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FhLs work eonsists of a Phase Rule stuûy of the tws

eomBoneat system lfltrogen-Manganese, [he eomponents are

g€"seous anð so1-id. resBectivelry'. Ia d.ealfng with a, sðrs-

tem of t,hls type several variatlons are tr¡ossiþle. lrhese

yaríatfons+ are tabulateå a¡nd êeserlb,ed. in Ålexe,nd.er

Flndrayts tt[he Phase Rure and its apptications" (longmans,

Sreen a¡rù Co.) e.s follows:-

9Es"-fg) lne gs,s fs- not absorbeð by the solfd. but
when the pressure reaehes a certaln vaaue, combina.tlsn

of t;he tw¡ oomponeats can result 
"

Such a system cnn be ex3lres$ed. graphi.ea_lly by an

lsothermal d.i.agra;n of the t.y-pe sbon¡o in Fig. l. She

ord.inates represent the gas pressures and the abscissae

represent the relative concentratlsns of the geseouÊ

componento whleb have been taken up by the sorld. Bbase.
The horiøontars aB e.nd. cÐ show tha.t the eoncentra:tron

increases at constant pressure. |Ihey, therefore, rep-
resent the forqatign of eompound.s. coruesponðing to an¡r

pofat on eaeh of these b.orizontals, an equÍlibrirrm,
exlsts whlph na"3r be represented. generall-y as:-
Solfù compoqnd- i- SoLfê conponent ¡ gÊseous oomponent.

rf there xs no sorution there are three phases and., there-
foreu orr applylng üibb,rs expression for the phase Rule,

!t= C-P +? \ ?,-6 +â: l,
lt ls seen tha.t the nunber of d.egreeCI of freeclom is 1.

0nry one variabLe, tben, is a.t the ehoie e of tbe exioeri.-
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a

menËer, snð when a. va:Lue is ohosen for one varíable th.e

values of the otber two are autonaticarry flxe& by tbe

nature of thlngs.

If fhe p - t d.lagram f,s öraWE. tt wflt have the
general forn show:t in tr'19. .A. the line EF represente

the loør¡s, of pressures corresponñing to AB, and. tbere-
fore gives the ognåitions of temperature and pressure

whleh ðeflner or flx the position of the equiribri..Ìm,
Solfê, oompoundl. I: soliâ oomponent+ gaseous eomponent.

$tnllarly rrE 1s the loeus of aLL pressures eush as cÐ

and glfveE the conûttlons governing: the posÍtfon of thg
equ.illbrf.uæ,

Ðortd. eompounil Ê: $o]ld. corapounð. Lf g&seous component.

rt is seen at oqße that the posslbillty exlsts of the
soliü eompound. å d,eoomposlng &ireotLy to the solið and.

gaseous oomponents wfthorrt. the occurreBee of the lnter-
medlate: eompouncl 1. [o be çneral, at. this stageo how-

ever, tt wål]. be asgumeð. t,hat a traee sf tbe Latter
oompound. iLid å$,Feqr. EF anê trE are the cLeeomposltlon

or åLsssciatlon curyes of the two compor¡:rd,s" rhey express

unlvarle,nt behavfor and henoe are eEpressed. nathematfcalLy

by the Clausius-0]apeyron equetÍon, as are aIL unlvariant
gurveg.

Th.e above sr¿rreË represeat equirfbrfun cond"itlons

for the most simple type of behavior of a two component
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systen. Sueb behavlor ls seen only when no solutfons

ooeur. îhe type is exemplified, by the salt hyârates

anð by the amnonla, eompounås of the sil.ver beJ.ldes,

When s,ol¡rtloRs are formeð tbe curves d.iffer somerqhat 
"

gpFe tt) [ne gas ig abso:rbeê. by the solid" eoryon-

çrrf,; a¡1d. no eouporrnd. 1s fotuecl.

If ab$orp'tlon of the ges by thE sollcl component

takes p0aee with formatfon of a; soJ-fð solutloa there sa;n

nÊver ba more tha;n two pbases present, so tbat ¡¡nivarlant

behavfor lE lnpossf.ble. From Glbþ's expressÍon ft fs

seen that the behavior wtlt ba üivariant.
l[he, p-e eurve will show a grarlual lncrease sf eon-

centratlon üÍth lnoreasÍngi presslrfe; whll.e the horizontals

of Case (a) w111 be absent slnee no aornpound. fs formed-.

llhe oorrêsponûing p-t eurve 1s bound ts be s:lfshtly
eoncave to the tenperat.ure axls. It ls alurays posslb,Le

to spot thÊs t¡rye of behavior from the p-t eurve, bÍ
lts ôeparture fron tbe straight llne of 0harles travr. At

evertri' temperat.ure the pressure w111 be I ess thm that
pr,ed.lateô by 0harLes law.

by the solid. eomponent

aaü, nøy also for-m a compouncl.

fhf,s caÊe t,s merely a combinatfon of the timo ty¡les

of, behavlor gfven above so that no aew t.¡rpe of eurve lc
íntroËLuced." the p-c eurïe wilL;,ir at first o slrow the

soncentra,tion varylng gradually wiïh increasing pressure

0qss_( el lhe gas ts absorbed
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cLue to the fsrma,tion of a solfõ solutloa, as for 0a.se (b,).

when a eertain pressure fs reaeb.ede & ßompoqn& wrtl formo

anê. h.enc,e s.oncentratlon wi.rr lnçrease at eonstant pressu.re

glvlng rlse to a horf zontal la Èhe Ëame aÞjnner as in Sase ( a) .

lfhe oompor¡nd. Tuf 11 , &t every t.ernperature, be ln eqirilibriun
wn.th lts t.wo oomponents, so that a; p-t or cleeomposltíon

Gtrrve, exactry analogous to Etrtor 6E in xtlg. g anet expressed.

by, the cLaueins-tlapeyron eque*tion, can Þe obtained...

