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.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 with vapor pressures determined by the transpiration method or 

by calculation from thermochemical data. Additional effusion measurements 

have been made over a wider range of sample to orifice area ratios and as 

a function o.f time. Mass spectrometer measurements show that a time 

dependence of the measured p~essures that in earlier work was interpreted 

as due to degassing is, in fact, primarily a consequence of variation in 

pressures of the principal species of the vaporization reaction, Mg and 

N
2

• Motzfeldt-Whitman extrapolations made at constant weight losses with 

constant sample loadings yield a family of curves for which the extra.po-

lated apparent equilibrium pressures are weight lo~s 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 equilibrium pressures than in cells 

of lower p~essures appears to be responsible for the observed behavior. 

The total vapor pressure of magnesium nitride by the dissociation reaction 

to ~g and N
2 

is given by 

4··log ·p( atm) + 0.978 210,300 
- ·· .4. 75T 

124~9 
4.57 

. ····~ 
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I. Introduction 

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

reaction 

(1) 

by effusion methods. Analysis of the data by a method that was expected 

to yield equilibrium pressures (2,3) gave pressures markedly lower than 

those calculated from independent thermochemical data (see Fig. 1). An 

examination of the data on which the calculated pressures are based and 

a review of the vapor pressure measurements. will be helpful in fully 

appreciating this discrepancy. 

The calculated 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 enthalpy of fOl1na

tion of magnesium nitride measured ~Y Lebedev and Nefedova (4) and by 

Mitchell (5) are in good agreement at -110.7 kcal/mole and -110.2 kcal/ 

mole, respectively, and the values by Neuman, et al. (6), Brllnner (7), 

and Neuman, et al. (8), show good support for these ranging from -109 

kcal/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 more than 

1 kcal/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; however, the low temperature measurements needed for establishi~g 

the entropy at 298K have not been made. Mitchell (5) estimated this 
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entropy to be 22.4 eu by using a modified form of Latimer's rule for 

estimating the entropy of oxides; the reliability of this value is 

almost certainly better than ±5 eu. Thermochemical data for elemental 

magnesium (10) and N2 (11) gas are well established. 

~igure 1 shows the vapor pressure above magnesium 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 results of sever~ vapor pressure studies on.magnesium nitride 

are also shown in Fig. 1. Soulen, Sthapitanonda, and Margrave (1} 

measured vapor pressures by tne Knudsen effusion method and also by the 

transpiration method--shown in Fig. 1 as an extrapolation from the 1330K 

to 1600K ran,ge where the measurements were made. They also spectro-

scopically examined the vapors over the compound in the temperature 

range 1570K to 1670K and detected.Mg2(g}. Their data indicated a very 

low Mg2(g}/Mg(g} ratio (0.001} above the nitride at 1600K with the ratio 

decreasing at lower teinperatures, t~lUs showing that the dimer is of 

little importance in the products of vaporization in the temperature 

range of effusion studies. They attributed their high transpiration 

results to the reaction of small amounts of mcygen in the nitrogen flow 

gas with Mg( g) and explained the low Knudsen values 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 
vaporizing material (18) and that it is equal to the condensation co
efficient. 

• 

·-
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Hildenbrand and Theard (2) employed the 'torsion effusion technique 

with three different orifice sizes to measure vapor pressures; they used 

magnesium nitride that they reported to _be better than 99% pure. Their 

results show a marked dependency on orifice area, which led them to use 

the Motzfeldt-Whitman equation (19,20) 

(2) 

to obtain equilibrium pressures by extrapolation from their data, where 

PE is 'the equilibrium pressure, PK is the measured pressure, WB is the 

orifice Clausing factor (21-23), B is the effusion cell orifice area, 

a is the evaporation coefficient, and A' is the effective sample surface 

area (3.8). 

Hildenbrand and Theard calculated apparent equilibrium pressures 

in rough .agreement with the large orifice data of Sthapitanonda, et al. 

(1) and calculated an upper limit t·o the evaporation coefficient of 

5 x 10-3 • The equilibrium pressures obtained in this wey are lower by 

more than a factor of ten than pressures calculated from the thermo-

chemical data discussed above and show a markedly different temperature 

dependence. 

Hildenbrand and T.heard concluded that either the heat of formation 

of MgaN2(s) is in error, or the rate of vaporization is liniited by a.· 

secondary process which leads to false apparent equilibrium pressures . . .. .. . 

