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 rThis work consists of & Phase Rule study of the two
compohent system Nitrogen-Manganese. The components sare
gaseous and solid respectively. In dealing with a sys-
tem of this type several variations are possible. These
variations are tabulated and described in Alexander
Findlay's "The Phase Rule and its Apﬁlications" (Longmens,
Green snd Go.) as follows:- |

Case (a) The gas is not absorbed by the solid but
when the pre3sure,reaches & certain value, combination
of the two‘components can result.

Such a system can be expressed graphically by an
‘isothermal diagram of the type shown in Fig. 1. The
ordinates represent the gas pressures and the abscissae
represent the relative concentrations of the gaseous
component, which have been taken up by the solid phase.
The'horizontals AB én& 635] Show that the concentration
increases at constant pressure. They, therefore, rep-
resent the formation of compounds. Corresponding to any
point on each of these horizontals, an equilibrium,
exists which may be represented generally as:-

Solid compound == Solid component # gaseous component.
If there is no solution there are three phases and, there-
fore, on applying Gibb's expression for the Phase Rule,

F=C-P+2; 2-3+2=1,
it is éeen that the number of degrees of freedom is 1.

Only one variable, then, is at the choice of the experi-







menter,Aan& when a value is chosen for one variable the
values of the other t&a are automatically fixed by the
nature of things.

If the p - t disgram is drawn it will have the
general form shown in Eig.{E. The line EF represents
the losus of pressures corresponding to AB, and there-
fore gives the cenditions of temperature and pressure
which define, or fix the position of the equilibrium,

S0lid eompound 1= solid component—+ gaseous component.

Similarly LH is the loeus of all pressures such as CD
and gives the conditions governing the position of the
equilibrium,

S0lid compound 2= Solid compound 1+ gaseous component.

It is seen at once that the possibility exists of the

5011& compound 2 decomposing directly to the solid end

gaseous components without the occurrence of the inter-

mediate compound 1. Tp be general, at this stage, how-

ever, it will be assumed that a trace of the latter

compound did appear. E?,ana’LH_are the decomposition i
or dissociation curves éf’the two compounds. They'expresa
uwnivariant behavior end hence are expressed mathematically

by the Clausius-Clapeyron equation, as are all univariant

curves.,
The above curves represent equilibrium conditions

for the most simple type of behavior of a two component



system. Such behavior is seen only when no solutions
ococur. The type is exemplified by the salt hydrates
and by the ammonia compounds of the silver haelides.
When solutions are formed the curves differ somewhat.

Case (b) The gas is absorbed by the solid compon-
ent au& no eompotna is formed.

If absorption of the gas by the solid component
takes piece with formation of a,soli&,solution there can
never be more than.twé phases present, so that univariant
behavior is impossible. Erom Gibb's expression it is
seen that the behavior will be divariant.

The p~¢ curve will show & gradusl increase of con-
0antrétion With increasing pressure; while the horizontals
of Case (2) will be a&bsent since no compound is formed.
The corresponding p-t curve is bound to be slightly
concave to the temperature axis. It is always possible
to spot this type of behavior from the p-t ocurve, by
its departure from the siraight line of Charles Law. At
every temperature the pressure will be less than,thaf,
predicted by Charies Law.

Case (a)v"The gas is absorbed by the solid component
and may'aISO form & compound.

This case is merely a combination of the two types
of behavior given above &0 that no new type of curve is
intxoduced, The p-c¢ ourve will; at first, show the

concentration varying graduelly with increasing pressure
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due to the fOrmatioﬁ,of a solid solution, as for Case (b).
When & certain pressure is reached, & compound will form;
and hence concentration will increase &t constant pressure
giving rise to & horizontal in the seame msnner as in Case (a).
The compound will, st every temperature, be in equilibrium
with its two components, so that & p-t or decomposition
eurve, exsctly snalogous to EF or GH in Fig. 2 and expressed
by the Clausius-Clapeyron equation, can be obtained.

Case (4} Absorption of the gas occurs smd at a certain
concentratioﬁ the solid solution separates into two partially
miscible solid solutions.

