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Fierås, aeåd þy åtsel.f is a viCIlenÈ exptrosfveo but Ë,ha

pt¡:re æate.rial melts aÈ Èoo hågh a temperature (teeoi f'or

satf.sfàeterSr u¡*11-.rnrïå'ng¡ xego betng the naxinum êenper*

ature usually allowed. Furühermore, lt is rather seneitive.

Sy tbe addftåsn of 2:.4,=dlnitfophenolo its melffag poínt

can be lowered i¡nti1 iÈ 1e beLsw the maxiruum a].lowed. sy

tlrf,s,additfsn it {s aräc rendered au!! Lees seasibi.îe.

Þrrfng Ëhe J.Ê.st wa,r' Italy and Sranee {l} used ,a Bix-

tune otr piorle e,e.id .and dfnl"troplaønsì j,r¡: Èhe prop,:rtions:

65É ¡¡ier1c acå,ê øae 51fr dÍnåtroph.er-¡eL" ürea,t Sri.tæã.n used

a eimå3.ar mlx.t't¡re" whåch was ealL*d r¡þellite{r eonefstfag

af 6ûft pieric ssld aad 4OS dlnitrophenol.

å s,ea¡ìeb'êhraugh tÏle avaåIab}.e }åËerature, hewerer,

resesled onl¡r one s¡rstemaËf e deÈ.ermf.nat:lon of the, s3¡ste.u.

this had been done by Bogojaw)-ensky {A}, the origtnal

referenee, was nst a¡raflable¡ br¡t håe values fsr the eu-

teetie aoæpo.sitlon were reporÈød in the Èilnter îetional

$ri,tt,eal f.ebtress {5} aç¡ 4V.5 rasile per ceut ef piertø

acld 157fr by welghti and. a euÈe,ergle Èeaperatune ef Bl.5o.

,å.l:ühoagh the aixture e¿ltred D.Shelllt,ê,.r 'wês a.n iapnev*

uent oYer the pnre pÍorle a,'cid-n å,t w.as stil.l not eoropleteLy

satisfaetory due.to the large amount of shrinkage whíeh

ai

.{
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Èhe ælxÈure abosed oæ eeüdlflcation¡ This shrinkage Leade

Èç Èhe foruation of eavities in thè bod¡r of the exploefve

eharge wtth a eonsêqt¡enl reduetion in the density of the

charge and a eorrespond,ing loss of power. These cavities

ean nat be filled by the ad,df.tion of more solten explosire.

If the shrinkage ta,kes place f¡iom the eld.es sf ühe shell¡

t'her* ùhere i.s a daager thaû the shell E¡ay prsÐåtunely' s!Ë-*

ptr-ode æhen flred fros a gun. Iü ie therefore desirable

that. thls shrínlca6e þe orrereoæe ån edme wâ.)'r

Ðtf'.., e; 3* Hråght suggastedi *èhie *o¡¿ld large1y be

avoilded 1,f, crystia]-1ísaÊis$ were retas'deé ¡rnti]. t.he metrt. had.

cooled ts rorm temperature, il

In or€er to aceomplish t,his end, .r,lr*. å." H. CamBbe3.3-

st*ggesüed.: rtlrat the prebÏ,eæ appeared &o be thaê of retalning
n$helli.Èsn ån the vitreeus eondåti.on', at teasü, for a tlpe;

:

afËer åt had esoleê ts room üeaperatüreir Ite had shown ,(4J

that ¡rhll-e it ças iæpoeslb.le to lirfl¿tens" ærr r*pontaneous
'

foruaûlo$ of -nuelei, Ëhe reloetty of growth could readl3.y

be fr¡fluer,¡eed by a-ltenl.ng,Ëhe viseosfty of the medrhuu, the

veSoelty being lees tbe sore vlseeus the reedi,um"

.å sysÈeæa.tLc lnvestfgatLsn was therefore earried out,

en Èhe systeei plerf^e eeid--2¡4-:dJ.nitrophenaL, as follewe¡

i1¡ EquiÏåbrium dtagram$

(2) Ðensity of all mixtures at 150oi
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í4! Ïeloeity of crystallisatt.oa ef the pure subst¡xnees

aad of Ëhe çuÊoetic coapostion for ånereasË.ng de-

.:_:._....-,:. €rees of supereoo}frngi.,..:. ..
'': il' '

tlnee. theee veluee had þeen sbÈ*Í.nedn the exper,!.aente

: ,: serer reSleeted using added maåerå,als shlc?l we hoped æould '

: -. . 6Basiderabtry ålrereeae "the vleeoeft¡6 end heæee deereaso tbe: : _.; :.-.: .:'. _.:. .ì..t.: .:.::: : :'.: 
: velocity of crysta}1isa_tåon,