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 for the reaction Mg(OHh(s) = 

MgO{sr +' H20{g) was found by Kay and Gregory (24) also to yield apparent 

equilibrium pressures far lower than the known equilibrium pressure. 

Blank and Searcy (3) made a torsion-effusion ~d a torsion-Langmuir 

(15-17, 28)-study of magnesium nitride using two orifice sizes; they 

observed no significant orifice area dependence, but their measured 

pressures were i~ good agreement with the extrapolated pressures of 

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

. . -3 
at lOOOK to 3 x 10 at 1250K, calculated by Blank and Searcy from the 

ratio of their Langmuir (free surface) pressures to their Knudsen 

pressures has an average near the value which Hildenbrand and Theard 

calculated by means of Eq. (2). Blank and Searcy expressed doubt, how-

ever, on the basis of the independent thermochemical data, that equilib-

rium pressures and valid evaporation coefficients had been measured in 

their work, placing particular stress on the observation that the 

apparent entropy calculated forth~ reaction (Eq. (1)) from the effusion 

data differs by 54 eu from the expected value. 

Another unusual aspect of the behavior of magnesium nitride is that 

for the effusion data there is a large difference between second law 

(26,27) and third law (27) values of the enthalpy of sublimation.; For 

equilibrium data, these two values usuaJJ.y differ by no more than 5 ·to 

10%; however, for zn:agnesi um nitride, deviations ranging from 21 to 39% 

were found in the effusion studies. The difference was only 9% for the. 

transp~ration study which also had a second law heat only 4% greater 

than the equilibrium value. Thus the evidence strongly indicates that 

·. 

' 
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previous measurements of the vapor pressure of magnesium nitride--except 

perhaps the transpiration results--have not been done at equilibrium 

and that application of the usually successful orifice dependency 

equation (19,20) to obtain equilibrium data does not work in this case. 

Effusion methods for vapor pressure determination, which appear to 

have failed when applied to magnesium nitride, are our most important 

sources of quantitative data for high temperature condensed phase_.vapor 

equilibria. It is vi tal to understand why the method apparently failed 

when applied to magnesium nitride and how the method can be used to 

obtain equilibrium data for that substance so that the reliability of 

the method as an experimental tool will be clearly known. This paper 

reports an effort to achieve these objectives by means of a further 

study s>f the magnesium nitride vaporization reaction by the torsion 

effusion technique, supplemented by X-ray diffraction, and by mass 

spectrometry. 

II. Experimental 

A. Vapor Pressure Neasurements 

A detailed description of the torsion effusion technique has been 

given by Freeman (28) and several papers (29-31) have described its use 

in this laboratory. Four different effusion cells--three made of 

graphite, types "A", "B", and "C", and one made of nickel, type "D"--

were used in this work. The temperature of ~he effusion cell was 

measured with a platinum/platinum-10% rhodium thermocouple (the probe 

thermocouple) placed 6 mm below the effusion cell. Difference in cell 

and probe temperatures as a function of temperature was measured by 

comparing probe readings with readings of a thermocouple placed in the 



-6.,.. LBL-1498 

effUsion cells in calibration runs •. The thermocouples were calibrated 

by measuring the melting point of copper in a graphite crucible. 

Since magnesium nitride readily reacts with water vapor, the nitride 

was loaded into the effusion cell ~nside a dry box that contained a 

phosphorous pentoxide desiccator. The sample was then transferred to 

the torsion effusion furnace in a closed weighing dish and was mounted 

in the furnace through a glove box assembly over the furnace opening 

(the furnace was purged with dry nitrogen before and during this opera-

tion). Despite these precautions, there was s.ignificant degass.ing of 

water vapor in the early st.ages of heating. 

Pressures were calculated on the assumption that the deflections 

were due entirely to effusion of vapor from the orifices; to insure that 

extraneous deflections were not significant, the. graphite cell "B" and 

the nickel cell--the ones with the smallest orifice areas--were heated 

with full magnesium nitride charges but with no orifice. For the "B" 

cell, deflections measured with no orifices amounted to 4% of the 

deflections measured when the smallest orifices, 0.10 mm, were present. 

For the nickel cell, deflections with no orifices were 0.5% of the 

deflections with 0.25 mm orifices, the smallest u5ed. 