'The two solid solutions, together with the gas, con-
stitute three’phases, g0 the system will be univariant Just
as was the case when a compound was formed. Here, then,
the p-¢ curve will be of the same type as for Case (o).
The p-t curve, however, although of the same form as for
Case (o), is not & decomposition curve, so must differ.

The difference between these two p-t ocurves can be Shown
by applying the Clausius Clapeyron equeation to them. They
are both curves expressing univariant behavior so that
this equation must express both of them. The equation may
be written in the form

dp . Q.. 1
L= g

The slope of the curve is determined by the ratio

gi. aV must be almost the same for both cases, since the
'y ,
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difference of specific volumes of the components and a
compound must be very nearly equal to the difference of
specific volumes of the components end a solid solution.
The values of @, on the other hend, might differ widely.
In the case in which & compound is formed but no solid
solution results, the value of § is given &imply by the
heat of formation of the compound. If, however, a com-
pound is formed and st the same time & solid solution
results, Q will not be simple, but must be the elgebraic
sum of two quantities, thus

Q= heat_pf formation of compound + heat of solution.
From this it is seen that the p=t curves of the two
cases mey have altogether different glopes. Whether or
not a solid solution is formed in the Mn - No system, is
not‘knewn. The heat of formetion of at least one of the
nitrides of ménganese hes been determined by amother
investigator. One of the objects of this work is to
determine a decomposition curve accurately and then to
spply the above ressoning in the hope of determining
whetker or not & so0lid solution is formed.

Getting back to the general discussion, however,

it must be pointed out that the solid solution mentioned
There is, indeed, some variety
It will

sbove is not specidied.
of possibility as to what this solution may be.

be seen that,




(1) gaseous component and solid component

(2) gaseous component and compounéd

(5) compound and solid component

may be the constituents of the simplest possible solid
solutions. Very little can be said about the miscibility

of these pairs. It is probable, generally, that there
will be an inereaée of miseibility with inereasing temp-

erature in every case. If this is true the horizontals
of the p-c diagrams will not always end at the same
value of concentration, for different temperatures, but
nmey be lengthened or shortened in the various isothermals.
This, of course, can occur only when the gas is one of
the constituents of the solution. Sueh behavior is ex-
t;emely rare, in fact, the Hydrogen-Polladium system is
the oﬁly one of this type which has been extensively
studied.

There is one statement which msy be made at the

offset; and that is that if §01lid solutions do occur,

the time factor is of very great importance. Phase dia-

gramS always refer to equilibrium conditions, so that in

experimental work it must always be certain that these

conditions obtain. Since it is known that solid diffusion

(the mechanism of mixing) is a very slow process, the
éxperimenter must have pérfeet assurance of steady condi-

tions before an observation can be considered to be re-

liable.



From this general outline of the types of behavior
which may be encountered, the method of experimentation

will be seen to follow quite simply.
The existance of at least two nitrides of mangenese

hes been known since 1894. Until very recently, however,
none of the work done on these substances has been in the
nature of a Phase Rule study. The measurements published
of such quantities as temperature of formstion, tempera-
ture of decomposition and even of molecular formulee have
shown considerable diversity. Various workers have
suggested that some of the nitrides may not be true com-
pounds at all, but may be solid solutions. The object

of the present research was to determine, by application
offthe Ph&se’Rule, which éf‘these combinstions are true
nitrides and which, if any, are solid solutions; and at
the same time to obtain some measurements of the physi-

cel quantities mentioned above.
The experimental work was to be carried out in two

stages, each in & specially constructed apparatus. The
first stage involved the formation of the compound rich-
est in nitrogen, while in the latter stage, this compound
was to be decomposed and the decomposition pressures of
the lower nitrides measured over as wide & range of temp-
eratures as g glass apparatus would permit.