$?ge (al ¿¡sorptlon of, the ges oecurs an& at a. certaln
eoncentratioa the solið solutfon separates into two partlalltr
miscfb]'e so,lld" sotutlons 

"

the tw.o eolid, solutfons, together with the g&sn con-

stitutE three phases, s.o the system will be univarf.ant Just
as was the c&se whea a eonpound. wa,s formeil" Eere, thenu

thÊ p*s crrrve will be of the saue t¡rpe as for case (o) .

Ðhe p-t curve, bowever, altbough. of the same forn as for
$ase (e), is not a cteaomposftfon cu.rve, ee must d.lffer.
îhe dliff,erenee between these two p-t ourves qan be shswn

by appi-ying tbe Clausius Clapeyron equatlon to them. fhey

are both ourves e¡æresslng univariant behavior so that
this equatlon must extr)ress both of them" Ehe equation may

be vrrritten ln the form

gg- q " Idt dvr
fhe slope of the eurve fs cletermined by the ratio

. å1I must be almost the s&¡ne for bot.h easesn sinee the
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d.ifferencE of specf.fle volumes sf thE eomponents snd. a
connpound, must be very nearly equal to the ôlfferenoe of
speeifle voh¡mes of the eomponents anË a s,ollð golutlon.
[he va],ues of q, oo the,other hanôu might ùlffer wiilel¡ir,
rn the c&se in udrteh a conpound. 1s forneð but no soli.rl
solulfon resurts, the value of Q. is given einpLy by the
heat of fornmatlon of the cornpound.. If, however, a, cottr_

pound ls fomeê aad. at the så¡ne time a soliû solution
results" Q wflr not be sinpleo bu-b mast be the al,gebrale
Sgn of two quantlties, thus

Q: hea.t of fomation of aompor¡¡rd. + heat of srolutf sn.
Fror¡ thÍs it t$ seen that, the p-t eurveç sf the t$ro

cn'ses may h,ave altogether d.lfferent slopes. wbether or,
nst e. solid solutfon fs formeet in t,be ¡Ân _ .H¿ s¡rsteno is
not knowa. flhe heet of fornatlon of at least one of the
nltrideE of nange,nese has been d,eterulned, hy aæother

lnvestigntor. one of tbe objects of thls. work ie to
cletermlne a ôecomposftlon sur've Eeouratçl,y anû then to
æ-ply the above tre&Êoning 1n the hope of d.etermining

whetãer or not a sollõ s:slutlon is fsrmeå.

Setting baok to the general. ôlser¡q,sío-n, however,

ft uust be Bointeö out th.et the sollü solutlon nentloaerl

above ie qst speolü{eel" $here i$ o 1nùqed., some @ri€ty

of posslbllity as to what thlE solutlon may be. It will
te seen that,
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(f) gÞ,seous oomponent anð solld. component

( z, gaseous component anù eomporrnü

(gI eompoun& and. solid- component

may be the oonstltuents of the slnplest possib,Ie solid"

sorutlons. very Llttle can be sa.f.ð about the misclb:l.lity
sf tbese pairs, It is probabl.e, generally, tbqt there

wil.l be am. lnsrease of miscibillty wltb tnoreasing temp-

erature in evernr e&se. rf tbls ls trtæ the horiaontars

of the p-o d-lagrams will not always encl a,t the sa¡me

verue of eoncentretlon, for ülfferent temperatures u but

may be lengthened. or shorteneú xn the various lsothermals.
fhls, of qourse, çen ocorltr onty ¡çhen the gB.s is one of
the constltuents of the solution. sueh behavlon !s eE-

trgnely r&re, itr faot, the fiyd.rogen-fq,l1.ad.tum system ts
the onry oae of thie true which has besa extensiveLy

stuåteô."

Ðhere is one sta.tement wbich meoy be u¿üe ag the

offsetr and- thet tE that lf soLlð: solutions ðo oCIçrrr,

the tine factor ls of, very g:reat importance. Phaee üia-
graes al.weye refer to squillbrlun cond.ltlons, ss that tn
experlmental- work it must alwaye b'e eertaln thet t.hese

osnðlti.ons obtaln. Sinee lt lgr krown that sollf, d,lffr¡slon

{tf¡e neehanism of nnixffig) ls a ver},' slon¡ proees$, tbø

exlgerimeuter must have perfect &ssura"ace of steaôy eoad"i-

tlong before an obsetrv-ati-on ean be eonsid.ered. to b,e re-

liable.
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From thÍs general outline of tbe types of behavior
qùfeh n*y be ensor¡ntereð, the methoð of er¡perimentation

wilL be Êeen to follow qu.ite stmpJ-y"

the existanae of at i.east two nitrid,.es of ma,nganese

has been houm slnee L894. $ntil very reoently, however,

none of t.he work d-one on these substanses has bgen ín the

nature of a Shasa RuLe stuð¡r. the neasurements pubtished.

of sush quantities a,s temperature of, f,ornatlon, tenpera-

ture of d.eoomposltlon å,Rû even of molecular formulae have

shoum ooasiûerable d.fverslty" Varlous workers have

suggested. that some of the nltrld.es, HB;f¡, sgf be tnl,e eon-

porr¡rds a,t Ð]-L, bnt nay he soli.ô solutions" Í[he objeet

of the preseat resea:rch rryas to d.etermine, by appllcatf.on

of the Shase Rure, u¡hfch of these ç,ombinatlons are true
nltrfdee ønê whleh,n if q;Sye &re eslfû solutions,; and" at
the same tlne to sbtaln.some measuremente of tbe pþysl-
cal quåatl-ties mentisned. ab,ove"

The erperinental work was t.o be carrfecl out in two

stages, each in a. speelal.ly oonstructeô. a'pparatus. |Fhe

fírst stage involveð the formstion of the eonpounê rieh-

est in nitrogenu whlle 1n. the latter stageu thls compound.

was to be c!-ecomposed. antL thE ô.eaompositlon pressures of

the lower nitrlåes measureil over as wltle a range. of ternp-

eratures as a glass apparatus w:ould- permit.

