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R. T. Coyle and A. W. Searcy
"Inorganic Matérials Research Divisibn, Lawrence Berkeley Laboratory
‘and Department of Materials Science and Engineering,
College of Engineering; University of California,
' Berkeley, California 94720 "
ABSTRACT

Previous‘measurements of the vapor pressure of magnesium nitride by
effusion methods when treated by a usually successful extrapolation to
zero orifice area yield apparent equilibrium pressures that seriously
disagree wifh &apor pressures determined by the transpiration method or
by calcuiation from thermochemical data. Additional effﬁsion measurements
‘have been made over a widerlrange of sample to orifice ares ratios and as
a function of time. Mass spectroﬁeter messurements show thst_a time
dependénce of the measured pfessures that in eariief work was interpreted
as due to degassing is, in fact, primarily a cdnsequence of variation in
pressures of the principal species of the vaporizaﬁion reaction, Mg and
N2. Motzfeldthhitman extrapolatioﬁs made at constsnt weight losses with
constant sample loadipgs yield a family of curves.for vhich the extrsapo-
lated apparent equilibrium pressures are wefght 1oss.dependent. The low
weight loss extrapolations approach the equilibrium pressures calculated
by other means. A magnesium oxide coating that forms:as a more effective
effusion barrier-in cells with near equilibfium pressufes than in cells
of lower pressﬁres appesfs to ﬁé responsible for the sbserved béha&ior.
- The totai‘vapor pressure of magnesium nitride by the dissociatién reaction-
to Mg and N, -is given by |

S 210,300  12kig
- h\lpg\?(atm) + 0.978 = et " e
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I. Introduction )

Several workers (1-3) have measured the vapor pressure for the

reaction
Meslz(s) + 3ug(e) + Na(e) W

by effusion methods. Analysis of the data by a method that was expected
to yield eqﬁilibrium pressures (2,3) gave pressures markedly lower than
those caléulated-from independent thermochemical déta (see Fig. 1). An
examination of the data on which the calculated preésﬂres are based and
a review of the vapor pressure measurements will be helpful in fully
appreciating this discrepancy.

T@e caiéulated vapor pressure is obtained from the enthalpy and
entropy of formation at 298K and from high temperature heat_capacity '
data for the reactant and products in Eq. (1). The eﬁthalpy of forma-
ﬁion of mégnesium nitride meaéured by Lebedev and Nefedova (k) and by
Mitchell (5) are in good _agreemenf at -110.7 kcal/mole and -110.2 kcal/
mole, respéctively, and the values by Neuman, et al. (6), Brunner (T),
and Neumen, et al. (8), show good support for thesevrahging from —109
" keal/mole to -116 kcal/mole. A value of -110.2 kcal/mole can be
accepted as a'weighted average that is probably in error by no mére than ‘
1 kecal/mole. |

Mitchell (5) reported heat capacity .data for the nitride in the
range 462K to 1273K, and Satoh (9) reported data in the range 273K to
691K ; hbwefér, the low temperature measurementsAneeded for establishing

the entropy at 298K have not been made. Mitchell (5) estimated this
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entropy.to’bé 22.4 eu by using a modified form of Létimer's fule for
' esfimating the entropy of oxides; the reliability of.this vaiuevis
almost certainly better than *5 eu. Thermochemical data for elemental
magnesium (10) and N, (11) gas are well established. |
Eiguréll shows the'vapor pressure'above magnesiﬁm nitride that is
calculated,from these/data. The dashed lines shown in the figure allow
*5 eu for the'uncertainty in the entropy of ‘formation of the nitride.
The resuits of several vapor pressure studies On'magnesium nitride
are also éhpwn in Fig. 1. Soulen, Sthapitanonda, and Margrave (i)
- measured vapor pressures by the Knudsen effusion methbd and also by the
transpiration method--shown in Fig. 1 as an éxtrapolation from the 1330k
to 1600K range where the measurements were nmade. They also spectro-_
scopicglly examined the vapors over the comeund in the temperaturev
range 15T0K to 16T0K and detected Mgz(g). Their dﬁta indicated a very
lov Mgz2(g)/Mg(g) ratio (0.001) sbove the nitride at 1600K with the ratio
decreasing at lower temperatures, thus showing that the dimer is of |
little imporfgnce in the products of vaporization iﬁ #he temperature
range of effﬁsion studies. They attributed fheir’high'transpirétion1
results to the reaction of small amounts of.oxygen in the nitrogen flow
~gas ﬁith Mg(g) and explained the low Knudsen‘valﬁgs by suggesting that