:.......i. i,
. 1 ":._._
: .'.' .:'.1:'.':: ::: : $,ånce Èhe prable¡* fs very largeSy ona of r"etafdi.:n6 the

. æystellåssti.oÞ reloeLtyn Ë. r$ri6È:ÈeìFati.on of w,erk tha't has

been Ssr¡e on tt sl}l be åa o,rd'Ðir,. Tþ1.s ryil"X þe undert,aken

after a eirort d.i,searcsiøn sf þhe prLacåXrìLes of èhe ill3haseì

l

: beea glven,*
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fSIE0RETI g"fl,L ÐI SSÐS$Ií]IS
:

rn the 3.a.st qu4rter of Êhe eighteent,h ennÊur:yn ffieaøel

zn f,77?, and BerthsSlet ln ï?99, had shswn that. cheøícal::. 
.;::

reactiótrrs proceed. nnly Ês ¿ eertain point and ÈÏrere nake
t *,þ+1t.. 3{eay exam,ptr-es of' sueh equilibria were brought

'â: forÈ?r in ühe st¡ecee*lag aentury, bt¡t it sa,6,.nðt uatil
. .t .'

'-.:j.,:. 

. .:.'

",1"'|;";', 19å11ard fiåbþs Fut fortb ln 1ð?4-?8 e, theorern,, geaeral in
. .:_.: :. -_. ¿üe applåeatf.sn arid. eupS.oyfng na hyþotheÈical. assuæpi1ons:-:.:i:._.. F --* E

I ss Ëo Èhe, ¡rsfu¡re or eÞ-rïËtttatåon of *ra.t.ter, that the Êx-

; psrÈr4enta]. fepts *e're put on e, ssutld theeretieal be,sisn

ãeth ËenzeÏ. ahd'Bert'he}åeà''had, reeôgnåseg t¡re ir¡ftuenee

exereieed Try the ma,ss ef, the reaeÈfng' substanee on tlre

equili.brf,um çf the sysüee. In 186?n l.iuldbe,rg and '#emge
'

put'. the otudy of ehemieal equå3-åbria eü¡ a. quenÈLtative

basis in their üf,as of åfiass á,ction*. Eut, slnce i.t was

baeod on mo,J.ec¿rLar and kiaeË,åc ål¡eories, lt fr¡nstrve<i

cert'ain aesr.luptionË as Èo,ihe uature and eond.iÈion of tl¡e
st¿bstanoes teklng partn änd therefore it, failed when it was

npþríeé-fr sisteeÊ in wliish very littre Ràs káûEn ausut, tne
:/

molecular compS.exiÈy.

üåbbs ï¡ased l¡ås thso¡ries on the r-ass sf theffilodynaiaics,

anrd. in d,edueing ühe Lars of equiåxbrruso he rege'rd^ed a eysteu
o

as pðssesslng only three independently variable faetors¡
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temperaturÊ, preasuren Ènd the concentration ðf ttre

eoroponents. fhe aetion of gravity and other forces were

as ti¡e ophase rule{nexetrt¡iled" Ëis theore$, generally kr¡os4'as tire þhase r
d.ef,Êr¡ed the oend.itions of, eqlrllåbrium as ,a relaticnship

betseen tkre çpbåges* antd seoæpeneatsn." . . . 
,

, , Â: 4plrase+ iloÊy , þe, , eønçl eetry , êe,ftæed " â,8 ¡ sa hCI.¡cogeneous,

physieally distlnet, and seehanic+*lly separable ¡lortlon of

natter. lhus iee¡ waler, and vapor are th¡ree phasee of the

substa.nce waÊer, Fut a Bhase need, not be ehernlcally sirnple¡

for exasple, a soluti.en of Saül i.e homogeneous and ma¡r exist

ås: leen ssluti.sa; &grd,rapor, -&gafn ther.e ane three phases,

b,ut sne of the phee+s. the solutåon" iÊ now chemically Goffi-

p3.ex. Å s¡¡beÈ&nee havi.n6. allotroBi-g rÊodi.fleations exisÈq, or

uê,y exist, Èa ft üsen¡¡ phaseE as there allotropes in sdditi+n

to exÈs,ti.Þg. as a låqui$ ,&f;rd vapor pha*er Idowever, .this d.ees

not, Eeålr 'thet å11 theee phaser Êa.?r exist t,ogetber ån eteb3-c

equiåibriuna.
t 

. ' 
:j- 

:.,i-.