Ehe formatton of the richest nltrfêe was brought

about by heattng s*knoryn quantity of, powùereiL manganese
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ln an atmosphere of nitrogon ln a closed. system of known

ilolumg, lhe system conslsted. of a" meðlu.m sløed fLask
(Ebout 50O e"c.l, a system of stop-cocks by whicla the

apparatus cou]-d" be evacuated. anÈ nitrogen ad.mitted.n am.ô

an open menometer from whleb the gas Bressures vrere read

by neans sf a cathetometer. îbe ffrst step Ín the Þro-
oeeôure of formation was to ruJt a. blank; that ie t.o f,e-

termine the e4pansion curre eharacteristfc of t.he apparatus.

In a" syotem of thls kÍnô the gas pressures eaanot be

caleulatecl from Oharles la¡r¡ beeauee the enclosed. gas ic
not ar.l at the sa,me t,emperatu^Tso 4 tenoperature graöierrt

noßeËsarily exists fro¡u the furnace to the paats srhish

&re' at room temperatrlrê" llhe experfnental sìrrve will not

he the stralght llne of tharles 5aw but is boun4 to be

curved. stlgbtly ln suc-h, a wa,y as to be sLlghtly *?ätl"J'
to the temperature axls.

flhis curveü analogue of Charles lag, then, ws.s íust
d.etermlaeê by evacuatlng the s¡t:stem, adnitting pure d.ry

Rlt.rogen anå then taking; a preËsure read.lng about eve[Tr

looc between oo a,aü 55oo0 '
lflhe manganese sample was then introiluceð. and. the

proceeûure repeateû, As before the temperature w¿s ralsecl

by s1.ow stagee, ce,re being taken to gssnre 4.. eonstant

pressure before an observatlon was reoord-eiL" llottlng;
these p-oints another p-t, Gurre will be oþtainecl. lÐhls
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ourvÊ wijll show deviatlons fron that obtainecl for the
brank apparatus; aad. from the nature of these deviatlons
lt shoulô be possibte to determine what changes the
system ls unûergoÍ"ng"

Ehe processes w.hieh, in vlew of the above d"iscussion

of t¡pes, are llkel¡r to take plaee, wlll reveal themselves

as follows. rf thE seeond. curve follows, or runs paral.lel
to that for tbe þ,tantr apparatus, then ao abserptlon of
gas ls taklng praee " Brou thls it eap be aonclucleð that
nltrogen ûoes not form a soli.d. solution in manganssÊ" rf
howev.er, the seeond" sr¡.rve lóes at lower pressures than
that for the bl-ank ru,n, t,hen lt ls Eertaln that the nltro-
gen fs being taken up by t,he manganese, FÍg. ã fndíeates
ln a geaeral way how thls behavior nrlth alter the p-t
d.iagrq&' Err ls the e4a1o$1e of tharles lanr fsr the bã.Êånk

apparat¿s' ffi[ shovss the eurve, whish qrtlt be obtaineû if
nttrogen clissolves in nanganese giving rf.se to a, sotid.
solution" Ðlvergenoe of the two ourves vniLl be greater,
the higher the temperature slnoe the quantlty of gas

disso].veü ln the solf.ü ls a firqatfon of pressare. EM

then, Ls the nature of tbe curve whieh urlLl result frona

the behavlor of the type of ease, (b).

rt now remal.ns to intticate how sase (c) anð case (d)

behavlor will]"show up on ou.r experlmental p-t cliagram"

case (cI, a.s Trra"s sbown, resul.ts in the forma,tlon sf a

compounô, whlle 0ase (e) results tn the fornatfon of two
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partÍ.atl.y üisaÍb4ê. solld. solutlons, If eÍther of &heçe

two ty¡res of behavlor are eneou¡rterecL the curve KII wll.l

nst eontinue to ûíverge stead.ily from ffi but at a ceøtaln

teuperature antl" pressure a sharp hreak wlll occur as

shou¡If, at M" |Ibis inflexlon will qorrespon4, in either
ease, to the fornatlon of a compouncl; the ges phase wi1.l

begln to ðisappeer es concentratlou of gas la the eorr-

densed. phase inereases. thus the pressurê will d,rop at

constant temperature as sh.oune by MN. Solnts o,n thfs J.lne

üc not, of cousse, represeut eguillbrium eond-ltlons sinee

witb the appea,raü.ce of the thfrð phase the system beeornes

cllvarfa¡rt, i.t a glven temperatü.re? thenn both pressÌxre

aad. eoneentratlon ean be varl,eü by tbe experimenter.

Gorreeponôing to M}tro a, p-e or isethermal d.lagran aæ

be êrawn wbieh wJ.1L be of tbe type SXven 1a FÍg. 1.

llhe pressure g'annOt sontinue to tlrop to øe3s, how-

eref, beeause eventuatl¡r et gas pressure wlll be reaoheð

whteh wíIL be egual Ëo t¡r-e èissoslatlon pressure of the

eonpowlrl, Aa equilibrlq¡n wl1l then be establlsheð whieh

may be reBresented. as,

nerd{Ë = Mn*+ I{g

1$ represents thís pöint a.t which equilibrir¡m ls flrst
establisheü. flere there are three phases so that the

system has agaln beeome. rrûivariant. Ï[, thsn, is a point

on & u¡rivarlant curve; this ¡¡nivariant curve rmrçt be the

d.ecornposition curve of the compound.. From here ft is
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easy to obtaln other polnts on the d.ecompositlon ourve,

by simply varyfng the temBeratTlreo fhus lf the tempera-

tu.re Ls ra.isedl a llttle" the equilibrir¿n will shift to
the rÍght. ]lllhen equilibrir¡ra eond.itlons are again estab-

lÍsheû' lt wllr be at higher values of temperature ancl

pressure anð the polnt 0 will he obtaineð, In a similar
ruannFr a further inerease of temperature wlj-t result in
the point N, end- so on to as hlgh a temperature as the
appara.tue wiLr stand.. rnformation as to tbe foruation
of a soLlû solution in ad.d.ition üô the formation of e,

conpour¡û can, it is hoped., be gained. from the slopes of
these d,eaompositisn curyes as u¡e,s lnôlcated. above in
the general ê.tssusElon of the 0ase (al ttrpe sf behavior"

Decompositlon curves of the lower nltrid.es, as he,s

al-read.y been stated, B.re t,o be obtainect ln a noðlfleð

apparatus. [bls, comprises the seeonå stage of t,he work.