For Eq. (2) where the total weight loss due to effusion was 

important, an effective pore area was measured to account for vapor 

effusing through pores in the cell or through interfaces between.c::ell 

parts. It was 1. 4 x 10-4 cm2 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 

vapor pressure of silver was measured over the temperature range llOOK 

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 kcal/mole at l234K. 

B. Gas Analysis 

A quadrapole mass filter and an ionization gauge were used to 

determine the partial pressures of the residu~ gases in the vacuum 

system and th.e quadrapole was used to identify :the vapors streaming out 

of the effusion cell. To measure the transmission probability of a 

molecule in the mass filter, n-butane at 3.3 x 10-5 torr was introduced 

and the resulting f~agmentation pattern, for 70 eV, was compared with a 

standard fragmentation pattern ( 32) • Ionization cross sections from 
-

otvos and Stevenson ( 33) were used for all molecules except that values 

determined by Reed (34) were used for water vapor. The ionization gauge 

was calibrated by comparing it to a McLeod gauge at various pressures of 

nitrogen. 

C. Sample Preparation 

X-r~ diffraction patterns of the magnesium nitride from various 

* suppliers showed that magnesium nitride was the major phase (35), but 

magnesium oxide peaks were also produced by some samples. These 

materials were analyzed for magnesium oxide by completely evaporating 

the magnesium nitride in a graphite crucible at 1250K and then weighing 

the residual material which was found by x~ray diffraction to be 

*Ventron, Metal Hydrides, Semi-Elements, Hall Labs. 
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magnesium oxide; the amount of oxide ranged from 4 to 25%. Magnesi~ 

nitride with 1% magnesium oxide was prepared in this laboratory by sub

limation of the nitride in a 304 stainless steel tube in a temperature 

gradient of 90!C at 1370K. This reaction was. carried out in a 3 psig 

atmosphere of nitrogen. 

D. Lattice Parameter Measurements 

Magnesium nitride samples were placed in a 12 mil diameter tubing 

made of Lindemann. glass; this operation was done in a dry box. Measure-

ments of the lattice parameter were made by the Debye-Scherrer X-ray 
) 

diffraction technique (36,37}. The Ka radiation of copper was used with 

a nickel filter. 

III. Results and Discussion 

A. Investigation of the Evaporation Reaction 

To confirm that the vaporization of magnesium nitride procee~s 

according to reaction (1), vapor species were studied by means of a quad-

rapole mass filter and lattice parameter measurements were made of the 

solid phase. One effusion experiment was done with silver and two with 

magnesium nitride. On heating to 900K the ~artial pressures of H2, H20, 

and N2 plus CO (N2 and CO gases cannot be disti~guished) increased for 

both the silver and the magnesium nitride experiments. The increases 

must reflect desorption of these gases from the vacuum chamber and 

reaci;;ion of H:z:O.(g) with the graphite effUsion cell to give H2.(g) and 

CO( g). NH 3(g) was observed to increase then decrease at 900K in the 

magnesium nitride e.x:periments. The NH 3.( g) was probably produced by the 
. . 

reaction of H20(g) (from .Mg(OHh in the nitride sample) with the nitride. 
i 
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At 800K a shutterable Mg+ peak that decayed with time was observed. 

At that temperature the nitrogen peak was not shutterable. The nitride 

sample must have contained some unreacted magnesium metal. 

Above llOOK, in the expected range of magnesium nitride vaporiza-

tion, N2(g) and Mg(g) effused as evidenced by the shutterability of these 

molecules. A check of mass 38 for MgN(g) gave no shutter effect; thus 

the vapor phase in equilibrium with the nitride is .Ms(g) and N2(g), 

which is consistent with (1). 

To insure that the magnesium nitride was not changed in composition 

as a result of selective vaporization or change in oxygen content, the 

lattice parameter was measured. The parameter fo~ the cubic lattice was 
0 

measured to be 9.9654 ± 0.0005A where the reproducibility of the experi-
0 

ments was 0.0005A. Lattice constants were measured for nitride that had 

been annealed at pressu~es of 1.2 atm of nitrogen and pressures of lo-5 

atm of nitrogen, nitride that was unvaporized and nitride vaporized for 

100 hours at 1180K, and nitride with magnesium oxide contents that 

ranged from less than 1.2% to 30%; all gave lattice parameters within 

the reproducibility of measurement. Thus, the principal solid phase was 

magnesium nitride with a composition that was not measurably changed 

under the experi~ntal conditions in this work, and reaction (1) was 

confirmed as the vaporization reaction. 

