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are 107 * 5 kecal and 103 * 5 kcal respectively. Because of uncertain-
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ABSTRACT

The vapor pressure of solid lanthanum fluoride in the

temperature range 1325° to 1650°K has been found by the torsion-effusion

. b
method to be given by the equation log . Poon = -(2.173 * 0.009) x ;%— +
1 AL

$.608 t 0.065. Estimated heat capacities and free energy functions

were used with the measured pressures to calculate the heat of sub-

‘limation at 298.15°K by the Second and Third Law methods. - The values -

ties in estimates, 107 * 5 kcal is set as the most provable value and

uncertainty. Comparison of torsion-Langmuir measurements from the

N

(0001) crystal faces with the effusion data yield an evaporation

coefficient of 0.95 * 0.1 in the experimental range.



'If' INTRCDUCTION

Accurate thermodynamic data for most of the rare “earth fluorides
are still not availeble, although Brewerl has estimated data for most of
them. Lim aﬁ& Searoy2 heve studied the vaporizétion of cerium tri-
fluéride by the torsion-effusion method. Mass specfréﬁétric Studies
h*vevbéen maGe on the trifluorides of scandium, yitrium, and lanthanunm
by Kent, Zmbov, Xana'an, Besenbdruch, McDonald, and Margrave™,

This paper reports a torsion-Langmuir and torsion-effusion ’
‘investigétion of lanthanum fluoride in the temperature range from 1325°
to 1650°K. TFrom the effusion measureménts the heat of subiimatioﬁ at':
298.15°K has beeh calculated by the Second and Third Law.methods and
from comparison of Langmuir and effusion measuréménts the evaporatién.
:éoefficiént;has been determined in the experimental temperature range.
Apparéntiy, no previous study of the evaporation céefficient of a halide
rof a main group III element has been reported;

II. EXPERIMENTAL

A grapbite cell with two eccentrically placed orifices was suspended
in a furnace by av0.00S cm diameter tungsten fiber of about L3 cm'length.
The torsion éell used for the Knudsen studies consisted‘of a.céll block,-
" two cylindrical éells; and two éell end plafes, all of graphite. The
cells fit snﬁggly into holes in thé side faces of the cell block. The
:-cell‘gnd_plates hadvorifices driiled through the éenters through which
' vgpor could escape. The torsion ceil used_for thé Langmuir studies

N

was modified to allow the LaFj crystal surfaces to be held flush

-

against inner faces of orifice liés by grephite back-up washers. All



gaseous molecules escaping from crystal surface areas other than those

) I - 1~ - - Y -
exposed by the orifices were vented out through a 35 mfi hole in the Top

. - I -
of the torsion cell block. Pressures can be calculated by means pre- ;
I o e s - o -?
viously described from angular cdeflections caused by veaporizatien in ¢ .

-’

IR 6 T < - . . & - - L - ",
effusion > and Langmuir experiments . Observed préssures must be v

orifice dimensions
For the present study, the Knudsen orifices were cylindrical‘and

(N
the Langmuir orifices were conically concaved with an apex angle of

L
120°. The dimensions ané correction factors for the various orifices’

re given in Table I. To minimize the possibiliiy of a systematic

error, the suspending fiber was replaced three times. The torsion

N
constants of the wires were 2.1kL, 2.062, 1.979, and 1.982 dyne-cm/rad.l

The cells were heated in a resistance furnace}by radiation from -
tungsten hairpin-shaped elements. A non-magnetic stainless steel
column enclosed the suspension system.

As eécape of vapor caused the cell to rotate in one direcﬁion,'it
ﬁas imanually returned to its original position by twistiné the upper
point of attéchment of the fiver in the oppbsite direction, Thebangles
.of twistineéessary to return the cell to its original orienﬁation.were K
;recorded to the nearest five—thbusandths of a degrée by méans of a
N

modified ganiometer.