The apparatus whieh has been built for t:hls work Ís

a gooð c[ea]. more eomplieateü, tha,n the prevlous otte. It
eonsists of a, sma].l fLqslr, to whiah ls attaehed. a McTreocl

ve"cuum ge,u.ge, e.n open monometer gnô a lloepler pump. fhe

outlet frora t.he pump was tlrau¡n out into a, eapllJ-ary antt

a ùev1çe for collecting anâ measuring the ejecteô ges

was mad-e to fft over it. [he Mcüeoü" ûarrge was incluðeð

beeause it ís altogether probable that the lower nitriûas
wiJ.t have very smal-l tlissoolation pressures even at

relatively high temperatürês.
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:ìl The use of this apparatus ean be explalneû most

readily, hy reference to Fig. t. lhe nitri&e richest
ín nitrogen is lntroduaed. into the fle.sko and. the appara-

tus evacuateù. rhe temperature of the frask is now raÍseil.
to some suitabry hlgh value, correspond.Íng to whleh the
ooupounü. has an aBpreelable d.eeomposltl0n pressure o,f,
Ê&f, å to r, atrqoEphere. llhe gp,Ê ls thEn pumped. off by
me&as of the {[oepler pump ancl the escaplng gas eolleot,eil
aü.d. measurecL. lf thls fE ril-one gently, allowlng sufflqlent
tfme" it shoulð be possxble to break rlown the riehest
ni,,trld.e to the next riqhest compound., rn other word.s,

*he consentratfon of ges in the ognðensedl pba.se is slowl¡r
lewereù to such a. point that the nitrogen rieh compounü

ee€"ses to extst" rhis would. correspond to a polnt suoh

as t in Fig' t". rf tbe prrry¡ing Js oontinuecl, the pressure

sholrlü ürop along the vertlcle CÐ, after whieh the
pressure at a. flxed temperature must arways be equal to
the d.eeourpositÍon pressì¡.re of the seooncl nrtrid.en whic]r

wrll eorreesponô to the horlzohtal aB, the d.ecomposition

curve of thls conpounð can then be obtaÍned. by varylng

the temperatTlre, in the same nanner as has been d.esaribecL

with the first apparatus. thê sane processes oan then

be repeated. for the lower nitrld.es. Pressures may be

neaå from the open monometer CIr from the Mcleoci. gauge as

required.. Shis apparatusu ft is hoped., oan be maðe to
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servs üwo purposes, first, to measure êeaomposltion

pressures, anù seconôly, to determine formuLae by measur-

lng, acourately, the volrrne of nitrogen resulting from

the various stages of ôecomposition"

[his then, seens to give a fairLy comprehensive view

of the elms anô methocls of t'be present researoh. llhere

are other oonpi.laati,ons anù èifficulties, bu"! these will
be dls-eussefl as tbey s,re enoountered. in the text"
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reconelle thÊ fornation aad. d.ecomposÍtton of these sub_

stances with th.e pred-ietions of tbe phase Rr¿Le.

¡lo E. wa*enr was the ff.rst Èo observe a reaetlon
between nltrogen eürd. mangÞnese, He investigeteð the
aetion sf ammonfa on several of the common metattls e1e-
ments by tlre fLow method.. He notlqed. that when chrom-
1un, nfokeL, eobal.t or üêng&noue oxieLes lrere enproyedl
E nitriü,e of the metal. was ohtained". Irse of the eh.lorld.e
gave the sâ,me affect more reed,il¡i, Ee d.id not, however,
analyse for nltrog*a in any case but i:ro4, eed so dåa
not asEl$t any fomuLae.

0. Prelinger8 *a" r¡nabLe to eonfirn Warren,s elafm
of the forma,'tlon of, a nltrid.e when aramoaia gas ts passed.

over heated. nang&nous oxldle. rn the foltowing ¡rear heg

showecl, howeve,r, that when mnnganese is oxfd,izeü in air
sone nitrld^e ls forued ¡ ar¡d that ¡vhEn finely d.ivlôed
mair-¿g€,nese obtelned. by heating the e{Bp.tgan, is hea,tedl ia
q¡a atmosphere sf nl-trogefl, or th.e mercerJr ûrtyen off
fn this atmoephereo maJlganese pentitadlnftrfüe Mn5Is¿

ls forned.. H,e ü,escrlbes the s.ubstanse a.s having e cliltr
netatllc lustrer errd. uitren in a finety diviüeü concLltion
ls qoüewþat d.arher than the powc!.ered. metal-" on heati.ng
1n a stream of þôrogêtr, a¡qnonla is formecl, w,hitst lf
hydro,ggn sulphl.ü.e is substltuted. for the element s^rnmon-

irrm sulphiðe resurts, 0n treatment wlth ammoniun

ehlorld.e eolutisno &,ramonie,n hyôrogen, and. the double
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ahloric[e of ne,pg;qnese and. ar¡monla were obtalnedo
X4n5s¿ + ?OlIE4tt--à IZNEg + ?,8e, + g(NE+)A$ro0l*

on fuslon with caustic alkali a great d.eal of a,mmonia

was llberated.. üIhen thls nitrfde is heated. in amnonia

Et.' forms me:ngp.nese tritaùlnltrid.e Mragse. prelÍnger s&ys

ùhçr,t the trttad.lnitrld.e nay arso be prepared. by eubsti_
tut'fng a,mnonla fsr the nrtrogen in the preparation of
the pentÍtadlnitriôE. thf.s nitrtrle is d.arker in soror
than is the former, anð lt reaôlly acquires a brlght
metarie lustre r¡¡rd.er pre-ssure " rt þehaves towards hyd.ro_
g€tru lryðrogen surphtd.e aad. caustre soda f.n the sene ws,¡r

as d,ses the pentitaùinltricle" ffit ie acid. d.issorlves the
tritadinltriùe only when bot; þd.rochloric acid aets on
Ít only in ths presenee of platlnuln, aqu*. rogla d,isssrves
It slowl¡r'; sulphuric acid. act,s 'only when hot, qrrtl w[th.
the coneentre,teel a.eid su].phur d.lsxiûe is forneð; acetie
acl.dl has no actlon and water elowly forns ammonia. when

ft is heated. in nitrogen the pentitad.initr,iôe is forneil.
Sreleng;er ooneluüee wlth the assunption that malxgpûese

is qulnquevalent ia the pentitad.initritte anct tervalent
in the tritad.initrld.e,