Ëbe *+oupoilenÈs,* of a e3rct.ep. are np.t synonyøsus $iËir the

+henåca1 ere¡senË; # e;*¡óurrd,s p:resent,, although both elenents

a;td +ompoundg, øÊðlt, þç. eo¡e5¡or¡çnts:. By- ,eemp-onenüs a¡ie geaat

an}.¡¡ thoee eonstit{rents whoss çsneentratlorr ean r¿ndq go åu*
)

depelrdent nerla,tåon ån. the di.fferent ptrases.. S¡Ínee .tlre lPhaEe

Rulea deals wíth the fåna} Sate and not with the proeesses

by wlrlch the flnal equlllbritrm ls at$e.1ned, theR only thoEe
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sonstfÈuenÈs whie,h Ëeke part in the sË.afe of real equÍSibriuu

are €ûnsid.ered"

lR ehsoçång Ëhe eompCIaeÍ¡Èsn the followå.ng eondderatíçns

apply;

tll Éèe eowponeRts arø to be chesen froæ aa*ong ,the

CoqståtuenÈs whíeh ere present when ðhe systern is in a

Etgfô of 'ã¡rue e.qui,l.ib:r'i.uæ, aBd, 'rrhÉ.eh, take þaft f.r¡ tbat equi-
.

l-ibriuu,

te) {e eeepor¡#$te'are to 'b.e ebcse$ th.e smal.lesb nuæber

of Eueh oeust',ituenüs necÊasarJr Èe expnees the composition, of

each phabe partielpating in ühe equili.bri.um, zero and neg-

ative quantities of the eomponents being possible.

t:¡ In any glven eysten, tire number of eourpenents Ís def,-
.,...

inÍ.t'e, but uay e-lter wiËl¡ an alteraÊl.on of the condåtions of

the experinent.

a systeu is defined enttrely by Èhe re1ation existing between :

:.

tlre nupber of the coËponênts and the phases present, rro â,ê-
'' ':

count being taken of the moleeul¿ur comp3.exlty of the partiai-
paùlag srrÞst'ences, üÐn¡'any assuuptl,on aade wf.th regard Êo the

l

eonçtftuËloa af ue.tËes¡ It ås further ibæaterial- sheËher lre i
I

d.ça} wlt.h p*¡ysäeet or ahenieal equÈ1f6råa., i

$ibbsç Fhase Rr¡I.e na¡r be ÊxpreËsed by tha f,oll.exåag

, eqtraËloa¡

F=n-r+2 er S:n+?'*f {5} I
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i where 3r * the degrees of freed.om, or narlabí1åtf¡ of s

, sgstem* n =¡ the nuæber of eompenents, ¡¿nd ¡r .o the r*umber

: tf phases. The degree of freedop, ie t:tre number of the
:t.: - ::

',",','.,::' 
, Ye,ri,å,Þf-esr¡ preg,suren temper4Èure and eouSlori3iefi whieh eugt

þe ftrxed in crd,en to perfectly defLne the systÞru.
I

Ia thts ínveetigatS.on, two eonponenÈ and three co&porient
..:.: ::,:
..::...:..::.':;::,.::-:j:1 ËJrgtçEs arê deelt wi,tþ and hence a eirort diseuesign sf

these follows"

Two Goær¡o*ent SysÈems.

3¡et ua eon*ider t,he followång Srossibi.llties:

f. Two eoæpon*æts eemp}esel¡r rofselble in b,stlr the 3.iguåd

and solid 5lhases.. {see fi.gure ì., i
: t*Ìl lhg freeøång-poi.r+t eslllbåJ.ity surve has ne*ther

a maxlæu¡n gtr a ¡nåniauu. :.

: {U} flre freeaing-point se}ubå1åty erlrve hag a uassfuar*m'

tc}. ,îhe freexlng-Sloiat sslr¡bilit¡r cerre $rets a nsin1muïÐ-

II. Two eompsr*ente eompletel¡r uiseåbLe in the liquid phaso,

but, enly partialry uriseible in the soïi.d phase; i,e.,
the two coreponents do not forn a eontlnueus seri.es of

solå.d ssluË:ises ( eeê ftgure 2].

{a} The fre¿stng-poin¿ sêrTrê eirhi,bi.ts a transiti.sn xroint.

tbl The fr+eai,¡rgpoåat eurve e:çhi.bit.s a euüçetie ¡rolnt*,

Ïå1" Twe eoaponente eonplete.1-]r: mf.sei.hle ån ühe llqLrird trlhase,

br¡t eowSrletel¡r i'mmfselbLe åh the solid grhase (fl.e, pl

-.' . :. r

:
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lhere &re, of eourse, other possibålåÉ.ies whleh have

b,eãn found exBerimentaJ.l¡r" but, these ånelude tiie type of

eurres found. ín thiþ investigä.t,ion e,nd therefore will be

sr¡ffieienË for Èhe present 8íe*us6åen.

as tire üfÍne types of Rooaeboour; a, b' and c of figure 1

being types 1", 2r and g lieepeetÌ.rfletrå*$ and e encl b of ftgsrre

? beång types 4 and 1 r,espectLfely.