The formation of the richest nitride was brought

about by heating & known quantity of powdered menganese
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in an atmosphere of nitrogen in a closed system of known
Wolume. The system consisted of & medium sized flask
(about 500 c.c.), a system of stop-cocks by which the
apparatus could be evacuated and nitrogen sdmitted, and
an open menometer from which the gas pressures were read
by means of a cathetometer. The first step in the pro-
ceedure of formation was to run & blank; that is to de-
termine the expansion curve eharacteristic of the apparatus.
In a system of this kind the gas pressures;cannot be
celeulated from Charles Law because the enclosed gas is
not all at the same temperature. A temperature gradient
neqessarily exists from the furnace to the parts which
are at room’temperature. The experimentsl curve will not
be the straight line of Charles Law but is bound to be
curved slightly in such a way as'to be slightiy é§§2§§§:
to the temperature axis.

This curved anslogue of Charles Law, then, was just
determined by evacuating the system, admitting pure dry
nitrogen and then taking a pressure reading about every
10°C between 0° end 550°C.

The menganese sample was then introduced and the

proceedure repeated. As before the temperature was raised

by slow stages, care being taken to @ssure a constant

pressure before an observation was recorded. FPlotting

these points another p-t curve will be obtained. This



9

curve will show deviations from that obtained for the
‘blank apparatus; and from the nature of these deviations
it should be possible to determine what changes the
system is undergoing.

The processes which, in view of the above discussion
of types, are likely to take place, will reveal themselves

as follows. If the second curve follows, or runs parallel

to that for the blank apparatus, then no absorption of
Prom this it can be concluded that
If

gas is teking place.
nitrogen does not form a solid solution in mengsnese.
however, the second curve lées at lower pressures than
that for the blank run, then it is certain that the nitro-
gen is being taken up by the mengesnese. Fig. 3 indicates
in & general way how this behavior with alter the p~t
diagram. XL is the snalogue of GharlestaW’for the blank
apparatus. KM shows the curve which will be obtained if
nitrogen dissolves in menganese giving rise to & solid
gsolution. Divergence of the two curves will be greater,
the higher the temperature since the quantity of gas
dissolved in the solid is a function of pressure. KM
then, is the nature of the curve which will result from
the behavior of the type of case (b).

It now remsins to indicate how Case (e) and Case (4d)
behavior willishow up on our experimental p-t diagram.
Case (c), as was shown, results in the formstion of &

compound, while Case (@) results in the formation of two
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partially miscibie solid solutions. If either of these
two types of behavior are encountered the cﬁfve KM will
not continue to diverge steadily from KL but at a certain
temperature and pressure a sharp break will occur as
shown at M. This inflexion will correspond, in either
case, to the formation of & compound; the gas phase will
begin to disappear as concentration of gas in the con-
densed phase increases. Thus the pressure will drop at
constant temperature as shown by MN. Points on this line
do not, of course, represent equilibrium conditions since
with the appearance of the third phase the system becomes
diverient. A%t a given temperature, then, both pressure
and concentration can be varied by the experimenter.
Corresponding to MN, & p=¢ or isothermel diagram can

be drawn which will be of the type given in Fig. 1.

The pressure cannot continue to drop to zero, how-
ever,.because eventually & gas pressure will be reached
which will be equal to the dissociation pressure offthe
compound. An equiiibrium will then’be established which
may be represented &as,

Mnxl\l% = Mn, + N%

N representsvthis peint at which equilibrium is first
established. Here there are three phases so that the
system has again become umivariant. N, then, is & point
on & univarient curve; this univariant curve must be the

decomposition curve of the compound. From here it is
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easy to obtain other points on the decomposition curve,
by simply varying the temperature. Thus if the tempera-
ture is raised & little, the equilibrium will shift to
the right. When equilibrium conditions are again estab-
lished, it will be at higher values of temperature and
pressure and the point O will be obtsined. In s similar
menner a further increase of temperature will result in
the point N, and so on to as high a temperature as the
 apparatus will stand. Informetion as to the formation
of a solid solution in addition t6 the formation of &
compound can, it is hoped, be gained from the slopes of
these decomposition curves as was indicated above in
the general discussion of the Case (d4) type of behavior.
Decomposition curves of the lower nitrides, as has
alreaéyfbeen stated, are to be cbﬁained in a modified
apparatus. This comprises the second stage of the wofk.
The apparatus which has been built for this work is
a,good deal more complicated, than the previous one. It
consists of a small flask, to which is attached a McLeod
vacuum gauge, an open monometer and & Toepler pump. The
outlet from the pump was drawn out intb a capillary and