B. Pressure Versus Temperature Experiments 

Measurements of the vapor pressure as a function of the temperature 

were made to see if the anomalous results obtained by earlier workers 

(1-3) (Fig. 1) could be duplicated and to provide additional data for 

underst'anding the vaporization of the nitride. Experiments were made 
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with charge ratios, the ratio of the sample weight in grams to the 

* effective orifice area i? cm2
, ·ranging from 15 gm/cm2 in the A2.0 cell 

to 28,000 gm/cm2 in the BO.lO c~11 •.. The second law enthalpy of vapori

** 
zation was calculated by using pressures for which A/D was greater 

than one--Blair and Mimir (lio) found a cha:nge from molecular . flow to 

transition flow (38) at this value in their effusion study of calcium 

nitride. 

The r.esults of experiments conducted in the D0.25 cell are shown. 

in Fig. 2, together with the results of experiments in a C0.5 cell and 

an A2.0 cell. In the D0.25 cell Metal Hydrides and Ventron magnesium 

nitride were used after outgassing to remove Mg(g) and H20(g); the ch~ge 

ratio was 12,000 for both. Each datum p~int is numbered in the order 

that i:t was taken. The first and last series of points in the Metal 

Hydrides experiment are presented to show how the magnesium nitride 

vaporization changed during this type of experiment. 

The first points were measured about 10 min after the samples 

reached the temper~tures of appreciable vaporization. It is seen by 

following points one to six in the Metal Hy~ides experiment that the 

pressure approached the calculated equilibrium line in the middle of the 

temperature range while at the ends of the temperature range the pressUre 

bent away from equilibrium; similar behavior is shown by_points 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 approximation ( 38) 
and the molecular diameter of nitrogen ( 39). . 

' 
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measurements, points 55 through 63 were taken; it is seen that they had 

a steeper slope and that at higher temperatUres the pressure approached 

the calculated equilibrium. 

The intervening pressure measurements are omitted in Fig 2; however, 

it was observed that at the highest temperatures the ratio of the highest 

to the lowest pressures was about 1.4, while .at the lowest temperatures 

the ratio was 3. 5. It was also observed that the enthalpy of vaporiza-

tion calculated from each successive series of points has an increased 

value with the exception that heating at a temperature above 1180K prior 

to determining the slope resulted in a near equilibrium slope--the 

enthalpy -of vaporization at llOOK is 210 kcal/mole. Thus for the Metal 

Hydrides material the first series of points had a near equilibrium slope 

of 211_ kcal/mole and the last series had a slope of 321 kcal/mole; the 

Ventron material behaved similarly. Such large chS:Ilges are completely 

atypical of experience with effusion studies of congruent systems. 

Another feature of interest was that the pressures could be raised 

by 50% at low temperature as a result of heating at high. temperatures. 

An isothermal experiment after such a rise in pressure showed that 1000 

min were required for the pressures to fall to their former level when 

the temperature was 1050K. 

The various results indicate that initially the Knudsen_ pressures 

increase with time but subsequently decrease. After many hours of 

vaporization, the pressures have fallen considerably--more so·at lower 

temperatures than at high temperatures. This time dependency of the data 

suggests that a barrier to the vaporization process is being built up 

as the vaporization progresses. 
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This observation is the key to the failtire of the Motzfeldt-Whitman 

plot to yie;I.d equilibrium pressures in Hildenbrand and Theard's study 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 ~agnesium nitride vaporization was observed made 

the use of Eq. (2) questionable. That the decrease was not caused by 

clpgging of the orifices was verified by examination after vaporization; 

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 DO .25 effusion cell aver.aged a factor of 5 

greater than the pressures of Blank and Searcy; however, when the charge 

ratio was decreased by one order of magnitude to charge ratios similar 

to theirs, and the Ventron material was heated for 2000 min at 1210K 

prior to making the measurements, a procedure comparable with their 

procedure of heating at l280K 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 at a high temperature (on the order of 

1250K) followed by a pressure measurement at around llOOK gave rise to 

a datum point that was much higher in pressure than points not taken in 

this way--datum point 15 was a result of this procedure. 