: *
the evaporation coefficient is low.

¥The evaporation coefficient in vacuo is the ratio of the measured flux
in Langmuir vaporization (12-14) to the flux that would strike the sur-
face in the equilibrium vapor and is calculated by using the Hertz-
Langmuir-Knudsen equation (12-17). It is usually assumed that the
evaporation coefficient is independent of the vapor pressure above the
veporizing material (18) and that it is equal to the condensation co-
efficient. '
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vHildenbfand and Theard (2) émployed the ‘torsion effusion technique
with three differeht-orifice sizeé to measure Vapor,pressﬁres; they used
magnesium nitride that they reported to“be'better.thén 99% pure. Their
results shqw a markéd dependenc&_on orifice area,‘whichvled them to use
the Motzfeldt-Whitman equation (19,20)
W_B

B -
+ ; _ (2)
Ty |

Sidin

1
Fx

- to obtain equilibrium pressures by extrapolatiq# froﬁ their data, where
PE is the equilibrium pressure, PK is the measured preésﬁre, Wh is the
orifice Clauéing factor (21-23), B is the effusion cell orifice area,

a is the evaporation coefficient, and Al is the effeéfive sample surfﬁce
area (18).

Hildenbrand and Theard calculated apparent eéuilibfium‘pressures
in rough agreement with the largé orifice data of Sthapitanonda, et al.
v(l) and calculated an upper limit to the eVaporation coefficient of

3. The equilibrium pressures obtained in this way_are lower by

5 x 10
mbre than a factor of ten than pressures calculated from the thermo-
chemical data'discuésed above and show a markedly.different temperature
dependence; | | |
Hildenbrand and Theard concluded that either tﬁe heat of formation -
of Mg;Nz(s)Ais'in error, or the rate of vaporization is limitéd by a .
seconaary proééss which leads to false apparent eéuilibrium'p;egsﬁrés o

when Eq. (1) is applied. They favored the second explanation, largely

because the heat of formation seemed to be well established. They noted
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that Eq. (2) when used with effusion data-fof Fhé-reaction Mg(OH)2(s) =
Mgo(s)“+ngd(é) was ‘Ffound by Kay and Gregory (2H)”a;éé to yield apparent
eguilibrium pressures fai 1owér thaﬁithe known.equilibrium pressure. “
Blénk ahd Searcy (3) mﬁde ;_torsion-effusioﬂ ;nd a torsion-Langmuir
(15-17, -28) study of magnesium nitride uSing two orifice sizes; they
dbserved no significant orifice area dependénce, but their measured
pressures were in good agreement with the extra?olafed pressures of

Hildenbrand and Theard. The range of evaporation coefficients, 2 x 10—2,

at 1000K to 3. x 10~

ét 1250K, calculated by Blank and Searcy from the
ratio of their Langmuir (free §urface) pressures to their Knudsen
pressures.has an average near the value which Hildenbrand and Theard
calculated.by means of Eq. (2). Blank and Séarcyvexpressed doubt, how-
ever, on the basis of the independent thermochemical data, that equilib-
. rium pressures and valid eveporation céefficients had been measured in
their work, placing partiéular stress on the observation ﬁhat the
apparent entropy calculated for fhg reaction (Eq. (i)) from the effusion
data différs ﬁy 54 éﬁ from the expected value. n |

