / K202
3 / A /
T,° K Hr—Has Sr AHS AF; 5 40 7 S e
,° K. 3 M, /
-K. 0 KO3 // // //
____________ 22.6 —93,750 —90, 400 - 7 7 - .
1,205 26.33 | —98, 100 —88,400 5 ko, b~ // Oy e sixe
2, 600 29.24 | —97,950 —86,000 = 60l VAV Al r” Bikci
3,940 31,69 | —97.800 |  —83,600 < 7 ek Ay
5,310 3380 | —97.600 |  —81,250 z 7 },/,» e
6,710 35.67 | —97,350 |  —78,950 S 70l L 7 S
T R R v e
@70 605 | (-07,00] s & g | a4 g KF
> 27 = 7
e 7 e
W -90F «er //5’< 77
Potassium Iodide, KI (c) w ool <@ P 0s e
- B 7
AHss= — 178,310 calories per mole (112) & K03/ W’
3298:24-9 e.Uu. (112) v -1 10 /
M.P.=955° K. (6) Q
AH ;=4,100 calories per mole _120k
B.P.=1,597° K. ()
AHy=34,691 calories per mole 30L%F ]
Zone I (¢) (298°-950° K.) 300 500 1000 1500 2000

T °K.
C,=11.36+4.00X 1037 (82) TEMPERATURE, “K

Hy— Hys=—3,565+11.36 T+2.00 X 10 T* FiGure 42.—Potassium.

Formation: K+1/21, KT
Zone I (298°-337° K.
( ) PRASEODYMIUM AND ITS
AC,=0.53—5.07X 10T
AHp=—77,260+0.53 T—2.53 X 10-3T? COMPOUNDS
AFp=—T77,260—0.53 Tln T+2.53 X 10-3T2+3.14T
Zone 11 (337°-387° K.) Element, Pr (c)
AC,=0.54—2.94X 10-3T—1.96 X 10572 B
AHrp=—78,500+0.54T— 1.47 X 10372 +1.96 X 10571 Sps=17.49 e.u. (121)

= —78,500+0.5: k7 X 1072 7% T.P.=1,071° K. (125)
A= ng?’qﬁ)—(ﬁg‘g%?’bq’“"l‘ X1072T2+0.98 AHp= (éZO) calories per atom
' M.P.—1,208° K. (125)
Zone 111 (387°-456° K.) %I?;=E2,408<))>czlxéor(ies5p)aer atom
P.= (3,29 . (12
AC,= —4.27+3.01 X 10-3T— 1.96 X 10573 = . _
AHp— —80,000— 4.27 T+ 1.50 % 10-5T2-+1.96 X 105T-1 AHy=(2,200) calories per atom
AF p=—80,000+4.27TinT—1.50X 107372 +0.98

XTI 1697 Iox. Hretie | S | r—Hw
Zone IV (456°-955° K.) T

AC,=0.89+3.01X103T—1.96X 10572 17.49 17.49
AHp=—87,35040.89 T+ 1.50X 10-3T2+1.96 X 10571 (®70 (19:39) (17.12
AF 7= —87.350—0.80 TlnT—1.50X 10-3 T2+ 0.98 510 (0.8 (s 2
X10°T1+31.04T (2, 850) (23, 43) (19.36)
(3, 640) (24.48) (19.93)
(4, 460) (25.45) (20. 50)
| | Q30 @l Gim

° - | o , 5 . .
noK Hr—Has s 1 e §7, 300) (28.16) (22.08)
Gag|  Gram|  (sod
 — T 00 Bl A e (9,700) (31.64) (25.48)
2,630 3161 | —86,200 |  —74.800 (10, 500) (32.46) (25.90)
3,990 34.09 —85, 900 ‘ —72,450 (11,300) (32.94) (26. 30)
5,390 36.21 | —85,650 —70, 200 (12, 100) (33. 40) (26. 68)
6,800 | 3312 | —85.400 |  —68,000 (12, 900) (33.83) (27.05)
8,250 1 39,86 4 —85,100 l —65, 900 (13, 700) (34.24) (27.39)
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Dipraseodymium Trioxide, Pr.O; (c)

AHsps= — 437,000 calories per mole (129)
Szga= (43.5) eu. (24)
Formation: 2Pr+3/20,——Pr,0;
(estimated (24))

T,° K. AH7 AF;
298 —437,000 |  (—420,500)
400 (—437,000)|  (—414,000)
500 (—436,500)|  (—407, 500)
600__ (—436,500)|  (—401,000)
700 - (—436,000) [  (—395, 000)
800 (—436,000)|  (—388, 500)
900 (—436,000)|  (—382, 500)
1, (—435,500)|  (—376,000)
1, (—435,500)|  (—370,000)
1 (—435,000)|  (—363, 500)
1 (—440,500)|  (—357,000)
1 (—440,500)|  (—350,000)
1, (—440,000) |  (—343,000)
1 (—440,000)|  (—337,000)
1, (—439,500)|  (—330, 500)
1 (—439,500) [  (—324,000)
1 (—439,500)|  (—317,000)
2, (—439,000)|  (—310,500)

Praseodymium Dioxide, PrO, (c)
AH3= —230,500 calories per mole (24)
Sns=22.9 eu. (?4)

Formation: Pr+4Q,———PrO,
(estimated (24))

T,° K. AH7 AF7
—230, 500 —217, 500
(—230,500)|  (—213,000)
(—230,500)|  (—208, 500)
(—230,000)|  (—204,000)
(—230,000)|  (—200,000)
(—230,500)|  (—195, 500)
(—230,500)|  (—191,000)
(—230,500)|  (—187,000)
(—231,000)| (—182,500)
(—231,000)| (—178,000)

Praseodymium Trifluoride, PrF; (c)

AHj= (—388,000) calories per mole (5)
Sags=(25) e.u. (11)

M.P.=1,668° K. (29)

AH=(8,000) calories per mole

B.P.=(2,600°) K. (6)

AHy=(62,000) calories per mole

Praseodymium Trichloride, PrCl; (c)

AHs3s= —252,090 calories per mole (127)
Szgg=(34.5) eu. (127)

M.P.=1,059° K. (29)

AH = (8,000) calories per mole

B.P.=(1,980°) K. (6)

AHy=(46,000) calories per mole

Formation: Pr+-3/2Cl,————PrCl;
(estimated (11))

Hr—Hus AH7 AF7

208_ .. . - - —252, 090 (

(5,000)|  (—251,000)| (
(19,000) | , (—247,500)(  (—199,000)
(43,000)| (—233,400)| (—

Praseodymium Tribromide, PrBr; (c)

AHsps= (—189,000) calories per mole ()
Sa0s=(46) e.u. (11)

M.P.=964° K. (29)

AH = (8,000) calories per mole

B.P.=(1,820°) K. (6)

AHy= (45 000) calones per mole

Formation: Pr+3/2Br,——PrBr;
(estimated (11))

Hr—Hs AH7 AFp

(—189,000) (

(5,000) (—199, 700) (
(18, 000) (—197, 300) (- 146 000)
(43, 000) (—194, 500) (-

Praseodymium Triiodide, PrI; (c)

AH§93= (—5 1)62,000 calories per mole (5)
M= 000 i )

AHy= (8 000) calories per mole
B.P.=(1,650°) K. (6)

AHy=(40,000) calories per mole

Formation: Pr-+3/2l,———Prl;

Formatlon( :e SEI;H—];%?IF(Z,I o ——PrF, (estimated (11))
T,°K ’ Hr—Has AH7 ‘ AF7 T,° K. Hr—Hags AH7 AF7

..................... (—388,000)|  (—369, 500)

(4, 000) (—388, 000) (—358, 000)
(17, 000) (—385,000) (—328,000)
(32, 000) (—381,000) (—301, 000)

208 e e mae —162, 000 (—160, 000)
- - (5,000) (—183, 400) (—148, 500)
(19, 000) (—180, 000) (—122,000)

(44,000)| (—166,000)|  (—99,000)
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"0 Formation: Pm+3/2F,—————PmF,
. (estimated (11))
- Pri.
2 -100f et :
- 8 rBr.
F - Pl i T,°K Hr—Hs AH} AF3
o /’// ,—”’,
2 e 7 —= 4 28 —383,000)|  (—364, 500)
] ® L~ _Bilerciy B00_ - IITIITIIIIIITTIT 4,000)| (—383,000)| (—352, 500)
= P - | 1,000 (17,000)|  (—380,000)| (—322, 000)
3 } P I 1,500, (2,000)| (—370,000)| (—296, 500)
& -2001 o
':( PrO, - /////
§_250 beciy Promethium Trichloride, PmCl; (c)
w
& AH3p=(—227,000) calories per mole (5)
N M PrF Sos=(39) e.u. (11)
& -300F | A 3 M.P.=1,010° K. (6)
] -~ APry05 AH = (8,000) calories per mole
= - T B.P.=(1,940°) K. (6)
:JJ . " -7 AHy=(46,000) calories per mole
i i o - Formation: Pm+3/2Cl,——PmCl,
" ? 1 (estimated (11))
< _400- ” // '
Pra03 "~ T,°K Hr—Hag AHS AFS
-450
300 500 1000 1500 2000 28.... %—227,000) —211, 000)
o, T B00 . e ), —225, —200, 000
TEMPERATURE, ° K. $ ?(g, ool I - e i oo
1,500 43,000)|  (—209,000)| (—156 500
Ficure 43.—Praseodymium.
PROMETHIUM AND ITS COMPOUNDS Promethium Tribromide, PmBr; (c)
AHj3=(—183,000) calories per mole (5)
Element, Pm (c) Msfgs= {()459 ¢ Iét (( 1) 1)
P.= . (6
Sm: §1'577§§) IE -, (121) AHy=(8,000) calories per mole
AHM (3 000) oalgr?gg per atom B.P.=(1,800") K. (6)
B.P.= (3 0000) K. (125) AHV'= (45,000) calories per mole
AHy=(70,000) calories per atom Formation: Pm-+3/2Br,—————>PmBr;
(estimated (130)) (estimated (11))
T,°K. Hr—Hyg Sr (Fr—Hys) T°K Hr—His AHz AFr
’ 208 —188, 000 (177,000
500, . _LIIIIIIIIIIIIIT (5,000 (—103,600)| (—167,000
(17.25) (17.25) 1,000 (s 000 ?-m, 200) g—m, 000)
%19.15> (17.48) 10600, CIIIITIIIITII (43,000)| (—180,000)| (—123) 500)
20. 69) 17.97)
21. 98) %18. 53)
T
.00 5383 B Promethium Triiodide, Pml; (c)
2. 72 1.
§27. 47; 231 323 AHjs=(—131,000) calories per mole (5)
R &z Saes= (49) e.u. (11)
(5%, 01) 28 M.P.=1,070° K. (6)
32.15) (23.93) AHy=(8,000) calories per mole
ﬁgggg; -y B.P.=(1,640°) K. (6)
(12, 560) (gg: 53) 25. 35) AHy=(41,000) calories per mole
. (93.50) @.79 Formation: Pm+3/2[,————PmlI;

Promethium Trifluoride, PmF; (c)

AHm—( 383 000) calories per mole (6)
Spes=(24) e.u 11)

M.P.=1,680° K (6)

AHy= (8 000) calories per mole

B.P.=(2,600°) K. (6)

AHy= 62 ,000) calories per mole

(estimated (11))

T,° K. Hr—Hang AHp AFR
(~131, 000) 5—129, 000)
(5,000)| (—152,400)| (—124,000)
?9, 000)| (—148,090)|  (—97,000)
44,000)|  (~137,300)]  (—73,500)
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0 ‘Formation: Re+3/20,————ReO;
(estimated (24))
2 -50
€ 4B P o o
[ _-T T,° K. Hr—Hs AHp AFp
. M_—"
< oo
= - — r —147, 000] —128, 000
3 4 P (i 00| (13t a0
£ T ae che Cas
g -150F = et PCs 17, 000 5—1371000) =107, 500)
= e " (23, 238) (Z%ﬁ%g —_lg?é' %)
s Pmers=" 1 S700| (1 ooo|  (—on 600
o -
O - | -
€ 200 PmClg—"
w
o . . .
Dirhenium Heptaoxide, Re,O; (c)
é -250F
u AHsi= —297,000 calories per mole (8)
w ’,4M’P"'F3 8293= (40) e.Uu. (24)
w =300} - M.P.=569° K. (112)
@ " AH y=15,340 calories per mole
L T B.P.=635.5° K. (119)
< 350+ — == AHy=18,060 calories per mole
Frs Formation: 2Re+7/20,———Re,0;
) (estimated (24))
4003557500 1000 1500 2000
TEMPERATURE, ° K.
T,° K. Hr—Hs AH7 AF7
F1Gure 44.—Promethium.
...... —9297,000 |  (—252,000)
RHENIUM AND ITS COMPOUNDS (300)| (—295,500)| (237, 000)
- (10,600)|  (—294,000)| (—223,000)
Element, R (2 00| (o ton| (00200
ement, e (2 Gn s ew
WIS G ol e
P.=3, . (118 ) —258, —167,
AH = (7,900) calories per atom %’%38; g:%; %3 3212%888%
B.P.=5,900° K. (118) Essjmg E—%gg, gggg (—gi,%;
88, 8 —258, —134,
Zone I (¢) (298°-1,500° K.)

C,=5.66+1.30X10-3T (82)

Hy— Hy=—1,745+5.66 T+ 0.65 X 10-3T* : : :
Fr—Hug= —1,745—5.66 T In T— 0.65 X 10-3T2+29.39 T Dirhenium Octaoxide, Re;Os (¢)

AHj=(—308,500) calories per mole (24)

T, ° K. Hr—H, S Fr—H, Szgs—_—(41) eUu. (24)
o I =t M.P.=420° K. (24)
AH=3,800 calories per mole
8.89 8.89 .
9.6 913 Formation: 236—*—402——%1{6203
13.25 10.10 (estimated (24))
14.26 10. 62
15.14 11.12
pe| e T —
17.33 192, 54 T,° K. Hr—Has AHp AFp
I
BRI ORR e (CIRON CETRY
del| o gals o fIIIITL (a0 (Caean| (oo
(20. 56) Qagy  800- I (25,600)|  (—205,500)|  (—209, 000)
(21.02) (15.15)
(21. 45) (15.47)
(21. 88) (15.79) )
Rhenium Trifluoride, ReF; (c)
Rhenium Trioxide, ReO; (c) AH3w— (—170,000) calories per mole (42)
Szgg= (26) e.Uu. (11)
AHj3i=(—147,000) calories per mole (8) M.P.=(1,380°) K. (42)
Syes=(18.6) e.u. (24) AH = (1,100) calories per mole
M.P.=433° K. (24) B.P.=(1,530°) K. (42)

AH y»=5,200 calories per mole AHy=(37,000) calories per mole
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Formation: Re+3/2F,———RekF,

99

Rhenium Pentafluoride, ReF; (c)

AH3s=(—225,000) calories per mole (11)
S293= (59) e.u. (11)
M.P.=(398°) K. (42)

AH = (4,500) calories per mole
B.P.=(660°) K. (42)

AHy=(15,000) calories per mole

Formation: Re+5/2F,———>ReF;
(estimated (11))

T,° K Hr—His AH7 AF7
208__. (—225,000)|  (—204, 000)
800 - oo (12,000)| (—218,000)| (—192,500)

Rhenium Hexafluoride, ReF; (1)

AH3is= —278,000 calories per mole (112)
Ss=(78) e.u. (11)

AF39s=(—255,000) calories per mole
M.P.=292° K. (6)

AH»=5,000 calories per mole
B.P.=321° K. (6)

AHvy=6,900 calories per mole

Rhenium Trichloride, ReCl; (c)

AHj3i=(—55,000) calories per mole (11)
20s= (38) e.u. (11)

M.P.=(1,000°) K. (6)
AHy=(15,000) calories per mole
B.P.=(1,100°) K. (6)
AHy=(27,000) calories per mole

Formation: Re+3/2Cl, —>ReCl;
(estimated (11)) (estimated (11))
T,°K Hr—Hs AHj AF} T,°K Hr—Has AHp AF7
208___ (—170,000)|  (—153,300)  208_.__. (a0 (=350
500 IIIIIITIIIIIIIIT I T e e——— (,0000| (—53,800)|  (—29, 500)
1,000 (17,000)| (—166,400)| (—116,0000 1,000 (19,000)|  (—49,700)  (—86,000)
Rhenium Tetrafluoride, ReF, (¢) Rhenium Tetrachloride, ReCl, (c)
AH3es=(—220,000) calories per mole (42) AH3=(—60,000) calories per mole (11)
Syes= (36) e.u. (11) Szgs= (50) &u. (11)
M.P.=398° K. (6) IXI I-f = Ei5(§)0())) K. 1(4.?) .
AH = (4,500) calories per mole m=(4, calories per moie
B.P.=(1,070°) K. (6) B.P.=650° K. (42) .
AHy=(27,000) calories per mole AHy=(14,000) calories per mole
Formation: Re+2012—~———~—>ReCl4
Formation: Re+2F;————ReF, (estimated (11))
(estimated (11))
T,°K Hr—His AH; AF;- T,°K Hr—Hzs AHp AFp
D S N (—60,000)|  (—41,000)
28 _. —290,000)| (—200,300)  500. oo o LIl _ Z
[, (6, 000) 5—218, 5003 ﬁ—zol, ooo; 800--- - (6,000) (—58,600) (=28,000)
1,000 (22,000)| (—214,300)|  (—169, 000)

Rhenium Pentachloride, ReCl; (c)

AHsgs=(—"70,000) calories per mole (11)
Soes=(66) e.u. (11)
M.P.=(530°) K. (6)

AH=(9,000) calories per mole
B.P.=(600°) K. (6)

AHy=(14,000) calories per mole

Formation: Re+5/2Cl,———ReCl;
(estimated (11))

T,°K Hr—Hs AH7 AFp
P S (=70,000)|  (—47,400)
500 . (7,000)]  (—68,000)|  (—33,000)

Rhenium Tribromide, ReBr; (c)

AH3ys=(—32,700) calories per mole (11)
Sogs= (44) e.u. (11)

M.P.=(900°) K. (6)

AH = (13,500) calories per mole

B.P.=(1,000°) K. (6)

AHy=(25,000) calories per mole

Formation: Re+3/2Br,————ReBr;
(estimated (11))

T,°K Hr—Hxs AHp AFr
(—32, 700) (—23, 400)
(—43, 200) (—12,700)
(—40, 300) (410, 700)
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Ficure 45.—Rhenium.

SAMARIUM AND ITS COMPOUNDS
Element, Sm (c)

Szggz (1632) e.U. (121)
T.P.=1,190° K. (125)
AH 1= (360) calories per atom
M.P.=(1,325° K. (125)
AH y=(2,650) calories per atom
B.P.=1,860° K. (125)
AHy=(45,800) calories per atom

(estimated (130))

T, ° K. Hr—Ha Sr _ (Fr—Huy)
T

- (16.32) (16.32)

(675) (18.23) (16. 55)
(1,370) (9.77) (17.03)

, 090) (21.08) (17.60)

(2, 835) (22.23) (18.18)
(3,610) (23.27) (18.76)
(4,415) (24.22) (19.32)
(5,250) (25.09) (19.84)
(6,110) (25.91) (20. 36)
(7, 350) (26.98) (20.86)
(8,150) (27.62) (21. 36;

(11, 600) (30.21) (21.93
(12, 400) (30.76) (22. 50)
(13, 200) (31.28) (23.03)
(14, 000) (31.76) (23. 53)
14, 800) (32.22) (24.00)
(61, 340) (57.04) (24.76)
(61, 970) (57.36) (26. 38)

Disamarium Trioxide, Sm,O; (c)
AHj= —433,890 calories per mole (64)
Sags=(41) e.u. (24)

Formation: 25m—+3/20,————Sm,0,
(estimated (24))

T,° K. AH7 AFq

—434,000
§—434, 000)
—433, 500)

(—410, 500)
(—404,000)

—309, 000)

(—438,000)|  (—302, 500)

Samarium Difluoride, SmF, (c)

AH3s=(—272,000) calories per mole (5)
S293= (23) e.u. (11)

M.P.=(1,603°) K. (29)

AH = (5,000) calories per mole

B.P.=(2,700°) K. (6)

AH,=(78,000) calories per mole

Formation: Sm+F,——>SmF,
(estimated (11))

T,°K Hr—Hs AH7 AFy
(—272,000) 5-259, 500)
500 - e 4,000)| (—271,000)| (—251,000)
............... (13,000) —270, 100) —232,000
....................... (24,000 —270,600)|  (—213,500

Samarium Trifluoride, SmF; (c)

AHse=(—380,000) calories per mole (5)
S293=27 e.u. (11)

M.P.=(1,579°) K. (29)

AH = (8,000) calories per mole

B.P.=(2,600°) K. (6)

AHy=(62,000) calories per mole

Formation: Sm+3/2F,————SmF;
(estimated (11))

T,°K Hr—Haus AH7p AFG
208 ___. (—380,000)|  (—361, 500)
500 e (4,000)| (—379,700)|  (—349,500)
1,000 - (17,000) £—377, 000) 2—319, 000)
VB0 e (32,000)| (—375,800)| (—291,500)

Samarium Dichloride, SmCl, (c)

AHsi= — 195,600 calories per mole (96)
Sas=30 e.u. (11)

M.P.=835° K. (29)

AH = (6,000) calories per mole

B.P.=(2,300°) K. (6)

AHy=(55,000) calories per mole

Formation: Sm-+Cl, SmCl,
(estimated (1))
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T,°K Hr—Hys AH7 AF7
208___ —195, 600 (—184,000)
500 - oo (4,000) (—194, 500) (—177,000)
1,000 - - oo (13,000) (— 193 900) (—160, 000
1,500 - ol (31,000) (—187,400) (—149,000)

Samarium Trichloride, SmCl; (c)

AHss=(—223,000) calories per mole (11)
Sags=(39) e.u. (11)

M.P.=955° K. (29)

AH y=(8,000) calories per mole

Decomposes (6)

Samarium Diiodide, SmlI, (c)

AH3e=(—122,000) calories per mole (5)
Sags= (40) e.u. (11)

M.P.=(773°) K. (29)

AH = (5,000) calories per mole

B.P.=(1,850°) K. (6)

AHy=(40,000) calories per mole

Formation: Sm-+I,——Sml,
(estimated (11))

Formation: Sm -+ 3/2Cl,—————SmCl,
(estimated (11))

T,°K Hr—Hns AH7 AFp
298 - E-m’om) (—206, 500)
500 .. LI (5,000)| (—221,900)| (—196,000)
1,000 IIIIIIIIITIIITIT (10,000)|  (—218,700) §-172,000)
1,500 C LTI (43,000)|  (—208,000)| (—152,000)

Samarium Dibromide, SmBr, (c)
AH3yg=(— 157 000) calories per mole (5)
Sas= (35) 11)
M.P.= 781° K (29)

AH = (6,000) calories per mole

B.P.=(2,150°) K. (6)

AHy=(50,000) calories per mole

Formation: Sm-+Br,——SmBr,
(estimated (11))

T,°K Hr—Hjs AHp AF3
. O N (—157,000)|  (—152,000)
500_ .- ILTTIIIITITTT (4,000)| (—163,900)| (—145,000)
1,000 (20,000)| (—156,700)| (—127,000)
1,500 oo (32, 000) (—155, 900) (—115, 000)

Samarium Tribromide, SmBr; (c)

AH3e=(—180,000) calories per mole (5)
Szgg— (47) e.U. 11)

M.P.=937° K. (6)

AHy=(8,000) calories per mole

B.P.=1, 675° K. 51)

AHV—46 100 calories per mole

Formation: Sm+3/2Br,——>SmBr,
(estimated (11))

Hr—Hag AHz AF3

(—188, 300)
(—177, 200)

(43 000)

