W b b e e T

I
T

dow s

VA s

B T T e TR E CRIIT T Tt o rens et oy et A gy xa ot it R g e nswss s {!

NO. 68SD331
TiTLE (The Vapor Pressure of Barium )

; i
AUTHOR { P.D. Zavitsanos j

This folder is the property of the Ganeral Eléctric Ccnpany, end must not be retained
except by special parmission, or used directly or indirectly in any way detrimantal to the
interest of the Compony,

PN-Q12 (12.48)

-Reproduced by-

NATIONAL TECHNICAL
INFORMATION SERVICE

Spiingfield, Vs, 22151

ARt A WGkt

BE 2 O

- g




GENERAL D) ELECTRIC

TECHNICAL INFORMATION SERIES

Yitle Page

0. 685D 331

AGIHOR SUBJEC! '
P.D. Zavitsan r Pressure of Barium ZYa.
z o) Vapor P ok Daril 25 Nov. 1.968
T ST
The Vapor Pressure of Barium B -y
) Unclassified
RLPROBUCIBLE COPY FILED AT NG, PAGES
17

FNG10:4 (12:65) .
SOR USE OF G-£ EMPLOYEES ONLY

Library VFSTC

- ABSTRACT

i ~—NThe vapcr pressure and the keat of vaporization of barium were
measured uzing the Knudsen target technigue. A recording

S , microbalance was used to measure both-the effugion rate and the
recoil foree exerted by the-beam-onto the targei\ The measured
sure may hé presented by .

vapor pres

Kl

IogP,t ms 145 - 8597/T , -

The mean heat of vaporization AHggs as obtained by the third-
"law method is 43.9 +0.4 .‘cal/mole and the normal boiling point

was estimated to be ¢ 2100 + 100 K.

I Mass spectrometric investigation was conducted ‘with the time-
of-flight muss spectrometer which produced a specné-iaw heat
= 43, 1 keai/mole.
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SECTION 1 !
INTRODUCTION ;

The determination of the vapor pressure of barium was first attempted by Ruff and Hartmann
(Re.evence 1). Using the boliing point method {n the .nperature range 1203°K - 1410°K,
these authors measured the vapor pressure and computed a second-law heat of vaporization
(AHOZ%) equal to 83 kecal/mole and a boiling point equal to 14}9°K. The heat of vaporization
(AH 298) 48 calculated by the third-law method is 36.9 kcal/mole. The method was improved

by Hartman and Schueider {Reference 2) who determined the vapor pressure in the temperatur

o

range 1545°K - 1408°K, The derived second-law and third-law heats, regpectively., were

47 keal/mole and 41.7 keal/mole, The calculated boiling point is 1810°K - 1895°K. Finally,

the molepuiar effusion target method used by Rudbers and Lempert (Reference 3) in the temp-
erature range 79801( - 1023°K involved determination of the effusion rate by micro-titration

of the 2vaporated deposits. These results suggest second-law heat equal to 42. 27 kcal/mole
l ‘ and a boiling point equal to 2250°K.

Yedyy il

In view of the observed disagreement between the various investigators with regard to the

w0 W e

boiling point and the discrepancies between the second and third law heats, an investigation

was undertaken to measure the vapor pressure of barium by the Knudsen effusion method
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with measurements of (a) effusion rate (by the target technique), (b) recoil force, and (c)
mass spectrometric analysis,
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SECTION 2
EXPERIMENTA),

2.1 MICROBALANCE MEASUREMENTS

The apparatus used in this study combines the Knudsen target technique with continuous

mizrobalanes recording of the effusion rate as well as measurement of the force exerted on
che iarget by the impinging vapor. A detailed description and application of the apparatus has

becngiven elsewhere (References 4 and 3).

The barium sainple wag obtained from the Union Carbide Co. and was KIC type contained in
hollow wires of pure iron. The sample was heated by electron bombardment or radiation in
8 2 x 2 em Knudsen crucible while a well defined fraction of the effusing vapcr was condensed
on & collector. The collector wag made from molybdenum sheet rolled to conical shape.

The increase in the weight of the collector was measured with a Sartorius-Electrona micro-
balance and plotted by a recorder. A collimating slit of 0,475 cm radius was placed 1.2

cm above the cell orifice. The Knudsen crucible was made out of molybdenurn and had an

orifics 0,0057 cmz.

The temperature of the crucible was kept constant with an emission regulator and was
measured by focussing an optical pyrometer on a black body hole drilled on the side of the
crucible, The pyrometer was calibrated against an NBS lamp and all readings were adjusted

for window corrections.