Temperatures were read by means of an optical pyrometer which was

: : o
focused on a black body hole drilled into the bottom of the cell bvlock.
Temperature gradients in the Knudsen and Langmuir cells are oelieved o

to have been negligible because (1) cells were suspended in the central

vortion of an 8 cm vertical zone for which the temperature had been
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. improved agreement between data obtained with the two different pyro-

L . . . - 11 N
with the values of T71.8 and T2.2 reported by Schulz and Hultgren .

L.
ceY

Gemonstrated to be constant to within 2°C and (2) optical pyrome

. measurements revealed no variation in temperature -acress the vottom

surface of the cell.
About & 10° discrepancy was noticed between the temperatures read
on the low-scale and the high-scale of the calibrated-pyrometer. The

™

yrometer was accordingly recalibrated by comparison with platinum-.
vlatinum/10% rhodium thermocouple measurements. TFor these recalibrations
graphite cell was heated in the furnece with the thermocouple placad

in the cell within 0.6 cm of the black body .hole.

The low-scale pyrometer readings agreed exactly with the thermo-

‘couple at 1025°C but deviated by 10° at 1225°C. The high-scale agreed

exactly at 1200°C but'deViated'by 7° at 1375°C. Correction of pyrometer

readings to agree with the temperatures read with the thermocouple

- meter scales. - v ) , - ' o -

t should be noted that the errors in the uncorrected pyrometer

readings did not exceed the error limits claimed by the manufacturer,

yet because the errors were temperature dependent they could cause a
relatively large error in the determination of a heat of sublimation
from measurements of the temperature dependence of the vapor‘préssure.

A Second Law aeat of sublimation calculated from uncorrected measurc—

‘ments made only with the low-scale would be in error by 3%.

The validity of the calibrations was checked by measuring the vapor

. pressure or tin. Thirty-three Tin datum points yielded an average Third

Law heat of sublimation of T71.98 kecal/mole, which is in good agrecment
12

R



1600°K and absence of significant leakege was demonstilated by absence

Prior to each series of effusion measurements with lanthanun

to the measured angle of deflection. Lanthanmun Tlucride was loaded into
z pair of cells which had no orifices. The assemdly was thnen heated to

of rotational deflections. Upon completion of the test, orifices were
irilled into the cell end plates.,

Each new sample was heated slowly to 1650°K and

" temperature for one hour to vaporize volatile impurities. Data were

then collected by meking either random temperature changes of about L0O°

or by making smaller successive temperature increases or decreases.
e - ' 1070 ang

The background pressure for all measurements was bebtween 1 x 10 7 and

5 . .

T x 1077 atn.

The lanthanum fiuvoride powcler of 99.9% purity used in the Xnudsen

experiments was purchased from Semi-Elements Inc. To ensure that the

_pressure data were due to the vaporization of lanthanum fluoride-only,

samples of the original materiel, of a characteristic sublimate from -

heating at 1600°K and of residue were analyzed spectrographically. The

analyses performed by the American Spectrograpnic Laboratories showed -

lanthanum to be the principal metallic constituent in both sitcrting

materisl and sublimate. The principal impurity in the starting materizl

=3
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was 0.015% iron where the impurity is reported as t

“

The sublimate contained 0.3% silicon (presumably from the guartz walls

on which the sublimate was collected) and 0.03% iron as *the rrincipal

gmetellic impurities. The physical appearance of the sample changed .