T,° K Hr—Hug AHz AF3
298 ____ .| (—122,000)[ (—121,000)
500 . (4,000)| (—136,000)| (—114,500)
F T (19,000)|  (—129,400)|  (—99,000)
1,500 -l (31,000)| (—128,000)|  (—88,500)
Samarium Triiodide, Sml; (c)
AHj3e=(—127,000) calories per mole (§)
S;gs—- (49) e.U. (11)
M.P.=1,123° K. (5)
AHy= (9 000) calories per mole
Decomposes (6)
Formation: Sm+3/2I,———>SmlI,
(estimated (11))
T,° K Hr—Hyy AH3 AF3
298 ____ .| (—127,000)| (—125,000)
500 (5,000)| (—148,400)| (—113,000)
1,000 .- (19,000)|  (—144,900)|  (—86,000)
1,500 o] (44,000)| (—133,800)|  (—62,500)
-50 1= Smli3z
@ ,/4£/’/ ___——*‘5'-5""2
€ -1ooF il
Pty — =1 SmBr,
I, Smi, :,-’/ : ———f“:’ﬁ :
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SCANDIUM AND ITS COMPOUNDS
Element, Sc (c)

Sags=(9.00) e.u. (?)
M.P.=1,673° K. (130)
AH = (3,850) calories per atom
B.P.=(2,750°) K. (130)
AHy=(72,850) calories per atom

(estimated (130))

Fr— H,
T,°K Hr—Hgs Sr (r T )
.............. (9. 00) (9. 00)
(617) (10.78) (9.24)
(1, 235) (12.16) (9.69)
(1, 860) (13. 30) (10. 20)
, 500) (14. 29) (10.72)
(3, 150) (15.15) (11. 22)
(3, 850) (15.93) (11.70)
(4, 480) (16. 64) (12.16)
(5,170) (17.29) (12. 59)
(5, 860) (17.89) (13.01)
(6, 560) (18. 46) (13.42)
(7,280) (18.99) (13.79)
(8,010) (19.49) (14.15)
(8, 760) (19. 96) (14. 50)
(13, 350) (22,72) (14.87)
(14, 150) (23.18) (15.32)
(14, 950) (23.61) (15.75)
(15, 750) (24.02) (16. 15)
(19, 750) (25.81) (17.91)

Discandium Trioxide, Sc,O; ()

AH3=(—411,000) calories per mole (8)
Sa0s=(18) e.u. (24)

Formation: 2Sc+3/20,————S¢,0,
(estimated (24))
T,° K Hr—Has AH7 AF;-

.| (—411,000)| (—389,000)
(2,300) (—411,000) (—381,000)
(4, 650) (—411, 500) (—373, 500)
(7,050) (—411, 500) (—366,000)
(9,500)| (—411,500)| (358, 500)
(12, 000) (—411, 500) (—351,000)
(14, 600) (—411, 500) 2—343, 500)
(17,100) (—411, 500) —336,000)
(19, 650) (—411, 500) (—328,000)

(22, 300) (—411, 500) (—320, 000
(24, 900) (—411, 500) (—313,000)
(27, 600) (—411,000) (—305, 500)
(30, 550) (—411,000) (—298,000)

(33, 200) (—410, 500) (—290,000)

543, 700) (—418,000) (—283,000)

46,600)|  (—418,000)|  (—275,000)

(49, 600) (—417, 500) (—267,000)

(52,700)| (—417,500)|  (—259,000)

Scandium Trifluoride, ScF; (c)

AHm—( 367,000) calories per mole (11)
Szgs=(24) e.u. (11)

M.P.=(1,500°) K. (6)

AH = (12,000) calories per mole

B.P.=(1,800°) K. (6)

AHy=(55,000) calories per mole

Formation: Sc+3/2Fy——

—ScF,
(estimated (11))

T,° K. . Hr—Hos AH7 AFq
298_ —367,000) 5-349, 700)
(4,000) —366, 500) —338,000)
(17,000) —363, 000) —311,000)
(43,000) (—347, 500) —287, 500)

Scandium Trichloride, ScCl; (c)

AHje= — 221,000 calories per mole (11)
sts— (32) e.u. (11)
M.P.=1,213° K. (29)
AHy= (19 000) calories per mole
B.P.=1,240° K. (6)
AHy=46,000 calories per mole

Formation: Sc+3/2Cl,———ScCl,
(estimated (11))

T,°K Hr—Ha AHp ' AF7
- —221,000 (—204,000)
(4,000) (—220, 800) (—193,000)
(17,000) (—217,600) (—166 000)
(97, 000). (—147, 500) (—146

Scandium Tribromide, ScBr; (c)

AH3i= —183,000 calories per mole (11)
Szgg= (40) eUu. (11)

M.P.=1,213° K. (29)

AH = (19,000) calories per mole

Formation: Sc4-3/2Br;— —>ScBr;
(estimated (17))
T,°K Hr—Haxs AHp AFz
—183,000 |  (—165,000)
(5,000) 2—193, 500) 5—161, 000)
(18,000)| (—190,500)| (—136,000)
(58,000)|  (—160,800)|  (—117,000)
Scandium Triiodide, Scl; (c)
AH3g= (—109,000) calories per mole (11)
Sogs= (44) e.u. (11)
M.P.=1,218° K. (6)
AH = (18,000) calories per mole
Formation: Sc+3/2I,——— Scl,
(estimated (11))
T,°K Hr—Has AHZ AFr
298_ _ (—109,000) (—102, 500)
500_ L. LTI (5,000  (—130,200) —94,000)
1,000 oo (19,000) (—126, 200) —69, 000)
1,500 (52, 000) (—103, 400) —51,000)

Scandium Nitride, ScN (c)

AHs= — 68,000 calories per mole (9)
Sags=17 e.u. (9)

AS298=(—25) e.u.

AFs=(—60,500) calories per mole

M.P.=2,923° K. (9)
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F1GUuRE 47.—Scandium.

SILICON AND ITS COMPOUNDS
Element, Si (c)

Sogs=4.5 e.u. (83)

M.P.=1,683° K. (130)

AHy= 11 100 calories per atom

B.P.=(2, 950°) K. (130)

Zone I (c) (298°-1,200° K.)
Cp=5.79+0.56X 103 T—1.09 X 10572 (82)
Hr— Hppg=—2,117+5.79T+0.28 X 10-3 724 1.09

X 10571

Fr— Hap=—2,117—5.79Tin T—0.28 X 10-3 T2+ 0.54

X108T-14-35.05T
T,°K Hr—Hjs Sr _(Fr—Hw)
T
______________ 4.5 4.5
5156 5.98 4.69
1,060 7.2 5.08
1,640 8.25 5. 52
2230 9.16 5.97
2,830 9.96 6. 42
3,440 10. 68 6. 85
4,060 11.34 7.28
4,690 11.94 7.67
5.340 12.5 8.05
(6,030) (13.1) 58. 47)
(6,700) (13. 59) 8.81)
(7, 380) (14. 06) (9.14)
(8,070) (14, 51) (9.47)
(19, 860) (21. 53) (9. 85,
(20, 560) (21. 93) (10. 51)
(21 260) (22.31) (11.13)
(21, 960) (22. 66) (11.68)

Silicon Dioxide (Quartz), SiO, (c)

AHsg=—209,900 calories per mole (24)
S23=9.9 e.u. (83)

T.P.=848° K. (82)

AH7r=290 calories per mole

M.P.=1,883° K. (24)

AH y=2,040 calories per mole

Zone I (o) (298°-848° K.)

C,=11.224-8.20X103T—2.70 X 105T2 (82)
HT—Hm——4 61T5_+11 22T+4. 10X 10-372+-2.70
X105T-1

Zone IT (B) (848°-1,883° K.)

C,=14.4141.94X10-3T (82)
Hr— Hypy= — 4,455+ 14.41T+40.97 X 10-3T?

Formation: Si+ 0, — Si0,

Zone T (298°-848° K.)

AC,=—1.73+6.64X10-37T—1.21 X 105T*
AHT——210 100—1.73T+3.32X 10372+ 1.21 X 10571
AFr=—210,1004-1.73TInT—3.32X 1072 T2+ 0.60

X 105714 34.68T

Zone II (848°-1,200° K.)

AC,=1.4640.38X1073T4-1.49X 10572
AHT —209,950+1.467+0.19X 10372 —1.49 X 10571
AFT=—209 950—1.46 TInT—0.19X 107372 —0.74

X 105T-14-53.57T
-]
T,°K Hr—Hs Sr AHp AFr
9.9 | —200,900 | —196,900
13.35 | —209,000 | —102,400
16.38 | —209,850 | —188,050
19.07 | —209,700 | —183,750
21.52 | —200,500 | ~—178,450
23.88 | —209,300 | —175,350
26.11 | —208,650 | —170,950
27.82 | —208,450 | —166,700
29.39 | —208,250 | ~162;500
30.85 | —208,050 | —158,
32,20 | (—207,850)| (—154,150)
33.46 E_ 7, 700) 5—150, 100)
34.65 | (—207,500)| (—146,
35.78 | (—207,300)| (—141,800)
36.84 2—218, 250) 5— 137, 650)
37.86 | (—218,050)| (—133,100)

Silicon Dioxide (Cristobalite), SiO. (c)

AH3g=— 209,500 calories per mole (69)
Sas=10.19 e.u. (112)
T.P.=523° K. (82)
AH =200 calories per mole
M.P.=2,001° K. (112)
AH=1,840 calories per mole

Zone I (a) (298°-523° K.)

C,=4.28421.06 X 1037 (82)
HT—Hm—- —2,212+4.28T7410.53X 1073 T

Zone II (B) (523°—2 000° K.)

Co= 14 40+2 0410737 (82)
Hp— Hpps= —4,696+14.40T+1.02X 103 T

Formation: Si+O, — Si10,
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Zone I (298°-523° K.)

AC,=—8.67419.50X 1037+ 1.49X 105T*

AHp=—207,280—8.67T+9.75X 107312 —1.49 X 10571

AFp=—207,280+8.67TInT—9.75X 103 1T2—0.74
X108T1—9.76 T

Zone 1T (523°-2,000° K.)

AC,=1.4540.48X 10737+ 1.49X 10572

AHp=—209,690+1.45T+40.24 X 107372 —1.49 X 105!

AF r=—209,690—1.45TInT—0.24X107372—0.74
X10°T-1+453.38T

T,°K Hr—Hang Sr AH7 AF7

10.19 | —209,500 | —196,600
13.67 | —209,500 | —192,150
16.67 | —209,450 | —187,800
19.87 | —209,050 | —183, 550
22.24 | —208,850 | —179,300
24.39 | —208,650 | —175,100
26.31 | —208,450 | —170,900
28.04 | —208,150 | —166,650
29.62 | —218,100

39.11 | (—217,550)| (—128, 500)
40,03 | (—217,500)| (—123,800)

Silicon Dioxide (Tridymite), SiO; (c)

AH3y= — 209,400 calories per mole (24)
S293= 10.22 e.u. (83)

T.P.=390° K. (82)

AH7=40 calories per mole

M.P.=1,953° K. (24)

AHy»=2,150 calories per mole

Zone I (@) (298°-390° K.
C,=3.274+24.80X1073T (82)
Hyp—Haps=—2,077+3.27T+12.40X 1037
Zone IT (B) (390°-1,953° K.)
Cp,=13.6442.64X103T (82)
Hyp— Hpy=—4,395+13.64T+1.32X 1037
Formation: Si+0,————Si0,
Zone I (298°-390° K..)

AC,=—9.68+23.24 X 10-3T+1.49X 10572
AH7p=-—207,050—9.68T+11.62X 10-372—1.49
X 10571
AFp=—207,05049.68TInT—11.62X 10-3T2—0.74
X1057T-1—15.45T

Zone IT (390°-1,200° K.)

AC,=0.6941.08X 1037+ 1.49 X 105 T2

AH 7= —209,380+0.69T+0.54 X 10~3T2—1.49 X 10571

AFp=—209,380—0.69TInT—0.54X 10-3T2—0.74
X105T-14-48.12T

T,°K Hr—Hung Sr AH7 AFp
10.22 | —209,400 | —196, 500
13.85 —209, 350 —192, 050
17.06 —209, 200 —187, 750
19.72 —209, 100 ~183,
22.09 —208, 900 —179, 250
24.24 —208, 700 ~175,050
26.18 | —208, —170, 850
27.89 | —208,300 | —166, 650
29. 47 —208, 050 —162, 400
30. 94 —207, 850 —158,3
32.31 | (—207,650)| (—154,100)
33.57 | (—207,450)| (~150,

38.96 | (—217,600)| (—128,300)

Silicon Dioxide (Vitreous Glass), SiO,

AH3y=—202,500 calories per mole (112)
Sogs=11.2 e.u. (112)
Zone 1 (298°-2,000° K.)

C,=13.384+3.68 X 103T—3.45X 10572 (79)
Hp— Hpps=—5,310+13.38T+1.84 X 107312+ 3.45
X 10571

Formation: Si+Q;——Si0,

Zone 1 (298°-1,200° K.)

AC,=0.43+2.12X103T—1.96 X 10572

AHpr=—203,380+40.43T7+1.06 X 10372+ 1.96 X 10571

AFp=—203,380—0.43TinT—1.06 X 103724 0.98
X105T-14-47.01T

T,° K Hr—Has Sr AHyp AFr
11.2 —202, 500 | —189, 900
1474 | —202,500 | —185,600
17.68 | ~—202,450 | —181,300
20.23 | —202, -177,100
22. 51 —202,300 | —172,900
24. 59 —202, —168, 700
26.50 | —201,950 | —164,600
28.26 | —201,700 | —160, 400
29. 88 —201, 450 —156, 300
31.27 —201, 200 —152,200
32.77 | (—200,950 5— 148, 100)
341 | (—200,700)| (—144,000)
35.37 | (—200, 500) 2— 139, 900)
36.59 | (—200,050)| (—135,800)
37.77 | (—210,750)| (—131,700)
38.91 | (—210,350)| (—127,300)
40.01 5—209, 900) | (—122, 600)
41.07 —209, 600) | (—118,000)

Silicon Tetrafluoride, SiF, (g)

AH3= —370,000 calories per mole (112)
S20s=68.0 e.u. (112)
S.P.=178° K. (112)
AH,,5:=6,130 calories per mole
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Zone I (g) (298°-2,000° K.)

C»=21.954-2.66 X 103 T—4.72X 105T2 (82)
HT—Hzgs— —8,2504-21.95T+1.33 X 10372+ 4.72
X1

05 T-1
Formation: Si+2F,—— SiF,

Zone I (298°-2,000° K.)

AC,=0.42+1.22X 102 T—2.03X 10572
AHp=—370,600—0.42T+0.61 X 107372+42.03 X 10571
AF p=—370,6004-0.42TinT—0.61X 10372+ 1.01
X108T14-32.2T

T,° K. Hr—Has Sr AHp AFy
68.0 | —370,000 | —360,000
73.48 —370, 200 —356, 500
78.07 | —370,300 | —353,100
82.07 —370, 300 —349, 600
85.59 | —370,300 | —346,200
88.73 | —370,300 | —342,800
91. 54 —370, 200 —339, 400
94.10 | —370,200 | —336,000
96.40 | —370,100 | —332, 500

110, 46 (—379 300) | (—303,000)
111.46 | (—380,600)| (—297,700)

Silicon Tetrachloride, SiCl, (l)

AH3y3=—150,100 calories per mole (11)
Says="57.3 e.u. (80)

ASgs=—54.8 e.u.

AFss=—132,700 calories per mole

M.P.=205° K. 6)

AH3=1,840 calories per mole

B.P.=330° K. 6)

AHy=17,000 calories per mole

Silicon Tetrabromide, SiBr; (I)

AHm —93,500 calories per mole (11)
Sa2gs= (63) e.u. (11)

ASzp=(—14) e.u.

AF 3= (—89,300) calories per mole

M.P.=278° K. 6)

AHy= (800) calories per mole

B.P.=426° K.

AHy=9,050 calories per mole

Silicon Tetraiodide, Sil, (c)

AH393=—29,900 calories per mole (11)
Sogs=(63) e.u. (11)

ASzgg— (—3 0) e.U.

AF3=(—29 000) calories per mole

M.P.=394° K. (6)

AHy=(1,200) calories per mole

B.P.=561° K. 6)

AHy=(12,500) calories per mole

Silicon Carbide, SiC (c)

AH3s= —13,000 calories per mole (72)
Szgg=3.95 e.u. (83)
M.P.=>2970° K. (9)

Zone I (c) (298°-1,700° K.)

C;=8.9343.00X10-3T—3.07 X 10°T—2 (79)
Hyp— Hyps=—3,825+8.93T+1.50 X 10— T2+ 3.07
X107

Formation: Si+C——— SiC
Zone I (298°-1,200° K.)

AC,=—0.96+1.42X10-3T+0.12X 10572
AHT— —12,740—0.96 T+0.71 X 103 T2—0.12X 10571
AFp=— 12, ,740+0.96 Tin T—0.71 X 10-3T2—0.06

X 1057-1— 4.08T

T,°K Hr—Hans Sr AH7 AFp
3.95 | —13,000 | —12,400
6.13| —13,000 | —12;200
8.02 | —13,000 | —12, 000
9.77 | —13,000 | —11,800

11.35 —13,000 —11, 600
12.78 | —13,000 | —11,400
14.09 —13, 000 —11, 300
15.29 —12, 950 —11,100
16.40 | —12,950 | —10,900
17. 43 (—12,900)| (—10,700)
18.42 (—12,900) | (—10, 500
19.38 | (—12,800)| (—10,300)
20.30 | (—12,800)| (~—10,200)
21,20 5—12, 800)| (—10,000)
22.07 | (—23,500)( (—9,800)
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SILVER AND ITS COMPOUNDS

Element, Ag (c)

S206=10.20 e.u. (83)
M.P.=1,234° K. (82)
AH ,=2,855 calories per atom
B.P.=2,450° K. (7)
AHy=60,720 calories per atom

Zone I (c) (298°-1,234° K.)

C,=5.09+2.04X 103T+0.36 X 105T~2 (82)
HT—Hm— —1,488+45.097+1.02X10372—0.36
X 10571
Fp— Haps=—1,488—5.09TInT—1.02X 103 T
—0.18X105T-1+24.29T

Zone IT (1) (1,234°-1,600° K.)

C,=17.30 (82)
Hr— Hyy=+160+7.30T
Fr— Hype=4160—7.30TInT+37.42T

T,°K. Hr—Has Sr — (Fr—Hug)
T
.............. 10.20 10. 20
615 11.78 10. 25
1,240 13.37 10. 90
1,885 14. 85 11. 42
2, 535 15. 55 11.93
3,195 16.43 12.44
3,880 17.24 12.93
4, 685 17.98 13.40
5,310 18.67 13.84
6, 060 19.32 14.27
9, 650 22.22 14.80
10, 380 22.76 15.34
11,110 23. 26 15.85
11, 840 23. 74 16. 33
(12, 570) (24.18) 16. 78)
13, 300) (24. 60) 17.21)
14, 030) (24. 99) 17. 55)
14, 760) (25. 36) 17.96)

Disilver Oxide, Ag,O (c)

AH3gs= —17,200 calories per mole (24)
S20s=29.1 e.u. (24)

Formation: 2Ag-+1/20, Ag,0
(estimated (24))
T,°K Hr—Has AHy AFp
- —17,200 —2, 500
él, 800) —1,000) (=900)
3, 550) (—6, 850 600
(5, 400) —6, 650) (2,050
(7, 250) —6, 500) 3, 500)
, 200 —6, 300) 4, 900)
gll , 150) —6, 100 6, 300)
13, 100) —5, 950) 7, 700)

Disilver Dioxide, Ag.,O, (c)

AHj3s= —6,200 calories per mole (112)
Saps=(26.4) e.u. (24)

Formation: 2Ag+0,———Ag,0,
(estimated (24))

T,°K Hr—Hms AHy AFr
20" @ 050) 2R N IR R
500_ LTI (4, 250) §—5, 900)| (415 100)
Silver Fluoride, AgF (c)
AH3gg=—48,700 calories per mole (112)
See=(21) e.u. (11)
M.P.=708° K. (6)
B.P.=1,420° K. (6)
Formation: A_g—l— 1/2F;————AgF
(estimated (11))
T,°K Hr—Hag AHy ‘ AFp
208_ —48,700 5—44, 500)
B00_ IIIIIIIIIIIIIITII (G,000)| (—47,700)|  (—41,700)
1,000 512 000) §-44, 200)| (38 700)
1,500 19,000)|  (—45,000)|  (—35200)
Silver Difluoride, AgF, (c)
AHsi=—83,000 calories per mole (11)
Szgs= (25) €. u. (11)
M.P.=>963° K. (6)
Formation: Ag+F,———AgF,
(estimated (11))
T,°K Hr—Hums AHp AFy
208__. —83,000 —72, 900)
800 LTI (4, 000) §—81,800) g—ee, 000)
1,000 (17,000)|  (—76,400)|  (—51,000)

Silver Chloride, AgCl (c)

AHss= —30,360 calories per mole (112)
S208=22.97 e.u. (83)

M.P.=728° K. (6)

AHy=3,155 calories per mole

B.P.=1,837° K. (6)

AHy=42,520 calories per mole

Zone I (c) (298°-728° K.)

C,=14.88-+1.00X 10—*T—2.70 X 105 T2 (82)
Hr— Hm— —5,390+14.88T+0.50 X 10—3T2+2.70

X 10571
Zone II (1) (728°-900° K.)
C,=16.0 (82)

HT_Hggg— —2 490+ 16 OT
Formation: Ag+1/2Cl,———AgCl

Zone T (298°-728° K.)

AC,=5.38—1.07 X103 T—2.72 X 105T?
AHT——32830+538T 0.535X 1073 72+-2.72X 10° 71
AFp=—32,830—5.38TinT+0.535X 10~3T2+1.36

X 108T-1451.2T
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Zone II (728°-900° K.j

AC,=6.50—2.07X103T—0.02X 10572
AHr=—29,940+6.50T—1.03X10-372+40.02 X 10571
AF p=—29,940—6.50 T'ln T+-1.03 X 10—372+4-0.01

X1057T-14-54.5T
T,° K. Hr—Hags Sr AH7 AF;
22.97 —30, 350 —26, 200
1,320 26.78 —30,100 —25, 900
2,720 29.89 ~29, 700 —23, 550
4,150 32. 51 —29, 350 —22, 350
660 34.83 —28, 950 —21, 250
10,310 41,16 | —25400 | —20,450
11,910 42.94 | —24,900 | —19, 800
513, 500) 544 64) $—24, 500)| (—19,100)
, 200) 50. —26, 450)| (—16, 000;

Silver Bromide, AgBr (c)

AH3s=—20,060 calories per mole (112)
Szgs=25.60 e.u. (83)

M.P.=703° K. (82)

AHp=2,190 calories per mole

B.P.=(1,810°) K. (6)

AHy=(37,000) calories per mole

Zone I (c) (298°-703° K.)

C,=7.93+15.40X10—2T (82)
Hrpr— Hyp=—3,049+4-7.93T+7.70X 10372

Zone II (1) (703°-900° K.)
C,=14.9 (82)
Hrp— Hp3=1,950+14.9T
Formation: Ag+1/2Br,———AgBr

Zone I (298°-331° K.)

AC,=—5.71413.36 X 10-3T—0.36 X 105 T2

AHr=—19,050—5.71T+6.68X 10~3T2+0.36 X 10571

AFr=—19,050+5.71Tin T—6.68 X 10~372+40.18
X10°T1—-31.2T

Zomne II (331°-703° K.)