Ðåsoueç,fon lçf tl¡e Surv+s,

þËEsdqe,Èi gg

8y aeanrs of ãne'Fhase Rul.e

g*ca thaä fer twç compsaerÌte exåst,íng

eqtretl.er*" Ét ca,n Þe

in one phase, F + 5|'

å.ê'¡ the dogreêof f¡reedoæ of &he sysËere Í,s thrae and. Èhere*

forê ühree var!_eblçs Hnast be fåxed in order that the syetem

way be pOrfeeËT¡r êeffi-led* ' Therçforc, Ín addltlsn Êo teæpeiieËure

ead presûTrrÊ¡ a Êhård, veri'Ê.Þåer iÇûrloê.'$tr.e.tion, ausü be eþaseu.

1o represent graBhåea11y the tøo component eystæwiti¡ ite
, : . , . . ... :t ..

three poeslble i.ndapendenf nar.iaü.Ío$s" se shor¡l.d requLre,

llbrtua, a thnee ço-ordfnate diagram fn spaee {see figure }}.
ì

lhl.e Ís a soLid whose axes Ð1, üÞ, and ûG represerùt tenper-

aturen presÉure and eonposition respectivel¡f,

Tils sur{ece ùFHt wsuld Èhen represent, the varLa,tion of

IlsgÉsuf,e efid teuperature, Ëhe eoneentration belng constant

a}'thetlghnot'***.uuu'*l3"yaerro"Th1såsca1-tredthe'pt*.'
dåagfaø, c ¡s ê, constantr





'i.'l.t'¡.',-!.
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ËisiIg.rly-we have¡ QtT"g, the tnc diagraur p = eonsüantn

and üFã{0* the Fnc diagre.m, t - eonsÈant. ?he taost eoumonlg

ueed representation ie t,tre t, e¡ di.a.gram. $he pressure iÌl
l

this råse is eonsidered Ëo be ccnEtaaå and at, atwespherfe

pr€ssurs" ,S,trnce most ef t}¡e propertåes ef, a subst,anee

r-equí.re eonsi.derabte eharrges of pressure åa srder :to Botice-
' ' ,.' .l:::ì::'

ab,ly affeeê them;e:g,r. êhe roe3-tåleg,;poiat.ffi a qub,s.:þnee le: .. : ..

ehaaged anl¡r by a few hrend.rsd*,|s 'of ,g' dogreo b¡r',a ehange in

Bressrlre of ane etreoeBhere, then the sÉfra.ål fluetuatleRs ån

atmo.spheråc pressure ean be dieregarded.
'..:

Ð¡r Èhus [reepir,rg one of 'the vsråab3.as cqï¡s:te.nto Èhe

graphie. rdp4es,enüe.tÊo,n, of f the ayrteru ås, aede v¡åry sueþ

sirapler. F.lg¡rres. 3-¡ â, and 3 êhen are onl.y eáe su,sfaçe of

tho' Ê¡ra€e dlagrau in whåeþ t:Fre gllreeeure is e+Aeta4å åeö

the teuperature and €oTleerìtFation úûey v&,ry*

fior two cornfoagqts ln two phasesn F * ?,, .3hen lhero

are oa},y. tgrs veyíeÞ;le,s æÏrieþ :ugsf. be firea 1n erder that

t-he eystçim Bf¡r be. perf,e y de.fi,ned. ïf tk¡e ÈemBerature

and e+røposätsn are fixedrrthen the pressure is eutoffie.tte*,

a3-ly fåxed"

s'sr üwo
.l

the fixi.ng ef

s¡rsteø,

çoæpsnents ån Èhree phaseso F * 1, ',$here.forç

one of Èhe verlabl-es perfeetl¡r defiues t,þe

the s¡rsteu be iavarlant;í,.€.1 f * ünIn order- t,het
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no 1B6F than ,four 
pfrases muet be Slresent; e.g.n sotridln

eol.idn+ liquidn and. vapor,

In the formatfon sf solid eolutioas fr+ro Þixture,s of

the fr¡sed. components, there are yeaLly two solutians, one

eoæplete}.y t.lqutÉr- t,he sther eonrp1.etely soll$. Tn gene:ra3.

the eoneent:iatl+n of the ty¡o sol?ljlonÐRts in these twa phases

wlll noË be thg sa,sre, a.nd, ea two cr,æves will be requinedn

ene referrl-ng to- the sqlåd 5*raee {so}.Ídus rupr6-, s in
ffgure 4.i an$ :the other refegring to, Èhe J.i.quid phase