The rate of cffusion was measured by continuously recording the weight of the target during
constant temperature intervals, while the recoil force exerted (on the target) by the imping- '
ing molecules wag maasured by turning the effusing beam off with a shutter placed between the
collimating siit and the target (Reference 4). The force is obtained from the i{ncrease in
welght when the shutter (which is magnetically operated from outside the sysi=m) intercepts
the beam, Figure 2-1 shows a typical weight gain curve at 1120°K, and also the apparent
weight increase of the target which is related to the recoil force. The vapor pressure was

then calcutated by:

e
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1/2
a, The Knudsen equation: P = -’E- ( Z"RT) 1

M sln2 6

which relates the pressure inside the cell to the mass of vapor that effuses (per sec-
ond) into a cone, the sides of which are at angle Sfrom the axig of the orifice (sinZ 8
= 0,134); m is the rate of weight gain of the target in g sec’l, A is the area of

the crucible orifice (0.0057 ¢em2), T is the temperature, and M is the molecular
weight of the effusing vapor. Based on analysis carried out in the Bendix time-of-
flight masgs spectrometer under the same conditions, the monatomic species was
considered as the only important vapor species.

b. The recail force method:6 P = -_Q_T = 2 (BW) 3
A{l-cos 8) A(Q1-cos 9)
where F = AW x g is the force exerted on the target by the beam. AW is the
increase in the weight of the target when the beam is turned off by the shutter.

2,2 MASS SPECTROME TRIC INVESTIGATION QF VAPOR

The vapor effusing from a Knudsen crucible containing Ba was examined with the Bendix

tlmé-of-ﬂight mass spectrometer using a 20-volt electron beam., The tantalum crucible
containing barium was mounted so that the orifice was in line with the entrance slit of the
fon source (after going through a series of shields and the slit of the isolation valve). The
furnace was pumped differentially by a 4-inch Hg diffusion pump and & mechanical pump
which provided a background pressure of less than 10-6 torr. The crucible was heated by
radiatiqn from a tungsten filament (surrounding it). The temperature was measured by'
sighting into the crucible orifice with a calibrated optical pyrometer, Inspection of the

barium isotopes was made over the temperature range 1063°K - 1253°K.
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SECTION 3
RESULTS AlMD DISCUSSION

The results of the vaporization studies on barium are summarized in Tables 3-1, 3-2 and 3-3.
Rates of effusion were obtained by continuously weighing the target (Table 3-1) and obtaining
slopes %V corresponding to weight changes {AW) of several hundred micrograms and times (At)
several-minutes, Combination of the vapor pressure data with corresponding free energy
functions from Stull and Sinke (Reference 7) produced values for the heat of vaporization at
293°K (based on the third-law method) equal to 44.01 + 0.31 keal. mole™>, and 43, 83 +

0.54 keal. mole"1 from the effusion rate data and from the recoil force measuremerts,
respectively. The agreement hetween the two methods is quite good. If one uses the average
value of AHO 298=43‘ 9+ 0.4 and the free energy functions, the vapor pressure is represented

by log Patm = __Sﬁ'?_'? +5.145 and a boiling point of 2100 + 10001{ ig calculated,

A typical ionization efficiency curve for barium. as obtained by mass spectrometric analysis

is showa in Figure 3-1, The appearance potential of Ba+ is about 5 eV and is indeed close to

" the reported ionization potential of Ba (i.e., 5.19 eV). The structure cbserved at higher

electron energies (l.e., 8 - 10 eV) is similar to that reported for calcium (Reference 8)

and could possibly be due to neutral or ion excited states,

The mass spectrometric measurements made at 20 eV are shown in Table 3-3 and Figure 3-2
in terms of intensity for the barium ions (IBa +) vs. temperature. From the slope of a log
298 = 45,1 keal/mole is obtained. This

value is in rather good agreement with the third-law values of 44 and 43.8.

(IBa-i- x T) vs. 1/T plot, a second law heat AH®

These results are to be compared with all previous work {Reference 5, 6, 7, and 8) shown
in Figure 3-3 and Table 3-4.
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1120

1184

1209

1119

1144

1144

1144

1138

Table 3-1. Vapor Pressure Data on Barium Metal -
from Effasion Rate Measurements

O
y}_‘_i_/_’g {Raggt:ni{l 2;‘;.% (‘l?(il.zgrioleal)
8.93 255 3.499 " a7
8,59 600 3,069 43.87
8.27 1428 2,685 " 43.08
8.94 260 3,44 44 05
8. 14 322 3.342 44,43
8.74 346 3.311 44.27
8714 342 3.316 44,27
8.78 274 3.65 44,29

o
€.} = 4 . 02‘
AR, o (ave.)= 44,014 0,21
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1134
1215

