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A quadrupole mass filter was used to determine the partial pressures of Sr(g) and SrO(g) over strontium

oxide heated on a platinum-ribbon filament.

The ion currents of 88Sr+ and 88Sr18O* were measured while the

filament temperature was continuously increasing at a heating rate of about 14°C/min; the calculations of the
partial pressures were carried out by the integral method for Sr(g) and by the sensitivity-calibration method for

SrO(g). The data are represented by:

log Pg, () (atm) = 6.633 —

in the temperature range of 1643—1851°K, and by:

]0g PSrO(g) (atm) = 6.707 —

in the 1747—1850°K range.

2.536 x 104
T

2.793 x 104
T

From the values of the partial pressures, the dissociation energy of strontium oxide

was determined to be D,°(SrO)=96.24-0.9 kcal/mol by the third-law treatment and Dy°(SrO)=102+5 kcal/mol

by the second-law treatment.

Many studies have been carried out on the nature of
vapor species from strontium oxide heated on various
materials, such as platinum,-* tungsten,~% molybde-
num,? and alumina.” Using mass-spectrometric tech-
niques, Aldrich,» Bickel and Holroyd,? and Pelcho-
witch® have observed that, in the strontium oxide-pla-
tinum system, the main vaporization products are free
strontium atom, plus small amounts of the strontium
oxide molecules, and that no reactions occur between
strontium oxide and platinum. However, the partial
pressures of Sr(g) and SrO(g) could not be determined,
since no sensitivity calibration of their mass spectrometers
was done. Drowart et al.*% have measured the relative
ion intensities of the vapor products produced by the
reactions of alkaline earth oxides with a tungsten
Knudsen cell or molybdenum cell, and determined the
dissociation energy of alkaline earth oxides and the
stabilities of the gaseous tungstates, tungstites, molyb-
dates, and molybdites of alkaline earths. Recently, the
present authors® measured the partial pressures of Sr(g),
SrO(g), SrWO,(g), and SrWO,(g) over the solid
products produced by the reactions between strontium
oxide and a tungsten-ribbon filament. Porter ef al.”
also measured the partial pressure of SrO(g) in equilib-
rium with the solid placed in an alumina Knudsen cell
only at the temperature of 2100°K.

Hitherto, the vapor pressure over strontium oxide
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heated on a platinum filament have all®:% been deter-
mined on the assumption that SrO(g) is the only gaseous
species, although experimental evidence to justify this
assumption has never been published.

In the present work, a quadrupole mass filter was
used to determine the partial pressures of Sr(g) and
SrO(g) over strontium oxide heated on a platinum-
ribbon filament. The ion currents of 8Sr* and 88Srl6O+
were measured while the filament temperature was
continuously increasing at a constant rate; the partial
pressures were calculated by the integral method for
Sr(g) and by the sensitivity-calibration method for
SrO(g). Moreover, from the values of the partial
pressures, the dissociation energy of strontium oxide was
determined by third-law and second-law treatments.

In a conventional integral method,'® the ion currents
are ordinarily measured at a fixed temperature or by
varying the temperature step by step for a proper
interval, while in the present work the currents were
measured under the above conditions, since the measure-
ments were carried out with a very small sample.

The vaporization of strontium oxide supported on
various materials is of interest in the physics and chem-
istry concerned with the phenomena of the thermal
emissions of electrons and ions.

Experimental

The platinum-ribbon filament used to hold the strontium
oxide was 0.75 mm wide and 0.025 mm thick (H. Cross. Co.)
and was kept straight with the aid of a tungsten spring, even
at high temperatures.

Strontium nitrate was used to prepare strontium oxide
on the filament. Reagent-grade strontium nitrate was
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purified by the carbonate method and was crystallized out
from a nitrate solution. Using a micro syringe, 1 u/ of
strontium nitrate solution containing 20.30 ug of strontium
was placed on the central part of the filament for a length
of about 3 mm and dried under an infrared lamp. After it
had then been set in a vacuum chamber, the filament was
slowly heated by an externally-programmed DC power supply
driven by a motor of an adjustable speed; the strontium
nitrate was thus thermally decomposed to strontium oxide.
Then, the filament was further heated at a rate of about
14°C/min, and the partial pressures of the gaseous species
vaporized from the strontium oxide on the platinum filament
were measured by means of a NEVA NAG 510H quadrupole
mass filter equipped with a secondary electron multiplier.