AC,=—1.68+13.36X1073T—0.18 X 10572

AH7=—24,100—1.68 T4 6.68 X 10~372+0.18 X 10571

AF 7= —24,100+1.68 Tln T—6.68 X 10~3T2+0.09
X10°T-1+7.35T

Zone III (703°-900° K.)
AC,=5.29—2.04X 10-3T—0.18 X 10572

AHp=—22,9504-5.29T—1.02X 10-3T2+40.18 X 10571
AF 7= —22,950—5.29 Tln T+ 1.02X 10— T2+0.09

AF, FREE ENERGY OF FORMATION
\

X105T-14-46.22T
T,°K Hr—Hig Sr AH7 AF7

- 25. 60 —20, 060 —19, 200

1, 35. 29. 50 »23, 650 —18, 200

2,840 39.81 | —23,200 | —16,750

4, 480 35.79 —22, 650 —15, 500

6, 275 38. 56 —22, 000 —14, 400

9,970 43. 68 —19, 400 —13, 650

11, 460 45. 43 —19, 000 —12, 900

(12, 950) (47.00)| (~18, 700) (12, 300)

+201

+10 7~
AQZOZ/ -1

T

, keal./q. —mole

o
T
\
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_Magsr
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Ficure 49.—Silver.

Silver Iodide, AgI (c)

AHjs=—22,300 calories per mole (112)
S28=27.6 e.u. (83)

T.P.=423° K. (82)

AHr=1,470 calories per mole
M.P.=830° K. (6)

AHy=2,250 calories per mole
B.P.=1,779° K. (6)

AHy=234,447 calories per mole

Zone I (o) (298°-423° K.)

C,=5.82+24.10X 10T (82)
Hrp— Hyp=—2,806+5.82T+-12.05X 10-3T"

Zone 1T (B) (423°-600° K.)

C,=13.5 (82)
Hr— Hys=—2,430413.5T

Formation: Ag+1/2I,——Agl
Zone T (298°-386.8° K.)

AC,=—4.06+16.11X10-3T—0.36 X 10572

AHp=—21,925—4.06 T+8.05X 10~372+0.36 X 105 7!

AF p=—21,925+4.06Tin T—8.05X 10—312+-0.18
X103T-1—25.44T

Zone II (386.8°-423° K.)

AC,=—8.87+22.06X107*T—0.36 X 105 T2
AH7p=—22,390—8.87T+11.03 X 10~3T2+0.36 X 10571
AFp=—22,3904-8.87TinT—11.03X 1073T2+-0.18

X 103T-1—52.11T
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Zone ITT (423°-600° K..)

AC,=3.97—2.04X103T—0.36 X 105 T2
AH7r=—29,350+3.97T—1.02X107372+0.36 X 10571
AF p=—29,350—3.97 Tin T+ 1.02X 10~372+-0.18

X 105T-14-36.18T

T,°K Hr—Has Sr AHy AFy
27.6 —22, 300 —23, 300
31.77 —24,100 —23, 700
38.38 —27, 550 —23, 300
40. 84 —27, 300 —22, 500
(49.1) (—24,550)| (—18,950)
(55.2) (—25,800)| (—16,100)

SODIUM AND ITS COMPOUNDS

Element, Na (c)

Sags=12.23 e.u. (83)
M.P.=371° K. (41)
AH =630 calories per atom
B.P.=1,162° K. (41)
AHy=23,120 calories per atom

Zone I (¢) (298°-391° K.)

C,=9.9261—28.038 X 10~3T+5.785X 1075T2 (41)
Hr— Hyp=—2,235+9.937—14.02X 107372+ 1.93
X 10573
Fr— Hyps=—2,235—9.93 Tln T+ 14.02X 107372 —0.96
X1073T%+48.35T

Zone 11 (I) (391°-1,162° K.)

C,=9.0696—45.765X 104 T+2.54 X 108 T? (41)
Hrpr— Hys=—1,960+9.07 T—22.88X 10~ T2+ 0.85
X 10-67T%
Fr— Hyp=—1,960—9.07Tln T+22.88 X 10~ T2 —0.42
X107 T3+45.66 T

Zone I1T (g) (1,162°-2,500° K.)

C,=4.87 (34)
Hp— Hy3=24,53044.87T
FT— H298= 24,530—4.87 TinT—4.23T

T,° K Hr—Hns Sr _(Fr—Huys)
T
12.23 12.23
16.08 12. 69
17.73 13.52
19.05 14.33
20.13 15.11
21. 06 15.79
21.88 16. 44
22. 60 17.00
23. 26 17.55
43.63 18. 58
44.03 20. 46
44. 40 22.07
44.74 23. 60
45. 06 24.94
45.36 26.12
45. 65 27.17
45. 91 28.10
46.17 28.95
36, 847 47.28 32. 64

Disodium Oxide, Na,O (c)

AH3p= —99,400 calories per mole (112)
Sos=17.4 e.u. (112)

M.P.=1,190° K. (24)

AHy=17,140 calories per mole

B.P.=>2,500° K. (42)

THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

Zone I (¢) (298°-1,100° K.)

Cp=15.704-5.40X 1027 (82)
Hr— Hyp=—4,920+15.70T+2.70X 102 T*

Formation: 2Na-+1/20,———>Na,0
Zone 1 (298°-391° K.)

AC,=—17.74+60,98 X 10~3T—11.57 X 10572+0.20
X 10572 -

AH7=—98,700—7.74T+30.49X 10-372—3.86
X 1057%—0.2X 10571

AF p=—98,700+4-7.74Tin T—30.49 X 10-372+11.92
X 1057%—0.10X 1057-1—7.14T

Zone 1T (391°-1,100° K.)

AC,=—6.02+14.05X 1073T—5.08 X 10-8T2+4-0.20
X 10572

AHp=—99,300—6.02747.02X 10-372—1.69X 10— T*
—0.20X 107!

AF p=—99,300+46.02Tln T—7.02X 10-2T2+0.85
X107673—0.10X 10571—1.61T

T,° K. Hr—Hns Sr AHp AF%
—89,950
—86, 600
—83,100
—179, 600
—76,100
—72, 400
—69, 200
—65, 700
—62, 000
—58, 200)
—51, 600)
—45,100)
—38, 600)
—32, 200)
—25,900)
—19,600)
{—13, 400)
(—7,200)
Disodium Dioxide, Na.O: (c)
AHj= — 122,100 calories per mole (40)
Sy08=22.6 e.u. (133)
M.P.=733° K. (24)
AH=5.860 calories per mole
Decomposes=919° K. (3)
Formation: 2Na-+0,——>Na,0,
(estimated (24))
AH7p ‘ AF7
—122,100 —107,000
(—123,300)|  (—101,800)
(—123,100)|  (—96,400)
(—122,800)|  (—91,100)
(—122,600)|  (—85,900)
(—116,000)|  (—81,200)
(1, 400)| (1151000  (—76,900)

Sodium Dioxide, NaO, (c)

AHj= — 62,100 calories per mole (40)
Szgs=27.7 eu. (133)
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Formation: Na-+QO;——>NaQO,
(estimated (24))

T,°K. Hr—Hags AH7 AFq
—62, 100 —52,100
(—62,000)|  (—48,500)
(—61, 500) (—45,000)
(—61,000)]  (—42,000)
(—60, 500) (—39, 000)
(—60,000) (—35,500)
(—59,500)|  (—32, 500)
(14 100) (—59, 000) (—29, 500)

Sodium Fluoride, NaF (c)

AHsp= —136,000 calories per mole (112)
Szgs= 13.1 eu. (11)

M.P.=1,265° K. (82)

AHy=17,780 calories per mole

B.P.=1,977° K. (6)

AHy=153,260 calories per mole

Zone I (c) (298°-1,265° K.)

C,=9.664-4.50X10-3T (82)
Hrp— Hjp= —3,080+9.66 T'+2.25X 1073 1"

Zone IT () (1,265-1,300° K.)

C,=16.0 (82)
HT— H298=280+ 16.0T

Formation: Na+1/2F,———>NaF
Zone I (298°-371° K.)
AC,=—4.42+32.32X103T—5.78 X 10572+ 0.40
X 10572

AHr=—135,500—4.42T416.16 X 107372—1.93
X10757%—0.40 X 10571

AFp=—135,500+44.42Tln T—16.16 X 10-372+0.96
X107573—0.20 X 105T-14-0.66 T

Zone IT (391°-1,162° K.)

AC,=—3.5618.86 X103 T—2.54X 1076 T2+0.40
X 10572

AHr=—135,700—3.56 T+ 4.43 X 10—372—0.85X 108 T*
—0.40X 10571

AF p=—135,700+3.56 Tin T—4.43 X 10~372+0.42
X10-8T3—0.20X 105T-1+3.56 T

Zone 11T (1,162°-1,265° K.)

AC,=0.64+4.28X107*T+0.40X 10572

AHr=—162,040+0.64T+2.14 X 107372—0.40 X 10571

AFp=—162,040—0.64TIn T—2.14X10-372—0.20
X108T-1+53.19T

T,° K Hr—His Sr AH7 AF7
- 13.1 —136, 000 —129, 00f
1, 140 16. 39 —136, 600 —126, 500
2,310 19.0 | —136,600 | —124,050
3,530 21.22 —136, 550 —121, 550
4,780 23.15 —136, 350 —119, 050
6, 080 24,88 —136, 200 —116, 600
7,420 26.46 | —136,000 | —114, 200
8,810 27.92 —135, 700 —111, 800
10, 260 29.30 —135, 400 —109, 350
11, 760 30. 61 —158, 150 —106, 550
21, 080 37.98 —149, 750 —105, 000

647940 0—63——8

Sodium Chloride, NaCl (c)

AH3p=—98,330 calories per mole (11)
Szgs= 17.3 e.u. (112)

M.P.=1,073° K. (82)

AH=6,850 calories per mole

B.P.=1,738° K. (6)

AHy=40,800 calories per mole

Zone I (c) (298°-1,073° K.)

C»=10.984-3.90X 10°T (82)
Hyr— Hys= —3,447410.98 T+ 1.95X 103 T*

Zone IT (1) (1,073°-1,300° K.)

C,=16.0 (82)
Hr— Hys=+260+16.0T

Formation: Na-+1/2Cl,——NaCl
Zone 1 (298°-391° K.)

AC,= —3.36T—|- 31.9X1073T—5.78 X 10-572+0.34
X105T-2

AHp=—98,100—3.36 T+ 15.95X 10-3T2—1.93 X 10-57%
—0.34X 107!

AFr=—98,100+3.36 Tln T—15.95X 10-37%+0.96
X 1073 T3—0.17 X 10571+ 5.88T

Zone II (391°-1,073° K.)

AC,=—2.5+8.45X1073T7—2.54 X 1075 7%+ 0.34
X 10572

AH7=—98,400—2.5T+4.22 X 10~*T2—0.85X 10 T*
—0.34X 10571

AFp=—98,400+2.5Tin T—4.22X 10372 +0.42
X 10~ T5—0.17X 10°T-1+8.71T

Zone TTT (1,073°-1,162° K.)

AC,=2.52+4.55X 10-3T—2.54 X 10~ T2+ 0.34
X 105T-2

AHp= —94,500+2.52 T+2.27 X 10-3T2—0.85X 10~ T*
—0.34X 10571

AF p=—94,500—2.52 Tln T—2.27 X 16312 +0.42
X 10 T3 —0.17 X 105T-1+38.02T

Zone IV (1,162°-1,300° K.)

AC,=6.72—0.03X 107374-0.34X 10572
AHT=—120 900+6.72T—0.015X 103 72 —0.34
X 10371
AF p=—120,900—6.72Tln T+ 0.015X 10372 —0.17
X 10571488, 05T

0 ()

T,° K Hr—Hags Sr AHp AFr
. 17.30 —98,330 —91, 900
1,240 20.88 —98, 850 —89, 600
2,510 23.71 —98, 750 —87, 500
3,830 26.12 —98, 600 —85, 050
5,190 28.21 —98, 350 —82, 850
6, 590 30.08 —98, 100 —80, 600
8,020 31.76 —97, 800 —178, 400
9, 480 33.30 —97, 500 —176, 250
17, 860 41.14 —90, 150 —74,350
19, 460 42.53 —112,900 —172, 500
21, 060 43.81 —112,200 —69, 000

Sodium Bromide, NaBr (c)

AHss= — 86,500 calories per mole (11)
8293—20 1 eu. (83)

M.P.=1,020° K. (6)

AH M—6 140 calories per mole

B.P.=1,665° K. (6)

AHV—37 950 calories per mole
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Zone I (c) (298°-550° K.)

C,=11.87+2.10X 10-*T (82)
Hyp— Hys=—3,632+11.87T+1.05X 10-3T2

Formation: Na-+1/2Br,———>NaBr

Zone T (298°-331° K.)

AC,=—6.61+30.14X10-3T—5.78X 10-57*
AHr=—85,350—6.61T+15.07 X 10~3T2—1.93 X 105 7%
AF 7= —85,350+6.61TInT—15.07X10-3T%+0.96

X 107573 —27.42T

Zone II (331°-391° K.)

AC,=—2.58+30.14X 10‘3T—5 78X 105T2+0.18
X 10572

AHp=—90,250—2.58 T+ 15 07X10-3T2—1.93X1075T*
—0.18X 10T

AF 7= —90,250+2.58 Tln T—15.07 X 10~3T2+0.96
X1078T%—0.09X 1057-1+12.33T

Zone III (391°-550° K.)

AC,=—1.7246.68X 1073T—2.54X 1078 T2+-0.18
X 105T-2

AHr=—90,640—1.72T+3.34X107372—0.85X 10~ T*
—0.18 X 10°T!

AFr=-—90,640+1.72Tin T—3.34 X 1073T2+40.42
X10787%—0.09X 10571+ 14.04T

AF7
—83,400
—81, 450
—79,100
(—68, 000)
(—61, 050)
Scdium Iodide, Nal (c)
AH3¢s= —70,650 calories per mole (112)
S293—22 50 e.Uu. (112)
M.P =935° K. (6)
AH y=5,240 calories per mole
B.P.=1,577° K. (6)
AHy=38,160 calories per mole
Formation: Na-1/21, Nal
(estimated (11))
T,° K. ‘ Hr—Hpys AHp l AFr
B} eee —70, 650 —69,200
_________________________ (2,650)|  (—78,400)|  (—64, 800)
__________________ (14,800)|  (—71,900)|  (—54,700)
........................ (22,800)|  (—92,100)|  (—47,800)

Disodium Dicarbide, Na,C, (c)

AH3=—9,660 calories per mole (81)
8293—16 9 e.u. (81)

AF3= —6,570 calories per mole

Decomposes— 1,073° K.

Sodium Trinitride, NaN; (c)

AH3si=+ 5,080 calories per mole (43)
Szgs= 16.85 e.u. (43)

AF3i=+424,180 calories per mole

Decomposes=548° K.

No,0
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/’/’ {””—’
- 4  _NaCl
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- Lt Na0,
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-90} Na0 ,/ M
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-1 10p N Pl

-70} Nat
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®
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150356500 1000 1500 2000
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Figure 50.—Sodium.

STRONTIUM AND ITS COMPOUNDS

Element, Sr (c)

Sy8=12.50 e.u. (83)
T.P.=862° K. (82)
AH =200 calories per atom
M.P.=1,043° K. (112)
AHy=2,200 calories per atom
B.P.=1,657° K. (79)
AHy=33,610 calories per atom

Zone I () (298°-862° K.)

C,=5.31+3.32X 10T (estimated (84))
Hr— Hyg= — 1,731+ 5.31 T+ 1.66 X 10— T2
Fp— Hayg=—1,731—5.31 TInT—1.66 X 10-3T2424.04T

Zone 11 (B) (862°-1,043° K.)

Cp=9.12 (estimated (94))
Hp— Hyz= —3,5682+49.12T
Fp— Hyy=—3,582—9.12TIn T+ 50.54T

Zone III (7) (1,043°-1,600° K.)

C,=7.40 (estimated (84))
HT—H293= 610+ 7.40T
Fp— Hy=610—7.40TInT+34.66T



HEAT CONTENT, HEAT-OF-FORMATION, AND FREE-ENERGY DATA

T,°K Hr—Hasg Sr - (FT—THm)
12. 50 12.50
(660) (14. 40) (12.75)
(1, 340) (15.92) (13.24)
(2, 050) (17.22) (13.81)
2, 800) (18.37) (14.37)
3, 500) (19. 41) (14.94)
(4, 610) (20. 62) (15. 50)
(5, 520) (21. 58) (16. 06)
(8, 550) (24. 56) (16.79)
, 200) (25.21) (17. 47)
(10, 040) (25.80) (18.08)
(10, 780) (26.35) (18. 65)
(11, 520) (26. 86) (19.18)
12, 260 97.34) (19. 68)
(46, 070) 47.97) (20. 87;
(46, 570) (48.26) (22.39
(47,070) (48.53) (23.76)
(47,570) (48.79) (25.01)

Strontium Oxide, SrO (c)

AHjg=—141,000 calories per mole (112)
Szga= 13.0 e.u. (83)
M.P.=2,688° K. (112)

Zone I (c) (298°-1,265.5° K.)

C,=12.34+1.12X 10-*T—1.806 X 10572 (95)
Hrp— Hyg= — 4,327+ 12.34T+0.56 X 103 T2+ 1.806 .
X 10571

Formation: Sr+1/20,————SrO

T,° K. Hr—Hxs Sr AHp AF7

13.0 | —141,000 | —133,850

1,143 16.29 | (—140, 900) 2—131, 450)

2,334 18.96 | (—140,750) | (—129,100)

3,565 21.21 | (—140, 600) 2—126, 750)

4,824 23.15 | (—140,400)| (—124, 400;

6,104 24.88 | (—140,400)| (—122,250

7,401 26.41 | (—140,600)| (—120,000)

8,714 27.80 | (—140,300)| (—117, 400)

), 29.05 | (—142,700)| (—115,200)

11,380 30.24 | (—141,400)| (—112,600)

(16,600) |_____.._____ (—140,800)| (—106,000)
Strontium Dioxide, SrO; (c)

AH3=—150,800 calories per mole (139)
Saes= (19. 6) e.u. (24)
Formation: Sr+4-O;————Sr0O,
(estimated (24))
T,° K Hr—Hs AHp AF7

—150, 800 —138, 300

(1,900)| (—150,300)| (—134,300)

3, 300) (—150, 300) (—130, 300)

55, 250) (—149, 800) (—126, 300)

6, 300) (— 149 300) (—122, 300)

(9, 350) (— (—118, 800)

(11,700) (— 148 300) (—114, 800)

(14, 000) (—147, 800) (—111, 300)

Strontium Difluoride, SrF, (c)

AHss=—290,300 calories per mole (112)
Syes= (18) e.u. (11)

M.P.=1,673° K. (6)

AHy=4, 1260 calories per mole

B.P.=2,750° K. (6)

AHv—7 1,000 calories per mole

111
Formation: .Sr +Fy———SrF,
(estimated (11))
T,°K Hr—Hags AH7 AFp
298_ _ —290,300 |  (—277,200)
500 oo oemeee (3,600) 2—289 , 600) §-268, 500)
1,000 (13,000)| (—288,700) (—247,900)
1,500 (23,300)| (—288,800)( (—227,800)
Strontium Dichloride, SrCl, (c)
AHjs=—198,000 calories per mole (112)
Szgs=28 eu. (112)
M.P.=1,145° K. (6)
AH=4,100 calories per mole
B.P.=(2,300°) K. (6)
AHy=(55,000) calories per mole
Zone I (c) (298°-1,145° K.)
C,=18.2+2.45X 10-3T (110)
Hr— Hys=—5,533+18.2T+1.225X 1073717
Formation: Sr+Cl,———SrCl,
T,°K Hr—Hns Sr AHp AFp
28.0 | —198,000 | —186,750
1,943 33.61 | (—197, 550) g —182,900)
3,873 37.92 5—197, 150) | (—179,300)
5,828 41.48 | (—196,750)| (—175,700)
7,807 44.53 | (—196,400)| (—172, 300)
9,811 47.21 | (—196,050) E 168, 800
11,833 49.59 | (—195,950)| (—165, 500)
13,892 51.77 §-195, 700)| (— 162 000)
15, 969 53.72 | (—195,400)| (—
(29,600) (65.0) | (—190,300)| (— 146, 500)
Strontium Dibromide, SrBr; (c)
AHj= —171,100 calories per mole (112)
Szgs=(34) e.u. (11)
P.=926° K. (6)
AH =4,780 calories per mole
B.P.=(2,150°) K. (6)
AHy= (50 000) calories per mole
Zone I (c) (298°-926° K.)
C,=18.14+3.15X103T (73)
HT—Hm— —5,6354+18.1T+1.57X1073T%
Formation: Sr+Br,———SrBr,
T,° K. Hr—Hayg Sr AH7 AFr
(34.0)| —171,100 §—166, 700)
1,958 (39.6)| (—178,400)| (—163,400)
3,910 (44.0)| (—178, 050) §—159, 700)
5,893 47.6) 3 —177,700)| (—156,100)
7,908 250. 7| (—177,300) §—153,2oo
9,954 53.5)| (—176,900)| (—149,100)
12,031 55.9)| (—176,800)| (—145, 600)
(19, 200) 263 0)| (—171,400) E 141, 900)
1,200) 73.0)| (—170,000)| (—127,400)

Strontium Diiodide, Srl; (c)

AHss= —135,500 calories per mole (112)
Sas=(38.0) e.u. (11)

M.P.=788° K. (6)

AH = (5,400) calories per mole

B.P.=(1,850°) K. (6)

AHy= (40 000) calories per mole



112 THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

Zone I (c) (298°-788° K.)

C,=18.643.05X1072T (73)
Hyp— Hyg=—5,680-+18.6T+1.52X 107372

Formation: Sr+I,———Srl,
T,° K. Hr—Hags Sr AH7 AFq

238 0)| —135,500 | (—134,800)

1,000 43, 8) é —140, 400) | (—135, 400)

4,000 (48.2)| (—149,500)| (—132,100)

6,030 (51.9)| (—149,300) é —128, 900)

8,075 (55.1)| (~148.700)| (—125, 400)

(20, 400) (60.0)| (—141,800) §-117, 000)

(32, 400) (79.0)| (—140,200)| (—103,200)

Tristrontium Dinitride, Sr;N, (c)

AHj= —92,200 calories per mole* (9)
S295=57.8 €.U. (9)

AFs= —177,000 calories per mole

M.P.=1,300° K. (9)
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F1gure 51.—Strontium.

TANTALUM AND ITS COMPOUNDS
Element, Ta (c)

8293=9.94 e.u. (83)
M.P.=3,269° K. (130)
AHy=(7,500) calories per mole
B.P.=5,700° K. (130)
AHy=180,000 calories per mole

Zonel (¢) (298-1,900°K.)

C,=5.824-0.78X10-2T (82)
Hry~ Hyp=—1,770+5.82T+40.39X 10-37"
Fr— Hyg=—1,770—5.82TInT—0.39X 10-3T2+29.21 T

T,° K. Hr— Hyg Sr _(Fr—Huys)
T

R 9.94 9.94
620 11.73 10. 20
1,230 13.09 10. 65
1, 845 14.22 11.1¢
2,470 15,18 11.61
3,120 16. 05 12.12
. 16,83 12,64
4, 17.53 13.09
5,100 18.16 13.53
5,770 18.74 13.94
6, 445 19.29 14.31
7,130 19. 80 14. 66
7,825 20. 28 15.05
8, 530 20.73 14. 42
9, 250 21.17 15.71
9,980 21. 59 16.03
10, 720 21.98 16.25

Ditantalum Pentaoxide, Ta,O; (c)

AHjs= —488,800 calories per mole (24)
8293=34.2 e.u. (83)

M.P.=2,150° K. (8)

AH»=48,000 calories per mole

B.P.=>2500° K. (24)

Zonel (¢) (298°-1,800°K.)

C,=37.0046.56 X 1037—5.92X 105 T2 (107)
Hr— Hyg=— 1%527175+37'00 T+3.28X 107372+ 5.92
X105T-!

Formation: 2Ta-5/20,—
ZoneI (298°-1,700°K.)

AC,=7.46+2.50X103T—4.92 X 10572

AHp=—492,780+-7.46 T4 1.25X 10-3724-4.92 X 108!