A. GwttøA observed. what he berieved. to be tra,ees of
a nltrid"e among the proclusts Tuhlch resulteü when m&nganese

was heated" fn e4 atmosphere of nltrogen peroxrcle o vu. t.
Eereaus" agaÍn t¡fed. heatÍag the metal in en etmospbere
of nltrogien- as a resurt sf thls work he concrud^eei. that
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at le1.0 to 1?å0oC a nitrlûe is probably foqmerl.

three ¡rears tater Eaber and Von Ooro.t6 reviewetL the

subJect anð critioizeü the conclusions of Prellng:er anð.

the o.tbers. fEbey were of the opinlon that prod.uctf.on of
substances havlng d.lffe.rent maxlsrtlTn concentratione sf
nitroge,n on nltrogenation with nftrogen ancl a,mmonla was

not posslbLe, Bhey attempted. t.s explain the low nitrogen
eontent obtalaeê on nitrogenetlon wlth nlt.rogen by the

assum¡rttron that resiåual orygen la the gas used, baÀ par-

tially oxld.lzed. tbe m*4ganese. It may be saf.t[, however,

that al.l later researches have confirmetl Prelinger's

regults.
lrled-ehinô and. Yeit?, the next workers- in tbls fielel,

verffled t,he existano;r of the,two eompoundE urhieh Prelinger

hað üescribeû, $Þef äffeeted"'preparation by passlng Ary

ammonla ges over the powderecl notal vihlch was heated. tn

a poroe1aån tube. lhey extenileü Prellngerts work by try-
lng the preparatlon at th.e ternpera-ture of the oryþd-rogen

flame n qnd. aoticecl tbat the r"esultfng body hað a pronounee&

nagnetle property. fhis ft,eaÄiùo the conelusion that a
new nitrfûe MnTS¿ had heen forneel. thts hltrld-e ls quite

strongty magRetle a4ô shows eonsitlerable perran,ent nag-

netism" |Fhe magnetie property increasee ufth tÏre eomplex-

Ity of tbe oompounùs, thus, tbe beptitaôfnltriüe fs the

mast mqgnetle v¡bÍLe tbe trltad.initrld.e is the least

magnetie. lf'hen heateð the ferroroagnetism wa¡s elestroyeclt
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but returneû on cooling.

Eeneterson and. êatletly8 *.r" the nexb to fnvesti.gate

the na,ggro.ese nitridles. îhey were exter,¡&fag the prevloue

wsrk of Beilby anü. Hend.ersoa9 who iu an attenpt to finü
a- na.terfal sultable for use 1n tnbes for Eond.uctlng ammon-

la a-t htgh temperatures had. tri-ed severat metatti-c elements.

rn ertend"ing these lnveetlgatfons H.eniLersoa enð 6s11s,tLs

trle,ð a&on$ others, ns;EgaaÊBe" they f_sus'ð tået" when

m&figlanese ln the s.tate of a flne powdter was heated- to
abont 8g0o 1n a repið etreeq of a¡nmonr,a lt ls reaëfly son-

ve:rterl into a nitrlðe g&û a"t tbe sa,ure tlre. a ].qrge peraent-

agË of 'the anmonla ls d.ecomposed. iato its ale,ments" l[wo

d,ifferent speelmene of the altrf.ðe were for¡afr" to contaåa

1.9.6 anril r"4.af" sf nitrogea respeotlveftr¡ wht]-E ühe formula

SngNa rqquires L4.616, Evid,ently the oonverslon of the

metal, to the nttriôe is practigally,eomplete. wåth coarse

powûeretl netal anù at l-ower temperatures they obtalnert

proûuets oontatning 1O.1' to LT 8{o nitrogen, but t,hese uhen

examlnef, unöer the microseope were foupû still to eontaln

partfeleE of ,.the netalu aLL of which shoured, rouadçdl eü,ges

as f.f they had. been in a partta,lly fbsed. aonclition. fhey

ctescribed. the properties of the nitrid.e X[ng¡Ie and. showecl

them to be lðentloal rÊth those prevlously ðèscrf"be& Þy

Brelinger.
In the ss,me year zrrEoolo flEü].sirylng tþe leaë of
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Vüed.ekinÂ and. Vei.t, trieù to use the 4agnetiE property of

the nitrj-ùes to &eternine the reaetlon linlts. l[he

beglnniag of the action of nltrogen on mangs.nese waÊ

founô to oecïlr a.t ?8OoC. flhe egull-lbrium pressÌrres of
nltrogen over dffferent manganese nitrggen preparatione

werø al.so investlgeteô. Fron his results he thought be

squld" ñraw the oonolugj-on that the nitrlf,es consist of

sollû,solutlong of ni.trogea fn nangg,oese. Ee aaso lnves-

tlgated. the electricaL eonèuctlvity of, tba nitrfdes eaü

foundt then to be of, the sare oriler of nnagnitu&e as for the

pure metal.

Ffsc&Er and schroutu"ll hs.ve prepareå a nltrlôe hy

s methoù wbleh ls altogether dlffersnt' Thfs ts' tbe

fa.mous metboð suhlsh they heve enplo¡red. for fixing nitro-
gen to a great nar¡y substanees ' I[itrogen tn e ontaet wlth

mangqnese uras rentilere,A actlve by passlng' ea eleetric

ôtseþarge throag:h !t, lbey mad.e no attempt to a¡ralyse thelr

proùuet, ,but nçrely ülssolveü lt ln acld n ad.d.edl en exoess 
:,

of alkalt Ëüõ notfce,ð that emmonla was gtven off' Fhelr

procluet,' w9s probably a mlxture ef nftriÈfes.