A collimated gaseous beam originating from strontium
oxide was ionized in an ionization chamber by low-energy
electrons (13 eV), so the fragmentation of SrO(g) to Sr+
and O was assumed to be negligible.

The filament holder was devised so as to move back and
forth; this mechanism was used as a shutter.

A schematic diagram of the arrangement of the experimental
apparatus is shown in Fig. 1.
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Fig. 1. Schematic diagram of the arrangement of experimental
apparatus.

(a) Upper view and (b) side view.

1) quadrupole mass analyser 2) ionization chamber 3) ion
focusing plate 4) filament for electron emission 5) electron
repeller 6) electron trap 7) beam collimator 8) platinum
ribbon filament 9) sample 10) prism 11) shield 12) fila-
ment holder 13) spring

The filament temperature was measured with a Leed and
Northrup 8632C optical pyrometer by sighting the back side
of the filament, on which strontium oxide was applied, through
a prism; the readings were corrected for the emissivity of the
platinum filament and the transmission coefficients of the
prism and the glass window of the vacuum chamber. If an
appreciable thermal gradient existed throughout the sample,
the results might be seriously in error. Under the present
conditions, however, the error seems to be negligible because
of the very small sample.
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The background pressure in a vacuum chamber was
maintained at less than 2x10-® Torr with an ion pump
during all the experiments.

The basic data of the present work are the ion-current
measurements of %8Srt and 88Sr18O+ made with a continuosly-
increasing temperature at a heating rate of about 14°C/min.
The upper temperature limit was dictated by the amount of
the sample, and the lower limit, by the ion-detection ability
of the mass filter.

The resolution of a quadrupole mass filter varies auto-
matically throughout mass scanning, so that the sensitivity
varies with the mass number. The mass filter used in this
study was designed to maintain a constant relation between
sensitivity and resolution. Consequently, for a given resolu-
tion, the ion current is quantitatively proportional to the
number of ionizable gaseous atoms. To obtain this relation,
the ion currents of the M/e=28, 44, 71, 85, and 109 peaks
were measured as a function of the resolution. The resolution
is here defined as M/AM, where M is the mass number and
where AM is the half-width of the ion peak in amu. The
relations for the five ion species are shown in Fig. 2, where
the slopes are constant. In the present work, the resolution
was kept high enough to measure the ion currents of Sr+
and SrO%, usually higher than 130.
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Fig. 2. Relation between sensitivity and resolution.
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The background ions of the same mass number as the
interesting species resulted from the residual gases in a vacuum
chamber. However, the effect of the background was
practically negligible at higher temperatures, since the ion
intensities of Srt and SrOt were much greater than the
residual gas ions.

Mle=

Method for Determining Partial Pressures

The determination of the vapor pressures of solid
materials with a mass spectrometer has been carried
out by two methods, namely, the sensitivity-calibration
method°-1? and the integral method.’®) In the

11) W. A. Chupka and M. G. Inghram, J. Phys. Chem., 59, 100
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J. Chem. Phys., 32, 1366 (1960).
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latter method, a known amount of sample is completely
vaporized out and the ion intensity is integrated over the
period of time required to vaporize the entire sample.
Knowing the whole amount of sample vaporized and
making use of the vaporization equation, the vapor
pressure of the sample is calculated. The modified
integral method was used to calculate the partial pres-
sure of Sr(g).

The total number of gaseous atoms (or molecules),
Zior, Vaporized from the sample is given by:

tend
ey = aSo 2dt (1)

where z is the number of gaseous atoms vaporized per
unit of time per unit of area, where a is the vaporization
area, and where f.,4 is the time after which the sample is
completely vaporized out. The ion current, I+, is given
by the following relation:
1+ = ¢ E=DorSiSy @)
v

where C is the factor for instrument geometry, E is the
energy of the impact electron, I is the ionization poten-
tial of the element (or compound), ¢ is the maximum
ionization cross section of the gaseous species, y is
the isotopic abundance ratio for the ionized gaseous
species, S; is the efficiency of the electron multiplier,
S, is the sensitivity of the mass filter, and 7 is the average
velocity of the gaseous atoms.