e device for collecting and measuring the ejected ges

was mede to fit over it. The MclLeod Gauge was included

because it is altogether probable that the lower nitrides

will have very smell dissociation pressures even at

~..relatively high temperatures.
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The use of this apparatus can be explained most
readily, by reference to Pig. #. The nitride richest
in nitrogen is introduced into the flask, and the eppara-
tus evacuated. The temperature of the flask is now raised
to some suitably high value, corresponding to which the
compdun& has an appreciable decomposition pressure of,
say, + to 1 atmosphere. The gas is then pumped off by
means of the Toepler pump and the escaping gas collected
and measured. If*this is done gently, allowing sufficient
time, it should be possible to break down the richest
nitride to the next richest compound. In other words,
the concentration of ges in the condensed phase is slowly
lowered to such a point that the nitrogen rich compound
ceases to exist. This would correspond to & point such
as C in Fig. ¢. If the pum@;ng is continued, the pressure
“should &fop along the verticie C%, after which the
pressure at & fixed temperature must always be equal to
the decomposition pressure of the second nitride, which
will correspond to the horizohtal AB. The decomposition
curve of this compound can then be obtained by varying
the temperature, in the same menner as has been described
with the first apparatus. The same processes can then
be repeated for the iower nitridesa Pressures may be
read from the open monometer or from the McLeod gauge as

reguired. This apparatus, it is hoped, can be made to
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gserve two purposes, first, to measure decomposition
pressures, and secondly, to determine formulase by measur-
ing, accurately, the volume of nitrogen resulting from

the various stages of decomposition.

This then, seems to give a fairly comprehensive view
of the aims and methods of the present research. There
are other complications and difficulties, but these will

be discussed as they are encountered in the text.
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reconcile the formation and decomposition of these sub-
stances with the predictions of the Phase Rule.

N. H. Warren; was the first to observe a reaction
between nitrogen and manganese. ‘He investigated the
action of ammonia on seversl of the common metallic ele-
ments by the flow method. "He noticed that when chrom-

ium, nickel, cobalt or manganous oxides were employed

& nitride of the metal was obtained. Use of the chloride

gave the same &ffect more readily. He did not, however,
anslyse for nitrogen in any case but iron, and so did
not assign any formulae.

0. Prelingerszas unable to confirm Warren's claim
of the formation of a nitride when ammonis gas is passed
over heated manganous oxide. In the following year he5
showed, however, that when manganese is oxidized in air
some nitride is formed; and thaet when finely divided
menganese obtained by heating the amalgam, is heated in
an atmosphere of nitrogen, or the mercury’driven off
in this atmosphere, mengenese péntita&initriie MugNo
is formed. He describes the substance as having & dull
metallic lustre, and when in a finely divided condition
is somewhat darker than the powdered metsl. On heating
in & stream of hydrogen, ammonia is formed, whilst if
hydrogen sulphide is substituted for the element ammon -
ium sulphide results. On treatment with ammonium

chloride solution, ammonisa, hydrogen, and the double




1le

chloride of mangesnese snd ammonis were obtained,

UngNp + 20NH,C1 — 12NHz + 2Hp + 5(@4)2&1@14

On fusion with caustic alksli s great éeal of ammonisa
was liberated. When this ﬁitride is heated in ammonia
it forms menganese tritadinitride Mhaﬂz. Prelinger says

thet the tritadinitride may alsc be prepared by substi-

. tuting ammonia for the nitrogen in the Preparation of

the pentitadinitride. This nitride is darker in color

then is the former, and it readily acquires & bright
metelic lustre under pressure. It behaves towards hydro-
gen, hydrogen sulphide and caustic sode in the same way
as does the pentitadinitride. Nitric acid dissolves the
tritadinitride only when hot; hydrochloric acid acts on
it only in the presence of platinum, aqua regia dissolves
it slowly; sulphuric scid acts only when hot, and with
the concentiated acid sulphur dioxide is formed; acetic

acid has no action and water slowly forms ammonis. When

it is heated in nitrogen the pentitedinitride is formed.