In I9I5 N. îsphisahe*skyle pubtisheð a pa¡rer on the

lnfluenoe of atnospheria nitrogen on iron and^ çteel" In

tbe eourse of tbls work he investtg;ateð the aetlon ef

both a;nnsnia and. nítrogen on na,nganêsê o Ee used' the

flow-methofl but introtlueecL refinements @lsh hitherto

haü not been useel" Efg aim wesn prlmarÍlyr to sheô sotlê
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light on the qaestton of ste.bility of these nltnld.es anê.

on the lnfluenee of temperature on the eourÊe of tbe

rea,ctlons. g'l .L{o nangqnese, prepared. by the $olðschni.ðË

netbod. was uqeô" Ífhe apparatus eonsls.terit of 8, Iong firseü

slllsa tube, a portlon Of srhlsh l-ay within a Heraeqs elec-

trls fumace. Into one eÊal of thie tlrte the ar@onle fle.ð

nltrogen, wer€ introilused. af-ter puftficatlon, from thelr

respectlve sontalnefs, fhe 8e$ srrpplles were oontrolleô

by stop-eoeks so that a. supply of eaeh was avalLabJ-e at

a]-l time.s. flhe other enè of t,be tube w&s open t.o the

atmosphere to pernlt -the esea.pe of the exeess gSs" lhnougÞ

thls gnit of the trrbe the porcefaln boat aontaJ.ning tha

sa¡rylle of nelagapege wes f-ntroåueeil. Eemperaturee were

meqsured. by neaqs ef, a thermo-Jr¡nctf-on, wlthia thp tube,

eait pla,oeå immed.lately above the boe.t when lu its positlon

lnslûe the firma.oe.

The proeeeclure fo}towed. w&S; after heatlng the farnase

to a eerta,ln temperature, the faow sf nitrogen wqË stq,rteð

anrt the boat or boats aontalnlag the weigheð samples o'f

ma.ngg,nege lrere insertqê lnto tbe open enü of the tube. It

was left bere for Absu-b 5 minutes r¡ntll all the alr was

expelLeù" $be flow of amnonla was then starteü and the

nitrogenturged.off.ÀfteranotherSnlnutestheþoatwas
X)Us.heô into the ftrryåce' by nee,ns of a wlreo to a positlon

lmraeôiately be3"ow the thefmo-eouple. Introùuelng the ool'tl

'e-Oqt invarigbly lowereil tbe tÊnperature 50 to ?Oo' As soon
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as the furnace haer. regaineð its forner tempera,twe the
tj-ne was taken. From thls the faow of anmonia was oontin-
ueil for one hour" .å,ftEr thls period the boat was d.raw¡l

lnto the eool end. of tube, ancl alrovre& ts cool 1n a strea,n
of nltrogêrl. lFbe proeeecr.ure ín tbe nltrogination wlth
nftrogen f,tself was the sg,lqe exeept tþe"t a eontinuoug

strea.r sf nitrogen was malntained"; that J.e the metal was

heated. arrd aoo]'eci fn a flou¡ of nltrogen.
Aaalæsls- of the procluct was äffectecl la two @ys.

First, the l-nerease in mass of the sanple was el.etermlned

by weighlng; e'r¡d seeonrlIy, the contents of the boat were

d-issolved. in Lse.e" of conoentre"teô Ï¡yùroehtorfe aeiûo

heating sllghtry if nsceÊsarrr, rhe nÍ.trogen was ôeter-
mineriL quantltativel-y from thls eorution by mea¡xÉ of the
Kjelåahl method.. NesslerrË reagent was useel at tbe eon-

eluÊlon of the d.lstlllatlon to be Ëure that. no ammonla,

remalneö in the solutfen. llhe quåntlty of aitrogen ùe-

te¡mirted. by tltratlon shoulür of eourse, agFe6 with the

lnoreaee ln w$fi.g¡t of the canple.

{[hts w]hol.e proaess was repeateû at temperôture

Íntervajts v¡ithln the rarge ggoo to rãooo0, Ehe resulte
sf the nltrogenatfons nrlth both gases are exlgressgå

graphicalLy in Flg. 4.

From thg flgure lt is sesn t-Eat the sl¿rye espressing

nitrogenatlon wtth ammonla show.s a. naxJqr¡m in tbe neigh-
borhood. of 60000 sorresponêÍng ts 14. ggd/o of nltrog:en.
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[hf.s investlgator arso resor&s the fact thaf, tho reaetion

ls stroagly exoth.ermie as shourn. by the observation of
spontaneous temperature inoreases of as mucb as l0o frl the

nelghborhood. of 6OO0 o In this he is iu agreemer1t with
Ha.ber and. Von 0orðt6, above, who hag al-so notÍaEcl tha,t, tbe

temperature nose aË $oon as tb,e reaetfsn çomme¡.eed., pro-

f,ueÍE1g Euffislent beat to eause the ssltê phese to glow

wlth a &ull reð iaaqn&esoence. {[sahlscbewsky alss reeord.sr

the very interesting faet that the quantlty of nltrogen
fixeÃ by the.mangwtese rtiffereð by the two nothocls of
+iletermlne,tJ,on, vf.zn the pereenliage of nltrogen üetermlneÉL

by notlng the lnerease of, wefgbt of the mete,L was not te
agreement wÍ.th the anoUnt ûetermined. by the Kjetd.ahl

methoil.. tbg fermer method ind.lcateå a pereentage of
about ZO tn the reglon of 60000 w,hlle the KJetöahl methoû

ås has been ehoïrn gave L4,.6g% of nltrogen at thtp tempera-

tu,re. Ee fol.}o.u¡ed thls furthEs enö proved_ ühs,t an

ûissolvlng the pro(Luet ln a,elð ia preparçtion for t.he

Ejeldah1-, gas r¡ras evolverl, .å.nalysls of the esoaping

gaae$ showeê that tho üifferênse of, t,hese percentages is
actually evolvedl. rt ls to be notioeð that Blg. 4 e:qrreeses

nitrogen percentages as cLeternlneð by the Kjeld.ahl method-.