{l-lqtrldus cl¡?:rl'e, å-}" 3he- t.euperatr¡re e,t whi.eh so!íd begins

üo be deposåted f,rom tlle 1å,qufd solutian is ealled Èhe free*íng

peirtt of tlre sstrutton or mirciure* ar¡d the Èemperatl.rre at

sshieh the salÈ.d solutioa juet beglns to l3.quefy io eaåLed

thd melt,lng painÈ of the säIid so.ì-u-ti.on. T}¡erefore fihe

TlquS,dus ci¿rvë le the freezirig point s.tlrvÊ, &nd. tbe ss3ådris

cÌ¡rye 1ç the raeJ-tång point eu'rve,

Ï, The two esî¡Þonents ¡are comnletely raiçcible 1n the liauid.-...:...''_-- 

-

and solid phases

dclsË1id.' soåÐtf on; befnÊ hou-ogeneÉr"es; ean consÈÍtut.e only

one phase; an,å on meltingr sinçe iÈ aust ¿selt to a hsr¡o-

gÊnesus ai¡qture, the melten soluÉlcn e+nsists of oee 3:hase

onJ.y. ff Ëhe vaprur of the twl con;uonents ie, ee,nss.dered Èo

be presenÈ, then Ètrç aa;rimurn nusber of phases possible is
ühr.ee- l4er¡ge F o L , e.nd lire s]lsäe¡n san rleîrer be*orpe in*
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varla'nt" Therefare, ähe egui]íbriuæ eurle sust be cqn-

tinuous; i,"Ê., wiühout any breake or paints of infleetioÌl'

fggp.-4. *E.hg rîe,?'zins: qoi nËg q{ .õ;t-tr¿ëlg5gs-Líe þgþFee n-

Since w€ arê dealång sith solid eotr-rrtlotts, the we}tlag

point" eurye must alsa þe esntlnuot¡S, as sþownr The reLatíve

posltious of, åhE üwor eürves, w,hf.eh has been dedueed by t'herno-

dynaules a¡*d also by expertæent, f.s Eå\ren by the rl¡}e; {åt

gr*y gfnen ùeæperature" the cousar¡trq.t*sa tf that eompollËnt by

the addition sf uþ¡ieh the freeAing-point is depressed fe

greæter is¡ the lnquld tiran in the sstriÓ phase; âr'Esnversely,

the concentration qf that coilBonent by the addi'tion of rvhich

the freeøÍ:rlg ¡roint 1s ra,fsed, is greaÈer in ttre salåd Ghaa fn

the ligui4 phase

tn cor¡].1ng a fused æ'ixture çf two substanees eapable gf

forruing s0,1id cef.uti.o*e, the teæperature of, solå.dlf1eåÈX.on
:

¡rÍ11 not qemain eonetant dtrrf_tîg ühe eeBarat$on of tlre sotri'd¡

nsr wil1 the tem¡rerature of, liquefaetion of the soItd soLtf'tlor¡

If'1e take a wåxture of Å and. S {eee flgure 4} çf sou-

posåtion. and teuperaËäre r'epreeented by x¡ a.ad allew it to

eçaf. e3-ong tbe line x4rn. tk¡eltl a,t ao where i? çtrikee tåe

lfquldus eur:ves soLl"d trÈL1 begi.n to Éepoåf.t whose eompogition

ts gåven by b on the sûlidus elt¡rre:. {a and b ¿*re at the same

1.'...r.i-:-,it:l

i:.;'::

the f,reeal oints of the comæonentg* (fi
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teuperatr¡re. ) Slut sinee b is rieher in E, the composÍ.Èion

of t}¡e l1Euld €r¡sè raor€ in ?.he direeËien â-td* The øompo-

sitåsn of the sslid solution luÍl1 af Ëhe eaæe ti.me eoye

freæ b-+G,, providing ne a1.l-ow suffieieut tå:rae fo¡e. the s;olid

uolr¿tlsn to undergo ehange by diffusion- Wiren the eolid
:

solutior reaehes e, the li.quid wil-l have solid,ifled coæ*

pïeüely ,ôÉ a, so1-íd es trti,on of the seme eompos.übion as the

o:r ã. ginal- '"åi gÌIf d.-;'
;::::. -..- r:'r:-'.;.

fiiæi}erl.¡i'' &eatlng sÞ ¿a sol.ld err}utlon of ,a eornposltion

and tewperatur€,, är " rieltlng s,Ëarts aä e' giving a llquid. ef

ebnpo#åon d, rícher in .å,, and there c¡re i.bs: eor*poslËion

srã,l} &.orç in the direeËi.ôÞ G,+b, ,, ?he eeæSes:tl.ou sf the

liquitf meanwirlLe rvill Hove in the dlrectisn d,*a" Fånally at

a all the solld has melted to a liquld. of tire same eontrlo*

,eLtf ûn as the erigi.naÌ'solld" ?he proeess sf Ìi.quefactåsr¡

o-¡r solidåff.satf.on iç t,hqrefsre extelrded oyor the teuBerature

intervsl ae.