Prelenger coneludes with the assumption thaet mangsnese
is gquinquevalent in the pentitadinitride and tervalent
in the tritedinitride.

A, Guntz4 observed what he believed to he traces of
& nitride among the products which resulted when mengsnese
was heated in an atmosphere of nitrogen peroxide. W. C.
Hareaus5 egain tried heating the metel in en atmosphere

of nitrogen. A4s a result ef this work he concluded that
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at 1210 to 1220°C a nitride is probably formed.

Three years later Haber and Von Oordt® reviewea the
subja@t and criticized the donelusians of ?relinger and
the others. They were of the opinion that production of
substances having different meximum concentrations of
nitrogen on nitrogenation with nitrogen and ammonis was
not possible. They attempted to explain the low nitrogen
content obtained on nitrogenstion with nitrogen by the
assumption that residusl oxygen in the gas used hed par-
tially oxidized the manganese. It may be said, however,
that all later researches have eénfirme& Prelinger's
results.

Wedekind and Veit', the next workers in this field,

verified the existance of the two compounds which Prelinger

=

0. :
‘hed described. They &ffected preparation by passing dry

ammonia gas over the powdered metal which was heated in
a,porcelaiﬁ;tube.' They extended Prelinger's work by try-
ing the preparation at the temperature of the oxyhydrogen
flame, and notice&:that the resulting body had & pronounced
magnetic property. This ieadéto-the conclusion that &

new nitride MnyNg had been formed. This hitride is quite
strongly'magnetie and shows considerable permanent mag-
netism. The magnetie property incresses with the complex-
ity of the compounds, thus, the heptitsdinitride is the
most magnetic while the tritadinitride is the least

magnetic. When heated the ferromagnetism was destroyed,
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but returned on cooling.

Henderson and Galletlys were the next to investigate
the manganese nitrides. They were extending the previous
work of Beilby and Henderson? who in an attempt to find
a.material suitable for use in tubes for conducting ammon-
ia at high temperatures had tried several metallic elements.
In extending these investigations Hendersom and Galletly
ﬁrie& among others, mangenese. They found that when
mangsnese in the state of a fine powder was heated to
shout 800° in & repid stream of ammonia it is resdily con-
verted into a nitride snd at the seme time a large percent-
age of the ammonia is decomposed into its elements. Two
&ifferent specimens of the nitride were found fo contain
15.6 snd 14.0% of nitrogen respectively; while the formula
MngN2 requires 14.5%. Evidently the conversion of the
metal to the nitride is practically;gémplete. With coarse
powdered metal and at lower temperatures they obtained
products containing 10.1 to 11.8% nitrogen, but these when
examined under the microscope were found still to Qontain
particles of the metal, all of which showed rounded edges
as if they had been in a partially fused condition. They
described the properties of the nitride MngNp and showed
them to be identical with those previously déscribed by

Brelinger.
In the same year Zukovlo fotlowing the lead of
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Wedekind and Veit, tried to use the magnetic property of
the nitrides to determine the resction limits. The
beginning of the action of nitrogen on manganese was
found to occur at 780°¢, The equilibrium pressures of
nitrogen over different manganese nitrogen prepsrations
were also investigated. From,his results he thought he
gcould draw the conclusion that the nitrides consist of
solid solutions of nitrogen in manganese. ~He also inves-
tigated the electrical conductivity of the nitrides and
found them to be of the same order of magnitude as for the
pure metal. .

Fischer anﬁ'Sehroeterll have prepared & nitride by
a;metﬁod which is altogether different. This is the
famous method which they have employed for fixing nitro-
gen to & great many substances. Nitrogen in contact with
manganese was rendered active by passing an electric
discharge through it. They mede no attempt to amalyse their
product, but merely dissolved it in acid, added an excess
of alkali snd noticed that emmonia was given off, Their
product‘was’probahly'a.mixxure of nitrides.