1156

1162

1113

1222

1128 -

1125

1125

Table 3-8, Vapor Pressure Data on Barium Metal
from Recoil Force Measurements

AW

250

200
300
300
380
400
460
333
300
460
350
350
360
200
160
650

240

-log P
{atm.}

3.486
2,828

3.456

3.177
3.155
3.094
3.235
3.280
3.094
3.566
3.213
3.280
3.456
3.808
2.036

3.376

AH

g

PP
AH 208 .
{Keal. mole '}

44.19

43,94
43.78
43,95
43,63
43.91
43,54
45,28
43,57

- 43,98

o9y = 43.83 % 0,54
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1253
1253

1228

1228
1228

1193

1193

1148

1158
1158
1158
1158

1063
1063

1063

Tahle 3-3, Mass Spectrometric Investigation of Barium Vapor

1w0/T

7.98
"7.98

8.14
8.14
8.14

8.38
8.38

8.35

8,63
8.63
8.68
8.63

9,41
9,41
9.41

LB; xT

33.46
87.13

23.24
30.70
30,70

14,91
14,91

5. 37
4.94
5.15
4.29

:2. 13
1.86
1,59
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Figure 3-2, Clausius~Clapeyron Plot for Ba(g) above Ba(l)
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Figure 3-3. Vapor Pressure of Barium
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Method

Boiling Point

{a) 2nd Law
(b) 3rd Law

Boiling Point

{8) 2nd Law
{b) 8rd Law

Effusion
(Target).

(a) 2nd Law

Effusion
(Target)

(8) Effusion.Rate
3rd Law

{b) Recoil Force

3rd Law
{c) Mass Spectrometry
2nd Law

'i"abie 3~4, Results

AH

298

83.1
36.9

42.47

44,0+ 0.3

43.8+ 0.5

45.1+0.6
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Boiling Point (°K) Reference

1419

1810

2250

this work

2100 + 100
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SECTION 4
CONCLUSIONS

« o

In view of the agreement between the yhree different techniques used in this investigation
and the reproducible values of the hest of vaporization obtajied by the gecond and third law
methods it is concluded that a more tccurate value for the heat (Aﬂozgs) is 44,3 + 1.5

keal/mole. Furthermore recent optical measurements (Reference 9) support a heat value
higher than 42,47 keal*.

R ot 100

m

oG st DR,

P

,'mm;“ﬁ'}mIi:M{uiumlllizliii|hi;|l;aillhV|IlIim.’mm"u"pn» -

* This value has been adapted by Hultgren in his tabulation of Thermo. Prop. of Metals
and Alloys, 1968,

13




11 ll m

ACKNOWLEDGEMENTS

The author is greatful to . G. Brownlee and B. B&igliorino for their able assistance.

Constructive comments by Dr. M.J. Linevsky are also greatly appreciated,

This work was sponsored by the U.S. Air Force, SAMSO, (San Bernardino, California)
under Contract AF 04(694)-222, -

14

L $ostit oot do St o it stabbadits sttt feduitinst AT

el

=
=
3
E
=
=
=




that

REFERENCES

1, O. Ruffand H, Hartmann, Z. Anorg, Chem., 133, 29-45 (1924),

2. H. Hartmann and R. Schneider, Z. Anorg, Allg. Chem., 180, 275-83 (1£29),
3. E. Rudberg and J. Lempert, J Chem, Phys, 3, 627-31 {1985).

4. P, D, Zavitsancs, Rev. Sci. Inst. 35,1061 (1964).

§. P. D. Zavitsanos, J, Phys. Chem. 68,2899 (1969).

6. "The Characterization of High Temperature Vapors", edited by J. L. Margrave (Appendix
C, pg. 512 by R, D, Freeman and J. G. Edwards), John Wiley and Sons, Inec,, New

York, 1967.
6a. ¥, D, Zavitsanog, TIS Report R663D31, General Electric Co., May 1966.

7. D. R, Stull and G. C. Sinke, "Thermodynamic Properties of the Elements", Advances
in Chemistry Series, No. 18, American Chemical Society, Washington DC, 1856,

8. Y. Kaneko and I. Kanomata, J, Phys. Soc, of Japan, 18, No. 12, 1822 (15963).

9, M. J. Linevsky, Private Communication.

A

15

sosubARRE Al gty gf e

LU Mg,

ey

L ' ih
TP R T
(R e

K S T T R T T

A A s

=1
=
L=

W
"

O