- markedly upon heating, despite the fact thal spectroscopic and x-ray



above 1500°K for times of two hours or more resulied in production o

analyses showed no measurable changes. The originally flaky white

‘powder was corsolidated into a cdense grey mass. Heatlmg to temperaiures

crystallites up to 0.3 mm on a side.
The lanthanum fluoride crystal used in the Langmuir experiments

was purchased from Nuclear Elements Corporation. The crystal of unknown

(&}

orientation was oriented by the back-reflection Laue method. Despite a

~

. - . . 13 . .
report of easy basal cleavage by Weller and Kucza, trial and error

attempts to find a plene of cleavage failed. Crystal slices zbout 1.5 mm

“thick were made along the basal plane by means of & dismond saw with

kerosene coolant. Rach crystal slice was polished with four successive

grades of emery paper. A final polish was accomplished with 100 micron

alumina grit in a kerosene medium.
| IIT. RESULTS AND DISCUSSION
The results of 100 Knudsen'vapor pressure determinations colléctéd
in the range 13255 to 1650°K are presented in Table II ;nd Fig. 1. The
results of 21 free surface pressure determinatiohs are‘giﬁen in ?able IIIi

and Fig. 1. A least squares fit of the effusion data yielded the

ecuetion:

10510 P, = —(2.173 £ 0.009) gTT.9,6gg £ 0.065 (1)

where the errors are standard deviations.

The vapor was assumed to consist only of LaFz molecules.  This:is
the molecule indicated to be the principal vapor species by the mass

. . R 3 C e - .
spectrometric study of Kent, et al. Furthermore, thermodynamic calcula-
.

tions indicate that partial pressures of other species, LaF, LaFy, C



Cyry, CpFg, La, and Fp, which might be produced by dissociation or

£

The yossi D_lauv that the’™

(0

,
[ORN

Y

vapor was Hp0(g) or lanthanum-oxygern products from a pirtially hydrated

B oA o IR RPN
sample wes eliminsted by the one hour aeat treatment at 1cH0YK. It

L

has been shown. that hydrated rare eerth Tlucrides ere ‘completely de-
hydreted by such treairent.

Because it has been shown that too low & A/¢ ratio implies the -
16,17

dnapplicavility of molecular flow eguations, the ratio of the mean

free path to the orifice diameter, A/d, was .calculated at all readlngs

8 ...

by means of a nard sphere approximation” with the sphere radius taken

- S s Do I 19 L oL c i
as the sum of the experimental La-I distance and the fluoride ion
C N .
t

radius. In this research, in which the lowest value of A/d was 0.40,

no indications of a significant change in flow characteristics with

A/& was observed..

-
Yy

Tre

eat of sublimeltion was calcuWaue from the effuaionﬂdata by
the Second Law and Third Law methods. The Third Law mefﬁod requifes
-knowledge of free energy functions and the Secohd‘Law method reQuifes
heat capacity data._ It ﬁas neccséary‘to estimate these quantities fcr
5oth.ihe.sclid_ana the gas. | | |

;he heat capacity of crystalll e lanunah fluowlde wa estlmatcd
to be c, = 19. 77 - 8. L8 x 10 % 5. 90 x 10; 2 cu/mole by assuming that:
| 21

- the difference between the heat capuacities of Lap03"~ and 2(LaF3) is

&

the same zs the difference between the heat capacities of Cey0y

W
W3
jol)
n
7~ .
«
M
baf
w
g
.»‘

The La~F valence vibration in crystalline LaFy is reported to be
15 , ' ’
cm - . The La-F stretcnr frequency for gaseous LaFy was estimated

I
O
(U3}



‘ be 1.96 x 103 dyne/cm. Lim and Seercy Lave showa that for CeFz this

to be 419 e ! on the assumption that the retio of the valence vibration

. . S _
requency in the crystalline state to the stretch freguency in the

by
' . o e ok .
gaseous state is the same as the ratio for AlFj3. The stretching force

constant for La-F boads in the gaseous molecules is then calculated to

[a) .

means for estimating the fore constant gives a result that dirffers by

only 10% from that calculated from an independent empirical eguation

25

formulated by Herschbach and Laurie.