AFp=—492,780—7.46 TinT—1.25X 107372+ 2.46
X1057-14-161.6T

—Ta,05

T,° K. Hr—Hs Sr AH7 AFq
34.2 —488, 800 —456, 500
3,430 44,07 —488, 350 —445, 650
7,070 52.18 —487, 750 —435, 000
10, 950 59. 25 —487, 050 —424, 400
14, 990 66. —486, —414, 250
19,130 71.01 —485, 400 —404, 150
, 340 75, 96. —484, 500 —393, 800
27,630 80.49 —483, 600 ~—383, 700
31,990 84,64 —482, 600 —373, 550
36,410 88.49 —481, 600 —363, 850
40, 880 92.06 —480, —354, 200
45, 390 95. 4 —479, 550 —344, 550
49,970 98. 56 —478, 450 —335, 350
54, 630 101. 57 —477, 350 —325, 850
59, 380 104. 45 —476, 300 —316, 300

Tantalum Pentachloride, TaCl; (c)

AHjs=—205,500 calories per mole (48)
sts= (66) e.u. (11)

M.P.=480° K. (6)

AH=9,000 calories per mole

B.P.=507° K. (6)

AHy=12,500 calories per mole
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Formation: Ta+5/2Cl,——>TaCl;
(estimated (11))

T, ° K. Hr—Hams AH7 AFp
.............. —205, 500 (—182, 500)
(13, 000) (—199, 000) (—168, 000
(30, 000) (—195, 000) (—152, 000)

Tantalum Pentabromide, TaBr; (c)

AHsi= —142,900 calories per mole (49)
Szgs= (78) e.u. (11)

M.P.=513° K. (6)

AHy=(9, 000) calories per mole

B.P.=622° K

AHy=14,900 calones per mole

Formation: Ta-+5/2Br,————TaBr;
(estimated (11))

Hr— Hys

AHp ‘ AF7

208___ RN R —143, 000 (—135, 000)
(8,000)‘ (—159,000)\ (—122, 000)

Tantalum Carbide, TaC (c)

AH$gs= — 38,500 calories per mole (66)
Szgs= 10.1 e.u. (112)
M.P.=4,070° K. (9

Zone I (c) (298°-1,800° K.)

C,=7.28+1.65X1072T (94)
Hrp— Hyp= —2,242+7.28T+0.825X 10372

Formation: Ta+C———TaC
Zone I (298°-1,800° K.)
AC,=—2.64—0.15X10"3T+2.10X 10572
AH7r=—37,000—2.64T—0.075X10-372—2.10 X 10571

AFp=—37,000+2.64TinT+0.075X 10-372—1.05
X108T-1—17.64T

Sr AHp AFp
L
10.1 —38, 500 —38,090
12.41 | —38,600 —38,000
14.20 |  —38,750 —37,800
15.70 | —38,950 —37,650
16.98 | —39,200 —37,350
18.12 | —39,400 —37,100
19.14 | —39,650 —36, 750
20.08 | —39,900 —36, 450
20.92 | —40, —36,050
21.73 | —40,450 —35,800
22.48 | —40,700 —35, 500
23.19 | —41,000 —34,900
23.85 | —41,250 —34,300
24.49 |  —41, 550 —33,850
25.09 | —41,800 —33, 500
25.68 | —42,100 —33,000

Tantalum Nitride, TaN (c)

AHjs= — 60,000 calories per mole (100)
Sas=12.4 e.u. (94)
M.P.=(3,360°) K. (9)

Zone I (¢) (298°-773° K.)

Cp,=7.7347.80X10-3T (82)
HT—Hm—- —2,652+7.73T+3.90X 107372

Formation: Ta-+1/2N;)———>TaN
Zone I (298°-773° K.)

AC,=—1.42+6.51X1073T
AHT—— —59,900—1.427+3.25X 1031
AFp= —59 900+1.42TinT—3.25X 10-3T24-12.87T

AH7 AFz
—60,000 | —53,930
—59,900 | —51,850
—59,750 | —49,950
—59,500 | —47,900
—50,200 | —45,950
—58,000 | —44, 100
{—58,500)| (—43,300)
58, 050) ﬁ—m,soo)
—57,550)| (—38, 750)
— 56, 900) 5—37,300)
—56,250)| (—35, 450)
2—55, 550) 5—33,850)
—54,750)| (—32,300)
(—53, 850; (—30, 850)
—52,900)| (—29, 550)
—51,000)| (—28,150)
—50,850)| (—26,850)
(—49,700)| (—25,600)
o)
_———;uté
TaC —= o
» =50} TaN
o
£
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TERBIUM AND ITS COMPOUNDS

Element, Tb (c)

S293=(1750) eu. (121)
M.P.=(1,638°) K. (125)
AH = (3,900) calories per atom
B.P.=(2,800°) K. (125)
AHy=(70,000) calories per atom

(estimated (130))

T,°K Hr—H Sr _(FT__TH”_B)
.............. §17. 50) (17. 50)
(675) 19. 41) 17.73)

(1, 360) (20.92) 18. 20)
(2,055) 522 20 (18.78)
(2,770) 23. 30) (19. 35)

(3, 510) (24.28 (19. 90)

4, 260) (25.17) (20. 44)

(5,030) (25. 98) (20.95)

(5, 820) (26.74) (21. 45)

(6, 630) (27.44) (21.92)

(7, 450) (28.10) (22.37)

(8, 300) (28.72) (22.80)

(9, 160) (29.32) (23.22)

(10, 040) ?29. 88) (23.61)

(14, 830) 32.72) 24.00)

(15, 630) (33.17) 24. 49)

(16, 430) (33.61) (25. 41)

(17, 230) (34.02) (25.83)

Diterbium Trioxide, Tbh,O; (c)

AH3gs= — 436,800 4 2,000 calories per mole (129)

Heptaterbium Dodecaoxide, Th,O;; (c)
AHj=—1,563,000 £ 7,000 calories per mole (129)

Pentaterbium Enneaoxide, Th;O, (c)

AHss= —1,132,000 + 5,000 calories per mole (129)

Terbium Trifluoride, TbF; (c)

AHsg=(—375,000) calories per mole (5)
Szgs= (25) e.Uu. (11)

M.P.=(1,445°) K. (29)

AH )= (8,000) calories per mole

B.P.=(2,550°) K. (6)

AHy=(60,000) calories per mole

THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

Terbium Trichloride, TbCl; (c)

AHsp=(—216,000) calories per mole ()
S298= (41) e.Uu. (11)

T.P.=770° K. (29)

M.P.=855° K. (29)

AH = (7,000) calories per mole

B.P.=(1,820°) K. (6)

AHy=(45,000) calories per mole

Formation: Tb+3/2Cl,———TbCl
(estimated (11))

AH7 AFp
—216,000)|  (—200, 500)
—214,900)|  (—190, 000)
—211,100)|  (—167,000)
(—197,600)|  (—148, 500)

Terbium Tribromide, TbBr; (c)

AHjs=(—175,000) calories per mole (5)
Szgs= (46) eUu. (11)

M.P.=(1,100°) K. (29)

AH = (9,000) calories per mole

B.P.=(1,760°) K. (6)

AHy=(44,000) calories per mole

Formation: Tb-+3/2Br,——TbBr,
(estimated (11))

T,°K Hr—Haxs AH7 AFS
................................... (—175,000)|  (—168, 500)
- (5.000)| (—185,600) ﬁ— 157, 500)
18.000)| (—183,000)| (—133,000)
543, 000)| (—181,000) —94, 500)

Terbium Triiodide, TbI; (c)

AHsps= (—122,000) calories per mole (5)
Sogs=(48) e.u. (11)

M.P.=(1,219°) K. (29)

AH = (10,000) calories per mole

B.P.=(1,600°) K. (6)

AHy=(40,000) calories per mole

Formation: Tb+-3/2F;————TbF, Formation: Tb-+3/2,————Tbl,
(estimated (11)) (estimated (11))
T,°K Hr—Hgs AH7 AFY T,°K Hr—Haxgs AH7 AFp
208 —375,000 —357, P S (R —122,000) |  (—124,000
500. . .o (4,000) 5—374, 700% §-345, %3 500 - e mmmam (5,000) E— 143, 400) ((—_15, %§
1,000,100 C I (17.000)| (—371800)| (—315,000)  1,000.--- .o (19,0000 (13,5003} (—85 900
13,5002 - - oo (32,000)| (—368,000)| (—289, 500) 1500- - ie- (44,000)| (—125,000)| (=59,
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FiacurEe 53.—Terbium.

THORIUM AND ITS COMPOUNDS
Element, Th (c)

S2s=12.76 e.u. (46)
T.P.=1,673° K. (130)
AH 7= (670) calories per atom
M.P.=1,968° K. (130)
AH = (3,740) calories per atom
B.P.=4,500° K. (130)
AHy=(130,000) calories per atom

Zone 1 (¢) (298°-1,500° K.)

C,=6.40+3.06 X103T+0.35X 10572 (82)
Hy— Hypy= — 16927—{— 6.40T+1.53X10-372—0.35
X

5 T—1
Fr— Hoy=—1,927—6.40TInT—1.563 X 10-372—0.175
X1057T-t4-30.71T
T,°K Hr— Hyg Sr _ (Fr—Hw)
T
12.76 12.76
790 15.04 13.09
1,600 16. 85 13.65
2,420 18.34 14.31
3,260 19. 64 14.97
4,120 20.79 15.64
5,010 21.85 16.28
5,930 22.80 16. 87
6, 880 23.71 17.45
7,870 24, 57 18.01
8,910 25.40 18.56
10,000 26. 21 19.07
11,130 26.99 19. 57
(12, 200) (27. 59) (19.98)
(13, 200) (28.30) (20. 54)
(14, 500) (29.06) (21.01)
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Thorium Oxide, ThO (c)

AH3g=— 145,000 calories per mole (42)
 S20s=16.1 e.u. (42)
M.P.=>2,500° K. (42)

Formation: Th+1/20,————ThO
(estimated (42))

T,° K. AFR T,° K. AFp
08 (—138,000) (—113,000)
B500. o §—134, 0060) (—102, 000)
1,000--0-0020I —123,000) (=91,000)

Thorium Dioxide, ThO, (c)

AH3s=—293,200 calories per mole (63)

AH»=291,100 calories per mole
B.P.=4,670° K. (8)

Zome I (c) (298°-1,800° K.)

C,=15.844-2.88103T—1.60X 10572 (82)
HT—H293——5 38TS+15 .84T+41.44X 107212+ 1.60
X 10571

Formation: Th+0,———ThO,

Zomne I (298°-1,500° K.)

AC,=2.28—1.18X103T—1.55X 10572
AHT—— —294,35042.28T—0.59 X 107372+ 1.55 X 105T-!
AFp= —294 350—2.28 TlnT40.59X 10212+ 0.775

X 10571+ 61. 967’

T,° K. Hr—Hg Sr AH7 AFz

15.59 —293, 200 —279, 450

1,600 20.20 | —293,100 —274,700
3,210 23.79 | —293,050 —270,150

4,890 26.85 | —292,950 —265, 60

6, 620 29.91 —202, 85 —261,050

, 390 31.88 | —292,700 —256, 500
10,200 34.01 —292, —251, 950
12,050 35.96 [ --292,500 —247, 450
13,940 37.76 | —292,350 | —242,450
15, 860 39.43 —292, 250 —238,400
17,800 40.98 | —292,20 —233, 900
19,760 42.43 | —292,150 —229, 450
21,740 43.80 | —292,250 —225,000
23,740 45.09 | (—292,100)| (—220,550)
25,750 46.31 5-292 ,000)| (—216,000)
27,770 47.46 | (—292,150)| (—211,700)

Thorium Tetrafluoride, _Th.F4 (c)

AHsg= (—477,000) calories per mole (11)
Sags= (35) e.u. (11)

M.P.=(1,300°) K. (11)

AHy= (17 000) calories per mole

B.P.=(2, 000°) K. (11)

AHy=(50,000) calories per mole

Formation: Th-+42F,———ThF,
(estimated (11))
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T,°K Hr—Hus AHp AF7
.............. (—477,000)|  (—454,000)
(6,000) 2—475, 800) (—438,000)
(22, 000) —472,600) (—403, 000)
(59,000)| (—449,600)| (—373,

Thorium Trichloride, ThCl; (c)

AH3es= (—242,000) calories per mole (42)
Sags= (43.2) e.u. (42)

M.P.=(1,100°) K. (6)

AH =(9,000) calories per mole

B.P.=(1,890°) K. (6)

AHy=(46,000) calories per mole

Formation: Th+3/2Cly——ThCl,
(estimated (42))

T, ° K. AF7 T, ° K. AFy
(—227,000) (—179,000)
(—218, 000 (—172,000)
(—196,000) (—161,000)

Thorium Tetrachloride, ThCl, (c)

AH3= — 285,200 calories per mole (11)
Sogs=(44) e.u. (11)

M.P.=1,038° K. (6)

AH »=22500 calories per mole

B.P.=1,195° K. (6)

AHy=36,500 calories per mole

Formation: Th+2Cl,————ThCl,
(estimated (11))

T,°K Hr—Hang AHjp ’ AF7
—285, 200 (—262, 600)
(6,000) (—284,000) (—247, 200)
(23,000) (—280,000) (—211,000)
(84,5005| (—232,500)| (—198,000)

Thorium Tetrabromide, ThBr, (c)

AHj3gs=(—230,300) calories per mole (11)
Sags= (56) e.u. (11)

M.P.=953° K. (6)

AH=9,500 calories per mole

B.P.=1,130° K. (6)

AHy=34,500 calories per mole

Formation: Th-2Br, ThBr,
(estimated (11))
T,° K Hr—Hos AHp AF7
_______________________________________ (—230,300)|  (—221,200)
(6,000)| (—244,900)|  (—207,000)
(33,000)| (—231,200)| (=172, 500)
(88,500)|  (—189,700) | ... ...

THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

Thorium Tetraiodide, Thl, (c)

AH3p=(—161,200) calories per mole (11)
Szggz (63) e.Uu. (11)

M.P.=839° K. (6)

AH»=8,000 calories per mole

B.P.=1,110° K. (6)

AHy=31,500 calories per mole

"Formation: Th-+2I,———ThlI,
(estimated (11))

T,°K | Hr—Has AHZ AFp
208_ (—161,200) (—159,000)
500 e (6,000) (—189, 900) (—154,200)
1,000 §33,000) (—176,200)|  (—118,000)
1,500. 85, 500) (—137,800) (—172,000)

Thorium Dicarbide, ThC,; (c)
AHj= — 45,600 calories per mole (9)
Saes=(30) e.u. (9) )
AF 3= (—50,000) calories per mole (9)
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Figure 54.—Thorium.

Trithorium Tetranitride, ThsN, (c)

AH3y= — 308,400 calories per mole (9)
Sogs=42.7 e.u. (9)

Zone I (¢) (298°-800° K.)

0,=27.78+31.8X 10T (82)
Hy— Hygg— — 9,696+ 27.78 T+ 15.9 10-3 T2

Formation: 3Th-+2N,——Th,N,
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Zone I (298°-800° K.)

AC,=—4.74+20.58 X 10-3T—1.05X 10572
AHp=—308,250—4.74T+10.29 X 10-3 T2+ 1.05

X 10571
AF 7= —308,250+4.74TinT—10.29 X 103 T2+ 0.525
X1057-14-62.07T
T,°K Hr—Hj } Sr ‘ AH7 AFn
208 —— - 42.7 —308, 400 —282, 450
, 960 54.11 | —308,250 —273, 600
8,180 63.51 | —307,850 —264, 950
12,720 71.78 | -307,200 —256, 400
s 79. —306, 350 —248,000
, 540 85.87 | —305,400 —239, 700

THULIUM AND ITS COMPOUNDS

Element, Tm (c)

Sags=(17. 10) eu. (127)
M.P.=(1,900°) K. (126)
AH y=(4,400) calories per atom
B.P.= (2 400°) K. (125)
AHy= (51 000) calories per atom

(estimated (130))

T,°K. Hr—Hjy Sr _ (Fr—Hjg)
T
- (17.10) 17.10)
(660) (18.97) 17.32)
(1,330) (20. 46) (17.80)
(2,010) (21.71) 18. 36)
(2,710) 222 78) 18.91)
(3, 420) 23.73) (19.46)
, 150) (24. 59) (19.98)
(4, 890) 525 37) 520 48)
, 26, 09) 20. 96)
6, 420 (26.77) (21.42)
(7,210) 27.40) (21. 86)
(8,010) 27.99) (22.27)
8, 830 (28. 56) (22.68)
9, 660 29.09) (23.06)
(10, 510) 29. 61) (23.43)
(11,370) (30.10) (23.79)
(16, 650) (32.89) (24.13)
(17, 450) (33.30) (24. 58)

Thulium Trifluoride, TmF; (c)

AHsp=(—366 000) calories per mole (4)
Szgg— (25) eu. (11

M.P.=(1,610°) K. (6)

AH = (8,000) calories per mole

B.P.=(2,500°) K. (6)

AHy= (60 000) calories per mole

Formation: Tm+3/2F;———TmF,
(estimated (1))

T,°K Hr—Hy AH7 AFp
298 L (—366,000) (—348,000)
500 - e (4,000) (—365, 700) —336, 500)
1,000, .o oo (17,000) (—362, 600) —308, 000)
1,500 oo (32,000) (—378,000) —282, 000)

Thulium Trichloride, TmCl; (c)

AHo93= — 229,000 calories per mole (5)
Sa9=(39) e.u. (11)
.P.=1,094° K. (6)
AHy= (9 000) calories per mole
B.P.=(1,760°) K. (6)
AHy= (44 000) calories per mole

Formation: Tm+ 3/2Cl,————TmCl;
(estimated (11))

T,°K Hr—Haygs AH7 AFq
298.... —229,000 —212, 500)
500, - oo (5,000)| (—227,900)| (—201, 500)
1,000 gw, ooo; —224,000)|  (—176,000)
1,500 43,000 —210,400)|  (—157,000)

Thulium Tribromide, TmBr; (c)

AH3p=(—167,000) calories per mole (5)
268 = (44) e.Uu. ( 1)

M.P.=(1,225°) K. (6)

AHy= (10,000) calories per mole

B.P.=(1,710°) K. (6)

AHy=(43,000) calories per mole

Formation: Tm+ 3/2Bry———TmBr;
(estimated (11))

T,°K Hr—Hs AHp AF7
—167,000)|  (—160,000)
(5,000)| (—177,600)| (—148, 500)
EIS, 000) —174, 900) 5—123, 000)
43,000)| (—160,600)| (—103, 500)
o
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Thulium Triiodide, TmI; (c)

AH3=(—138,000) calories per mole (6)
Sags= (47) e.u. (11)

M.P.=1,288° K. (6)

AH = (10,000) calories per mole

B.P.=(1,530°) K. (6)

AHy=(40,000) calories per mole

Formation: Tm-3/2l,————Tml;
(estimated (11))

T,°K Hr—Hus AHp AF7
.| (~138,000)| (—135,500)
(5,000) (— 159 300) (—123, 500)
(19,000)| (- (—95,000)
(44,000)| (- 142 000) (=70, 500)

TIN AND ITS COMPOUNDS

Element, Sn (c)

S293= 12.29 e.u. (83)
M.P.=505° K. (82)
AH p=1,720 calories per atom
B.P.=2,960° K. (130)
AHy=169,400 calories per atom
Zone I (c) (298°-505° K.)
C,=4.424-6.30X1073T (82)
Hr— Hys=—1,598+4.42T+3.15X 10-3T?
Fr— Hyp=—1,598—4.42TInT—3.15X10-3T24+19.19T

Zone 11 (I) (505°-1,300° K.)
C,=17.30 (82)

Hr— Hys=—526+7.30T
Fr—Hyy=—526—7.30TinT+33.41T

Zone 1T () (1,300°-2,000° K.)
(estimated (130))

T,° K. Hr—Has Sr _(Fr—Hxy
T
12.29 12.29
680 14.25 12. 55
1,400 15. 85 13. 05
3,850 20. 59 14.17
4, 580 21.72 15.17
5,310 22.69 16. 05
6,040 23. 55 16.83
, 77 24.32 17.55
7,500 25.02 18.20
8,230 25.65 18.79
8, 960 26.23 19.34
, 690) (26.77) (19. 85)
(10, 420) (27.28) (20. 34)
(11, 150) (27.75) (20.79)
(11, 880) (28.19) (21.21)
(12, 610) (28.61) (21.61)
(13, 340) (29.00) (21.98)
(14, 070) (29.38) (22.35)

Tin Oxide, SnO (c)

AH3= —68,350 calories per mole (71)
sz 13.5 e.u. (83)

M.P.=(1,315°) K. (42)

AH = (6,400) calories per mole

B.P.=(1,800°) K. (42)

AHy=(60,000) calories per mole

Zone I (¢) (298°-1,273° K.)
C,=9.9543.50X103T
Hp— Hys=—3,120+9.95T41.75X 107372

Formation: Sn+1/20,———>Sn0O

Zone 1 (298°-505° K..)

AC,=1.95—3.3X1073T+40.20X 10572
AHT— —68,7204+1.957—1.65X 107372 —0.20 X 10571
AFr= —68 720—1.95TinT+1.65X 10-3T2—0.10

X 1057-14-35.26 T

Zone II (505°-1,300° X.)

AC,=—0.93+3.0X10-37+0.20X 1057
AHT= —69,800—0.93741.5X10-372—0.20 X 10571
AFT=——69 800+0.93Tin T—1.5X10-372—0.10
X105T-1421.07T

T,°K Hr—Haxs Sr AHp AF7

- 13.5 —68, 350 —61, 400
1,130 16.79 —68, 250 —59, 000
2,280 19.37 —68, 200 —56, 800
3,460 21.53 —69, 850 —54, 200
4,680 23.41 —69, 750 —51, 600
5,930 25.09 —69, 700 —49, 100
7,210 26. 61 —69, 500 —46, 500
8, 580 28.01 —69, 250 —43, 900
9, 880 29.30 —69, 050 —41, 300
11,270 30. 52 —68, 850 —38, 800
12, 690 31.67 —68, 550 —36, 300

Tin Dioxide, SnO; (c)

AHjp= —138,820 calories per mole (71)
Sas=12.5 e.u. (83)
S.P.=2,123° K. (94)

Zone I (c) (298°-1,500° K.)

C,=17.6642.40X10-3T—5.16 X 105T2 (82)
HT—Hm——7 100+17.667+1.20X 107372 +5.16
X 10571

Formation: Sn40y———Sn0,

Zone 1 (298°-505° K.)

AC,=6.08—4.90X10-3T—4.76 X 10572
AHT— —142,010+6.08T—2.45X 10-3T24-4.76 X 105T!
AFp= —142 010—6.08 TIn T+ 2.45X 107372+ 2.38

X 105T-1+90.74T

Zone 1T (505°-1,300° K.)

AC,=3.241.4X1073T—4.76 X 10572
AHT— —143,190+3.27+0.7X 1073 T2+4.76 X 10571
AF = —143 190—3.2TInT—0.7X 107372+ 2.38

X 1057-14-76.58T

T,°K Hr—Has Sr AH7 AFg
12.5 —138, 820 —124, 300
16.84 | —138,700 —119, 300
20. 38 —138, 600 —114, 500
23.45 —140, 100 —109, 300
26.18 —139, 800 —104, 300
28.63 —139, 500 —99, 200
30.85 —139, 200 —94, 200
32.88 —138, 800 —89,200
34.77 —138, 300 —84,200
36. 53 —137, 900 —79, 300
38.17 —137,400 —74,400
39.71 —136, 800 —69, 500
41. 16 —136, 500 —64, 800
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Tin Difluoride, SnF, (c)

AHj3es=(—158,000) calories per mole (11)
293=29 e.u. (11)

M.P.=>900° K. (6)

B.P.=>1,500° K. (6)

Formation: Sn+F,——SnF,
(estimated (11))

T,°K Hr—Hos AH7p AFp
208_ .. (—158,000)|  (—148,500)
N, (4,0000| (—157,000)| (—141,500)
Tin Dichloride, SnCl; (c)
AHj=—81,100 calories per mole (11)
Szgs=(34) e.u. (11)
M.P.=500° K. (6)
AH=3,050 calories per mole
B.P.=925° K. (6)
AHy=19,500 calories per mole
Formation: Sn+ Cl,———SnCl,
(estimated (11))
T,°K Hr—Hos AH7 AF7
208 . —81, 000 (—71,660)
L (4,000)|  (—80,000)|  (—65,500)

Tin Tetrachloride, SnCl, (I)

AH3s= —127,400 calories per mole (11)
S208=162.2 e.u. (83)

AF3s=—16,900 calories per mole

M.P.=240° K. (6)

AH y=2,190 calories per mole

B.P.=386° K.