| Another unusual gspect of the behavior of magnésium nitride is that
for the effusion data there is a large différenceAbetween seéond law
(26,27) and third law (27) values of the enthalpy of sublimation. For
equilibriumidata, these tﬁo values usuaily differ-by‘nq more than 5 to
10%; however,:for magnesium ﬁifride, deviatioﬁs ranginé from 21 fo 39%
were found in the effusion stﬁdies; The difference was only 9% for thé 
traﬁsp;raxioﬁ study which also had a second law heat only h% greater

than the equilibrium value. Thus the evidence strongly indicates that
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previous ﬁeésurements of the vapor pressure Af magneéium nitride--except
perhaps'tﬁe transpiration resulté--have ro> been done at equilibrium
and that.apincation of the usuglly successful orifice dependency
equation (19,20) to obtain equilibrium data does not work in this case.

~Effusionfmethods for vapor.pressure determination, which appear to
have failed when applied to magnesium nitride, are our most important
sources éfYQuantitative dats for high temperature condensed phase-vapor
.equilibria.- it is vifal to understand why the method apparently failed
when_applied_to magnesium nitride and how the method can be used to
obtain eéuilibrium déta for that substancg so that the relidbility'of
the.methdd as an experimental tool wili be clearly known. This paper
reports an effort ﬁo achieve.these objectives by meéns.of a fu:ther
- study of the magnesium nitride vaporization reacﬁion by the torsion
effusibn technique; supﬁlémented by X-ray diffraction, and by’mass
‘spectfometry. |

ITI. Experimental
A. Vapor Pressure Measurements

A detailed description of the torsion gffusién technique has been
. gi#en by Ffeeman (28) and several papers (29-31) have described its.use
in this leaboratory. Four different effusion cells-;three made of
graphite, types fA", "B", and "C", and one made of nipkel, type "D"--
‘were used in this work. The temperature of tﬁe effusion cell was
measured with a platinum/piafinum-lo% rhedium therﬁodouPle (the probe
thermocouble) placed 6 mm below the effusion cell;_vﬁifference in cell
and probe teﬁperatures as a furction of temperat#re’was measured'by

comparing probe readings‘with readings of a thermocouple placed in the
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effusion cells in calibration runs. . The thefmocouples‘were calibrated
by measuriné the meltiné point of copper in a graphite crucible;'

Since.magnesiuﬁ_nitride readily reacts with water vapor, the nitride
was loaded iﬁto the effusiqnwéeli inside a dry box that contained a
phosphorous pentoxide'desiccatoi. The sample was then trapsferred t6
the torsion effusion furnace in a closed weighing dish and was mounted
in the fufnace through é‘glove.box assembly over the furnace openihg
(the furnace was purged with~&ry nitrogen before and during this opera-
tion). Déspite these precautidns, there was significant dégassing'of
water vapor in the early stages of heating.

Pressures were cglculated on the assumption that the deflections
were due entirely to effusion of fapor from the orifices; to insure that
extrangdus deflections were not significant, the graphite cell "B" and
the nickel cell--the Qﬁes wifh the smallest orifice areas——wére_heéted
with full magnesium nitride charges but with no orifiée. For the_ﬁB"
cell, deflections measured wifh no orifices amounted to 4% of the
deflections measured when the smallest orifices, O.lb mm; ﬁere present.
For the‘nickél celi, deflections witﬁ no orifices were 0.5% of the
deflections with 0.25 mm orifices, the smailest uSéd.

For Eq. (2) where the total weight loss due to éffusion was
important, an effective pore area was measured to account fqr vaﬁor
effusing through pores in the cell or through interfaces betweenlgell
b o | '

parts. It was 1.4 x 10" cm? and was added to the orifice area to

obtain the effective orifice area.
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To determine the accuracy of the vapor pressure measurements, the
vapbr pressure of silver was measured over the temperature range 1100K
to 1400K. Most datum points were within 10% of the:accepted values (10)

and the enthalpy of vaporization calculated from the slope was 63.8

kcal/mole compared to the accepted values (10) of 63.5 kéal/mole at 123LK.