2lpublishe& & paper on the

In 1916 N. Tschischéwskyl
influénce of atmospheric nitrogen on iron and steel. In
the course of this work he investigated the action of
both ammonie and nitrogen on mengenese. He used the
flow-method but introduced refinements which hithertd

‘ha& not been used. His aim was, primarily, to shed some
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light on the question of stability of these nitrides and
on the influence of temperature on the course of the
reactions. 97.1% mengemese, prepared by the Goldschmidt
method was used.’ The apparatus consisted of & long fused
silica tube, a portion of which lay within & Heraeus elec-
tric furﬁéce. Into one end of this tube the ammonia and
nitrogen were ihtroiueed after purification, from their
respective containers. The gas supplies were controlled
by stop-cocks so that a supply of each was available at
all times. The other end of the tube wag open to the
atmosphere to permit the escape of the excess gas. Through
this end of the tube the porcelain boat containing the
samgla of menganese was introduced. Temperatures were
measured by means of s thermoejunctioh,'Within the tube,
and placed immediately above the boat when in its position
inside the furnsace.

The proceedure followed was; after heating the fmrnace
to & éertain temperature, the flow of nitrogen was started
sand the boat or bosts containing the weighed samples of
mengenese were inserted into the open end of the tube. It
was left here for about 5 minutes until all the air was
expelled. The flow of ammonis was then started and the
nitrogen turned off. After another & minutes the bosat was
pushed into the furnsce, by means of & wire, to & position
immediately below the thermo-couple. Introdueing the cold

“poat invariably lowered the temperature 850 to 700, As soon
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as the furnace had regained its former temperature the
time was taken. From this the flow of ammonis was contin-
ued for one hour. After this period the boat was drawn
into the cool end of tube, and allowed to Gool in a stream
of nitrogen. The proceedure in the nitrcggnation with
nitrogen itself was the same except that & continuous
stream of nitrogen was maintained; that is the metsl was

heated and cooled in a flow of nitrogen.
Anelysis of the product was %ffected in two ways,

First, the increase in mass of the sample was determined
Ey weighing; and secondly, the contents of the boat were
dissolved in 10c.c. of concentrated hydrochloric acid,
heating slightly if necessary. The nitrogen was deter-
Amine&‘quantitatively from this sélution«by means of the
Kjeldahl method. Nessler's reagent was used at the eon-
élusion of}the &istillatién to be sure that no ammonis
remained in the solution. The quantity of nitrogen de-
termined by titration should, of course, agree with the
inocrease in weight of the sample.

This whole process was repeated st tempersture

intervals within the range 330° to 1300°C. The results

of the nitrogenations with both gases are expressed
graphically in Fig. 4.

From the figure it is seen that the curve expressing
nitrogenation with emmonia shows & maximum in the neigh-

borhood of 600°C corresponding to 14.3%9% of nitrogen.
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This investigator s&lso records the fact that the reaction
is strongly exothermic as shown by the observation of
spontaneous temperature increases of as much as 10° in the
neighborhood of 600°, In this he is in agreement with

- Haber and Von Oordts, above, who has also noticed that the
tamperature rose as soon &8s the reaction commenced, pro-
ducing sufficient heat to cause the solid phase to glow
with & dull red incandescence. Tschischewsky also records

the very interesting fact that the quantity of nitrogen

fixed by the manganese differed by the two methods of
determination, viz. the percentage of nitrogen determined
by noting the increase of weight of the metal was not in
agreement with the amount determined by the Kjeldahl
method. The former method indicated a percentage of

about 20 in the region of éOOQC while the Kjeldahl method
es has been shown gave 14.39% of nitragen at this tempera-
ture. He followed this further end proved that on
dissolving the product in acid in preparstion for the
Kjeldahl, gas was evolved. &nalyéis of the escaping

gases showed that the &ifferénae of'these percentages is
actually evolved. It is to be noticed that Pig. 4 expresses
nitrogen pereentageé as determined by the Kjéldahl method.
Although Tschischewsky did not himself, indulge in eny