Plots of the out-of-plane bend force comstant n(k,/1%) and the
in-plene bend force constant Qn(k3/;?), where 1 is the La-F distance,
versus X; for the constants of D3h point group species.show a straight.

line relationship. k,/1% and k3/12 for LaFs were assumed to fall on

ct

his line. These force constants were thus estimated to be 0:192 x 105

and 0.103 x 10° dyne/cm. Using the three force constanits and the

i ~ . . 26 .\ o . o
valence-force model,  the vibrational frequencies for LaFi(g) were
calculated to bve 419, 156, L61(2) and 179(2) em 1.

The electronic contribution to the heat capacity was assumed to

+3. 2 ‘ ; .
“be the same as that of La 3ion. 7 Brewer et al ~ have shown that Tor
‘trensition metal dihalides, values so estimated are in reasonable

‘agreement with known data. Heat capacities for th_ gas were calculated

at 100° intervals from 300° to 1800°K and the equation, C, = 21.42 -4.06 -

Py

x 107%P -3.38 x 105772 eu/mole was fitted to the values.

The free energy functions for the crystalline state were calculated

29

o~ R ER o]
end Classner's estimate of S%jeg

]

e '
irog tne

<

27.0 eu/mole. Glassner's entropy estimete for CeFs was only 0.Ch eu .
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xperimental value found by Westrum and Beale.

,probabi~ error in the estimate of Sjog for LaF3(s), 0.2 eu, could cause

= - 4 it 7 -— ~ s . - M. .
2 0.3 kcal/wole error in the calculated rest of sublimgiion. The

et s . T m o o
estimated Trée energy functions for lanthanwa fluoride between 1000

%t of sublimetion over all éatum points was 103.48 *# 0.35, where the
error is the standard deviation from the mean.

- . I . ) 2 N al 1)

A least squares celculation gave AHS/T + I = (106.424% = 0.440) x

a‘ . N e G N ST ) =
10°/T - LS 291 O.302If*om the Second Law data from which BHZ58 .15

-
e
R

4
\Ji
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0.LL xcal/mole and AS

LY

The major sources of error in calculated heais of sublimation

- were the estimations of {The heat cepacities and free energy functions.,

mﬂ

stimated errors of 10% of the vibrational frequencies, 5% of the

mcélecular radius, and 15% of the elecirical contribution to the free
ene**y function ceuse an error of % of the gasesous free energy function.

to be in error by 1 cal/mole

o

Assuming the solid heat capacity an Sgce
7

and 0.2 eu/mole leads to an error of 2.0% of the solid free gncrgy

function. Irrors in calibrating the wire, measuring the orifice diamcter,

channel length, and exis afﬁs, and reading
qould cause an error of about 0.5% of the AX 298 ¢h¢ temperatures are
believed to e correct to‘vithin'iSO.'vAn error of 154
ofliO.S% in the heat of sublimation;' As a resuit, the Thl“Q Law he at

of sublimation is estimated to be correct within th kcal/mole.

The: estimated err in the molecular constants cause a 0.2 cal/mole

error in ‘the gaseous heat capacity. An assumed error of 1 cal/mole in

o
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o
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auses an uncertainty of *0.5 keal/mole
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ture scele was in error by -5
renge and by +5° &t the high end ceuses an error of -3 keal in \3298’
The Second Lév heat of sublimation is therefore estimated to De accura
to within #L kcal/mole.
The discrepancy beiween the Tnird Law ﬁa Seconc Law neats‘of sub-

- - ~

limation provebly resulis mainly from inaccuracies in the estlm ted

=)

free energy functions and in the temperavure dependence of the pressure
measurements. Until more experimental cate Tor molecular constants of
nigh temperature gas molecules become availlable, the Second Law r;sul*
shouid.probably be considered more rel 1able; and the heat of sublimatioh
at 298.15°K canvﬁe conservatively fixed as 107 £ 5 kcal/mole.