AHy=8,325 calories per mole

Zone I (g) (298°-1,000° K.)

C,=25.57+0.20X 103 T—1.87X 10572 (82)
HT— H293= -_ 8,260 + 25.57 T+ 0. 10)( 103 T2+ 1.87
X 10571
Formation: Sn-+2Cl,————SnCl,
(estimated (11))

Tin Dibromide, SnBr, (c)

AH3=—61,400 calories per mole (11)
Szog= (39) e.u. (11)

M.P.=505° K. (6)

AH=1,720 calories per mole

B.P.=912° K. (6)

AHy=23,500 calories per mole

Formation: Sn-+Br,———SnBr,
(estimated (11))

T,° K Hr—Hos AH7 AF?
S R —61,400 (—58, 500)
500- - (4,0000]  (—68,400)|  (—52,000)
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Tin Tetrabromide, SnBr, (c)

AH3s=—94,700 calories per mole (11)
Sggg= (62) e.u. (11)

M.P.=303° K. (6)

AH =3,000 calories per mole

B.P.=480° K. (6)

AHy=(10,500) calories per mole

Formation: Sn+2Br,——>SnBr,
(estimated (11))

T,°K Hr—Has AH7 AF7
208 —94,700 (—87,000)
500 - e eeeeee (22, 000) (—98,000) (=79, 000)
Tin Diiodide, Snl; (c)
AHjs= —38,900 calories per mole (11)
Szgs= (41) eUu. (11)
M.P.=593° K. (6)
AH = (3,000) calories per mole
B.P.=987° K. (6)
AHy=24,000 calories per mole
Formation: Sn—+1, —Snl,
(estimated (11))
T,°K. Hr—Has AH; AF7
Y U PO, —38, 900 (—39, 100)
500 - - e (4, 000) (—53,000) (—36, 800)
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TITANIUM AND ITS COMPOUNDS
Element, Ti(c)

S293=7.24 €.Uu. (83)
T.P.=1,150° K. (82)
AH7r=950 calories per atom
M.P.=1,998° K. (94)
AH =4,500 calories per atom
B.P.=3,550° K. (7)
AHy=101,000 calories per atom

Zone I (&) (298°-1,150° K.)

C,=5.254-2.52X1073T (82)
Hp— Hys=—1,677+5.25T41.26 X 1073T?
Fp— Hypy=—1,677—5.25TInT—1.26X 107372 +28.66 T

Zone II (B8) (1,150°-1,988° K.)

C,=17.50 (82)
Hrp— Hys=—1,650+7.50T
Fpr— Hyy=—1,650—7.50TinT+43.1T

T,°K Hr— Hjp Sr _(Fr—Hm)
T
208 s - 7.24 7.24
400 s 625 9.04 7.50
500 - s 1,250 10. 44 7.9
600__ 1,920 11.66 8.47
700 2,610 12.72 9.07
800__ 3,330 13.68 9. 56
900__ 4,070 14.55 10.03
1,000.___ 4,840 15.36 10. 52
1,100 5,630 16.11 10.99
1,200 7, 350 17.62 11.51
1,300 8,100 18.22 12.00
1,400_ 8,850 18.77 12.40
1,500 9, 600 19.29 12.84
1,600 10, 350 19.70 13.22
1,700. 11, 100 20.156 13. 59
1,800 11,850 20.5 13.-92
1,800 . 12, 590 20. 95 14.32
2,000 oo 17, 850 23.66 14.72

Titanium Oxide, TiO (c)

AH3g= —123,900 calories per mole (68)
Szos=8.31 eu. (83)

T.P.=1,264° K. (82)

AH =820 calories per mole

M.P.=2,293° K. (94)

AH =14,000 calories per mole

Zone I (¢) (298°-1,264° K.)
C,=10.57+3.60X1037—1.86 X 10572 (82)
Hr— Hys=—3,935+10.57T+1.80X 10-373--1.86
X 10571
Zomne 1T () (1,264°-2,000° K.)

C,=11.85+3.00X1073T (82)
Hy— Hys=—4,100+11.85T+1.50X 10372

Formation: Ti+1/20,———TiO
Zone 1 (298°-1,150° K.)
AC,=1.74+0.58X 10-37T—1.66X 10573 4
AHp=—125,000+1.74740.29X 103724 1.66 X 10571

AFp=—125,000—1.74Tin T—0.29X 10-3T2+4-0.83
X1057-1+36.12T

Zomne IT (1,150°-1,264° K.)

AC,=—0.5143.10X10-3T—1.66X 10572

AHr=—125,050—0.51T+1.55X 10-3T3+1.66 X 1051

AFp=—125,050+0.51Tln T—1.55X 103724 0.83
X1057-1+21.80T

Zone IIT (1,264°-1,800° K.)

AC,=0.77+2.50X 102 T4 0.20X 105 T
AHp=—125,245+0.77T+1.25X 1073 17— 0.20 X 1057!
AFp=—125,245—0.77Tin T—1.25X 107373 —0.10

X 1057-14-30.8T
T,°K Hr—Hoaxs Sr AHp AFp
8.31 | —123,900 | —116,900
1,080 11.42 | —123,800 | —113,550
2,220 13.96 | —123,650 | —112,250
3,410 16.13 | —123,500 | —110,000
4,640 18.02 —123, 350 —107, 700
5,910 19.72 —123,200 —105,
7,240 21.27 | —123,050 | —103,300
8, 600 22.71 —122, 850 —101, 100
10, 020 24.06 —122, 600 —98, 900
11, 490 95.34 | —123,300 —96, 700
13,840 27.21 | —122,100 —94, 500
15, 430 28.39 | —121,700 —92, 500
17,050 29.51 | —121,300 —90, 350
18, 700 30.57 | —120,750 —88, 350
20, 380 31.59 | —120,300 —86, 400
22,090 32.57 | —119,750 —84, 750

Dititanium Trioxide, Ti;:O; (c)

AHgs= — 362,900 calories per mole (68)
Sags= 18.83 e.u. (83)
T.P.=473° K. (82)
AHp=215 calories per mole
M.P.=2,400° K. (8)
AH y=238,400 calories per mole

Zone I"(a) (208°-473° K.) -

C,=17.31+53.52X103T (82)
Hrp— Hyp= —4,558+7.31T+26.76 X 103 T2

Zone II (8) (473°-1,800° K.)

C,=34.68+1.30X 10—27T—10.20X 10572 (82)
Hr— Hayps= —13,605+34.68 T+0.65X 10-3T?+10.20
X 10571

Formation: 2Ti+3/20,——Ti,0,

Zone 1 (298°-473° K.)

AC,=—13.931+46.98 X 10~374-0.60X 1052
AH7z=—360,630—13.93 T4 23.49X 10-372—0.60
X 10571
AF 7= —360,630+13.93 Tin T—23.49X 10~37%—0.30
X108T-1—17.41T

Zone II (473°-1,150° K.)

AC,=13.44—5.24X10-3T—9.60X 1052
AH7=—369,620+13.44T—2.62X 10-37?+9.60
X 10371
AF p= —369,620—13.44 Tln T+2.62X 102721 4.80
X105T-1+4+163.11T

Zone III (1,150°-1,800° K.)

AC,=8.94—0.2X10-3T—9.60X 10572

AHp=—369,730+8.947—0.10X 10-3T%-+9.60X 10571

AFp=—369,730—8.94TIn T+0.10X 10-3T2+-4.80
X1057-14-133.85T
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T,° K. Hr—Hps Sr AHZ AFg
208 18.83 | —362,900 | —344,000
400 TIITITTITTT 2,610 26.32 | —362,600 | —335,200
5000 5,940 33.70 | —361,600 | —328,250
600 9,140 39.54 | —360,900 | —322,000
700_. 12, 440 44.62 | —360,150 | —315,550
800__ 15,930 49.14 —359, 400 ~-309,
900 19, 270 53.19 [ —358,650 | —303,060
1,000 22,740 56.85 | —358,000 | —297,
1,100 26, 260 60.21 | —357,200 | —290,
1,200 29, 800 63.20 | —358,350 | —284,350
1,300 33,360 66.13 | —357,550 | —278,550
1,400 36, 950 68.79 | —356,700 | —272,300
1,500 , 560 71.20 | —356,050 | —266,4
1,600 44,180 73.62 | —355,100 | —260,
1,700 47,830 75.83 | —354,300 | —254,750
1,800 51,490 77.93 | —353,450 | —249, 450

Trititanium Pentaoxide, Ti;O; (c)

AH3gp=— 587,000 calories per mole (68)
S20s=30.9 e.u. (83)

T.P.=405° K. (82)

AH7p=2,240 calories per mole

M.P.=>2,500° K. (42)

Zone I (o) (298°-405° K.)

C,=35.474-29.50X 10-3T (82)
Hrp— Hpp=—11,887+35.47T-14.75X 103 T2

Zone 1T (B) (405°-1, 400° K.)

C,=41.604-8.00X10-2T (82)
Hr— Hype=—10,230+41.60T+4.00X 10372

Formation: 3Ti+5/20, —Ti;0;
Zone I (298°-450° K.)

AC,=1.82+19.44X103T+1.0X 10572

AHr=—588,070+1.82T4-9.72 X 10-37T2—1.0X 10571

AF p=—588,070—1.82TInT—9.72 X 10-3T2—0.50
X10571+130.7T

Zone IT (450°-1, 150° K.)

AC,=7.95—2.06X10-3T+1.0X 10572

AHrp=—586,330+7.95T—1.03 X 10-372—1.0X 10571

AF = —586,330—7.95TIn T+ 1.03 X 10-372—0.50
X1087-1+159.57T

Zone III (1, 150°-1, 400° K.)

AC;=1.20+5.50X 10374 1.0X 10572

AHp=—586,460+41.2074-2.75X 10-372—1.0X 10571

AF p=—586,460—1.20TlnT—2.75X 103 T2—0.50
X1057-14116.2T

T,°K Hr—Huys Sr AHp AFy
30.9 | —587,000 | —553,200
4,660 44.33 —586, —541, 900
11,570 59.75 | —582,800 | —531,100
16,220 68.22 | —582,050 | —520,650
) 880 75,40 | —581,400 | —510,700

25, 550 81.64 | —580,900 | —500,7

30,290 87.21 | —580,400 | —491, 600
35,030 92.42 | —580,050 | —480,900
40,270 97.42 | —579,150 | —471,050

45,510 101.79 | —581,150 | —460,
50, 660 105. 91 —580, 300 —450, 500
55,810 100.73 | —579,550 | —440,750

Titanium Dioxide (Rutile), TiO, (c)

AH3p=—225,600 calories per mole (68)
Szgs= 12.01 e.u. (33)

M.P.=2,123° K. (94)

AHy=15,500 calories per mole

B.P.=3,273° K. (94)

Zone I (¢) (298°-1,800° K.)

- C,=17.9740.28X10-3T—4.35X 10572 (83)
Hr— Hy=—6,829+17.97T+0.14X 1073724 4.35
X 1071

Formation: Ti+0,—TiO,
Zone I (298°-1,150° K.)

AC,=5.56—3.24X10-3T—3.95X 10572

AHp=—228,520+5.56 T—1.62X 10-3724-3.95X 10571

AFp=—228,520—5.56 Tin T+ 1.62X 10~3T2+4-1.97
X1057-1+82.64T

Zone II (1,150°-1,800° K.)

AC,=3.31—0.72X 103 T—3.95X 10573
AHp=—228,570+3.31T—0.36 X 10~37T%43.95X 10571
AFp=—228,570—3.31TInT+0.36 X 10312 +1.95

X1058T-14+68.47T
T,° K Hr—Hs Sr AHp AFg
12.01 —225, 600 —212, 400
1, 540 16,44 —225, —207,
3,100 19.92 —225, 200 —203, 600
4,735 22.90 —226,000 —199, 300
6, 440 25. 52 —224, 750 ~104, 950
8, 160 27.82 —224, 550 —190, 750
9, 900 20.87 | —224/350 | —186, 550
11, 650 31.71 —224, 200 —~182, 350
13,420 33.40 —224, 000 —178,
15, 200 34.95 —224, 800 —173, 890
17, 000 36. 39 —224, 550 —169, 550
18,820 37.74 —224, 350 —165, 450
20, 660 39.01 —224, —161, 200
22, 540 22 —223, 850 —157,250
24, 340 41.37 —223, 600 —153, 100
26, 340 42. 46 —223, 350 —149, 350
Titanium Difluoride, TiF; (c)
AH3=(—198,000) calories per mole (11)
Sogs=(18) e.u. (11)
Formation: Ti+F,——TiF,
(estimated (11))
T,°XK Hr—Hag ’ AHp AF;-
(—198,000)|  (—187,000)
(4, 000) —197, 000) (—179, 000)
(14, 000) —195, 000) §-160, 000)
(25, 000) —193, 000) —142, 000)

Titanium Trifluoride, TiF; (c)

AHjs=(—315,000) calories per mole (11)
Sogs=(28) e.u. (11)

M.P.=(1,500°) K. (6)

AH = (12,000) calories per mole

B.P.=(1,700°) K. (6)

AHy=(49,000) calories per mole
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Formation: Ti+3/2F,——TiF;
(estimated (11))

T,°K Hr—Hs AHp AFz
-|  (—315,000)| (—299,500)
......................... (4, 000) 2-314, 600)|  (—289,000)
................. (17,000)|  (—309,000)|  (—262, 000)
....................... (32,000)| (—303,000)| (—237,000)

Titanium Dichloride, TiCl; (c)

AH3=— 123,700 calories per mole (86)
Szoa= (243) e.u. (86)

Formation: Ti+42Cl,——
Zone T (298°—409° K.)
Zone 1T (409°-1,150° K.)
A= 20535004 2 567 12X L0074 1.0 101

AFp=—183,300—2.56 Tin T+ 1.2X 1073724 0.5
X105T-14-46.78T

Zone IIT (1,150°-1,900° K.)

‘AC,=0.3140.12X103T—1.0X 10572

AHr=—183,300+0.31740.06 X 1073724 1.0X 10571

AFr=—183,300—0.31TInT—0.06 X 10-3724-0.5
X105T-14-32.41T

(estimated (86))

—TiCl,

Formation: Ti4Cl;———TiCl,
estima 86

(est ted (86)) T,°K Hr—Hns Sr AHp AFp
oK. — o ° 208 50.50 | —102,100 | —175,900
T.°K Hr—Hus AHr Ay 100 ) 70.52 | —190,600 | —170,560
= | u) i) Cwe
17700) (:{% %) ﬁ:}},;g" 10 700__ 19, 655 105.02 | —181,900 | —161,600
2 :600) (_122: 350) (- 105: 000) 800.__.. 22,180 108.39 | —181,850 —158, 700
(5,450)| (—122,050)| (=101, 550) 900_. 24,720 111.38 | —181,800 —155, 850
"340)|  (—121,700) —98, 200) 1,000 27,265 114.06 | —181,800 —152,950
(9, 280) (—121, 400) (—04, 850) 1,100 29, 805 116.49 | —181,750 —150, 050
(11, 270) (_121' 000) —o1 550) 1,200 32,375 118.72 | —182,750 —147,100
(13: 300) (_m' 650) 2—88’ 300) 1,300 34,915 120.77 | —182,750 —144,150
(15,389 (-120.050) (8100} W03% | Torh| Cisnow | Cissis

(7.500)|  (-120,750)  (-8L,850) ey ! 640 126,10 | —182,600 | —135,
17000 20000 45,200 127.66 | —182,600 | —132,250
1,800 -0 47,785 129.13 | —182,600 | —129,250
1,000 _TITITITTTT , 360 130.52 | —182, —126, 250

Titanium Trichloride, TiCl; (c)

AHjgs= — 175 000 calories per mole (86)
S20s=(33.4) e.u. (86)
Disproportionates (1,200°) K. (6)

Formation: Ti+3/2Cl,———TiCl,
(estimated (86))
T,°K Hr—Hags AH7 AF7

—172, 000 (—155, 950)

(2, 320) -171, 560; E— 50, 500)

(4, 660; —171, 150, —145, 300;

(7,070 —170, 700) 5—140, 150,

(9, 560) (—170, 200) —135, 100)

(12,110) (—169, 700) —130, 150)

(14, 740§ (—169, 150) %-— 125, 200)

(17,430 —168, 600) —120, 350)

(20, 190 %—167, 950) —115, 600)

(23, 030) —168, 200) (- 110 750)

Titanium Tetrachloride, TiCl, (I)

AH3=—192,100 calories per mole (86)
Szgg=59.50 €.Uu. (86)

M.P.=250° K. (6)

AH y=2,240 calories per mole

B.P.=409° K. (6)

AHy=8,346 calories per mole

Zone I (g) (409°-2,000° K.)

C,=25.454-0.24X1037T—2.36 X 105T2 (82)
Hr— Hzs=—8,390+25.45T4-0.12X 1073 T2 2.36
X 10871

Titanium Dibromide, TiBr; (c)

AHj= (—95,000) calories per mole (11)
So9s=(30) e.u. (11)

M.P.=(900°) K. (6)

AH = (6,000) calories per mole

B.P.=(1,500°) K. (6)

AHy=(33,000) calories per mole

Formation: Ti+Br,——TiBr,
(estimated (11))

T,°K Hr—Hos AHp I AF7
(—95,0000|  (—91,000
(3,000)| (—102,000)|  (—84,000
(21,000)|  (—93,000)|  (—65,000
(33,000)|  (—90,000)| (53,000

Titanium Tribromide, TiBr; (c)

AH§95 (—132,000) calories per mole (11)
Sas=(43) e.u. (11)
Disproportionates (1,200°) K. (6)
Formation: Ti+3/2Br,——TiBr;
(estimated (11))

T,°K Hr—Hns AH7p AF7
(~132, ooog 5—126,500
(5, 000) g —142, 500 —117, 000,
(19,000)| (—139,000)|  (—91, 000
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Titanium Tetrabromide, TiBr, (c)

AHsg= — 148,200 calories per mole (86)
S20s=58.0 e.u. (86)

M.P.=311° K. (6)

AHy=2,060 calories per mole

B.P.=503° K. (6)

AHy=(11,000) calories per mole

Formation: Ti+2Br, —TiBr,
(estimated (86))
T,°K. Hr—Has AH3 AF%

208 —148,200 —145,000
500 LI (11,000) | (—159,000) | (—132;000)
Titanium Diiodide, Til, (c)
AH3p=(—61,100) calories per mole (11)

Sags=(33) e.u. (11)
M.P.=(900°) K. (6)
AH = (6,000) calories per mole
B.P.=(1,300°) K. (6)
AHy=(27,000) calories per mole
Formation: Ti+I,————Til,
(estimated (11))
T,°K Hr—Hap AH% AF%
208__. (—61, 100) —60, 500)
500 - T (4,000) | (—75,000) %—57, 000)
1,000. (21, 000) —66, 000) —39,000)
1,500 LI (60, —36,000) —25,000)
Titanium Triiodide, Til; (c)
AH3ys=(—80,000) calories per mole (11)
Saes=(47) e.u. (11)
Disproportionates >1,200° K. (6)
Formation: Ti—l— 3/2I,———Til,
(estimated (11))
T,°K Hr—Hyg AHS AF%
208__. (—80,000) —79,000)
500_ . TITTTIITTIT 5, —102, —75,
s G s | (R

Titanium Tetraiodide, Til, (c)

AH3i=(—101,000) calories per mole (11)
Sags=(64) e.u. (11)

M.P.=423° K. (6)

AHy=(3,000) calories per mole

B.P.=650° K. (6)

AHy=13,500 calories per mole

Formation: Ti+2I,————Til,
(estimated (11))

T,°K Hr—Hs AH% AFR
208. .. é—lOl, 000) (101, 000)
800 - - el (11,000) —124, 600) (—89, 500)

Titanium Carbide, TiC (c)

AHse= — 44,100 calories per mole (86)
Sos=5.Y9 e.u. (88)
M.P.=3,450° K. (9)

Zone I (c) (298°-1,800° K..)

C,=11.834-0.80X10-3T—3.58 X 105T2 (82)
Hry— Hyp=—4,764+11.83T+0.40X 107372+ 3.58
X 10871

Formation: Ti+C———>TiC
Zone I (298°-1,150° K.)

AC,=2.48—2.74X103T—1.48X 10572

AHp=—45,100+2.48T—1.37 X103 T2+ 1.48 X 10571

AFp=—45,100—2.48TinT+1.37X 1073 T2+4-0.74
X103T1+19.41T

Zone IT (1,150°-1,800° K.)

AC,=0.23—0.22X10737—1.48 X105 T2
AHp=—45,20040.23T—0.11 X 10372+ 1.48 X 10571
AFp=—45,200—0.23TinT+0.11 X 107372+ 0.74

X105T14-4.96T
T,°K Hr—Hjs Sr AH% AF%
5.79 —44,100 —43, 300
945 8.51 —44, 050 —43,000
1,957 10.8 —43, 950 —42,700
3,085 12.82 —43,900 —42, 500
4,225 14.58 —43, 850 —42,250
5,395 16.14 —43,850 —42,050
6, 600 17. 56 —43,900 —41,800
7,830 18.86 —43,900 —41, 600
9,080 20. 05 —43, 950 —41,350
10, 330 21.04 —44,950 —40, 950
11, 590 22.14 —45,000 —40, 700
12, 860 23.08 —45,000 —40, 400
14,130 23.96 —45, 050 —40, 050
15,400 24.78 —45,100 —39, 850
16.670 25. 55 —45,150 —39, 550
17,940 26.28 —45,150 —39, 400

Titgnium Nitride, TiN (c)

AHjs= —80,700 calories per mole (86)
Sa0s=7.24 e.u. (83)
M.P.=3,200° K. (9)
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Zone 1 (¢) (298°-1,800° K.)

C,=11.91+0.94X 10-3T—2.96 X 10572 (82)
H7;— Hy3= —4,58TG+ 11.917+40.47 X 10-37242.96
X 1051

Formation: Ti+1/2N;——TiN

Zone I (298°-1,150° K.)

AC,=3.33—2.09X10—3T—2.96 X 105 T2

AHp= —82,590+3.337—1.04X10~3724-2.96 X 10571

AF = —82,590—-3.33TInT+1.04X 10-372+-1.48
X1057-14-46.13T

Zone II (1,150°-1,800° K.)

AC,=1.08+0.43X10-3T'—2.96X 10572

AHp=—82,65041.08T+0.21 X 10372+ 2.96 X 10571

AF 7= —82,650—1.08TinT—0.21X 107372+4-1.48
X103T-14-31.86T
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Ficure 58.—Titanium (b).