rype-I1: rhe {reezing poiqt curge-Ba.sseq tl-rT-oqËh a ryaximuq

In this el¡rlre {see fi'gure 1, b, i" the freeaing point of,

eaeh of Ëhe eoæpraÊnts uust be ralçed by t,he addition sf the

other eomponent. À.t t,he maxie*um point the ree,Ltlng and fr.seat,

iug eurves touch, and therefore the eomposltion sf,the sclid

and }iquid pha.ses ffi¡sÈ, be íûent1ea1,. .f,herefor,o* selidification

and l.lguèfaetion ¡çoul-d t.ake place eoæpSeteily wåthou€ e]nrange sf
teuperature. ideuce e solÍd eolutlon at the maXirnum wsuld ex-
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hlblt a defínite melLin6+point and wouLd behave like a

simple substance; i.e.', like a compor¡nd ,â¡çBy- .Ëach part

of the surrl,e on ej.ther side of Ëhie *eingulaf,ft pr:int be*

hares like tyÞe I. Yatz åe,ar shswed ther¡aodlrnË.qiee}ly that

it sas i.rupassÍbLe t,o have a. æax-f.æum unLes* a conpeund was

formed. 'Ilence type II is iust type I t'sice tver;i.ê., wê

havs ühe eoæponefits å and åxfu an sne systeæ; and å,nffii. e'r,td

ts as tPre stlrs,r sysåenù

Type III* The freezlng-Bgi-nt curïe- pas

In tþ¡is ease a miqimum freezing-point is obtained- br¡t

it is stltl a e.ortÈilr¡¡qus Gurve due Èo the exisËence of solid

solutionç. Srr the one Ëlde of, tire r¿lninr¿a poÍntn the liquld

phase contains relativei¡r rnore, on the other side relatively

less of the one eo¡aï)onent than dees tlre solid, phase ¡dhiLe

aÈ the ¡niniurrm poåat, ÈÞe eorírposiÈion çf èhe two phaees is

Èhe ser*e- lherefsre eowBleto sslådifiqatÈon ãrld eümp.Le+e

ltrquefae$åoir will occur at thås poinÊ withsut ehange of leu*trr-

erature, st.rld. the se1.Íd soÏ.uÈlon wåXl aecordlngl¡r exhfbåt'a d.e,f-

åni.te ueS.tiag BoËnt'*

II. The two eomponents do not form e. eont'inusus seri.es of_.r._:,;_ #

eol-irÍ sol-rltions {buË the liquid eosroonents are conÐleteLy

gåÊg¿b}e.-)
l

TfÀe salid eoæponènt,s .& and B aie not eoæpletely alisei.b1en

^t*eaee È'he sølid. eouponent å" e¿n *issolve tÌre soilc. eomponenù

B onl¡¡ unti3. tl¡ä esncentraêioa has reaEhed a certaln velue;



(14)

ûn addíng e, firrther quantiÈy of En the e.omSrositlor: çf the

saLíd sol,r,ttÍen rril1 nst be alõeredo bst there wiLl be forffied

a seeoad soliÉ phaee eonsieting of a solutíon sf ¡t in å- åt

Èhis poi.æt f,or¡ri ¡rhases ¡vlAl caexiet; nameLyn e eulid, sslìrtåos

with eJ(Gèss Ao Ð solid aslr¡tion Ftth eæcess Ë, J-iquid e-nd

vêpsrãtr:. rlqnee F' ,* ß amd, an inverleRt point f s oþtatrned- The

te eurves slll. no longer be.eonüånuolrs" but sitl exhibit ,a

dåsecntånuitg at åhe peint at wþfeh ?!¡e ínvariant systeæ f.s

forned.

T:rne I9. The freezinc-potnt eurrre exhiblts a transition Þoint

-

fbe b€}¡avå.oæ sf Èhis type 1s represen¿e.d å.n flgurs 2n E*

The adðåtåsn ef S na.f.s+S the Ðeltlrrg point sf ån the eoneenttra=

tion a.f B be,Íng gree.test in the soti.d solt¿t,ferli"n aeqardsnee

nith the ruSe previousJ.y given. The melting poånt ef tire sslid

sol.utåor¡ ls represerÉåed bJ ,å8, and Éhe freealng+pülnt of thç

3lquid soLuåion ls reprÉsen.Êeü b¡¡ åË', the addÈtion of .& .losers

tha ueLüiag point of, B, gtvlng the eurnes Fü and BE".fcr tbe

l.lquid and so.tå-ê phaseb, .åt the temperature of Èhe Låne gÐ&i,

equåtrå,brfum æith the twa Élffepent se}.{d eolirtians represent,ed

þy Ð and E- lf-heref,are at Ëhis' teæperatur,&, $ + 0,n and both

the sel5.dus aad li.quidus ßuriìres must exï¡åbåÈ a di.seontlnui.t¡i'*

lyue fF.l TÌae ÊeeaX¡eE:-eoltrt eurve e:shfbåte aa er,iteetie æoiÞt

Thås beh.evtçr ås represented by f,Ígure ?o, b,- The f,reeE-
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ing*painä of eash of the eoirponerrtç is"Lowered by the addiêion