When the charge ratio was reduced again by almost·two orders of 

' magnitude by using an A2.0 effusion cell, the measured pressures fell 

considerably below the pressures of' Blank and Searcy. These samples were 

degassed at low. temPeratures to drive off H2~(g) and M~(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 BO.lO effUsion cell 

and a B0.25 effusion cell for which the charge ratios were 28,000 gm/cm2 

and 22,000 gm/cm2
, about twice that used in the D0.25 experiments 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 

vapor pressure measurements. The main feature of interest in this figure 

was that pressures above the calculated equilibrium line were obtained. 

With_ A./D < 1 the measured pressures were a factor of four greater 

-1 -4 -1 than the calculated equilibrium pressures at T = 7.25 x 10 K ; 

however, Carlson ( 41-42) has shown that for the effUsion of mercury, the 

change from molecular flow to hydrodynamical flow (38) caused an increase 

in the apparent vapor pressure by a factor of two.·· Using this factor to 

-1 -4 -1 correct the vapor pressure at T = 7. 25 x 10 K . gave an estimate of. 

-2 the equilibrium pressure of 7 x 10 atm; this was near the upper error 

limit of the calculated vapor pressure. Several measurements with 
.. •. 

'A/D >1--point 1 for the Ventron run and points 4, 10, and 15 for the 

Metal Hydride run--also yielded pressures near the upper limit s~gesting 

that the equilibrium vapor pressure is near.the upper limit. 

C. Inflection Point Experiment and 
Equilibrium Vapor ?ressure 

It was observed in most of the experiments that the temperature 

dependency of the measured vapor pressures was greater than the equilib-

. - . -
rium value. It was also remarked in the Introduction that the trans-

piration studies of Sthapi tanonda, et al. in the' higher temperature 

range, 1330K to 1600K, yielded pressures near the calculated equilibrium 

pressures. 
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An experiment to measure the equilibrium pressure at lllOK was con-

ducted by rapidly cooli?g the effusion cell f'rom 1399K, where an equilib-

rium condition may prevail, to lllOK and monitoring the pressure. The 

results are shown in Fig. 4; cooling was complete in 20 min and the in-

flection point in the cuxve was at 27 min. This experiment indicated that 

-4 the equilibrium pressure was about 5.2 x 10 atm at lllOK. 

In Fig. 5 the value f'or the equilibrium pressure derived f'rom the 

inflection point experiment is presented with the values f'rom the experi-

ment in the BO.lO ef'f'usion cell described above and f'rom the lower limits 

provided by the maximum in Fig. 6 and by the Motzf'eldt-Whitman treatment 

in Figs. 7 and 8. It is seen that they all f'all near the upper error 

limit that was calculated for the vapor pressure f'rom the thermochemical 

data. This taken with transpiration results of' Sthapitanonda, et al. 

which were high because of o:x;.vgen contamination of' the f'low gas--it is 

doubted that these pressures are h.igh by more than a factor of' three--

give strong.evidence that.the true :vapor pressure is near the upper 

error limit of' the calculations from the thermochemical data. 

As mentioned in the Introduction, the uncertainty in the vapor 

pressures calculated f'rom the thermochemical data arose because of un-

certainty in the estimate of' the entropy of magnesium nitride at 298K. 

The above results allow the entropy to be calculated from the measured 

vapor pressures and the other thermochemical data. The result is a 

value of 20.2 eu for the entropy of' magnesium nitride at 298K compared 

to the values that were previously accepted of 22.4 eu by Mitchell (5) and 

Schick (4~ . and a value of 21 eu that was used in the J.ANAF tables ( 44). 
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The essential agreement between the vapor 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 

magnesium nitride vaporization can be given by 

-4 log P (atm) + 0.978 - ,210,300 
- 4 .• 57T 

-- 1,4.9 
. . .57 

(3) 

to an accuracy of ± 50%, in the temperature r~ge llOOK to 14oOK where 

P is the total pressure in the effusion cell. The vapor pressures cal-

culated from Eq. (3) are presented in Fig. 5. 

D. Modified Motzfeldt-Whitman Plot 

A more important objective than that of improving on the thermo-

chemic_al data for magnesium nitride vaporization is that of explaining 

why the Motzfeldt-Whitman extrapolation failed in the earlier investi-

. gations of magnesium nitride. The extrapolation normally appears to 

yield reliable values for the equi~ibrium vapor pressures of congruently 

vaporizing systems with low vaporization coefficients. 