From Egs. (1) and (2), the following equation is
obtained:

_ a tond .
Ziop = CE=DorS,S, So I*odt (3)

Since, in the present work, the ion currents are measured
with a continuously increasing temperature at a constant
rate, the 7 is given as a function of the time:

e

where R is the gas constant and where T is the sample
temperature at time ¢ Substituting for 7, Eq. (3)
becomes:

ten —_—
Zo = KS I/ T,dt (5)
0
where:
a 8R

K = - — —_—
C(E—T)oyS,Sy N oM

Similarly, the number of gaseous atoms, z,,, vaporized
in the time interval between ¢, and f,, during which the
temperature increases from T, to Ty, is given by:

2y = KS?I*«/T,dt (6)
Taking the ratio of Egs. (5) and (6):
ts —
T — W.n — St.l /\/Ttdt (7)
Ziot Wi St“d 14/ T,de
1]

where W, is the whole amount of the sample and where
W, is the amount vaporized in the time interval Adi=
ts—t;.  The graphical integrals in Eq. (7) are shown in
Fig. 3, where the experimental data for only the Srt ion
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Fig. 3. Graphical representation for the integrals in Eq. (7).
(a) Isr*a/T and (b) temperature.
Whole area under the curve (a) is corresponded to the inte-

gral of the denominator and oblique line part area to the
numerator in Eq. (7).

current are given against the time, together with the
temperature. The whole area under the curve of
I~/ T, corresponds to Wy, and the oblique line part
area, to W,. Consequently, the rate of the vaporiza-
tion of atoms vaporized per unit of time per unit of
area, m, is obtained from the following equation:

W, _ Wio oblique-line part of Fig. 3 (8)
adt adt whole area of Fig. 3

For the vaporization from an open surface, the vapor
pressure, P, at the average temperature of 7= (T;+ T5)
/2 in the time interval of At can be calculated by the
Langmuir equation!®:

P = m[2ET ©)

assuming the vaporization coefficient to be unity.
Then, for a series of time intervals, the vapor pressures
are successively calculated in the same manner, until the
amount of sample decreases and the rate of vaporization
does not give the pressure corresponding to the tempe-
rature.

When a vaporization occurs in only one vapor species
the above procedure can be applied to the measurement
of the vapor pressure without any correction. In the
case of the vaporization of strontium oxide on the
platinum filament, bowever, the strontium-containing
vapors consists of a predominant amount of Sr(g) and
a small amounts of SrO(g), as is shown in Fig. 4, where
the experimental data for the Sr*+ and SrO+ ion currents
from their vapors are given. Consequently, in the
present work the SrO+ ion current was first converted
into an imaginary strontium ion current, [*s (imag),
which was equivalent to I+*s0; then, by using the sum
of the actual and the imaginary strontium ion currents,
It (sum)=1I+s, 4 I+, (imag), the integral of the denomi-
nator in Eq. (7) was carried out. In this case, Egs. (8)
and (9) become:

13) L. Langmuir, Phys. Rev., 2, 329 (1913).
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Tig. 4. Experimental data for I*s. and I*s-o against time, to-
gether with I*s; (imag) and I*s:(sum).

(a) I*s;, (b) ——- I*sr0, (c) —-— I*s:(imag) equi-
valent to I*sro, (d) —--— Its: (sum)=1I*s.+I*s: (imag),
and (€) —- temperature.
ts o
me. — Wsr in StO S LN/ T dt w0
Sr —
adt S end ; l,(surn)x/ T,dt
and:
PSr = Mg, 27TRT (11)

respectively. The values of It (imag) and I'*s, (sum)
are also shown in Fig. 4.

The conversion of Itgo into It (imag) was carried
out as follows. When SrO(g) is vaporized from stron-
tium oxide, the current of the strontium oxide ion is
given from Eq. (2):

C(E ISrO)GSrOySrOSISroszer
Usr0

(E Z5:0)Gs:0Y5:0818:0525r0v Msro Zsro (12)
T
where k=C+/7/8R.
Similarly, for the imaginary strontium ion:

I (imag) = klggfﬁr)csris/r%&szsﬁ/ M,

Now, if the 8Srt and 88Sr8O* are measured, the follow-
ing relations hold:

2. (imag) (13)

Zsr0 = Zg;(imag) (14)
and:
Ysro = Vsr (15)

Consequently, from Egs. (12) and (13):

(E ISr)GSrSISrS%r'\/MSr I;— o (16)
(E— ISrO)GSrCSISrOSZSrO’\/ Ms.-o "

That is, the amount of I*g, at a given temperature can
be converted into the Its (imag) using Eq. (16).