3peculatibns as to the cause of this evolution of gas, it

is obvious that not all the nitrogen is fixed in the same
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mepner by the metel. The 14.39% is no doubt combined with
the metal according to the formulse Mn,No. As regerds the
additionsl 5.6%, however, there are two possibilities.
Pirstly, this quentity of nitrogen mey be dissolved in
ﬁhe golid phsse as 8 solid solutign, eand secondly, it mey
“be combined in some more complex manner then the sghove
formule indicates. One guess whi&h is not unreasconsble
is thet it is combined in the form of a pernitride, in
which case it is concievable that on disselving in acid
the nitrogen so Fixed does not reset with the scid to
produce the ammonium salt, but is evolved ass elementary
nitrogen. The possibility of a solid solution slso may
explain the facts because it is well known that elementary
nitrogen in contact with acid solutions does not givaA
rise to ammonium salts. Here then is an interesting ques-
tion which is still open.'

As regards the nitroganation.with,nitrogenhEig. 4 shows
e meximum corresponding to 7.85% nitrogen at sbout 1000°%c.
The,formula_Mnéﬂg requires'g.aé%, so that the agreement
here is not so close. o

In genersl, then, Tschischewsky has shown that nitro-
genation with emmonie at 600° to 700°C gives rise to &
nitride of the formula MnzNgo, while nitrogenation with
nitrogen at about'1000° results in & nitride of the for-
mula.MhSKg. The reason for these two end products,

resﬁiiiﬁg as they do from preparations carried out at
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the same pressure (atmospheric) does not stend in agree-
ment with the genersl theory outlined in the introduction.
A very plausible explanation has been given by Gunnar HEgg,
eand will be considered later when his paper is reviewe&;

The following year the Japanese investigstor, Torsjiro
Ishiwara}s’again.tock up the study of the magnetic suscepti-
bil;ty of the mangsnese nitrides. Various workers had
previously made experimentel determinations of the suscepti-

* bility of metallic mengenese and had obtained wide varistion

in the numerical velue. The suggestion had been mede that
their anomalies may have their explanation in occurrence

of nitrides as impurities in the metsels. Such nitrides

were known to have a magnetic property from the work of
Wedekind and Veit and others who have already been mentioned.
Manganese is very close to iron in the periodie arrangement,
and like iron none of its sslts or compounds are magnetic
except the nitrides. Ishawara, then, tock up the wuestion
of the magnetic susceptibility of the nitrides in order to

determine whether mengenese is really & pseudo ferromagnetic

elemenﬁ.
- The method of his investigation may be outlined as
follows. Samples of nitride were prepared in the usual

way, by heating the powdered metsl in an atmosphere of

nitrogen or ammonia at & given temperature, and chilling
‘before removing the product from this atmosphere. Such a

process mey result in the simultenecus production of more
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then one compound as waes subsequently shown. The product

so cbtainea was then exemined thermo-magnetically; thet
is, the magnetic susceptibility of the sample was deter-
mined over a wide range of temperatures., If a ferromag-
netic compound is present, &t & certain high temperature
it will decompose, and decomposition will be evidenced by
8 falling off in the value of the magnetic Susceptibility.
Reasoning backwardS»th&n, & decrease in the value of the
magnetie_suseeptibility with time may be taken as indics-
tion of the decomposition of a ferromagnetic nitride. In
some cases he made use of the reverse process, that is
the susceptibility was determined while the compound was
being formed. "

Ishiware summarizes the results of his observetions
as follows:~ (1) Manganese and nitrogen give rise to three
ferrgmagneti@ substances in the temperature interval 600
to 1600°G.; namely two nitrides and probably a solid solu-
tion. One of the nitrides is Mngﬁg. The composition of
the,othér two could not be‘ascertained; but they are
differentiated from one another by their charscteristiec
thermomagnetic curves and by their critical points.