Blank and Searcy observed a time dependency of. the effusion 

pressures at ll30K over a period of 600 min in the early stages of a 

heating of magnesium nitride and. assumed degassing of' the sample was 

responsible. Accordingly, they waited to initiate pressure measurements 

until the rate .of' ef'f'usion became insensitive to time. Probably 

Hildenbrand and Thea.rd followed a similar procedure. However, the 

quadrapole mass filter measurements establish that decreases in pressures 

with time at a constant temperature (above llOOK) do not reflect 
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degassing, but are measures of a time-dependent escape of magnesium and 

nitrogen; the degassing is complete in a few minutes at these tempera-

tures. Microscopic studies (to- be described in a separate communication) 

indicate that the changing rate is correlated with development of a 

thickening layer of magnesium oxide on the surface of magnesium nitride. 

The time dependency of the effusion pressures observed in this work 

is shown in Fig. 6 where each sample was completely degassed at 950K and 

then heated to lllOK. Modified 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 distrib~tion of 

particles. If equal weight losses produced equal oxide diffusion 

barriers, as would be expected 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 should limit the rate for sufficiently small orifices. Figures 7 

and 8 show that the intercepts vary with the weight loss. The.extra-

polation for 5mg losses provides a lower limit to the vapor pressure at 
-4 . . . . -3 . 

lllOK of 2.1 x 10 atm and at 1180K of 1.2 x 10 atm. 

The observed effect of the orifice area on barrier effectiveness·is 

unexpected. The observed dependence of apparent pressures on weight 

5 . 
loss indicate that for small orifices the barrier was more effective than 

... 

\ 
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eXpected. An assumption that background oxygen enters the cell to 

form a diffusion barrier does not resolve the discrepancy. 

Since the Bl.O cell of Fig._ 11 had orifices 36 times the area of 

the BO.lS 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 BO.lS cell as for the Bl.O cell. If the barrier were 

formed from reaction of oxygen 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 orifice 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 the same thickness if magnesium diffusion through the oxide 

governed oxide build up. In neither case is the direction of shift 

in measured pressures found in Figs. 7 and 8 expected. 
. . 

It is known that gaseous products of dissociation reactions some-

4 times catalyze crystallization of the solid reaction product. 5 The 

unexpected variation of pressures with ori~ice .area in these effusion 

studies may result because the higher pressure in the small orifice 

cell catalyzes the formation of a coating of decreased permeability, 

perhaps by promoting grain growth with consequent reduction in grain. 

boundary diffusion. 
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~igure Capt ions 

Fig. 1. Knudsen effUsion vapor pressures measured for ~agnesium nitride. 

Fig. 2. Vapor pressure of magnesium nitride: (a) in a D0.25 effusion 

cell usi~g 7. gm charges, open symbols; (b) in a C0.5 cell with 

1.3 gm charge, half open symbols, (c) in a A2.0 effUsion cell 

with 0.7 gm charge, closed symbol. Circles are .for Metal 

Hydrides material and squares .for Ventron material. 

Fig. 3. Vapor pressure o.f magnesium nitride in a BO.lO effusion cell 

with a 5.5. gm charge of Ve.ntron ~esium nitride and in a B0.25 

effusion ceil with a 7.4 gm charge of Metal Hydrides ~agnesium 

nitride. 

Fig. 4. Inflection in vapor pressure vs time curve .for BO.l5 effUsion 

cell cooled from 1390K, inflection gives equilibrium at lllOK. 

Fig. 5. Data points. giving an indication that the equilibrium vapor 

pressure is near the upper error limit o.f the calculated value. 

Fig. 6. Vapor pressure of Metal Hydrides magnesium nitride at lllOK for 

three different orifice areas in a B cell. 

Fig. 7. Motzfeldt-Whitman extrapolation at .lllOK .for magnesium nitride 

vapor pressure at constant we.ight losses. 

Fig. 8. Motzfeldt-Whitman extrapolation at constant we.ight loss for 

runs Tll, Tl2, Tl3 and Tl4 at 1180K. 
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r-----------------LEGALNOTICE------------------~ 

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. 



.. 
TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

• 