B. _Gas Analysis

A quédrapole mass.filter and an ionization gauge were used to
determine thé partial pressures of the residuqi gases in the vacuum -
system and thévquadrapole was used to identify the vabors streaming 6u£
of the-effﬁsiqn cell. To measure the transmission probability of a
molecule in the mass filter, n-butane at 3.3 X 10-5 torr waé.introduced
and the‘resulting fragmentafion pattern,'for TO eV, waé com?ared with a
standard ffagmentation pattern (32). Ionization cross sections from
Otvos Qnd-Stevénson (33) were used for all molecﬁies.exéépt that values
~ determined by Reed (34) were used for water vapor. The ionizationvgauge
‘was calibrated by comparing it to a McLeod gauge at various preséures of
nitrogen. | ’

C. Sample Preparation

X-ray diffraction patterns of the magnésium nitride from vaerious
suppliers* showed that magnesium nitride was the ﬁgjdr phase (35), but
magnesium oxide peaks were also produced by scme samples. These
materialsvwere analyzed for magnesium oxide by compléﬁely.evaﬁorating
the magnesium nitride in a graphite crucible at l250K and then weighing

the residual material which was found by X-ray diffraction to be

¥Ventron, Metal Hydrides, Semi~Elements, Hall La.bs‘._

e .
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1

magnesium oxide; the amdunt of oxide rangéd ffpm h.té 25%. Magnesiium
nitride with 1% magnesium oxide ﬁés prepared in this:iébératory by sub-
limation of fhé nitride in a 304 stainless steel tube in a temperature
_gradient of 90K at 137OK. This reaction was carried out in a 3 psig
atmosphete of nitrogen. | “
- D. Lattice Parameter Measuremgnts

Magnesium nitride samples were placed in a 12 mil diameter tubing.
made of Lindemann glass; this operation was dome in & dry box. Measure-
men?s of tﬁe lattice parameter were made by the Debye-S¢herrer X~-ray
difffacéién techniéue (36,37). The K& rediation Qf copper.wés used with
a nickel filter. |

ITT. Resulis and Discussién'
. A. Investigation of the Evaporation Reaction
. To confirm that the vaporization of magnesium nitride proceeds

acéording to reaction (1), vapor species wére studied.by means of a'quad_
rapole ﬁaés filter and lattice parameter measurements were made of thé :
solid phase. One effusion experiment was done with'sil§er and tﬁo with
magnesium nitride. On heating to 900K the Qartial pressures of_Hz,_HZO,
and Né plus CO (Nz and CO gases cannot be distipgﬁiéhed) incfeased for
both the.silver and the magnesium nitride experiments. The increases
must reflect desorption of these gases from the vaéuuﬁ éhamber and
reaction of‘HzQ(g) wi£h.the gré@hite effusion cell to give Hzﬁg) and
co(g). NH3(g) was observed to‘increase then decrease at 900K in tﬁe
magnesium ﬁitride experiments. The NH3(g) was prbbabl& produced by the

reaction of H,0(g) (from Mg(QH)z in the nitride sample) with the nitride.
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At 800K a shutterable Mg+ peak that decayed with time was observed.
At that temperature the nitrogeh peak was not shutterablg. The»nitride
sample must'hame contained some unreacted magnesium metal. |

Above liOOK, in the expectéd range of magpésium hitride vaporiza-
tion, N2(g) and Mg(g) effused as evidenced by the shutterability of these
molecules. .A7check of mass 38 for MgN(g) gave no shutter effect; thﬁs
the fapor'phase in equilibrium with the nitride is Mg(g) ana_Nz(g),
which is consistent with (1).