Althorgh Esshtech.ewsky did not hlmself, inüulgç in any

speeulatf.ons as- to tbe eauËe of thi.s evolutf.on of g&s, it
1s oÞvist¡.s th-at nst all the nltrogen is flxetr ln Ëhe same
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man¡Eer by the meta¡L. fihe, 14.59/, La no ë,oubt sonblned ï'Íth
the wetal aqaorclingi' to the form¡r1s" ffirg$A. Ås reggråÊ the

aöd.ftlgnaL 5,6fo, howeveru there are two posstl,llitles.,

FlrEtly, thle {Uantlty of nitrsg:€n mar be e[i.ssolveå ln
the sa'liel phase &s e eoll.d. sclution, emd seconetly, f.t na¡r

be conblneð tn soms nore oonplex maarrer thaq' li'he chsve

formtrl-a, f.nülcates'. One ggess ur,*rle.h ls not ¡¡¡Lregìsonable

ls that tt le csmblnecl la the fqrm. of a pefnltrldle" la
v¡hieh ca.se lt ts consievaib' 'e thaÊ on dlfssoLvfng Ín aatð

the nitrogen so fixed cl.oes not reaet urlt.h the acf.d. to

pro&uce the ammsnir¡W Es.J.to but !s evolvEð as elefte$.tery

nitrogen. llhe poaslblJ-t ty of a eoIf'd. solutf"on E].Éo may

er¡¡lafn the faets beqe.rree åt lç wetL knom thg-È el.ementatlr

nttrogen ln eontaet wl,t'h aelô EoÏ¡.t{.sng åoes not gf'vø

rlEe to ammonlunn salts. Eere then ls an interesting ques-

tton whleh ls stlLJ. open..

Âs regarels the nltrogonatJ,on rrlth nitrogen E'ig:. +[ shows

a, ms,Elmun corresponf,lng to ? ,85fo nltrogen a.t e.bout lOOOoCI.

fhe forgtrla lûng$¿ reqnlres grà4;fo, sç tþa,t the agreenent

here ls not ss elose.

rn geaerail, theno lsshlsobewsþy has ehowa thali nltro-
genation wlth Fnmonla at 6@0 to ?tOoG gi¡res rf.se tø a
nitrlõe of the fonqula hde, while nltrogenation witb
nltrogen at a,bout l0ooo reguLte ln a nltriðe of tbe for-
muLa" lfitr6ffie, flhe reasoa fsr these two encl products,

resul.tingl as 1+henr clo from preparations sarrieð out at
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&he seme preÊsure (atmospherlE) ðoes not sta¡rd. Ín agree-
uent wlth the general theory o¿ttineù in the introûuçtÍsn.
^a' very plausibr-e e4granatfon has bee'r glven þJr Gu.pnar Eägg,

anå u¡111 be eonsid.ereð later when hfs paper is revlewe(L"
s-he followlng year the üepanese investigator, ltorajl:ro

lrR
Ishlwa¡ra*" agaln took u4r the stuôy of the mag4.etle. suscepti_
bll1ty of the na,Rgenese nÍtricles, varf.or¡s workers had.

preVlquqly ma&e experimental ðeternlnatlons of the susoeptf_
bilfty of metal-lla nsngqeese anû hsð obtaineð wLüe varlatlon
ln the. nr&ertcal value. lFhe suggestfon haõ been naêe that
thelr anonalles nay- have their eryranatlog in osflrtrre$.Ge

of nitrld,es &s fmpurltf,es trn the metels, $ueh. nitrlôes
we-ro knou¡n to have a nagnetic property fron the work of
vúed-ekirrd Enû Telt end. othe,rs who have alread.y been rentioned..
Manganese ts very elose to fron ln tÞ"e perloõia &ruå.ngemeat,

a:nù Ilke lron none of lts eerts, or eonpouneis are uÞ-gnetle.

exeept the nitricles. rshaw¿ra, then, tosh up the Er¡estf,on
of the mgggretlc s,useeptihility of the nltrf,ôeE in oreLer to
Ëletermine whether ra,É.gê:nese is reåtly e. pseu€lo ferromagp,etlo

element"

fhe nethod. of hls, investlgatf,on ma¡r be outllneit as

foLlosrs. Ëa,nples of nltricle were prelnred in the usua1.

Eg¡¡, b¡r heating the powðereri[ meteJ- 1n a,g' atmosphere of
nltrogen or &mnorrla aÊ a g:lven temperatqïe? end chllling:
before removiRg the prod.uct from thls artmospbere" Strqb a

prooess may reeult ln the slnultap.eoes proôuetf-on of more
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tha¡l one aompound &s wes subseguently shown. lhe proctuet

so ob,talned. wae then exemined. thermo-magnetlcqtrry; that
ls, the nagnetfe sreseeptibility of the saryle was eleter-

miaeü over a wtËle renge of temperatures,n rf a fernomgg:-

nqtlc eompountl ls presegt, at A oertain bigh teu.perature
1t wlll deoompose, anû d[.eaonposltfon wlll be evÍèeneaù by
a falllng off fn tbe val-ue of the rmgætle suseeptÍbirity.
Reasornfng backwarös Ëhen, a d.eerease. ia the rF;lge o,f the
magnetf-e euseeptlbilf.ty ur,tth tlme may be ta¡Iien aE inelfse-
ttgn of the ôeeompositton of a ferromagletlc nitrlðe. .ra
sose sases he meôe uge of t.he reverse prooess, t.h.et f,s
Éhe s:usoeptlbllity røeis cleternfned whlte the sonpounil was

being form.erl.

rshlwar-e* sumnarizes the resur.ts of hls observatfons

as fo].lqws:- (f) Manganese artcl nitrog:en glve rlse to three
*

ferrauegnetl-e eubstanees in the tenperature interval 600
Âto L600-t.; namel¡r two nitråôçe anô probabl¡r e $olld. solu-

tlon. One of the nltriôes !s }Ângl{¿, the coruposftlsn of
the, othár two eould, not þe ascertaiaeô, but th.e¡r are

ðlfferentls¿tef,, from one another by thelr eharaeterletic
thermomaguetle curves aqü hy thef,r erltiea'l polnts.