The sublimation pressures for lanthanum fluoride measured recently
.by Kent, et QlB_lie aovout a factor of two below pressures reported in
this paper.. Keﬁt,_et al used Laﬁgmuir weight loss Qeasuremenus and
mass soectroleurlc meésureﬁents calibrated by use of the Langmuir welgnt
loss data. :Discrepancies of about a factor of two have also been noted

: : .
+ st ; 31,32
between data for CaF, and Baqz collected in Marcr aves laboratory™ ’

w33 . - ' .
¥

Cond At of 16 ;
and data of Schulz and Hart respectively. There appears to b

o
e

" systematic discrepancy betweenvdata collected by the torsion-effusion -
‘method in this laboratpry aﬁd data collected‘by'or normalized with
bLangmuir ﬁeasurements in Margrave's labqratory. 4 systematic error of
a factor of two in pressure determinations woulc cuuu“‘butc about

LY ' ‘ ,.‘-,‘ . n

2 kcal errcr to = Third Law heat of sublimation for ;unuhu“um Liluoride

s *a 1 - EN - T g e A S L -t
ligivle error to =z Sccond Law hewt of sublimation.
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the free suriace sublimetion date in the same apparstus by the same
technigues so that most systematic errors in pressure éetgrminations
would be common to both sets of data end would cancel »in calculations -
I

t is seen on Fig. 1 that the torsion-Langmuir-

¢ the coefficient. g

. Cata are in very close agreement with the effusion data. Comparison
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. of the Langmuir pressures with th

tx

q.'(i) shows no significant temperature dependence of the evaporation
.jcoefficient énd yields a coefficient o; 0.95 £ 0.12, the error being
“the standard déviation from the mean. The estimeted éxperimental

error in the determination of the evaboratlon coeff . ent_is»iofl and
is attributed priﬁarily to a *5° unqertainty in the surface temperature
‘of the lanthanum.fluoride crystal relative to the temperature in an
effusion Qell.

A m1C”OSCOplC exemingition of the evapofated Laﬁgmuir suriaces

showed thenm to be essentially planar but irregular. The 1 mm surfaces

were Ilav with no surface irregularities. The 1.5 mm surfaces consiszted:
T abeut hOm flat areas and 60% made up of many mountain shaped features.

that averaged 1. 5 x 10 s¢. microns in basal area. and 50 microns in

N

helght. The 3 mm surfaces were nlan r with a fine network of surface

s
$AVIN

”c*u*arzties estimated to be about 10 m;c*OﬁS in heigh

‘

The samples were reheated to 120C°C for 15 minutes and re-examinatior

showed that all surfaces tended to smooth out. The rather large peaks
on the 1.5 mm surface decreased in height and the amount c¢f

he 3 mm surfaces exnhnibited an increase in the

«

|
%
|



A

-

“time because the deepening cavity would provide an increasingly close

approximation to an effusion cell.

eveporation coefficient (tual measured without correction for surface
irregularities) and the true evaporation coefficient ix provably less

than 1%. To determine 17 the apparent pressures from a given area of -

_surface changed measurably as the surface receded during eveporation,

date were collected with the 1 mm orifice until a recess 1 mm deep

formed., The sides of the caviiy were vertical. No change in the

<

pressure-temperature relationship was observed as the caviiy deepened.

This fact further substantiates the conclusion that the evaporation
A

coefficient is near unity. If the coefficient were much less than -

unity, the Langmuir pressures would have increased noticesbly with

.

We conclude that the evaporation coefficient for the (0001) plane

of lanthenum fluoricde is unity to within a small ‘probable error and

that evaporation coefficients for other tri-fluorifes of lanthanum and

main group three elements are

g

robably close to unity as well.
3L, S s . . ,
Burns has recently reported convincing evidence that the
evaporation. coefficients for the various vapor species from solid

£1203, solid Gaz03, and solid ImpO3 approach 1/3 as & limiting value

=1

or single crystals of metals, and he draws ettention to the fact

thet several other studies in addition to his own support the
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hypothesis that a similar limit mey apply to many inorgenic sclids.