For the calculation of the partial pressure of SrO(g),
the sensitivity-calibration method was employed. Here,
the partial pressure of Sr(g) was used as a reference;
that is:

I5;(imag) =

S0 = SrO(E ISr)GSrSISrszsr TSrO P (17)
) I&(E— I4,0)05:0518:0652810 TSr

In the mass-spectrometric Knudsen effusion tech-
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nique, silver has beén widely used as a reference material,
since silver vaporizes almost entirely in the form of
monoatomic gases and the vapor pressure is well known.
However, in the present condition of free vaporization
from an open surface, it is difficult to use an outer
reference such as silver.

The values of the ionization potentials for strontium
and strontium oxide were taken from Drowart® to be
I;,=5.7 and I;0=6.1 eV, while the relative maximum
ionization cross section for strontium was taken from
Mann! to be o5,=8.88 and the cross section for stron-
tium oxide was obtained, by summing the values for
the constituent atoms, as 6s.o=10.19. The efficiency
of the electron multiplier for the mass dependence,
S;, was corrected by a factor of the reciprocal of the
square root of the mass number, taking into account
the so-called mass effect.’¥ Moreover, the sensitivity
of the mass filter, varying with the resolution, S,, was
corrected from the constant slope of the lines in Fig. 2.
As the time interval, A¢, 1 min was taken for all calcula-
tions.
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Fig. 5. Partial pressure of Sr(g) over strontium oxide heated
on platinum. Run 1 O, run 2 @, and run 3 (D.

Results and Discussion

1. Partial Pressure of Sr(g). The partial pres-
sures of Sr(g) over strontium oxide heated on a platinum
filament are shown in Fig. 5. The line drawn by the
least-squares treatment of the data follows this equation:

2.536x 10*
T
in the temperature range of 1643—1851°K. Moreover,

from the slope of the line the heat of the vaporization of
Sr(g)1® was calculated to be 11642 kcal/mol at the

log Py, (atm) = 6.633 — (18)

14) J. B. Mann, J. Chem. Phys., 40, 1646 (1967).

15) W. Ploch and W. Walcher, Rev. Sci. Insirum., 22, 1028 (1951).

16) This value corresponds to the partial molar cnthalpy of the
vaporization of Sr(g) from SrO(g).
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experimental temperatures. Here, the uncertainty is
the standard deviation for the least-squares fit.

As will be described later, the partial pressure of Sr(g)
is more than an order of magnitude greater than that
of SrO(g). Consequently, it may be observed that the
total vapor pressures over strontium oxide obtained by
Moore et al.,® and by Claassen and Veenemans,®
assuming SrO(g) to be the only gaseous species, are
approximately equivalent to the partial pressure of
Sr(g) if the consideration of a factor of &/ Mg[Ms:o is
made for their values. The agreement between the
observed partial pressure of Sr(g) and their total vapor
pressures is extremely good.

In the experiments of Moore ¢t al. and of Claassen and
Veenemans, the vaporization took place in sealed-off
tubes, so the Sr(g) vaporized from the heated sample to
the cold collector wall could readily recombine with the
released oxygen. Thus, even though strontium oxide
was found in the collected products on the wall, the
calculations should be carried out for each vapor species
of Sr(g) and SrO(g) by the aid of mass analysis.

Bickel and Holroyd® have described that the tempe-
rature dependence of the Srt ion current is at first
seemingly irreproducible. However, the sample passes
through a series of changes as the temperature is cycled,
and eventually equilibrium conditions are reached on the
platinum filament, where reproducible data can be
obtained. They have also determined the heat of the
vaporization of Sr(g) from the slopes of the lines obtained
by plotting the log Sr* ion current against the reciprocal
of the temperature; they found it to be 164 kcal/mol in
the initial state, and 60 kcal/mol for the higher-tempera-
ture range and 138 kcal/mol for the lower in the final
state. However, Aldrich? has observed that the
vaporization process of strontium oxide heated on
platinum is reproducible without any particular care,
and from similar plots of his data he obtained the heat
of the vaporization of Sr(g) as 144 kcal/mol over the
full temperature range investigated. In the present
work, where the measurements were carried out with a
continuously increasing temperature, the Srt and SrO+
ion currents were satisfactorily reproducible in all runs.

Further, the heat of the vaporization of SrO(g) has
been obtained by Moore et al., from their data on the
total vapor pressure, to be 126.6 kcal/mol, while Blewett,
179 from the data of Claassen and Veenemans,” found
it to be 117 kcal/mol. Again, these values are approx-
imately equivalent to the value for Sr(g). The
agreement of the heats of the vaporization of Sr(g)
determined by many workers is poor.