TUNGSTEN AND ITS COMPOUNDS
Element, W (c)

S20s=8.0+0.2 e.u. (83)
M.P.=3,650° K. (7) ‘
AH =8,420 calories per atom
B.P.=5,950° K. (7)
AHy=184,580 calories per atom

Zone I (¢) (298°-2,000° K.)
C,=5.7440.76 X 1037 (82)

Fp— Hy=—1,745—5.74Tin T—0.38 X 10-3T2+430.61 T

T,°K Hr—Hs St AHY AF%
____________ 7.24 —80, 700 —173,870
1,000 10. 12 —80, 700 —171, 550
2,090 12. 54 —80, 600 —69, 100
3,230 14. 63 —80, 450 —65, 700
4, 400 16. 43 —80, 350 —64, 300
5, 590 18.02 —80, 250 —61,900
6, 810 19.45 —80, 150 —59, 550
8,050 20.76 —80, 050 — 58, 200
9,310 21.96 —80, 000 —55, 000
10, 600 23.08 —80, 800 —53, 800
11,910 24.13 | —80,650 —51,450
13,230 25.11 | —80,450 —49, 200
14, 550 26.02 | —80,350 —47,250
15,870 26.87 | —80,150 —44,950
17,190 27.67 | —80,000 —42,800
18, 510 28.43 —79, 850 —40, 650
+50
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o
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TEMPERATURE, ° K.

Freure 57.—Titanium (a).

T,°K Hr—Hygs Sr _QFL‘Tﬂ
______________ 8.0 8.0

615 9.77 8.23

1,220 11.12 8.68

1,830 12,23 9.18

2,450 13.19 9. 69

3,080 14.03 10.18

3,710 14.77 10. 65

4,360 15. 46 11.10

5,010 16. 08 11. 53

5,670 16. 65 11.92

6, 340 17.19 12.31

7,030 17.70 12.68

7,730 18.18 13.03

8,430 18.63 13.36

9,130 19. 06 13. 69

), 19. 47 14.00

10, 550 19.85 14.30

11,260 20.21 14. 58




HEAT CONTENT, HEAT-OF-FORMATION, AND FREE-ENERGY DATA 125

Tungsten Dioxide, WO, (c)

AHj=(—137,000) calories per mole (24)
Szgs= (15.5) e.u. (24)

M.P.=1,543° K. (42)

AHy=11,500 calories per mole

Decomposes =2,125° K. (42)

Formation: W+0y———>WO,
(estimated (24))
T,°K Hr—Hog AH? AF%
______________ g 137,000)|  (—124,600)
(1, 440) 136,900)|  (—120, 400)
2,775 136,900)|  (—116, 300)
54, 240) 5 136, 800) —112,100)
(5,640)| (—136,800)| (—108, 000)
(7,170)|  (—136,700)|  (—103,900)
(8,710)|  (—136,600)|  (—99,800)
10,200)| (—136,600)|  (—95,800)
11,720)|  (—136, 500) (—91, 700)
213,210) (—136, 500) §—87,600)
14,810)|  (—136, 400) —83, 500)
€16,450) (—136, 300) 5—79, 500)
18,100)|  (—136, 300) —75,400)
Tungsten Trioxide, WO; (c)
AHs= —200,850 calories per mole (65)
S293= 19.9 e.u. (83)
M.P.=1,743° K. (24)
AH y=13,940 calories per mole
B.P.=>2,500° K. (42)
Formation: W+3/20,———WO,
(estimated (24))
T,° K Hr—Hxg AHS AF%
__|  —200,850 —182, 450
(3,000)| (—197,850)|  (—176,250)
(4,050)|  (—196, (~170,200)
(6,150)|  (—194,700)|  (—164,200)
(8,750)| (—192,100)|  (—158,300)
(10,450) | (—190, 400 (—152,450)
(12,800)|  (—188,050)|  (—146, 650)
(15,200)|  (—185,650)|  (—140, 900
(17, 500) 5—183, 350)|  (—135,200)
(20,000)|  (—180,850) g— 129, 550)
(22,500)|  (—178, 350) —123, 900
(25,050)| (—175,800)| (—118,350)
(27,850)|  (—173,000)| (—112,850)
(30,400)| (—170,450)|  (—107,400)
1200)|  (—167,650)|  (—101,950)
(48,100)|  (—152,750)|  (—97,050)
(53,300)| (—147,550)|  (—92,500)
(86,700)| (—144,150)|  (—88,050)

Tungsten Dichloride, WCI, (c)

AH293=( 36,000) calorles per mole (11)
Sas=(31) e.u. (11

Formation: W+Cl,————WCl,
(estimated (11))
AHS AFS
(—36,000)]  (—27,000)
(—35,000) (—21, 000)
(=31, 000) (<9, 000)

647940 0—63——9

Tungsten Tetrachloride, WCI, (c)

AHm—( 69,000) calories per mole (11)
Szs= (50) e.u. (11

M.P.=(600°) K. (6)

AH y=(6,000) calories per mole

B.P.=(605°) K. (6)

AHy=(17,000) calories per mole

Formation: W4-2Cl,————WCl,
(estimated (11))
T,°K. Hry—Hjyp AH% AF%
208 (—69,000)|  (—50,000)
@0 (6000 (57,000
(41, 000) (—44,000) —21,000)
(53, 000) (—44,000) (—10, 000)

Tungsten Pentachloride, WCl; (c)

AHj=(—82,000) calories per mole (11)
Szgs= (66) e.Uu. (11)

M.P.=517° K. (6)

AH = (8,000) calories per mole

B.P.=549° K. (6)

AHy=(12,500) calories per mole

Formation: W+5/2Cl,————WCI;
(estimated (11))
T,° K. Hr—H3p AHS AF%
208__ 5 —82,000) 5—60, 000)
500 I 7,000)| (—80,000)|  (—45,000)
1,000 I (oo (imom| (30,0
1,500 I (59,000)|  (=57,000)|  (—17,000)

Tungsten Hexachloride, WCI; (c)

AHj=(—96,900) calories per mole (11)
Sags=(75) e.u. (11)

M.P.=548° K. (6)

AH = (5,700) calories per mole

B.P.=610° K. (6)

AHy=(15,200) calories per mole

Formation: W+ 3ClL,—>WCl;
(estimated (11))
T,°K Hr—Hus AHY | AR
. —96,000)|  (—74,000)
T (@, 000) (2000000 (30600
1,000." (50,000)|  (—69,0005|  (—24,000)
©7,000)]  (—69,000)  (—2,000)

Tungsten Dibromide, WBr; (c)

AH3gs= (—18,700) calories per mole (11)
Szgs= (36) e.Uu. (11)

M.P.=(1,000°) K. (6)

AH = (6,000) calories per mole

B.P.=(1,500°) K. (6)

AHy= (33 000) calories per mole
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Formation: W+Br,——WBr,
(estimated (11))

T,°K Hr—Hag AH7 AFy
208__. g —18, 700) (16, 000)
500 o eemee (4, 000 (=11, 000)
1,000 (16, 000) (— 21 000) g+1 , 000)
1,500 cmciccmne (68,000)|  (+23,000) 48, 000)

Tungsten Tetrabromide, WBr, (c)

AHj= (—35,000) calories per mole (11)
Sas=(59) e.u. (11)
S.P.=(600°) K. (6)
AH 5= (24,000) calories per mole
Formation: W+2Br,—WBr,
(estimated (11))

T,°K Hr—Huygs AHyp | AFr
-------------- ("35, 000) (—28, 500)
(5, 000) , 000) (—18, 000)
(42, 000) (—25, 000) 2—5, 000)
(55 000) —25, 000) -4, 000)
............................ (414, 000)

Tungsten Pentabromide, WBr; (c)

AH3i=(42,000) calories per mole (11)
S298= (78) eUu. (11)

M.P.=549° K. (6)

AHy=(8,000) calories per mole

B.P.=606° K. (6)

AHy=(14,000) calories per mole

Formation: W+ 5/2Br,———>WBr;
(estimated (11))

T, ° K. Hr—Hys AH7 AFp
208 ... | (—42,000 g—as, 000)
(7,000) (—60, 000) —29, 000)
(43, 000) (—38, 000) (1, 000)
(58, 000) (—38, 000) (19, 000)

Tungsten Hexabromide, WBr; (c)
AH3gs=(—44,000) calories per mole (11)
Szgs'—“ (89) eUu. (11)

Formation: W-+3Br,————WBr;
(estimated (11))

T,° K Hr—Hjs AH7 ‘ AF7
E— 44, 000) (—36, 000)
(35, 000) —39, 000) (—14, 000)
(51, 000) (—39, 000) (411, 000)

Tungsten Diiodide, WI, (c)

AHsi=(—1,000) calories per mole (11)
S2gg= (38) e.u. (11)

M.P.=(1,000°) K. (6)

AH = (6,000) calories per mole

B.P.=(1,260°) K. (6)

AHy=(27,000) calories per mole

Formation: W+I,—WI,
(estimated (11))

T,°K Hr—Hags AH7 AHp
208 e | (-1, 000) (-1, 500)
500 TTTTITTTITIITINIT (4, 000) 5—15, 000) 0
1,000 (17, 000) —11, 000) E-|-13, 000)
1,500, (59, 000) (425, 000) +-16, 000)
Tungsten Tetraiodide, WI, (c)
AH§113= (—500) calories per mole (11)
Sps=(65) e.u. (11)
S.P.=(690°) K. (6)

AH 5= (20,000) calories per mole
Formation: W+2I,————WI,
(estimated (11))

T,°K Hr—Hxs AH7 AP
208___ — (—500) (—500)
500 e (6, 000) (—29, 000) (-3, 000)
1,000 €47, 000) go) §+26y 000)
1,500 59, 000) 0)|  (+39,000)

Tungsten Carbide, WC (c)

AHyi=—9,100 calories per mole (112)
S20s=28.5 e.u. (94)
Decomposes =2,900° K. (9)

Zone I (¢) (298°-2,000° K.)

C,=7.984-2.17X1073T
HT—Hm— —2,47047.98T+1.08X 1037

Formation: W4+C—>WC
Zone I (298°-2,000° K.)

AC,=—1.8640.39X103T+2.10X 10572
AHT———7 860— 1.867+0.20 X 10373 —2.10X 105 7!
AFp=—7,860+1.86TinT—0.20X10-3T?—1.05

X 105T-1—12.63T

T,°K Hr—Hms Sr AHZ AFp

8.5 —9,100 —8, 800
11.12 —9, 050 —8, 800
13.14 —9, 080 —8, 700
15.75 —9,150 —8, 600
16.12 -9, —8, 500
17.49 -9, —8, 400
18. 61 —9, 510 —8, 200
19.72 —9, 660 —8, 000
20. 64 —9, 780 —7, 800
21. 66 —9,930 —17, 600
22.37 | —10,070 —17, 400
23.29 | —10,210 —17,300
24.01 ~10, 340 —7,100
24.83 —10, 470 —17,000
25.55 [ —10, 580 —6,800
26.16 | —10,690 —6, 500
26.78 | —10,800 —6, 200
27.40 —10, 610 —6, 000

Ditungsten Nitride, W,N (c)

AHss=—17,000 (9)
Saes= (18. 0) e.u. (9
AF35s=(—11,000) calories per mole
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+50
oW T,°K. Hr— Hig Sr (FT—THm)
'2‘5‘ P = Wﬁys Wiy
3 e g S _f;"fz—— WBra 298__ - 12,03 12.03
€ | P TR 690 1402 12.29
OF Ve k=gl Zas pWCle- 1,430 15.67 12.81
g :uz"» o o oS __Z W el 2,230 17.12 18.40
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7 wo3 . -
S ool 4 B Uranium Dioxide, UO; (c)
> PR PR
% ,//’ r AH3= —259,200 calories per mole (63)
2 1250 wo, = _<Z Sas=18.63 e.u. (52)
w /// M.P.=3,000° K. (8
w Pa 4
Y 5ok i Zone I (¢) (298°-1,500° K..)
. et C,=19.20+1.62X 10-3T—3.96 X 105 T (82)
g _ L Hyp— Hypy=—7,125+19.20740.81X 10372+ 3.96
-175F wos b7 X 10571
3
Formation: U+0,—UQO,
200555500 1000 500 2000 Zone T (298°-935° K.)

TEMPERATURE, °K.

F1cure 59.—Tungsten.

URANIUM AND ITS COMPOUNDS
Element, U (c)

S2s=12.03 e.u. (77)
T.P.=935° K. (82)
AH7r="700 calories per atom
T.P.=1,045° K. (82)
AH T—l 145 calories per atom
M.P.=1 405° K. (24)
AHy= 3 200 calories per atom
B.P, 3 800° K. (8)
AHV—IIO 000 calories per atom

Zone I () (298°-935° K.)

C,=3.39+8.02X 10-3T'+0.70X 10571 (82)
Hy— Hyg=—1,132+3.39 T+ 4.01 X 10-3T5—0.70
X 10571
Fr— Hyus=—1,132—3.39 Tin T—4.01 X 10-3T3—0.35
X 105T-1+12.67T

Zone II (8) (935°-1,045° K.)
C,=10.18 (82)
HT—Hm—- —3,3484-10.187
Fr— Hyp=—3, 348 10.18TinT+57.69T
Zone IIT (v) (1,045°-1,300° K.)
C,=9.20 (82)

Hzos— —1,1804-9.20T
T—Hzos— —1 180—9.2TinT+48.76 T

AC,=8.65—7.4X10-3T—4.26X 10572
AHT— —262,880+8.657—3.7X 10372+ 4.26 X 10571
AFp= —262 880—8.65TInT+3.7X10-3T7+2.13

X 1057-1+100.55T

Zone II (935°-1,045° K.)

AC,=1.86+0.62X10-3T—3.56X 1052
AHT —260,700+1.867+0.31 X 10-3724-3.56 X 10571
AFp= —260 700—1.86TInT—0.31X10-377+1.78

X 10571+ 55.55T

Zone IIT (1,045°-1,300° K.)

AC,=2.84+0.62X10-3T—3.56X 105T*
AHT= —262,820+4-2.84T740.31 X 10~3734-3.56 X 105!
AFp=—262, 1820 —2.84TInT—0.31X 10-3T3+1.78

X 105T-‘+ 64.45T
T,° K. Hr—Hs Sr AHp AF:
............ 18.63 | —259,200 | —246, 550
1,680 23.47 | —268, —242, 300
3, 470 27.46 —258, 600 —238,100
5, 340 30.86 —258, 300 —234,100
7,280 33.85 —258, 000 ~230, 100
9, 250 36.48 —257, 800 —226, 1
11, 250 38. 86 —257, 600 —222,100
13, 280 40.97 | —258,200 —218,100
15, 340 42.94 | —259, 000 —214, 000
17, 420 44.75 —258, 700 —210,
19, 510 46. 42 —258, —205, 900
1, 620 47.98
23, 760 49.45 | (—260,800)| (—196, 700)

Triuranium Octaoxide, U;Os (c)

AH3s=1-853,500 calories per mole (62)
Szgs=66 e.u. (52)
Decomposes=1,950° K. (10)
Formation: 3U+40,
(estimated (24))

——>U303
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T,°K Hr— Has AH7 AF7
—853, 500 —804, 000
, 860) (—852, 600) (—1787, 200)
511, 910) 5—351, 700)| (=770, 900)
18,330)|  (—850,700)|  (—754, 800)
(24, 860) (—849, 900) (—1738, 900)
(31, 750) (—849, 200) (—1723,100)
(38, 380) 2—848, 800) (—707, 400)
(45, 410) —850, 300) (—691, 500)
(52,150)|  (—853,000)|  (—675, 500)
(59, 240)|  (—852,000)(  (—659, 400)
(66,330)|  (—851,000)|  (—643; 400)
(73,450)|  (—850,000)|  (—627, 500)
(80,530)| (—858,800)|  (—611,000)

Uranium Trioxide, UO; (c)

AH3s=—291,600 calories per mole (52)
Sags=23.57 e.u. (52)
Decomposes=925° K. (10)

Zone I (¢) (298°-925° K.)

C,=22.09+2.54X103T—2.97X 10572 (82)
Hr— Hyp= —7,6&{)1754- 22.09T+1.27X 107377+ 2.97
X 10571

Formation: U+ 3/20,——— U0,

Zone 1 (298°-925° K.)

AC,=7.96—6.98X10-3T—3.07 X 10572

AHp=+—294,690+7.96T—3.49X 10737%4-3.07 X 105 7!

AF p=—294,690—7.96TinT+3.49X 10-3T%+1.53
X1057-14-114.92T

AFT
—273,200
—266, 800
—260, 8
—254, 800
—240, 800
—242, 900
—237, 000
Uranium Trifluoride, UF; (c)
AHss=(—357,000) calories per mole (10)
208 = (26) e.u. (10)
M.P.=(1,700°) K. (10)
AH = (8,500) calories per mole
B.P.=(2,550°) K. (10)
AHy=(61,000) calories per mole
Formation: U-+3/2F,———UF,
(estimated (10))
AH7 y AFq
(—357,000)|  (—339, 500)
(356,800  (—328,000)
(—355,600)|  (—299, 000)
(—356,000)|  (—281, 000)

THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

Uranium Tetrafluoride, UF, (c)

AH3p=(—443,000) calories per mole (10)
Szgs=36.13 e.u. (10)

M.P.=1,309° K. (10)

AH=>5,700 calories per mole

B.P.=1,690° K. (10)

AHy=57,500 calories per mole

Formation: U+2F,—UF,
(estimated (10))

T,°K. l Hr—Hg ' AH;- \ AF;
298 _. 5—443, 000)|  (—421,200)
500 L (6,300)| (—441,300)| (—406, 500)
1,000 (25, 500)|  (—436, 000) 5—375, 000)
1,500 e (57, 000) (—422, 200) —347, 000)
Uranium Pentafluoride, UF; (c)
AH3g= (—488,000) calories per mole (10)
Szgg=(43) e.Uu. (10)
M.P.=(600°) K. (10)
AH = (8,000) calories per mole
B.P.=(1,000°) K. (10)
AHy=(23,000) calories per mole
Formation: U+5/2F,——UF;
(estimated (10))
T,°K ‘ Hr—Hos AH7 t AFz
208__ ‘ ..... ‘ (—488,000)|  (—461,200)
500 oo eecmeee (7,000)| (—486,400)|  (—443,500)
Uranium Hexafluoride, UF; (c)
AHjs=—517,000 calories per mole (62)
S293=54.45 eu. (52)
S.P.=337° K. (101)
AH,,3:=11,430 calories per mole
Formation: U+3F;———UF,
(estimated (10))
T,° K. ‘ Hr—Hgs AH7 ‘ AF7
D S [ —517,000 — 486,300
500 oo eee (18,600)|  (—516,000)| (—471,750)
1,000 _-- l (—515,400)|  (—440,200)

Uranyl Fluoride, UO,F,

AH3s= — 64,500 calories per mole (140)
Szgs=32.4 eu. (52)
AF3= —41,500 calories per mole
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Uranium Trichloride, UCl; (c)

AH3=—213,000 calories per mole (52)
S20s=37.99 e.u. (52)

M.P.=1,108° K. (10)

AH»=9,000 calories per mole

B.P.=2,000° K. (10)

AHy=41,000 calories per mole

Zomne I (¢) (298°-1,000° K.)

C,=20.98-+7.44X 1037+ 1.16 X 10572 (82)
Hrp— Hyp=—6,2004-20.98T+3.72 X 10-372—1.16
X 1057

Formation: U+ 3/2Cl,————UCl,

Zone T (298°-935° K.)

AC,=4.36—0.67X10-3T+1.48 X 10572
AHp= —052711?_,,770-1—4.36 T—0.33X107372—1.48 X
1 1

AFp=—213,770—4.36 Tin T+0.33 X 10-3T2—0.74
X105T1+82.17T

Zone II (935°-1,045° K.)

AC,=—2.43+7.35X10-3T7+-2.18 X 10572
AHr=—211,900—2.43T+3.67 X 10—3T2—2.18 X 105T-!
AFp=—211,900+-2.43 Tln T—3.67 X 10-3T2—1.09

X105T-14-37.35T
T,° K. Hr— Hjs Sr AH7 AF;-
—213,000 | —196,900
—212,450 | —191,400
—212,000 —186, 200
—211, 500 —181,100
—211, 100 —176, 150
—210, 700 —171, 050
—210, 300 —166, 250

—210,900 | —161,600
(—210,800) | (—156,200)

Uranium Tetrachloride, UCI, (c)

AHj3es= —251,200 calories per mole (52)
S298=62 e.Uu. (52)

M.P.=863° K. (10)

AH»=10,300 calories per mole

B.P.=1,060° K. (10)

AHy=33,000 calories per mole

Zone I (c) (298°-700° K.)

Cp=26.64+9.60X 10-37T (82)
Hr— Hyy=—8,370+26.64T+4.80 X 10-37*

Formation: U42Cl,———UCI,

Zone I (298°-700° K.)

AC,=5.61+1.46X 10-3T+0.66 X 10572
AH7r=—252,700+5.61T+0.73 X 10~3T2—0.66 X 10571
AFr=—252,700—5.61 TInT—0.73 X 10~ T2—0.33

X105T-14-94.27T
T, °K Hr— Has Sr \ AHp ’ AF7
62.0 —251, 200 —234, 300
70.74 —250, 550 —228, 550
77.70 —249, 850 —223,100
83. 50 —249, 200 —217,900
88. 58 —248, 500 —212, 800

129
Uranium Pentachloride, UCI; (c)
AH39=(—262,100) calories per mole (10)
Szgg= (62) e.u. (10)
M.P.=600° K. (10)
AH»=28,500 calories per mole
B.P.=800° K. (10)
AHy=(18,000) calories per mole
Formation: U+ 5/2Cly—————UCI;
(estimated (10))
T,°K ' Hr—Hs ‘ AHp AFS
208 ‘ ______________ (—262,100)|  (—237,400)
500_ I (7,000)| (—260,700)| (—221,600)
Uranium Hexachloride, UCI; (c)
AH34=(—272,400) calories per mole (10)
S293=68.3 e.u. (10)
M.P.=452° K. (10)
AH = (5,000) calories per mole
B.P.=550° K. (10)
AHy=(11,000) calories per mole
Formation: U+3Clz——eUCle
(estimated (10))
T,°K Hr—H3s AHp AFg
- S SR (—272,400)|  (—241, 500)
500_ LTI (14,000)| (—264,900)| (—221, 400)

Uranium (IV) Oxychloride, UOQCI,

AHs= —261,700 calories per mole (44)
3293=33.06 eu. (44)
. AF3s= — 244,800 calories per mole

Uranyl Chloride, UO,Cl; (c)

AHje= —300,000 calories per mole (45)
S293=35.98 e.u. (45)
AFj3=—276,700 calories per mole

Uranium Tribromide, UBr; (c)

AHsp=(—170,100) calories per mole (10)
32932(49) eUu. (10)

M.P.=1,025° K. (10)

AHu=11,000 calories per mole

B.P.=(1,840°) K. (10)

AHy=45,000 calories per mole

Formation: U+3/2Br,—————UBr,
(estimated (10))

T,° K Hr—Hs AH7p AF7
______________________________________ (=170,000)|  (—164, 900)
%33 _________________________ (5,000)| (—180,800)|  (—155, 500)
1,000 (18,000)|  (—179,900)|  (—133,000)
1,500 (43,000)| (—170,600)|  (—112,000)
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Uranium Tetrabromide, UBr, (c)

AH3is= (—196,600) calories per mole (10)
Szns=(58) e.u. (10)

M.P.=792° K. (10)

AH;=17,200 calories per mole

B.P.=1,039° K. (10)

AHy=31,000 calories per mole

Formation: U+2Br,———UBr,
(estimated (10))

T,°K ‘ Hr—Hs AH7 AF7
298 (—196,600)[  (—188,600)
500 .. (6,000)|  (—206,300)| (—175,800)
1,000 . (34,300)| (—196,400)| (—146, 500)

Uranium (IV) Oxybromide, UOBr,

AHj= —246,900 calories per mole (44)
S293=37.66 e.u. (44)
AF3= —236,400 calories per mole

Uranium Triiodide, Ul; (c)

AHsis=(—114,700) calories per mole (10)
Szga= (56) e.u. (10)

M.P.=(1,030°) K. (10)

AH=(7,500) calories per mole

B.P.=(1,700°) K. (10)

AHy=(40,800) calories per mole

Formation: U+3/2l,——Ul;
(estimated (10))

T,°K Hr—Hms AHz AF7
208 - oo (—114,700)|  (—115,100)
0 (5,000)| (—136,100)| (112, 000)
1,000 oo (20, 000) (—133, 200) (—90, 000)
1,500 ...l (43,000)| ~ (—103,600)|  (—68,000)
Uranium Tetraiodide, Ul, (c)
AH3e=(—127,000) calories per mole (10)
Szgs=(65) e.Uu. (10)
M.P.=779° K. (10)
AH3=15,000 calories per mole
B.P.=1,032° K. (10)
AHy=30,700 calories per mole
Formation: U+4+2l,——Ul,
(estimated (10))
T,°K Hr—Hs ’ AH7p AFy
P S (—127,000)|  (—125,900)
500_ - TTTIITTIIITIIT (6,000)| (—145800)| (—121,000)
1,000 0TI (34,000)| (—142,100)| (=93, 500)

OF, FREE ENERGY OF FORMATION, kcal./g. —mole

Uranium Carbide, UC (¢)

AHjg= —43,000 calories per mole (10)

Szggz (154) e.Uu. (10)
AF39s=(—43,600) calories per mole
M.P.=2,550° K. (10)

Diuranium Tricarbide, U.C; (c)

AH,ps=—176,000 calories per mole (10)

Sggg=(24) e.Uu. (10)
AFss=(—78,400) calories per mole
M.P.=2,700° K. (10)

Uranium Dicarbide, UC,; (c)

AH3g=—36,000 calories per mole (10)

Sz08=(20) e.u. (10)
AF3s=(—37,500) calories per mole
M.P.=2,700% K. (10)

Uranium Nitride, UN (c)

AHj= —80,000 calories per mole (10)

Sags= (18.0) e.u. (10)
AF3s=(—74,900) calories per mole
M.P.=2,900° K. (10)

Diuranium Trinitride, U,N; (c)
AH3s= —213,000 calories per mole (10)

S;)gs= (29) e.u. (10)
AF3=(—193,900) calories per mole
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//
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F1GURE 60.— Uranium (a).
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Figure 61.—Uranium (b).