The present research and the recent study of bvarium Fduoride subd-

some inorganic

b

solids. TFurther study is needed to ascertain why for some inorganic

‘s0lids the evaporation coefficient may be unity over € .considerable

temperature range and for others it does not reach wnity in a

2w R - 2eaan
resellliadlie Temperavcure range.

o
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Figure Cepiion

Figure 1. Vapor pressure of lanthanum fluo
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Qrifice cdisreter Avex
Cell (cw) Angle

Knugsen 1 0.099C 0.0956 -
" Knudsen 2 - 0.15%k 0.152i -
Knudsen 3 0.18%6 0.19L0 -

Knudsen 4 " 0.2633 0.263h -

meir L 0.0999  0.0982  120°
- Laagmuir 2 - 0.1525 '0.1517 120°

Langmuir 3 0.3056 0.3213 120°

(@]

(@]

)

l__J
'._J .

&



-19-

Tevle II. Temperature effusion pressure, ratioc oFf
=

to orifice diameter, and the Thira Law neat of
3 .

Temp Pressure
(°%) (2tm) *" (kxcel/mole)

0.10 cnm diameter’/ orifice

(92}

1
3

I} |_J }.~J
O O 0O

X

(&)
Co o

=R V3]

-3 =Y Qo \N
S
_'.._: }_1 }_- o]
|
oy Uy o
S ONCY=1\U1 O o

15k0 3. o 2. 2.01
1559 5.k 0 1 2.86
1582. 8.915 0 1.1 2.59
1577 7.819 x 10 1.25 02.70
1579 8.256 x 10~ S 1.18 102.65
1378 '8.318 x 10, 1.27 102.60°
1599 1.175 x 107, O.on 102.70
1615 1.623 x 107, .62 \ 102.60
SRS 2.5:9 x 10 4 1 0.L0 : 102.61
1638 2.L07 x 1075 0.h42 102.65
1585 9.530 x 10 4’ 1.0k 103.15
1622 £.C16 ¢ 107y 0.62 103.03
1601 0 1.034 x 107y 0.96 103.25
1609 1.18k x 107, ' 0.84 103.27
1629 C1.536 x 10 g 0.065 103.02
1582 7.375 x 1073 1.33 - 103.19
1562 L.769 x 1075 2.02 © 103.3h
1572 2 6.175 x 10 5 1.58 '103.1%
1560 L.199 x 10 g '2.30 103.63
11540 3.050 x 107 3.1 103.68
1hlh 3.533 x 10 ¢ 25.31 103.12
1472 7.382 x 10 5 12.35 103.33
1500 - 1.257x 1075 7.39 » . - 103.56
1521 2.007 x 107 5 L.oro . . 103,47
1535 2.875 x 10" 5 3.30 - ' 103.26
11566 15.895 x 107, 1.6k 102.92
1605 1.162 x 107 5 0.86, +103.09
1528 2.501 x 10 g 3.78 103.25
1552 4.306 x 107 5 2.38 103.07
11557 L.315 x 1075 7 2.23 ©103.35
1562 . 5.054 x 10 s 1.9% 103,17
1582 7.158 x 1074 1.37 103.23
160k . 1.06k x 1074 0.93 103.31
1631 1.925 x 107 0.52 102.97
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Teple II. (cont.)
;‘.! .....
Ternp Pressure Mean free A¥9208.15
peth/Diemeter
(°x) {atm) (kcel/mole)

o
"
\vi!

crm digmeter orifice

AR S e R e

I7 o U g

U WU A

NTOONO O N DNNO —3 Ut e D
NI O DWW\ H ONOVW

o
1
\O

cm diameter o

VOO D3 1N

ON\O W B2 1 O OV o+

4
i
3
1
1
1
i
5
L

"““'}"""“'l“"}-"'”"l""i"‘
g e e e R R TS Y
OO0 W oMW - < oo

EEgi

LN

TS O O
B \C AVl E N o o R U} W -3 NN ~TOV-IW L) O N\

W

) !..I '_J ]._l I_J I__l l_ -

s

T

L6
48

I

CONW WL R N O Oy

3 .