2. Partial Pressure of SrO(g). The partial
pressures of SrO(g) vaporized congruently from stron-
tium oxide on platinum are shown in Fig. 6. The line
represents the least-squares fit of the data of three runs
and is given by the following equation:
2.793 x 104

T
in the temperature range of 1747—1850°K. Moreover,
the heat of the vaporization of SrO(g) was calculated to
be 12842 kcal/mol at the experimental temperatures.

log Pg.o(atm) = 6.707 — (19)

17) J. P. Blewett, J. Appl. Phys., 10, 668 (1939).
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Fig. 6. Partial pressure of SrO(g) over strontium oxide heated
on platinum. Run 1 O, run 2 @, and run 3 (.

Here again, the uncertainty given is the standard
deviation for the least-squares fit.

The measurements for the vapor pressure and for the
heat of vaporization of SrO(g) have been carried out by
Porter et al.” only at the temperature of 2100°K, using
a mass-spectrometric Knudsen effusion method with an
alumina cell. The vapor pressure of 2.5%x10-7 atm
for SrO(g), obtained by extrapolating the line in Fig. 6
to 2100°K, may be seen to be in conflict with the value
of 3.8x10-% atm estimated by Porter et al. at this
temperature; also, the heat of vaporization, 1354-3 kcal/
mol, corrected to 298°K, is in poor agreement with
their value of 155.1 kcal/mol at 298°K. These discre-
pancies seem to be due to the difference in the supporting
materials for strontium oxide and/or the uncertainty as
to their experimental error for the single measurement
at 2100°K.

The reactions between strontium oxide and platinum
have been studied thermodynamically by Moore ¢t al.8)

Their results indicate that strontium oxide and pla-
tinum do not react in such a manner as to form free
Sr(g), and at the same time they do not produce any
compounds containing strontium and platinum. In
the present work, no high-mass compounds resulting
from a reaction between strontium oxide and platinum
were detected, although some Pt* ions were observed
at the highest temperature.

3. Dissociation Energy of Strontium Oxide. For the
experimental determination of the dissociation energy
of strontium oxide, it is necessary to measure the partial
pressures of Sr(g), SrO(g), and oxygen in the present
system. The mass spectra of Ot and O,* ions exhibited
a more indistinct shutter effect than those of the Sr*
and SrOt jons did, so the partial pressure of oxygen was
calculated from the following relation:

Po(atm) = J%Ps,(atm) — 0.4273P (atm)  (20)

assuming that the oxygen atoms were vaporized by an
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equivalent amount of Sr(g) at a given temperature. If
oxygen molecules are assumed to be in equilibrium with
Sr(g) and SrO(g), half of the dissociation energy of the
oxygen molecule must be considered in the calculations.

The free-energy function for SrO(g) was calculated
from the usual statistical mechanical equations'® by
using the data of the vibration frequency of strontium
oxide, ®=653.5 cm~=11%; the interatomic distance, r=
1.921 A1), and the electronic states, 3%] and 3II, lying
about 10870cm—! above the ground state, X319 The
values calculated are — (G?— Hg) | T=60.4(1500°K), 60.9
(1600°K), 61.4(1700°K), 61.9(1800°K), 62.4(1900°K),
and 62.8(2000°K) in cal/mol deg respectively. The
free-energy functions for Sr(g) and O(g) were taken
from Margrave.29

By combining the free-energy functions of SrO(g),
Sr(g), and O(g) with the free-energy change for the
following reaction:

StO(g) = Sr(g) + O(g) 21)

the dissociation energy was calculated to be D(SrO)=
96.24-0.9 kcal/mol. Moreover, a least-squares fit to the
second-law treatment for the equilibrium constant of
the same reaction gave Digy(SrO)=103+5 kcal/mol,
which became D§(SrO)=1024-5 kcal/mol when cor-
rected to 0°K by using the heat capacities of SrO(g),
Sr(g), and O(g). Here, the heat capacity of SrO(g)
was calculated by the use of the kinetic theory.2)

In general, the analysis of the data by third-law
treatment is considered superior to that using the second
law because each data point is independent of the other.