(ZI *,mmonia affeats nÊnganese at high temperatqrss

ln the sane w&ilr as eloes nltrogen, ãn exeeptlon belng the
o€.se of e pa.rene.gnetLo nltrld.e &InãNe"

i ã") rn regard. to the ferromagnetle substar¿ce l{n7s¿
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inwhieh Weôekind- and, Tett obtained. b.y heatiag nangq.nese

anmonfa.¡ w8 aould. not oonflr.o fts exist&nse"
( 4) fh,e various va].u.es of suscepttbfU-ty of ma,ngqneËe

by dtfferent plqrsicists may well Þ,e ex¡rlained. from t:h.e

present experlments, as itue ts tlre effect of nltrogen
preeent in the arlr or fron ethen gour,oeÊ,, å,c the eorreet

value of the srtsceptibttlty of pure ma,nganeÊe we me$ there-
fore ta,ke 9.66 X 1CI'6.

rn onLy one c&se, then, waq the eompositi-on cletermlneci

and. this ws.s for the femomagaetie aitrid.e MngN¿, ÍEhe

methocL eqgloyed. was to hes,t powðereel ugrxgar,ese in æ atmos-

phere of nitrogen at looooG. at 50 mlnute lntervars the
welght of the prortuct Enô^ the suseeptibÍrlty were measurecl.

.å.fter go mlnutes the welght lnarease had. beeome very smalln

hrrt was Etill measura.ble, rhls sü.ell resictual- inerease

w,as sonslü.ereel. to be cl.ue t.o oxícl,atlon, as the flow,-methoit

of prepa¡a.üLon eg;a never hope to exclud.e al]. traaes of
oxygen. Salculatlon reveqleð 9.96r/0 nltrogen whieh le
frf.f].e too hlgb to eonform to the formala, MngN¿, fer ldriah

the value is 9 .?"6% nÍtrogen.

ft is seen that Èhese lnvestlgators mad.e no serlons

attempt to dletermine the oond.itions of formatien sf th.ese

compounelÐ,

g, gar,nsra&l4 h"* maû.e sane interestlng me*sufênreÍrt.s

.CI-f' the veloeity of ferüs,tion of the nf.triües of severa^L
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erements" Fhe rate of aetlon of a ges on & metal ean be

cletermineð btr sbservatlon of the color abgægeg of the
ruetel, w,bieh are ùrre t0 ebenglng thiatqresses of Èhe sur-
faee layer of reaqtlon prof,uet. ìl[he-p the a.atlon of the
ge;S on the netal te rqpíd., su.oh obsefvalions d.etermlne

the rate of üifflrslon o 1 the ge,s through Ëhe surfeoe lay-er.
Metal surfaces were e'xposed" to pure nitrogen, &t ðj,fferent
tempera'tares. Manganese at reê. heat, it was for¡nct, rnag

q-'how sll soLore up to extreme rec[, or lt ma4¡r show no ehangeo

d-epenð1ng on the orrglnal charaetsr of the surfaee. l[he

. veLoelty of J.aBrer fornation for some ea.ses was glven

€;raü¡hieally by straight llnes when N, the layer thickness
ls plotterl against log: t" Ilnfortunately this was not clone

fg¡ raqnganese. rn general, however, ilammaalg ouryes showetl

that for the same sauple there me,y be Severa]- interseetlng
l-lnes, e, second llne ðessriblng tþe thlakening of a seaonËl

treyer after the ffrst layer b.as saa].ed. sff. Ånother cause

of u¡rçertaln glope of these stratgbt line strrves was thought
to be the d.lfferent rates of pgnetratlon by the- gas through
elifferent exposqres of the atom grati4g: of, tb,e layer"

fn 19å9 Gabrlel Valensktl5 16, publisheel tno papers

on the aetion of geses oa metals. Bgt,h aåsorptf on anil high
terryerature sorTtlon wexe stud.ted. His hlgh temperature

work was earried. or¿t s'Long somewhat simitar lines to the
preOent reaeafch, &txr[ is un{Loubted.ly t.be most aomprehengive

stuêg of fts type thet has ever' beeu ¡naôe çf thip s¡¡stem.

ït wlLI, therefore, be revlewed rat,b.ep fully here"
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[he $tuðy o{ .å.Þsorptton

[he methoel d.ea]-e, for the msst part, wlth. tbe measüF€-

me.nt of vorume$ end pressures" rbe apparatus wgs cwrnlng;ly

construete& trn suoh & rs,naer the,t by nnee,ns of a s¡rstem of
stop-cooks, ft cor¿ld- be useê. for both the aðsorptisn Êr¡d.

the s,orption mea,su¡euents. By elosiag the stop-oocks the
low press-qre lnstrury¡ents were cut off f:rom the rest of
the eystem. only tho part of the apparatus which was.useð

in the sotlrtfoa d.eterminatlsns ur.llL be äeseribedl.

the me&suring: lnstrugents ecncisteeÍ. of a consta¡rt
pressure thermameter @leh d.iffered. from the ctasslas,l

þyp.a in that t.he open-alr rnanometer w&Ê Jolned. separately
ts the top of the gpaduated. cylinùer" the aðvantege of
this was th&t the n&rror.r brerrs.å of the rlsrral l-tube wes

elinfurated." 'tbe grad.uateô cytlnðer of t"hls instrrument

w?¡s rather large anö for thls rE&son Tv€,s enelosee[ la a

grass water Jacket to infl¡re &. eonstæ.t tenperatu.re n Ehe,

uÊe of the thermsneter Xs slmpI.e. [he mqrgurJr roservolr

ts slmpJ-y moveù so as tc nalntaln e eonste¡tt presgure,

ToLr¡me ch$ne;es are tben ritetermined. by' ebservlqg the ehange

ln the pe,çítfon of the ntniscas in the graðuated" eylineter"

Íhe eylind.er had a volune of 25O e.c. ar¡cl was eallbratad
ts "5c.o, [-hts ues the or,üï voh¡Be ealibratiEn neeeñsery.

From thls instrr¡gest a oapillary trrbe, lnterrupted. by s
three-way stop-cocÈ, Iead to a tube sontaining tbe rytÊl
which wAs sltuateð in a,¡r electr.f.e f.urne,ee. îhe third.