To iﬁsure that the magnesium nitride was not changed in composition
as a result of selective vaporization or éhange,thQngeﬁ'céntent, the
lattice parameter was measu;ed. The parameter for the cubic lattice was
ﬁeasured to be 9.9654 * 0.000SK where the reproducibility‘bf the experi-

. o '
ments was 0.0005A. Lattice constants were measured forvnitride that had

5

. ‘been annealed at'pressgres qf';.2 atm of'nitroggh and.pressures of ;Q-
atm of nitrogen, nitride that wes unvaporized and nitride vaporized for
100 hours at 1180K, and nitride with magnesium oxidé contents that.
ranged from less than 1.2% to 30%; all gave lattice pérameters within
the réproducibility of measufement. Thus, the principa; solid phase weas
magnesium nitride with a composition that wés not'measurably changéd
under the experimental conditions in this work, and reaction (l)'was.'
‘confirmed as the vaporization reaction.
B. Pressure Versus Tempergture Experiments

_Measﬁfements of the\vapof pressure as a function of the temperature
were made to see if the aﬂomalous results dbtained By earlier.workers
(1-3) (Fig. 1) could be duplicated and to provide additional data for

understanding the vaporization of the nitride. Experiments were made
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" with chafge ratios, the ratio of the sample wéight in grams to the
effective orifice area ip‘cm?;:ranging from 15 gm/dm? ih'the A2.0* cel1
to 28,000 gm/cm2 in the B0.10 cell. The'second,lawvénfhalpy of vapori-
zation was calculatedfby using préssures for which A/D** was greater
than one--Blair and Minir () found a change from molecular flow to
transition flow (38) at this value‘in their éffusiOn‘sﬁudy of calcium
nitride. |

Thevrésults of experiments tonducte& in.the b0.25 celi are shdwn.
in Fig. 2, together with the results of experlments in a CO. 5 cell and
en A2.0 cell.' In the DO 25 cell Metal Hydrldes and Ventron magnesium .
ni£ride.wére used after outgessing to remove Mg(g) and H20(g); the charge
ratio was 12,000 for both. Each datuﬁ point isvnumbefed in the order
that it was taken. The firstand last serieé of points in the Metal
Hydrides experiment are presented to show how the magnesium nitride
vaporization‘chaﬁged during this type of experiment.

The first points were measured sbout 10 min aftér the samples
reached the témperatures of apprecisgble vaporization; It is séen by
following points one to six in fhe Metal Hy@fides experiment that the
pressuré approached the calculated equilibrium line in the middle of the
teﬁperaturé range while at the ends of the temperature range the pressure . 'Vl
bent away from equilibrium; similar behgvior_is shown byﬁpo;nts 1 through |

10 of the run with the Ventron materials. After many intervening

¥The letter refers to the type of effusion cell and the number to the
nominal orifice diameter in mm; there are two orifices per cell.
**A/D is the ratio of the mean free path of the vapor to the orifice
diameter; it is calculated by using the hard sphere approx1mat10n (38)
and the molecular diameter of n1trogen (39).
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measureménfs; points 55 through 63 were takeﬁ;‘it ié‘seen'that they had
a steeperbslope and that at higher tem@eratures.the'éressure approsached
the calculated equilibrium, - |

The'int;rvening pressure measurements are omitted in Fig 2; however,
it was obsérved that at the highest temperatureS‘thé ratio Qf”the highest
to the lowest pressures was about 1.4, while at thevlowest témperatures |
the ratio was 3.5. It.was also observed that fhe_enthaipy of‘vaporiza—
tion calculated from each succeséi?e series 6f points has an increased
value witﬁ the exception that heating at ﬁ tempefature above llBQK prior
to determining the sldpe resulted in & near equilibrium slope--the
enthalpy of vaporization at 1100K is 210 kcal/moie; Thus fof the Metal'
Hydrides material the first series of points had a near’eguilibrium slope
of éll;kcal/mole and the last series had.a slope of 321 kcal/mole; the
Ventron material behave@ similarly. Such large changes are completely
atypical of experience with effusion studies of cqngruent systems.