(2) Ammonia affects mangsnese at high temperstures
in thé éame way ag does nitrogen, an exception being the
case of & parsmegnetic nitride MngNs.

{&} In regard to the ferromagnetie substance ManNg
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which Wedekind and Veit obtained by heating manganese in
ammonis, we could not confirm its existance.

(4) The various values of susceptibility of menganese

by different physicists may well be explained from the

present experiments, as due to the effect of nitrogen

present in the sir or from other sources. 4As the ecorrect
velue of the susceptibility of pure mangesnese we msy there-
fore take 9.66 X 107°, o

In only one cese, then, was the composition determined
anﬁ~this‘was for the ferromagnetic nitride Mngﬁg. The
method employed was to hezt powdered manganese in en atmos-
phere of nitrogen at 1000°¢. At 30 minute intervals the
weight of the product snd the susceptibility were measured.
After 90 minutes the weight increase had become very small,
but was still measursble. This small residual increase
was considered to be due to oxidation, as the flow-method
of prepsration can never hope to exclude all traces‘of
oxygen. Calculation revealed 9.96% nitrogen which is
trifle too high to eonform to the,formulaaMnﬁﬁg, for which
the value is~9.26% nitrogen.

It is seen that these investigators made no serious

attempt to determine the conditions of formation of these

compounds.

14

G. Tamm has masde some interesting measurements

of the velocity of formation of the nitrides of seversl
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elements. The rate of action of a gas on = metsl can be
determined by observation of the color changes of the
metal, which are due t0 changing thicknesses of the sur-
face layer of reaction product. When the action of the
ges on the metal is rapid, such observations determine

the rate of‘ﬁiffusion,of the gas through,the surface layer.
Metal surfaces were exposed to pure nitrogen, at different
temperatures. Manganese at red heat, it was foun&, may
show 8ll colors up to extreme red; or it may show no change,
depending on the original character of the surfasce. The

. veloeity of layer formation for some cases was given
graphically by straight lines when x, the layer thickness
is plotted against log t. Unfortun&tely'ﬁhis was not done
for menganese. In general, howevee, Tamman's gurves showed
that for the same sample there may be severél intersecting
lines, @& second line deseribing the thickening of & second
layer after the first layer has scaled off. Another cause
of uncertain slope of these straight line curves was thought
to be the different rates of penetration by the gas through
different exposures of the atom grating of the layer.

In 1929 GabrieluValengkil5 16, published two papers
on,thé action of gases on metals. Both adsbrption and high
temperature sorption werse studie&.~'His~high temperature
work was carried out slong somewhat similar lines to the
present reaearch, and is undoubtedly the most comprehensive
study of its type that has ever been made of this system.
It will, therefore, be reviewed rather fully here.
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The Study of Absorption

The method deals, for the most part, with the measure-
ment of volumes and pressures. The apparatus was cunningly

constructed in such a manner that by meens of a system of

stop-cocks, it could be used for both the adsorption snd
the sorption measurements. By closing the stop-cocks the
low pressure instruments were cut off from the rest of

the system. Only the part of the epparatus which was used

in the sorption determinations will be described.

‘The megsuring instruments consisted of a constant
pressure thermometer which differed from the classiecsl
$ype in that the open-air manometer was joined sepsrately
to the top of the gradu&té& cylinder. The advantage of
this was that the narrow branch of the usuwal Y-tube was
eliminated. »The,gr&duated cylinder of this instrument
nwas reéther large and for this reason wes enclosed in s
glass water jacket to insure & constant temperature. The
use of the thermometer is simple. The mercury reservoir

is simply moved so &g to meintain & constant pressure.

Volume changes are then aeterminedfhy ebserving the change
in the pegition of the miniscus in the graduated cylinder.
The cylinder had a volume of 230 c.c. and was calibrated

to -bc.ec. This wes the only volume calibration necessary.

PFrom this instrument & capillary tube, interrupted by a
three-way sﬁep»ecdk; legad to a tube containing the metal

which was situated in an electric furnace. The third