of the other, until, &t last, e. point is reaehed. at which Èhe

lÍquåd Eolidifies to a eonglonaerete or mi'xture of Ëìte èwo

ealid ssll*üÉons. fhås is the loøe.st æe}tíng psint of ?he mis-

Èu¡"e-anÈ is e,e31ed an euteeÈie point. At tire euteetlo the

ligr:åd is in equillbrium wltlr tws dlfferent soliri solutions,

fh,e es*tos-.i,tiion of thece b.ef.ng represeclted by polnts l) and S"

Ëherefore for a ltrquåd of eemp+sf,tlon €" eampleÈe soåidificatÊon

will take plaee at the ten¡rerature represented. by Ëhe goint, 0

to a conglomeratue of Ð a.nd ,ï,

.Tn Èhe exËrene eãÉe of type ïf-n where Èhe eoeponente .è.

and S ere eomptretoåy æiscibl.e ln the tÍquid phase and esw*

p3eteLg, or aJ'wost eorapleteåy, Ísæfselbåe i.n the solld phaseo

Èhe euÈeetie line (or what, wao the sol"id solution Line) ex-

tende compl-eÈely across Ëire tc tiiagra.a* lhis is shosn 1n

fí,6tfre .ff¡' 9þere fe êhen p:raeÈieall3r r*+ eeLid eeluütron so

that the euÈeet'ic couopos5.tlsn becoües merely a mixture or eon-

gl.oeerate of pllre Å end. Emre S" Ëhls i.s ühe type sf, beieevlour

feund :for ths.erplostve s¡rs-êem* ç'e have, s"tudÈed*

ïf e, mixÈUre sf eoaposiåion and te*perieturÊ represented

by x {Eig$re 5* } trs :èeg}.ed dsu,Þ; thetr nhen ttre tempårature

rea.ehes Ëhat ef point æ¡ Ào1id,t srill- begin to separaèe out*

'lhis separatlon wi1l be accompanå-ed by ttre he.a.t of solidlfå-
caÊlon and will ehss up on a cooling curve as B point of in-
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f]-eeËísn. sinee thez'e is new less .å. in the mixÊure; that is,
the líquid, the composltion ¡s'111 move Ín the d.lrection Gr *Gr

ui¡å1e solid .å w1ll be csnstantly depo*É,tÈ¡d as the t,emperature

falls. Át point tn Ëolid, B w111 hegin to separate s.nd the

temporeüure u¡i1l thcn rersaiR sanstant wPri1e eolåd ê^ and solåd

B separ.ate la eanstant propertirns; i.e;, ttie pnoportions

represe$ted by tkre eompasitLon of o, unt5,1 aLt ls.so1ió. å,

sími.le.r ana3"y*ås hoLÊs fpr'a ].åquid sn,the oü'rer eid.e:sf Èhe
I 't.'

euteetie eompos{ffon. For a liquid of the exaet eqÈeetie ooxn-

pøsÈxon, tþere w:t}l be no preL'íroinatry sepårat,içn of å or å,

Theraforen at älie eut,eetiq, arl t¡Ìie LÈqålië ryåLr soiidify ¿.t a

' eonstsnè ËeEperat'ure as thougir Lt were a grlr,re su,bstanee,

EHqee QompoqeErt $ygtems.

ûnly a. shsrt discusslon of the gra.phieal representat,ion

o,f thÊ çage çorresponding to the extreme oË.s.Ê of, type y of

thetwoeom3ronen't*y*tu*r¡i1].begivenhere.

lhe t]eree eo,øpcinent syetenno coàsisting of the thre-e

coÉ¡ponents 3r, Br and Q can betr.represented by joining the

ti.rree poæ[b]e two eouponent te dia.grams, ¡t¡8, .{,:û, and F:t,
prisu belng a.n equi-

laterat triangle. The faeee of-the prisnr (see figure 6),

.å.ÂtBtB, 4åt$.,rt, axrd BB*r,s:tg, the* represent ttre te di.agrs¡as ,of

tsro $.emp€nent systems, S¡B, -å:Sn e.rtd Ë:€.. 1 The edges, o.f the
p:ùsm, *,4!ç BBt* a.nd tCt'reprçsent the pure esËpofienbs å*, S+
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and û¡ shile the lnterior ef the grri*n represents the effeeÈ

of the Èhree ûÐspüÐente upcn rne anothÐr. Temperature Ís
represented by the height, of t,he prisr*. Thus a hort¿ontal

secti+n lhrougir:i;the prisn u{11 be an isoüå:ermaL eind wít"l be

re}lreseated b¡r eln ÐQtri3.ateral trianglen wlrose sídes represent

the two eoarpcnê:ftt e¡rsteme and whose inÈeriÐr reT;ï.esent,s the
+1

three component sysêem, The pointsi;wllI, of course represent,
1the pure soínpqnerrÊs- : : :