AnofHer feature of interest was that the pressufes could be raised
by 50% at low temperature as a result of heating at high.temperafures._
An isothermal;experimeﬁt after such a rise in preséure sﬁowed that 1000
‘min were required for the pressures to fall to their former level when
the tempefature was 1050K. |

The varioﬁs résu;ts indicate that initially the Knudsen pressures
| increase with time but éubsequently decrease. -After‘many hours of
#aporization,'the pressures hgve fallen cbnsiderably-émofe sd’at iower
temperatureé than at high temperatures. This timeldependency of‘the déta
suggesté that é barrier to the vaporization,pfocess is being built up

as the vaporization progresses.
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This observation is the key to the failure of éﬁe Motzfeldt-Whitman
plot to yield equilibrium pressures in Hildenbrand and Theard;s sfudy of
magnesium nitride. That plot requires a series of experiments in which
all of the factors in Eq. (2) are held constant save the orifice area.
That time dependency in magnesium nitride vaporization was observed made
the use of Eq. (2) questionable. That the decrease was not éaused by
clogging of'the orifices was verified by examination after vaporizationj
some other condition that affected the pressure inside the cell, a and/or
A' from Eq. (2), changed with time of heating.

The pressures in the D0.25 effﬁsion cell averaged a factor of 5
~ greater than the pressures of Blank and Searcy; however, whén the charge
ratio was decreased by one érder of magnitude to charge ratios similai
to theirs, and the Ventron material was héated for 2OQO min at.l2lOK
prior £o making the measurements, a procedure comparabig with their
prbcedure of heating at 1280K for:1200 min, close agreement with their
- data was obtained, as shown in Fig. 2. As with the previous experiment,
it was observed here that heating a¥ a high tgmpeféture (oh the order of
1250K) folléwéd b& a pfessure'measurement at’afound ilOOK gave rise to
a datum pdint that was much higher in pressﬁre than points not taken in
this way--datum point 15 was a result of this procedure.

Wheh the charge ratio was reduced again by almosf*two orders of
ﬁégnitude by ﬁsing an Aé.O effusion éell, the.méasured pressuies.fell
considerably below the pressures of Blank and Searcy. These'sén@les were
degassed at low temperatures to drive off.HZQ(g) and Mg(g). Here it is
again noted that the apparent enthalpy of vaporization increased as

vaporization progressed and the effusion pressures decreased.
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Figure 3 shows the results of experiments in a B0.10 effusion cell

and a B0.25 effusion cell for which the charge:ratios were 28,000 gm/cmz_

‘and 22,000 gﬁ/cmz, about twice that used in the'D0;25.expériments des-

cribed above. The Metal Hydrides material was heated for 40 min at 1200K

and the'Ventron material was heated for 20 min at 1200K prior to making .

'vaporvpressure measurements. The main feature of interest in this figure -

was that pressures asbove the calculated equilibrium line were obtained.
With;X/D < 1 the measured pressures were a factor of four greater

1o .25 x 107 k7Y

than_the calculated equilibrium,pressures at T
however, Carlson (41-42) has shown that.for the effusion of mercury, the
change froﬁ molecular flow to hydrodynamical flow (38) caused an increase
in the appgrent vapor pressure by a factor of two. Using this factﬁr to

o725 x 107" K-; gave an estimate of

correct the vapor pressure at T
the equilibrium pressure of T X 10_2 atm; this was near the upper error

limit of the calculated vapor pressure. Several measurements with

, A/D'j;l-—point 1 for the Ventron run and points 4, 10, and 15 for the

Metal Hydride run--also yielded pressures near the upper limit suggesting
that the equilibrium vapor pressure is near the uppef limit.