VANADIUM AND ITS COMPOUNDS

Element, V (c)

Szgs=7.01 e.u. (83)
M.P.=2,190° K. (130)
AHy=(4,200) calories per atom
B.P.=3,650° K. (130)
AHy=109,600 calories per atom

Zone I (c) (298°-1,900° K.)

C,=5.40+2.00X 1037 (82)
Hrp— Hy=—1,699+5.407+41.00 X 10-37"
Fr— Hys=—1,699—5.40TIn T—1.00 X 10-3T2+29.73 T

T,°K. Hr—Hg Sr (Fr— Hag)
T
e 7.01 7.01
630 8.83 7.25
1,270 10. 25 7.7
1,920 11.44 8.24
2, 580 12. 46 8.77
3, 260 13.36 9.28
3, 960 14.19 9. 80
4, 680 14.95 10.27
5,410 15. 64 10. 72
6, 160 16. 29 11.15
6, 930 16.91 11. 58
7, 740 17.51 11.98
8, 18.10 12.37
9, 510 18. 69 12.74
10, 450 19.26 13.11
11, 420 19. 82 13.48
12,420 20. 36 13.82
13,140 ||

Vanadium Oxide, VO (c)

AH3s=—98,000 calories per mole (112)
S293=9.3 e.u. (135)

M.P.=2,350° K. (42)

AH=15,000 calories per mole

B.P.=3,400° K .(42)

AHy=70,000 calories per mole

Zone I (¢) (298°-1,700° K.)

C,=11.32+3.22X 10-3T—1.26 X 10572 (106)
Hrp— Hays=—3,940+11.32T+1.61X 10-37T2+1.26
X 10571

Formation: V+1/20,———>VO
Zone 1 (298°-1,700° K.)

AC,=2.34+0.72X1073T—1.06 X 105 T2
AH7r=—99,100+2.34T+0.36 X 10-372+-1.06 X 10571
AFp=—99,100—2.34TInT—0.36 X 10~3724-0.53

X105T-14-38.64T
T,°K Hr—Hips Sr AH; AFy
9.3 —98, 000 —91,400
1,160 12.64 —97,800 —89,100
2,380 15. 36 —97, 600 —87,000
3,640 17.65 —97,400 —84, 900
4,940 19. 66 —97,150 —82, 800
6, 280 21.45 —96, 850 —80, 800
7,660 23.07 —96, 600 —78, 800
9, 090 24. 58 —96, 300 —76, 800
10, 560 25. 98 —95, 950 —74,900
12,070 27.29 -95, —73,000
13,610 28.52 —95, 250 —171,100
15,170 29. 68 —94, 950 —69, 300
16, 760 30.78 —94, 700 —67,500
18,370 31.82 —94, 350 —65, 600
, 000 32. —94,100 —63, 900

Divanadium Trioxide, V.O; (c)

AHss= —296,000 calories per mole (8)
Song=23.58 e.u. (83)

M.P.—2250° K. (112)

AH = (28,000) calories per mole

Zone I (¢) (298°-1,800° K.)

C,=29.35+4.76 X 1037 —5.42 X 10°T?
Hy— Hyps= —10,780+29.35T+2.38 X 10~3 T2+ 5.42
X 10371

Formation: 2V+3/20,—V,0;
Zone I (298°-1,800° K.)

AC,=7.81—0.74X1073T—4.82X 10572

AH7p=—299,90047.817—0.37 X 10—3T?+4.82 X 105!

AF p=—299,900—7.81TInT+-0.37 X 10372+ 2.41
X1057-14-118.8T

]

T,° K. Hr—Hos Sr AH7 AFp
23. 58 —296, 000 —276, 970
2,720 31.41 —295, 600 —268, 150
5, 990 37.81 —294, 700 —263, 850
8, 600 43.30 | —294, 550 —258, 150
11, 700 48.07 —293, 950 —252, 150
14, 870 52.30 | —293,350 —246, 250

18,100 56.11 —292, 700 —240,
21,370 59. 55 —292, 150 —234, 500
24, 660 62. 69 —291, 450 —229, 950
, 960 65. 56 —290, 900 —223,700
31, 360 68. 28 —290, 300 —217, 900
34, 940 70.93 —289, 600 —212, 300
38,940 73.50 | —288,800 —205, 900
42, 480 75.96 | —288,200 —201, 800
46,370 78.31 —287, 550 —196, 050
, 350 80. 59 —286, —191, 100
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Divanadium Tetraoxide, V,O, (c)

AHsp= —342,000 calories per mole (24)
Szgs=24.5 e.Uu. (8)
T.P.=345° K. (82)
AH7p=2,050 calories per mole
MP.=1,818° K. (82)
AHy»=27,210 calories per mole

Zone I (a) (298°-345° K.)

C,=29.91 (82)
Hr— Hyps= —8,918+29.91T

Zone 11 (8) (345°-1,818° K.)

C»=35.70+3.40 X 10*T—7.89X 10° T2 (82)
Hr— Hys=—11,355+35.70T+1.70 X 10-372+7.89
X 10571

Zone 111 (J) (1,818°-1,900° K.)

C,=51.0 (82)
Hp— Hayg=—5,910+51.00T

Formation: 2V+420,—V,0,

Zone T (298°-345° K.)

AC,=4.79—-6.00X10-3T+0.80X 10572

AH7p=—342,900+4.79T—3.00X 10~372—0.80X 105!

AF r=—342,900—4.79Tin T4 3.00 X 10—3T2?—0.40
X105T-14+117.46 T

Zone IT (345°-1,818° K.)

AC,=10.58—2.60X 103T—7.09 X 10572
AHp=—345,270+10.58 T—1.30 X 10—3T2+-7.09
X 10571
AFp=—345,270—10.58 Tin T+ 1.30X 10-3T2-}3.54
X108T-14155.21T

Zone IIT (1,818°-1,900° K.)

AC,=25.88—6.00X10~3T+0.80X 10572
AH 7= —339,820+25.88T—3.00X 10-372—0.80

X 10571
AF p=—339,820—25.88 Tln T+3.00 X 10~372—0.40
X105T-14-264T
Sr AH7 AFp
24.5 —342, 000 —315, 950
30.7 | —339,500 | —307,400
47.12 —338, 850 —299, 450
53.29 —338, 250 —291, 450
58.79 —337, 600 —283, 900
63. 69 —336, 850 —276, 250
68.11 —336, 150 —268, 750
72.16 —335, 400 —261, 250
75.88 —334, 500 —253, 800
79.31 —333, 750 —245, 650
82.47 —333, 000 —239, 250
85.42 —332, 300 —232,100
88.17 —331, 950 —225, 050
90. 77 —331, 300 —218, 400
93.25 —330, 850 —211, 000
95. 62 —330, 450 —203, 850
113.25 —301, 500 —199, 000

Divanadium Pentaoxide, V,O; (c)

AH3=—372,500 calories per mole (8)
S20s=31.3 e.u. (83)

M.P.=943° K. (24)

AH=15,560 calories per mole

B.P.=2,325° K. (42)

AHy=63,000 calories per mole

Zone I (¢) (298°-943° K.)

~ C;=46.64=3.90 X 103T—13.22 X 105T-2 (82)
Hr—Hagp=—18,137+46.54T—1.95X 10-3T2+413.22
X 10571

Zone IT () (943°-1,500° K.)
C,=145.60 (82)
Hr— Haps= —2,020+45.60T
Formation: 2V + 5/20,———— V,0;
Zone I (298°-943° K.)

AC,=17.84—10.40X103T—12.22 X 10572
AHp=—381,450+17.84T—5.20 X 107372+ 12.22
X 10571
AFp=—381,450—17.84Tin T+ 5.20 X 10—3T2+46.11
X105T-1+228.56 T

Zone 1T (943°-1,500° K.)

AC,=16.90—6.50X10-3T+1.0X 10°T?

AHr=—365,400416.907—3.25X 10372 —1.0 X 105T-!

AF r=—365,400—16.90Tln T+ 3.25X 10— T2 —0.50
X1057-14-207.16 T

T,°K Hr—Haxs Sr AH7 AF7
31.3 | —372,500 | —341,250
41.79 | —371,900 | —330,500
50.15 | —371,300 | —320,
57.24 | —370,550 | —310, 500
63.40 | —360,850 | —300,000
68.88 | —369,100 | —290,100
73.82 | —368,350 | —280,300
94.99 | —351,850 | —271,400
99.34 | —351,700 | —264,300
103.30 | —349,700 | —255,300
106.95 | —348,800 | —247,800
110.33 | —347,950 | —239,900
113.48 | —347,500 | —232,500
Vanadium Difluoride, VF, (c)
AHjps= (—180,000) calories per mole (11)
Szggz(].g) eu. (11)
M.P.=(1,400°) K. (6)
AH = (6,000) calories per mole
B.P.=(2,500°) K. (6)
AHy=(65,000) calories per mole
Formation: V+Fy————VF,
(estimated (11))
T,°K Hr—Hjgs AH; AF;-
(—180,000)|  (—169,000)
(—179,900)|  (—162;000)
(—178,500)|  (—144, 000)
(—169,800)|  (—127, 500)

Vanadium Trifluoride, VF; (c)

AH3=(—285,000) calories per mole (11)
Sags=(28) e.u. (11)

M.P.=(1,400°) K. (6)

AH = (11,000) calories per mole

B.P.=(1,700°) K. (6)

AHy=(49,000) calories per mole

Formation: V+4+3/2F,—————VEF,;
(estimated (11))
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T,°K. Hr—Hos AHp AFq

(—285,000) (
(—284, 700) (
(—281, 500) (—234, 000)
(—277,000) (

Vanadium Tetrafluoride, VF; (c)

AHs=(—325,000) calories per mole (11)
Sags=(38) e.u. (11)
S.P.=(600°) K. (6)
AH,5=(23,000) calories per mole
Formation: V4 2F,——VF,
(estimated (11))

T,° K. Hr—Hg Sr AHp AFp
23.2 |(—117,000) 5—105 900;
1,810 2.5 |(—116,650) 102,100
s
i BDas ol
11,200 43.56 §—1141950) 2
13,180 45.65 |(—114, 550 é 81 400
15,190 47.56 5—114, 150) | (—78,200
17,220 49.33 | (—113,750) (—75,000;
19,270 50.97 ((—1!132,%; f g; ggg)

Vanadium Trichloride, VCl; (c)

AH3=(—139,000) calories per mole (11)
Sa20s=31.3 e.u. (83)
Disproportionates < 1,000° K. (6)

oK e | am | ar Zone I (c) (298°-900° K.)
_ C,=22.99+3.92X10-3T—1.68 X 10572 (82)
S Goonr| (a0 | Coenoon Hy— Hogg= 7,392 99T +1.96X 10T+ 168
. . : l,————VCl.
Vanadium Pentafluoride, VF; (c) Formation: V +3/2Cl, s
) Zone I (298°-900° K.)
Algﬁgs—:’ g%§335,008)1;3a10r1es per mole (11) AC,—=4.36+1.83% 10T —0.64 10T
M.E—(375% K. (6) AH7=-140,600+4.36 T-+0.915X 10-2T2+0.64 X 10T
B:P:=384° K. (6) AF r=—140,600—4.36 Tin T—0.915X 10—372+4-0.32
AHy=8,500 calories per mole X105T-14-85.82T
Formation: V+ 5/2Fy——VF;
(estimated (11)) T,° K. Hr—Has Sr AHp AF3
o o 208, 3.3 |(— 139 000) —123, 400)
T,°K l Hr—Hos AHp l AFy 400 CTTIIIIIIIIT 2,360 8.1 (- 138 mo) —11s, %
gg ................... 7,180 | 47.85 5 —137, 500) §—106: 100;
208. ... 2—335, 000) (—312,000) 700 e 9,700 51.73 {(—137, 000) —100, 900
L0 (10, 000) —330, 200) (—298, 000) 800 oo 12,270 1 E 136, 400 (—95, 600)
900 e 14, 860 58, 135, 900) (—90, 700)

Vanadium Dichloride, VCI, (c)

AHsis=(—117,000) calories per mole (11)
S20=23.2 e.u. (83)

M.P.=1,300° K. (6)

AH 3»r=8,000 calories per mole

B.P.=(1,650°) K. (6)

AHy=(35,000) calories, per mole

Zone I (¢) (298°-1,300° K.)

Cp=17.254-2.72X1073T—0.71X 10572 (82)
HT—sts— -5, 5(;9_—}— 17.25T+1.36X107372+4-0.71
X105

Formation: V-+Cl———VCl,
Zone I (298°-1,300° K.)

AC,=3.03+40.66X10-3T—0.03 X 10572

AHr=—117,950+3.03T+0.33X 10-272+-0.03 X 10571

AFp=—117,950—3.03 Tln T—0.33 X 10—#72+0.015
X105T-1+57.61T

Vanadium Tetrachloride, VCl, (I)

AH3g=(—141,000) calories per mole (11)
S293= (61) e.u. (11)

M.P.=247° K. (6)

AHy=(2,200) calories per mole

B.P.=437° K. (6)

AHy="17,700 calories per mole

Formation: V+2Cl,,——VCl,
(estimated (11))

T,° K Hr~—Hs AHp AFg
208 . $eoenan|  (—141,000) (—125,000)
B00- - - e eeee (14,700) (—131, 000). (—115,000)
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Vanadium Dibromide, VBr, (c)

AHses=(—97,000) calories per mole (11)
Segs=(30) e.u. (11)

M.P.=(1,100°) K. (6)

AH = (7,000) calories per mole

B.P.=(1,500°) K. (6)

AHy=(32,000) calories per mole

Formation: V- Br, ——>VBr,
(estimated (11))

T,°K Hr—Hjg AH; AF;
298 e —97,000) (—93, 000)
500 oo (4, 000) (—103, 800) (—86,000)
1,000 0o oo (14, 000) (—101, 700) (=70, 000)

Vanadium Tribromide, VBr; (c)

AHsg=(—109,000) calories per mole (11)
Szgsz (43) e.u. (11)
Decomposes to VBr;

Formation: V+43/2Br, —— VBr,
(estimated (11))
T,°K ‘ Hr— Hag AH7 AFg
.............. (—109,000)|  (—103,500)
(5, 000) (—119, 600) (—94, 000)
(20,000)| (—114,700)|  (—70,000)

Vanadium Diiodide, VI, (c)

AHsg= (—62,000) calories per mole (11)
Szgg= (33) eu. (11)

M.P.=(1,050°) K. (6)

AH = (6,000) calories per mole

B.P.=(1,200°) K. (6)

AHy=(25,000) calories per mole

Formation: V+I,————VI,
(estimated (11))

T,°K ‘ Hr—Hag AH7 ‘ AF}
208 . ‘ .............. (—62,000)|  (—62,000)
500 LTI (4,000))  (—75900)|  (—59,000)
1,000. 70 CITIIIIIIITIIIIT (14,000)|  (—73,800)]  (—44,000)
Vanadium Pentaiodide, VI; (c)
AH$g=(—42,000) calories per mole (11)
S2gs= (78) e.Uu. (11)
Formation: V+5/2],————VI;
(estimated (11))
T,°K Hr—Hags AH7 AF7
208 (—42,000)[  (—42,000)
500 LI (8,000)|  (—77,000)]  (—25, 500)

Vanadium Carbide, VC (c)

AHsp= —28,000 calories per mole (9)
Sos=6.77 e.u.
M.P.=3,100° K. (9)

Zone I (¢) (298°-1,600° K.)

Cp=9.18+3.30X103T—1.95X 10572 (82)
HT——Hm— -3, 7527{-1!-9 18T+ 1.65X1073T2+1.95
X10

Formation: V4+C———VC
Zone I (298°-1,600° K.)
AC,=—0.32+0.28 X1073740.15X 10572
AHpr=—27,870—0.3274+0.14X 10737%2—0.15X 105!

AFp=—27,870+0.32TInT—0.14X 10-3T2—0.075
X103T-1—0.53T

T,° K. Hr—Hags Sr AHp Fr

............ 6.77 —28,000 —27,525
990 9.32 —28,000 —27,350

1, 850 11.47 —28,000 —27,200

2,870 13.32 —28, 000 —27,050
3,950 14.99 | —28,000 —26, 900
5,090 16. 51 —28,000 —26, 750

6, 280 17.91 —28,000 —26, 550
7,510 19.20 | —28,000 —26, 400
8,770 20. 41 —27,950 —26,250

10, 060 21. 53 —27,950 —26, 100

11, 380 22. 58 —27,950 —25,950
12,720 23. 57 —27,950 —25, 800

14, 080 24.51 —27,900 —25, 650

15, 450 25.40 —27,800 —25, 600

Vanadium Nitride, VN (c)

AH3ys= —40,800 calories per mole (94)
S20=28.9 e.u. (83)
M.P.=2,320° K. (9)
Zone I (¢) (298°-1, 600° K.)

Cp=10.94+4-2.10X10737T—2.21 X 10572 (82)
Hr— Hzps=—4,096+10.94T+1.05X 10-372+2.21
X 10571

Formation: V+1/2N;——>VN
Zone 1 (298°-1, 600° K.)

AC,=2.21—0.41X103T—2.21 X 10572
AHr=—42,180+2.21T—0.205X 107372+2.21 X 10571
AFp=—42,180—2.21Tin T+0.205X 10—7T2+1.105

X105T-14-36.91T
T,° K Hr~Hxg Sr AH7p AFy

8.9 —40, 800 —34, 550
11.81 —40, 750 —32, 400
14. 20 —40, 700 —30, 300
16. 24 —40, 600 —28, 250
18.04 —40, 450 —26, 200
19. 66 —40, 250 —24, 150
21.15 —40, 100 —22, 200
22. 50 -39, —20, 200
23.74 -39, 750 —18, 250
24,89 -39, 550 —16, 350
25. 96 —39, 400 —14, 350
26.97 —39, 250 —12,450
27.91 —39, 150 —10, 600
28. 80 —39, 100 —8, 650
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YTTERBIUM AND ITS COMPOUNDS

Element, Yb (c)

S2s=15.0 e.u. (130)
M.P.=1,097° K. (1256)
AHy= (2 200) calories per atom
B.P.=1,800° K. (125)
AHV—37 100 calories per atom

(estimated (124))

T,°K. Hr—Hagg Sr _L”;ﬂ
15.0 15.0
(620, (16.79) 15. 24)
(1, 250) (18.19) 15. 69)
1,900) (19. 38) (16.22)
2, 570) (20. 41) (16.74)
(3,260) (21.33) (17.26)
53, 970) (22.17) (17.76)
4,700) (22.94) (18.24)
(7,950) 25. 94) (18.72)
, 700) 26. 59) (19.34)
(9, 450) (27.19) (19. 93)
(10, 200) (27.75) (20. 47)
(10, 950) 528. 27 (20.97)
11,700 28.75) (21. 44)
(12, 450) (29. 20) (21. 88)
(13, 200) (29. 64) (22.31)
(50, 860) (50. 55) (23.79)
(51, 360) (50.81) (25.13)

Ytterbium Difluoride, YbF, (c)

AH3gs=(—262,000) calories per mole (5)
208 = (20) e.Uu. (11)

M.P.=1,325° K. (29)

AHy=5, 000 calories per mole

B.P.=(2,650°) K. ( §)

AHy=(75,000) calorles per mole

Formation: Yb+F,———YDbF,
(estimated (11))

T,°K Hr—Hs ‘ AHjp l AFR
(—262, 000) 5-250, 000)
(4,000) | (—260,800) —241,000)
(13,000) | (—259,500) | (—223,000)
(24,000) | (—259,200) | (—203,000)

Ytterbium Trifluoride, YbF; (c)

AHsg=(—351,000) calories per mole (5)
Szgg= (26) €. U. (11)

M.P.=1,430° K. (29)

AHy=28,000 calories per mole

B.P.=(2,500°) K. (6)

AHy=(60,000) calories per mole
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Formation: Yb+3/2F,————YDbF;
(estimated (11))
T,°K ‘ Hr—Hags AH7 AF:
....................................... (—351,000) | (—333,000)
@000 (30600 | (221,000
(17,000) (—347, 500) (—
(32,000) | (—345,300) | (— 357 000
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Ytterbium Dichloride, YbCI, (c)

AHj3p=(—162,000) calories per mole (5)
S293= (30) e.Uu. (11)

M.P.=975° K. (29)

AH»=6,000 calories per mole

B.P.==(2,206°) K. (6)

AHy==(50,000) calories per mole

Formation: Yb+4Cl,———YbCl,
(estimated (11))

T,°K Hr—Hxs AH7 AFp
298 e 2—162, 000) (—161, 000)
500 . (4, 000) —160, 900) (—153, 500)
1,000 (13, 000) (—159, 700) (—128,000)
1,500 . (31, 000) (—152, 300) (—115, 500)

Ytterbium Trichloride, YbCI; (c)

AH3g=(—189,000) calories per mole (5)
82932 (38) e.Uu. (11)

M.P.=1,138° K. (29)

AH = (9,000) calories per mole

Decomposes above 1,500° K.