The dissociation energy of strontium oxide has been
determined by various methods, that is, mass-spectro-
metric measurements by the Langmuir method and the
Knudsen effusion method, total vapor-pressure measure-
ments, spectrometric measurements, and theoretical
calculations, In Table 1, the values determined in this
work are shown together with the literature values.
The values obtained by the present mass-spectrome-
tric Langmuir method agree, within the limits of
experimental error, with those obtained by the Knudsen
method except for the low value reported by Porter
et al.,’ As for this low value, Drowart ¢t al.9 have
explained it by saying that SrO(g) vaporized from an
alumina Knudsen cell, thus leading to the formation
of a compound, (SrO);_,Al,O; in the condensed phase:
they derived Dy °(SrO)=105 kcal/mol by adding the
heat of the formation of the SrO-Al,O; compound,
—19 kcal/mol, to the value obtained by Porter et al.
However, it is less easy to explain the low value calcula-

18) G. N. Lewis and M. Randall, “Thermodynamics,” revised
by K. S. Pitzer and L. Brewer, McGraw-Hill Book Co., New
York (1961), p. 419.

19) G. Herzburg, “Molecular Spectra and Molecular Structure
I. Spectra of Diatomic Molecules,” D. Van Nostrand Co., Princeton
(1961), p. 575.

20) J. L. Margrave, “Physicochemical Measurements at High
Temperatures,” ed. by J. O’M. Bockris, J. L. White, and J. D.
Mackenzie, Butterworths Scientific Pub., London (1959), p. 353.

21) Ref. 18, p. 53.
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TABLE 1. SuUMMARY OF THE VALUES OF D °(SrO), kcal/mol
Method D°(SrO) Ref.

Mass spectrometry (Langmuir) 132.21(5);)9@ } This work
Mass spectrometry (Knudsen) 102 459 4
Mass spectrometry(Knudsen) 92.24-6% 22
Mass spectrometry (Knudsen) 83.645% 7
Total vapor pressure(Langmuir) 110.4+3.59 23
Spectrometry 111 +3 24
Spectrometry 94.741.4 25
Spectrometry 99 26
Spectrometry 106 27
Spectrometry 120 28
Theory 102 4109 29

Theo 59® o

v 439 } 30

a) Third law treatment.

b) Second law treatment.

c) Calculation from the data of Ref. 8.

d) Ion model.

e ) Internuclear potential function with three parameters,
i.e., equilibrium bond distance, force constant, and anharm-
onicity constant.

f) Internuclear potential function with five parameters, i.e.,
in addition to above three parameters, vibrational-rota-
tional coupling constant and one constant of 1.065.

ted from the data for all the gas-phase reactions of Eq.
(21), since this equilibrium should be independent of
the solid-phase composition.

As may be seen in Table 1, the values obtained by the
spectrometric method?4-28) are systematically higher
than those obtained by the mass-spectrometric method.
This discrepancy is presumably due to the uncertainties
of the measurements of the flame temperature and its
gradient by the spectrometric method, and the defference
in principle between the spectrometric and the thermo-
chemical values.

The value calculated by the ionic model®® is in fair
agreement with those experimental determined, where-
as the values obtained by the internuclear potential
functions®® deviate markedly from the other values.

The authors wish to express their thanks to Professor
S. Magari of the Institute of Atomic Energy, Kyoto
University, for his valuable suggestions and discussions.

22) R. Colin, P. Goldfinger, and M. Jeunehomme, Trans.
Faraday Soc., 60, 306 (1964).

23) G. Drummond and R. F. Barrow, ibid., 47, 1275 (1951).

24) 1.V. Veits and L. V. Gurvich, Chem. Abstr., 52, 9727¢ (1958);
Zh. Fiz. Khim., 31, 2306 (1957).

25) P. J. Kalff, Tj. Hollander, and C. Th. J. Alkemade, J.
Chem. Phys., 43, 2299 (1965).

26) B. V. L’Vov, Chem. Abstr., 54, 20467a (1960); Inzhner. Fiz.
Zh., Akad. Nauk Belorus, S. S. S. R., 2, 44 (1959).

27) A. Lagergvist and L. Huldt, Z. Naturforsch., A9, 991 (1954)"
28) L. Huldt and A. Lagergvist, Chem. Abstr., 45, 404c (1951);
Ark. Fys., 2, 333 (1951).

29) M. S. Chandrasekharaiah, J. Phys. Chem., 68, 2020 (1964).

30) E. R. Lippincott, D. Steele, and P. Caldwell, J. Chem.
Phys., 35, 123 (1961).