C. Inflection Point Experiment and
Equilibrium Vapor Pressure-

It was observed in most of the experiments that fhe temperature

' dependency of the measured iapor pressures was greéter than the eQuilib-

rium value. - It was also remarked in the Iﬁtfoduction that the trans-
piration studies of Sthapitanonda, et al. in theihighér temperature
range, 1330K to 1600K, yielded pressures near the calculated eQuilibrium

pressures. -
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An experiment to meaéure the equilibrium;pressure at lllOK.was éon-
ducted by rapidly cooling the effusion cell from 1390K, whgre an equilib-
rium condition mey prevail, to lllQK and mopitoring the pre§sur§. The
results‘éré éhown in Fig. h; cooling'Was complete in 20 min and the in-
flection point in fhe cﬁrve was at 27 min. This experiment indicated that
the equilibfium preésure was about 5.2 x 10'-)‘t atm at 1110K.

In Fig. 5 the.value for the equilibrium pressure derived from the
inflection point experiment is presented with the'values from the experi-
ment in tﬁe B0.10 effusion cell deséribed above and from the lower limits
provided by the maximum in Eig; 6 ‘and by the‘Motifeldt-Whitman treatment
in Figs. T and 8. It is seen that they all fall near the upper error
limit that was calculated for the vapor pressure ffom the thermochemical
data. This taken With_transpiration results of Sthapitanonda; et al.
which were high because of oxygen contaminatién of the flow gas--it is
doubted that these pressures are high by more than aiféctor of three--
~give strong:evidence thqt,the.true_vapor pressure is near the upper
error limit of the calculations from the tﬁermochemiéal data.

As méntioned in the Introduction, the uncertainty in the vapor
pressures calculated from the thermochemical data arose because of un-

cértainty in the estimate of the entropy of maegnesium nitride at 298K.
The above results allow the entropy to be calculated from the measured
.vépor‘pressures ;nd the othgr thermochémigal data. The pésult ié a _‘
value of 20.2 eu for the entropy of magnesium nitride at 298K compared
to the values that were’previously accepﬁed of 22.4 eu by Mitchell (5) end

Schick (43 and a value of 21 eu that was used in the JANAF tables (hb),
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The essential agreement between the vap&r pressures calculated from
thermochemical data and the estimated values obtained by the several
methods in Fig. 5 provide strong evidence that the vapor pressure for

megnesium nitride vaporization can be given by’

_ 210,300 _ 12L.9 (3)
B.5TT T k5T

-4 log P (atm) + 0.978

to an agcurac& of * 50%, in the tehperature range liOOK to 1400K where
‘P is the fotal pressure in the effusion cell. The vﬁﬁorzpréssures cal-
culated from Eq. (3) are bresented in Fig; 5.
D. Modified Motzfeldt-Whitman Plot
A more important objective than thap of improving on the thermo-
chemiqgl'data for.magnesium_nitride vapofiiétion is that of explaining
why the_Mbtzfeldt-Whitman extrapolation failed iﬁ the earlier'investi;
~gations of.magnesium nitride. The extrapolétion ﬁormaliy appears to
yield re;iablé vélues for the equilibrium vapor pressures 6f congruently
vaporizing systems with low vaporization coefficients.
_ Blank7and Searcy observed a time dependéncy Qf thé‘effusion
_ pfeésures at‘ll30K over a period of 600 min.in the eafly stages of a
ﬁeating of magnesium nitride and assumed degéssihg of the sample'was
responsible. 'Accordingly, they waited to initiate pressure measurements
until the rate,of effusion became insensitive to time. Prqbablyﬂ
Hildenbrand and Theard followéd a similar procedure.. Howevef, the
quadrapolé mass filter measureﬁents‘establish that décreases in pféssures