.

. . . .

.

\O

_5
77 x 10 g 2.83
58 x 10 s 2.18
58 x 107 ¢ 1.52
25 x 10 5 7.82
88 x 10 5 L.12
68 x 10 5 2.8%
68 x 10 5 2.85
Th'x 10 4 L.b3 N
ik x 107 6.15
86 x 107 ¢ 6.02«
60 x 10 10.43
rifice
: .
108 x 1075 Lo.3
978 x 10 4 - Lk9.65
737 X 10—6 65 87
21k x 1074 37.1k4
810 x 10 ¢ 25.09
916 x 1074 15.8k
725 x 10 5 6.8
oLk6 x 0 g 9.57
8Lko x 0—5 16.24
287 x 10 5 3.7k
287 x 10”7 3,74
624 x 107 2,99
133 x 107 1.58

RN W

N1 L) W\ -] TO W UL O

1
O Gy U1 L1 OY OO Oy YOy O L

(@]
1
w
-
el el el e N

[eneReReNoNoNeNoN®!]

O W
N

O O

B b g
O

O o

O -y
A2 TN o =

O O\ G\
CO OGO ON 47 1=

(@]
-3

:-12'

K}

3

.

= I W

i i e S I S S
OMNONITWiw

cNoNoNoNoNoNoNoNoNON®!
L)L) L)L) LWL W WwWw

103,
103.
. 103.
103.
103.

S A e
LUS.

103.
103.
103.
103.

3N
SN D .

103.
1G3.
103,
103.
103,
103.
103.
163.
103.
103.
103.
103.

I

=\

Gn ON

Ky

= N U WL RO 1D
=0

-3

R

=ON GO - R
Q@ Oy Ol O ON

O

AL VWA~ W\ -



2le=

) —~ .
im ] N .
- — NN A~ O A AN e qJ«DfO.L o -0 T - ONCO IN\D\O 7/,4,«Jm,3:)/huﬁu N D
. [} 9_ 4 .L _(U QJ o 4 /u :uhw Edy nC /OCU O 710 O\ b b 9(7 s g i (SR AR G N TaN E//O ./xnC :/ & O\
(s N HE . . « s . . . . . .
O\ ~ ﬁD A,D »Q .J 3 AJ QJ A,J M ?J ﬁD ﬂD ?zv 43 ﬂJ QJ . (M O N J D " ?J " A.J [SARSANSA] ?q J _4 »J ) Ny
QY | O OO OO0 DODOOOODODOOO0 WunUOOOQO AUOﬁ.u.nUﬂanAUn.unun\.uhu
[ L B B e B e B e B e B B B e o I B B R Qo e [ e B an B B B B | ; [ Wi B B VS R B S TS B [ |
v Q . -
< ¥
g
A re
Y .
4
MoF = O Ql el ONQCO 2 €O O .2F 2 1IN ’ Al = e ..-_A.JnOnOr)n/lC)n/_DLplmZ‘hw
ON ONNO H N QO UVaD ¢ 71)4. ?J ..._ qx_ 2 O/ UN P LGN Q) ONVNO A a0 N D=0 0N - _ = * C :/
O .z O~ cO oD QN 01_ 1._ G/OO /O \L. R/ MM O NNV O / n/_ /O Q_
(R IR} P Ca N AV B e S oI\ Plu¢ -k AN QN N - ﬁU_ [Ea N N1 S IEQV VAN
r [
:U666.6..06rOrOrOrOrorOrOSrO 777777_7.666677777657
R T T T I T I T T T e e | [ I R T A R
9] [cheReBoBoNeoNeoNsoNoNoNoNoNoNoNoNe] loNeBoNoNoRoNoRoNoNoNoNoNoNeoReo NG NGNS
by -~ F et e B B e B e B it 2 IR I (Pl S e o L e B B e B O e e B I T I o [ P L e
I £ . :
“ I MOMOR MO R N H MO R M W MM OF M M R M M M MR KM R R R N R
i t o]
@ ~— N e D YD U oY OO O e T G4 O =0 NN O OGN M O I OVNO L o N
12 qJﬂISUOYﬁJﬁDG/F)Cu QMM eHl DM D OO0 N AHO S AN Oy Oy
M n/_._J//OO,LOw_DJVxOOPOﬁ/x._O/ Mu. 69/090(/87*\98_,77 911_ﬂ30\u~,;:_au
:/32 01*7_221_3\%5_9”117 . 9_939_\4/097*111»)?«3571 __!_f..u
~
0]
+2
v
|
d
£
. o . N : . .
e} — N O N O F NN et NGV O \O N - ONONOYDD A N T OV B0 O o) e
= N NN Q=00 O QY O o N ://O - 9 o Ql ONE— N N ONO 1 OO N O O O D —
()] o) PRSI S g €0 B¢ IS AR L iy R of sk S N [LONSA A LA NCA A TILA T 00 I Ui . e o e 5 I e T €2 TR O WU WA SN e |
£+ S Tan I B B B B B A e N a* ~l_ 1* RRINE . (@] l Lo W B e B B B e B e B e TSR S|