Formation: Yb+3/2Cl,————YbCl;
(estimated (11))

Hr—Hzs AH7 AFq

(—189, 000) é— 173, 000)

(—187,800) —161,500)
(—184,800)|  (—136,000)
(172,500)|  (—117,000)

Ytterbium Dibromide, YbBr, (c)

AHsp=(—132,000) calories per mole ()
Szgsz (36) e.Uu. (11)

M.P.=945° K. (29)

AHy=6,000 calories per mole

B.P.=(2,100°) K. (6)

AHy=(48,000) calories per mole

Formation: Yb-+Br,——YbBr,
(estimated (11))

T,°K ‘ Hr—Hugs AH7 ‘ AF7
_______________________________________ (—132, 000) (—127,000)
(4, 000) (—150, 000) (—120, 500)
(20, 000) (—140, 000) (—104, 000)
(32,000)|  (—129, 500) (93, 000)

Ytterbium Tribromide, YbBr; (c)

AHsgs=(—149,000) calories per mole (5)
S2gg: (44:) e.u. (11)

M.P.=1,227° K. (29)

AH»=10,000 calories per mole

Decomposes above 1,500° K. (6)

Formation: Yb-+3/2Br,————YbBr,
(estimated (11))

Ytterbium Diiodide, YbI, (c)

AHj3s= (—102,000) calories per mole (5)
Szgg= (40) eu. (11)

M.P.=1,045° K. (29)

AH»=>5,000 calories per mole

B.P.=(1,600°) K. (6)

AHy=(37,000) calories per mole

Formation: Yb+4I,—————YDbI,
(estimated (11))

T,°K Hr—Hags AH7p AF7
(—149, 000) (—142,000)
(—170, 800) (—132, 500)
(—166, 700) (—106, 000)
V500 (43,000)| (—144,700)|  (—86, 500)

T,°K Hr—Hs AHp ‘ AFT
208 | (—102,000)|  (—102,000)
500 oo (4,000)]  (—115,900) (—99, 500)
1,000 o (19, 000) (—108, 800) (—85,000)
1,500 oo (31,000 (—107,500)|  (—73,500)
Yiterbium Triiodide, YbI; (c)
AHjs=(—96,000) calories per mole (5)
Szgg= (47) eu. (11)
M.P.=(1,300°) K. (29)
AH = (10,000) calories per mole
Decomposes above 1,500° K. (6)
Formation: Yb+3/2,————YDbI,
(estimated (11))
T,°K ‘ Hr—Hus AH7 ‘ AF7
e S B —96, (—93, 500)
500 . (5,000) 5—120, 200)| (88, 500)
1,000 looo (19,000)] (—116,200)]  (—60,000)
1,800 - oliaooe- (44,000  (—95,500)  (—35,500)
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YTTRIUM AND ITS COMPOUNDS

Element, Y (c)

8293211.3 eu. (127)
M.P.=(1,773°) K. (125)
AHy= (4 100) calories per atom
B.P.=(3,500°) K. (125)
AHy= (94 000) calories per atom

(estimated (130))

T,°K. Hr—Hyp Sr _(Fr—Hyg)
T
______________ 11.30 11.30
©17) (13.08) 11.52)
gl, 233) (14. 45) 11.98)
1,859) (15. 59) (12. 50
(2, 495) 16.57) (13.00)
53, 141) 17. 44; (13.51)
3, 708) 18.21 . 99)
54, 465) 218. 91) 514. 45)
5,142) 19. 56) 14. 88)
(5,829) (20.16) (15.40)
(6, 527) 20.71) (15.70)
(7,235) 21.24 (16.07)
(7, 935) 21.73) (16. 44)
(8, 681) (22. 20) (16.77)
(9,419) (22. 65) §17. 11)
14, 280) (25. 40) 17. 46)
(15, 080) (25.83) 17.90)
(15, 880) (26.24) 18.30)

Diyttrium Trioxide, Y,O; (c)

AH3gs= —455,450 calories per mole (62)
5293—27 1 e.u. (8)

M.P.=2,500° K. (42)

AH M=25,000 calories per mole

B.P.=4,570+300° K. (42)

Formation: 2Y 4 3/20,——Y,0,
(estimated (24))
T,°K Hr—Hg AHY AFY
.............. —455,450 | —433,450

(2,320) (—455, 400) (—425, 500)

54, 800) (—455,400) (—418, 500)

7,030)|  (—455,400)|  (—411,500)

(9, 930) (—455,000) (—404,000)

(12, 460) (—455,000) (—396, 500)

(15,000  (—455,000) é—ssg, 500)

(17,800) (—454, 500 —382, 000)

20,900)|  (—454,500)| (—375,000)

(23,700) (—454,000) (—368,000)

(26, 360) 2-—454, 000) (—360, 500)

(29, 550) —453, 500) (—353, 500)

(32, 800) §-—453, 000) (—346, 500)

(36.030)|  (—452,500)|  (—339,000)

(39, 340) (—452,000) (—332,000)

(46.000)|  (—460,000) 5—325, 000)

(49, 000) (—459, 500) —317, 500)

(52,700)|  (—459,000)|  (—309, 500)

Yttrium Trifluoride, YF; (c)

AH393=(—372,000) cadories per mole (5)
Szgs=(23) e.U. (11)

M.P.=1,425° K. (29)

AH = (13,000) calories per mole

B.P.= (2,500°) K. (6)

AHy=(60,000) calories per mole

Formation: Y+ 3/2F,———YF,
(estimated (11))

T,°K Hr—Hs AH7 AFr
208 . s (—372,000) —353, 800;
500 o ool loaas (4,000) —371,000) —342, 000,
1,000 . (17,000) —369, 300) (—314,000)
1,500 s (32,000) —364, 900) —288, 000)

Yitrium Trichloride, YCl; (c)

AHss= —232,690 calories per mole (127)
Szgg=32.7 eu. (127)

M.P.=982° K. (29)

AHy=(9,000) calories per mole

B.P.=(1,780°) K. (6)

AHy=(45,000) calories per mole

Formation: Y +3/2Cl,————YCl;
(estimated (11))

T,°K Hr—Haxs AHp AFp
—232,700 —215,200
(5,000) (—231, 800) (—206, 200)

(28,000) §—229, 600 (—183, 700)

(44,000) —214, 0003 (- 163 700)

Yttrium Tribromide, YBr; (c)

AHsgs= (—172,000) calories per mole (4)
Szgs= (42) e.Uu. (11)

M.P.=1,186° K. (29)

AH = (9,000) calories per mole

B.P.=(1,740°) K. (6)

AHy= (44 000) calories per mole

Formation: Y-+ 3/2Br, —— YBr,;
(estimated (11))
T,°K Hr—Hjg AH; ‘ AH;
—172,000)|  (—166,000
% - g— 183, 000% E— 155, 000;
1,000..- : (—180,000)|  (—129,000)
1,500, LI (44,000)| (—165,300)| (—108,000)
Yitrium Triiodide, YI; (c)
AH§93= —143,000 calories per mole ()
Sags= (45) e.u. (11)
M.P.=1,238° K. (29)
AHy= (12 000) calories per mole
B.P.=(1,580°) K. (6)
AHy= (41 000) calories per mole
Formation: Y+3/2I,—— YI;
(estimated (11))
T,°K Hr—Hus AHZ AF7
208 - 143,000 | (—140, 500)
e e s
PO 000 (C1n00| (87000
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Yttrium Nitride, YN (c)

AHs= —71,500 calories per mole (9)
Szgg= (142) e.Uu. (9)
AF3s= —64,000 calories per mole
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FIGURE 65.—Yttrium.

ZINC AND ITS COMPOUNDS

Element, Zn (c)

Szgs=9.95 eu. (83)
M.P.=692.7° K. (82)
AHy=1,765 calories per atom
B.P.=1,181° K. (130)
AHy=27,560 calories per atom

Zone I (¢) (298°-692.7° K.)

C,=5.35+2.40X 10-3T (82)
— Hygg=—1,702+5.35T+1.20 X 10-3T®

Fr— Hyp=—1,702—5.35TinT—1.20X 10-3T24-26.56 T'

Zone II (1) (692.7°-1,181° K.)

C,=17.50 (82)
HT—H293= —850+ 750T

Fr— Hy=—850—7.50TinT+38.57T

Zone III (g) (1,181°-2,000° K.)

T,°K. Hr—Hjgs St _LT—T_}_IM
9.95 9.95

11.75 10.19

13.19 10.65

14.41 11.18

18.03 11.74

19.03 12. 59

19.91 13.36

20.70 14.05

21. 42 14. 69

(45.37) (15. 66)

(45.77) (17. 96)

(46.14) (19. 96,

(46. 48) (21.72)

(46. 80) (23. 28)

(47.10) (24.67)

(47. 38) (25.92)

(47. 65) (27.06)

(47.91) (28.10)

42, 120) (49.02) (32.18)

Zinc Oxide, ZnO (c)

AHs= —83,250 calories per mole (24)
Szgs= 10.43 e.u. (83)
M.P.=2,248° K. (112)

Zone I (¢) (298°-1,600° K.)
C,=11.7141.22X103T—2.18 X 105T-2 (82)

HT—Hm— —4,280+11.717T+0.61 X 10-3T24-2.18
X 10 10571

Formation: Zn-+1/20,———— ZnO

Zone I (298°-692.7° K.)

AC,=2.78—1.68X10—3T—1.98X 10572
AHT= —84,670+2.78 T—0.84 X 10— T2+ 1.98 X 10571
AF = -84 670—2.78 Tin T+ 0.84 X 10-3T2+0.99

X 10571+ 43.24T

Zone II (692.7-1,181° K.)

AC,=0.63+0.72X10-3T—1.98X 105 T2
AHT— —85,600+0.637+0.36X 10~3T%+1.98 X 10° 71
AFp= —85 600—0.637TinT—0.36 X 10-2T2+0.99

X 105T-14-31.28T

T,°K Hr—Hs Sr AHp AFr
10. 43 —83, 250 —76,100
13.51 —83, 200 —74,650
16.01 —83, 050 —171, 300
18.12 —82, 950 —68, 950
19. 94 —84, 600 —66, 600
21. 56 —84, 550 —64, 000
23,00 | —84500 | —61,500
24. 32 —84,400 —59,000
25. 54 —84,000 — 56, 100

30, 52 (—110 000)| (—42,200)
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Zinc Difluoride, ZnF, (c)

AH3=—176,000 calories per mole (11)
Sas=(24) e.u. (11)

M.P.=1,145° K. (6)

AHy=(7,000) calories per mole

B.P.=1,775° K. (6)

AHy=44,000 calories per mole

Formation: Zn+Fy————7nF,
(estimated (11))

AHR ‘ AF%

—176, 000 (—165, 600)

(=174, 900)|  (—158, 500)
(—174,500)|  (—142, 000)
(—191,400)|  (—123,000)

Zinc Dichloride, ZnCl, (c)

AHs= —99,600 calories per mole (11)
Szgsz 25.9 e.u. (11)

M.P.=556° K. (6)

AHy=5,540 calories per mole

B.P.=1,005° K. (6)

AHy=28,700 calories per mole

Formation: Zn+ Cly———Zn(Cl,
(estimated (11))

AH% l AHS
—99, 600 —88, 450
(—98, 600) (—81,100)
(—91, 300) (=70, 000)
(—86, 000) (—53, 600)

Zinc Dibromide, ZnBr, (c)

AHj= —78,200 calories per mole (11)
Szgsz (33) e.u. (11)

M.P.=665° K. (6)

AH=4,000 calories per mole

B.P.=975° K. (6)

AHy=24,250 calories per mole

Formation: Zn-+Bry———ZnBr,
(estimated (11))

T,°K Hr—Hag AHS AFS
—78.200 (=174, 400)
(=71, 400) (—68, 000)
(—78, 500) (— 56, 800)
(=177,700) (—39, 000)

Zinc Diiodide, Znl, (c)

AHj= —49,980 calories per mole (112)
Szps= (38) e.u. (112)

M.P.=719° K. (6)

AH=4,500 calories per mole

B.P.=1,000° K. (6)

AHy=23,000 calories per mole

Formation: Zn-+I,————Znl,
(estimated (11))

T,°K ’ Hr—Hag ‘ AHS ’ AFS
208 | —49, 980 (— 50, 000)
500 (4, 000) E— 63, 900) (—48, 000)
1,000._ . (20, 000) —57, 800) (—36, 600)
1,500 (54, 000) (~— 58, 500) (—19, 800)

Trizinc Dinitride, Zn;N, (c)
AH3e= —5,300 calories per mole (9)
Metastable (9)

Zone I (c) (298°-700° K.)

C,=19.934-20.80 X 10-3T (82)
Hr— Hyp= —6,867+19.93T+ 10.40X 10-3T*

T,°K ' Hr—Hs S1—8S28 | AHzs
—5,300
—5,100
—_ '800
—4,400
—9,150
+25
O -
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ZIRCONIUM AND ITS COMPOUNDS

Element, Zr (c)

T.P.=1,135° K. (26)

AH7=920 calories per atom

M.P.=2,125° K. (130)

AHy=(5,500) calories per atom
Zone I (o) (298°-1,135° K.)

Cp,=6.83+1.12X1073T—0.87 X 10572 (26)

Hrp— Hyp= ;2,63587(1)-[—6.83 T+0.56 X 10—T2-0.87
1 —1
Fr— Hpp=—2,380—6.83 Tln T—0.56 X 103724 0.43

X103T-14-37.25T
Zone II (B) (1,135°-2,133° K.)

Cp=7.27 (26)
HT_ H293= - 1,170+727T
Fr— Hyp=—1,170—7.27Tin T+ 38.67T

T,°K Hr— Hoags Sr _(Fr—Hay)
T

______________ 9.29 9.29
665 11.20 9.57

1,350 12.73 10.02

2,065 14.03 10. 61

2,800 15.17 11.14

3, 550 16.17 11.71

4,315 17.07 12.29

5,095 17.89 12.80

5,895 18. 65 13.28

7,560 20.11 13.82

8,290 20. 69 14.28

9,015 21.23 14.85
(9,730) (21.70) (15.18)
(10, 450) (22.15) (15. 67)
(11,210) (22. 65) (16.16)
(11,930) (23. 10) (16. 46)

(12, 640) (23. 50) (16.72)

(13, 380) (23.85) (17.13)

Zirconium Dioxide, ZrO, (c)

AH3p= —261,500 calories per mole (24)
Segs=12.12 e.u. (83)
T.P.=1,478° K. (26)
AH7=1,420 calories per mole
M.P.=2,950° K. (42)
AH»=20,800 calories per mole
B.P.=4,570° K.

Zone T (a) (298°-1,478° K.)
C,=16.64-+1.80X10-37T—3.36 X 10572 (26)
Hyps= —6,160-+16.647"4-0.90 X 102724 3.36
X1057-1
Zone 11 (B) (1,478°-2,100° K.)

C,=17.80 (26)
Hr— Hyps= —4,267+17.80T

Formation: Zr-+Qy————7Zr0,

Hp—

Zone 1 (298°-1,135° K.)

AC,=2.65—0.32X1073T7—2.09 X 10572
AHr= —262,960+2.65T—0.16 X 10~ 72+2.09 X 105 7!

AF p=—262,960—2.65TInT+0.16 X 10-3T2+1.04
X1057-1465.0T

THERMODYNAMIC PROPERTIES OF 65 ELEMENTS

Zone 1T (1,135°-1,478° K.)
AC,=2.21+0. 80X 10~3T—2.96 X 10572

AHT—- —264,360+2.21T+0.40 X 107372 42.96 X 105 7!
AFp= —264 360—2.21TinT—0.40X 107372+ 1.48

X 105T_1+63.5T
Zone IIT (1,478°-2,100° K.)
AC,=3.37—1.00X 10—3T+0.40X 10572

AHT——262400+337T 0.50X 107372 —0.40X 10571
AF p=—262,400—3.37 Tin T+ 0.50 X 10372 —0.20

X 10571 +69.44T

T,° K Hr—Hjg Sr AH% AF%
12.12 —261, 500 —247,750
16. 36 —261, 400 —243,100
19.87 —261, 250 —239, 450
22. 86 —261, 100 —233,900
25. 46 —260, 900 —229, 400
27.80 | —260,700 | —224,900
29.91 —260, 450 —220, 450
31.82 —260, 300 —216, 000
33.58 —260, 150 —211, 550
35.19 —260, 900 —207, 400
36. 67 —260, 400 —202, 800
38.06 —260, 100 —198, 350
40.30 | (—258,500)| (—193,900)
41.45 (—258 200)| (—189,700)
42.53 | (—258,050)| (—185,250)
43.55 | (—257,850)| (—180,950)

Zirconium Difluoride, ZrF, (c)

AHjses=(—230,000) calories per mole (11)

S2gg= (21) eu. (11)
M.P.=1,800° K. (6)
AH =14,500 calories per mole
B.P.=>2,500° K. (6)

Formation: Zr+F,———ZrF,
(estimated (11))
T,°K Hr—Huygs AHgp AH7
208 e (—230,000)|  (—219,000)
) (4,000)| (—229,000)| (—211,500)
(14,000)| (—227,500)|  (—196,000)
(25,000)|  (—225,000)| (—182,000)

Zirconium Trifluoride, ZrF; (c)

AHsgs=(—
Sogs=(24) e.u. (11)

M.P.=(1,600°) K. (6)

AH = (13,000) calories per mole

B.P.=(2, 400°) K. (6)

AHy=( 58 ,000) calories per mole

350,000) calories per mole (11)

Formation: Zr+3/2F,—ZrF,

(estimated (11))

T,°K Hr—Has AH7 AF7
(—350,000)| (—333, ooog
(4,000)]  (—349,500)| (—321,000,
(17,000)|  (—347,000)| (—293,000)
(32,000)| (—344,000)| (—269,000)
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Zirconium Tetrafluoride, ZrF, (c) Zone 1 (298°-604° K.)
. . AC,=7.45—1.24X 10-3T'—0.68 X 10572
AHb= ((33;"485&00(01)1)"&10”6‘5 per mole (11) AHp— —-232,4004-7.45 T—0.62 X 10-3T?+0.68 X 1057
e o' AF p=—232,400—7.45 TIn T+0.62 X 10-3T2+0.34
8-P.= (1,200 K. (6) X 105714 121.27T
AH gy = (45,000) calories per mole '
Formation: Zr+2F,———ZrF,
(esblmated (11)) T,°K. Hr—Has Sr AHR AFg
—230, 000) (—208,150)
T,° K. - Hr—Hus aH AFS e e
- —227, 560) E—g;, 3(5)8%
] (—445,000) (423, 000) : | (Clee ooy
8500 - o o 6,000 —443, 500 —408, 3
1,000, 2T (5000 (“idna0)| (CHmooy ROl | (=149,000)

Zirconium Dichloride, ZrCl, (c) Zirconium Dibromide, ZrBr, (c)

AHjs=(—145,000) calories per mole (i AH3s=(—120,000) calories per mole (1)
Soge=(27) e.u. (11) P ) Sags=(32) o (11)

M.P.= (1,000° K. (6) M_P.=(900°) K. (6)

AH=17,300 calories per mole B.P.=(1,500°) K. (6)

B.P.=(1,750°) K. (6)

AHy=(33,000) calories per mole
AHy=(35,000) calories per mole

. Formation: Zr-+Br,———ZrBr
Formatlon: ZI‘—I— Clz—————AZI‘Clg (estiln;_tedz(.ll)) 2
(estimated (11))
T,° K. Hr—Hjs AH7 AFq
AR S Hr—Hus AHp \ AF7 208 e (120,000  (—116,000)
500 ...l (4000)|  (~127,000| (100, 500)
______________ (—145,000| (c13goo WO I @2o00)  (-1mon) (-
4,000)| (—144,000)| (—127,000)
(21,000)| (—135,000)| (—112,000)
Zirconium Tribromide, ZrBr; (c)
Zirconium Trichloride, ZrCl; (c) Agi:z&} Zé&qo(g)lfalones per mole (L1
Di tionat bove 1,100° K. (6
AHm—((4 ?08 00(()1)1calor1es per mole (11) isproportionates above 4, ®
298_ 3 .
M‘ P.=(900°) K. (6) Formation: Zr+3/2BI'2———-———>ZI'Br3

Disproportionates above 1,000° K. (6)

(estimated (11))
Formation: Zr+3/2Cly———ZrCl,

(estimated (11)) T,°K. Hr—Hos AH7 AF7
208 e (—174,000)|  (—168,000)
500 LT ('5,000| (—185,000)| (—157,000)
o o 1,000 - (19,000  (—181,000)| (~—132,000)
T,°K. Hr— Hyg AHp AFyp
S (—208,000)|  (—193,000) .
500. T (5,000 —207, 000 ~183, 000! i 1
S0 T S (-2 (-1s00 Zirconium Tetrabromide, ZrBr, (c)
‘ AHs=(—192,300) )calories per mole (11)
- . . Sogs=(54) e.u. (11
Zirconium Tetrachloride, ZrCl, (c) S.P.=595° K.

AH,5:=24,000 calories per mole
AH3is=(—230,000) calories per mole (11)
Segs=44.5 e.u. (83) Formation: Zr-+2Br,————ZrBr,
An TS K. (6) (estimated (11))
sub1=25,290 calories per mole

Zone I (c) (298°-604° K.)

T, ° K. t Hr—Hus AH7 i AFy
Cp=381.92—2.91 X 105T-2 (26)
Hr—How=—10,495+31.92T+2.91X10°T! §3§2ZZIIZIZIZIIZIZIZIZZZZIZI’"'"'"(6,'6665 (Cleasm) (-188.00
Formation: Zr-+2Cl, ZrCl,

647940 0—63——10
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Zirconium Diiodide, Zrl, (c)

AHse=(—90,000) calories per mole (11)
Szgg’; (35) eu. (11)

M.P.=(700°) K. (6)

B.P.=(1,300°) K. (6)

AHy=(27,000) calories per mole

Formation: Zr-+I,—7Zrl,
(estimated (11))

‘ Hr—Haps AH7p AF7

{—90, 000) (—89, 500)
( 4,000) (—97,000) (—87,000)
(22, 000) (—87,000) (=71,000)

Zirconium Triiodide, ZrI; (c)

AH$gs=(—128,000) calories per mole (11)
Segs=(45) e.u. (11)
Disproportionates above 1,200° K. (6)

Zone I (¢) (298°-1,700° K.)

C,=11.0+1.68X103T—1.72X 1072 (26)
HT—Hm— —3, 9:;9-{-11 .0740.84X1073T2+1.72
X1057-1

Formation: Zr+1/2Ny—————7rN

Zone I (298°-1,135° K.)

AC,=0.94+0.05X10737"—0.85X 10372

AHT——87 870+0.947+0.025X 107272+ 0.85 X 105 7!

AF p=—87,870—0.94TIn T—0.025X 107372 4-0.42
X1037-14-28.77T

Zone II (1,135°-1,700° K.)

AC,=0.4041.17X 10737 —1.72X 10° T2

AHT——89 100+0.407+0.58 X 10372 +1.72 X 10571

AFp=—89,100—0.40Tln T—0.58 X 10372+ 0.86
><105T“1+28 or

Formation: Zr+3/2l,———7rl,
(estimated (11))
T, ° K. } Hr— Hag AHp AFg
298 . e ; ______________ (—128, 000) (—126, 000)
500, - e ( 5,000) (—149, 000) (—121, 000)
1,000 JLIIIIIIIIITIII (16,000)|  (—146,000)| (— 95,000)
Zirconium Tetraiodide, Zrl, (c)
AH3y=(—130,000) calories per mole (11)
Sogs= (60) e.u. (11)
S.P.=704° K. (6)
AH,u51=29,000 calories per mole
Formation: Zr+2l,————7rl,
(estimated (11))
T,°K | Hr—Hg AH7 . AF;
208 l ..... (—130,000)|  (—129,000)
500_ ..o IIIIIIIIIIIIIT (6,000)| (—158,700)| (—124,000)

Zirconium Carbide, ZrC (c)

AH3gs= —44,100 calories per mole (99)
S29s=(8.5) e.u. (94)

V F393=(—43,450) calories per mole

M.P.=3, 805° K. 9

Zirconium Nitride, ZrN (c)

AHsgs=—87,300 calories per mole (100)
S20s=9.29 e.u. (83)
M.P.=3,255° K. (9)

o
T,° K. Hr—Hags Sr AH7 AFp

9.29 —87, 300 —80, 500

12.29 —87,300 —178, 150

14. 69 —87, 250 —75, 900

16.77 —87, 150 —73, 600

18. 60 —87,100 —171,350

20.23 —87, 000 —69, 100

21.70 —86, 850 —66, 850

23. 04 —86, 750 —64, 650

24.26 —86, 700 —62, 500

25.39 —87, 550 —60, 350

26.43 —87,300 —58, 000

27. 40 —87, 100 —55, 600

28.31 (—86,950)| (—53,550)

29.17 (—86,700)| (—51,300)

29. 98 (—86,500)| (—49,100)

+50
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