with time at a constant temperature (above 1100K) do- not reflect
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degassing, but.are measures of a time—dependeht escape‘of ﬁagnesium.and
nitrogen;,fhe degassing is complete in a few minutes at'these tempera—
tures. Microscopic studies (to‘be'descriﬁed in‘a separate communication)
indicate that the changing rate is correlated withvdevelopment of a
thickening layer of magnesium oxide on the surface_ef magnesiuﬁ nitride.
The time dependency of the effusion pressures observed in this work'
is shown in Fig. 6 where each sample was completely &egassed at 950K and
then heated.to 1110K. Mbdified Motzfeldt-Whitman extrapolations were
made from these data by using pressures measured after samples had lost
identical weights of magnesium nitride. The initial properties of all
samples were the same--each cell was charged with the same amount of
magnesium nitride and each charge was prepared from the same batch of
nitride with a sample splitter, and thus had the same distribetion_of
particles. If equal weight 1osses produced eqeal oxidevdiffusion
barriers, as would be ekpected if the oxide were all initially present
in.the nitride samples, one would expect from Eq. (2) a series of lines

17,18

possibly curved,” *  but each line should extrapolate to the same

value of PE_l since neither solid state diffusion nor a slow surface
step shoeld limit the rate for sufficiently smell Qrifices.' figﬁres 7
and 8 show that the intercepts vary with the weight loss. The extra-
polationifo? 5mg losses provides a lower limit to the vapor pressure at-
1110K of 2.1 x 1077 atm and at 1180K of 1.2 x 107> atm.

The observed effect of the orifice area on barrier effectiveness is

unexpected. The observed dependence of apparent pressures on weight

loss indicatesthat for small orifices the barﬁief was more effective than

=
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expected. An assumption that ‘background oxygen enters the cell to .

form a diffﬁsion barrier does not resolve the discrépancj;'_

-Since the B1.0 cell of Fig. 11 had orifices 36 times the arga of

the B0.15 cells but effusion pressures in the latter cell were four times

- as great, the time to lose a given amount of nitride is about nine times

as great for the B0.15 cell as for the B1.0 cell. If the barrier were
formed from reaction of Oiygen that enters the orifice from outside
the cell, the available oxygen supply at the nitride surface would be

increased in proportion to the size of the ofifice area. Thus, for

‘the assumed reaction with oxygen, the oxide layer in the cell with the

larger orifice should be thicker for any given weight loss than in the

other cell if oxygen arrival rate governed the oxide build up or

should be'thg same thickness 1if magneéium diffusion_through'the bxide
governed oxide'build ué. In neither case is the direction of shift
in meaéured‘pressures found in Figs. 7 and 8 expééted.

It is known that gaseous products of dissociation reactions some-

times catalyze cryétalﬁzation of the solid reaction product.45 The

unexpected variation of pressures with oriﬁice.areé in these effusion

'stﬁdies-may result because the higher pressure in the small orifice

cell catalyzes the formation of a coating of decreased permeabiiity,
perhaps by,promotihg_grain'growth with conséquent_reduction in grain -

boundary diffusion.
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~ Figure Captions
Knudsen effusion vapor pressures measured for magnesium nitride.
Vapor pressufevof magnesium nitride: (a) in a D0.25 effusion

cell using T gm charges, open symbols; (b) in a C0.5 cell with.

1.3 gm charge, half open symbols, (c) in a‘A2;O effusion cell

with 0.7 gm charge, closed symbol. Ciréles are fbr Metal
Hydrides ﬁaterial andISQuares'for Véntron material.

Vapor pressure of mﬁgnesium nitride inAa B0.10 effusion cell
with 515.5 &m charge of Vén&roh magneéium-nitride and in a B0.25
effusion cell with a 7.4 gm charge ofbMetal HydridesAmagnesium
nitride.

Infiection in vdpor pressure vs ‘time curve for B0.15 effusion
céll cooled from 1390K, inflection gives equilibrium at 1110K.
Da‘t;a points giving an indication that the equilib.fium vapor‘

pressure iS near the upper error limit of the calculated value.

Vapor pressure of Metal Hydrides magnesium nitride at 1110K for

three different orifice areas in a B celi.

Motzfeldt-Whitman extrapolation at .1110K for magnesium nitride
vapdr pressure at constant weight losses.

Mot zfeldt-Whitman extrapolation at constant weight loss for

runs T1l, T12, T13 and T1lk at 1180K.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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