i ﬂA_ [aa B B ~1



- 4 [y
. , ‘s N - L
_ QN N R : o :
DD OO\ - Lo S
. ’ oo .
i e NeNoRoNob
. [at B S B BV O <
3 .,..- : - : - .
W . -~ - -
N b= .
-4 a0 -
SN ON O N -
N1 O NN ) . 3
N > .w.‘
I .
It .
O ‘
' &)
Qq ~ : - .
Y : .
= -
=T oSS S 7_ . -
. U ) . .
U] O D OO0 oL s .
M_ \nﬁ o ,5_. e ~ . )
‘ L1 -
0 2 A : ,
t o3 . - . o - . - . !
@ ~— e D S N P . .
S ZENO AF 0 . L ) - . R
Ny N —=0.2r O N RPN - . e
. B BNV N T T ‘. S :




SR

cemr s

-23-
Lenon
._(_-,.L.b...

orsicn-I

T

oo
O o
i :
42 et W =N - O - O = NN 1 O D N IN
[SINS) e~ ONO o~ O D C OO O OND—U oW T—O OO\
& oo e e e e e e e et e e e e .« e e e 4 s e e
0 G4 - el e e . — e A
£2¢ Gy
¢ O,
> O
=] O
-, P
ke
W o W0 o O D 10 1D 1D WO W W WO WO ™~ O © O O ~
Py oF | R D D T T O O [ T T |
O OO OO O OO OO COODOO OO O DHOoOo
o T B e e e e s s s b e
WMo Mo oEos M W MM W KN
{ ¥ o D O =b e O\ o ot ANO NN~ O M
N [QVE [AVEE oA QNI T o NN Q V] =t O\ -
Ny AN UN N - - QO O Qe QU O N A INNO
VY ND M oY e QAN A N AL N0 O o QIO Qd O
"
«_.VI ’ :
e S e 40y e S AR S e QY ERTA N QU I WWaw = ol O
O b ozb o P AN (Y e b [l CANAVRANS R Ca 6
oN PET SN T NEEAN S S M N 1.0 T 0 W S L L e 0
5 e B B e B BV o B e IS B L B B e B B e |
(0]
e8]
&y
m 4 ) . ﬂh
£l £ : g
— & : .M



2L

Zeele IV, Caloulated free energy functions for walg
<X
W< 1. O -0 - = T
Temp - LT Tios T T ool - bip - B
T s T 2 - T sub
(°K) {cal/deg/mole) (cal/deg/mole) *7 (cal/deg/mole)
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

As

" Makes any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect-to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclesed in
this report.

used in the above, '"person acting on behalf of the

Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