ÏIovrever, thís sa.ule equllateral triangle ge,n ïepresent Èhe

Frejeetion of the eurvee lnsi.'de the prÍ-sm onto itc b€.se. rn

thíç GEË€.¡ the ?eæpçrsture of eash poi.*t. srust be is¡d'i.cated,

H1 , E2 , *nd Sp on both diagreros represent åhe euteetfe

eoaposåtlons of the ci¡etenør, .å,rB' ts;Ç,, and #:.rl respeeÈively.

Ð4 åe ùhe ternary euteetis. giE¿ Êhen reprÊsents ttrre eff,eet

of adding ü Èo the euteeLie of s,:E and. is ealle an euteetic

ürough. fË ls ast r¿,eeessar$.J"y süraight* .üimitrarly for BgB4.r

and Hpã4, fr4 1s Èhe lewe¡st poinË reaehe{, far t.he three nen*

ponent system and henee ts ealled the ternary eubectic.

For a three component sysÈen, wÊ have¡ F * j * ? - r"
Eherefare the nuæber of phases that muet +oexåst 'ic seen to

be five' i{enee at the ternary euteetie ee ruusÈ have:- liquid.,

Yapor, A, B, and G as' sol1ris, coexi.sting at a temperature and.

eomposition fixed by the nature of tlre system.
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fhqoretfc-a.L þÍeeusslsa on the Tel.oeåtrr af tr:r$tallisatiorî

Sinee the problem is prS.maril;i. one of i'nhibiting or

slowíng down erystallisation uat.i,I" ühe uolten exploslve
thas eooled tç rocm temsleraturaeå í.e.. the at,Èe.irring'of a

la.rge degree af supercooling,n a díscussion of the theory

and. meaenrema¡efo of tire veloøiÈ;r of eqys'åa}11sati.,en wil,l,

be ín erd.er.

Iu the foLlowi"ng discuss,ion, åÏre pt*rase .n veteeåtE
..

of erystaLlisaü.ionü wí]-l be shortened Ëo'û-.V. {erystal}-
lsation velocity.).

lfhe f'issfl experf¡nente on the velo:ei.ty of eryetal.lisatt ou

were maße by Gcrnes, ill 1.¿Ì82 {6} end 18-S4 {Z} on phesphorue,

Further experåments we¡ie ea.ryled out by hiæ sn suþhur in
1884 (8,9)-

Ëinee the sol:idif,leaÈirlï¡ of a supercooled eubsÈanee is
aceoæ¡¡anÈed b5r a libera,tien ef the heat,,of f*eisn e¡trose effeet

'i

is to raise the teuperature of 'f,lre adjacent layer, he said
l

that Èhe ra¡li.dity with wl:íeh Èirls es}litifieation proeeeds
i.

depentls on this heat of fusion. Therefore, in orden to get,

reBrodrretble nalues for the S:,1. it Ls neçessary Èo have a

thread of the su'¡rel:eroled l!.qirid i.nff.nítely thf.n, in order

that the heaè of ssli.difieatioa æä,y be remo,çed as qtrl.ekLy as-

possible.

fiernes, f;our¡d that åf, the sr,þstsæce lrõs poured. into a.
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t}-tnbe wþose inner díanet,er råíd not e,xcsÊd 2.7 sil,liwetres,

the ínfluence of tbe heat of fusion was negligible, especially

åf the sa.Lls ef the tube, were thin, 'Xhe tirln slall would al.low

tire heat to e,scape qulckly luto the supe'rcsoling bath. Ïf,

the diase8er of the tube exceedeÉ 2"7 ø,øt he fouad tha.t 'Êhe

Ë,S. f.ncre,ased usth Èhe df.e¡úe¿-er of Slte tube.

In his measurepeæte en'the g-S" of pllosphoru*n üernea/

carried s¡rt'ehe foJ.low5.ng treeÈneråt wþåøh 1s the standard

lrroceelure for measuring the C.V,¡
-n,,ì ,,.:,.';, ,.. ; .-3

Ile. hee,üed ÈhÊ,ll*,tilbe eonÈai':Èång :tl.re phosphonus fer f,rom

15 to 3O nånutes 1n a bath aË a fixed teæpera$'nre above the

ueltåag poiat of t,he phosphorus. ihe iJ*Êube n¡ss thea qrriekJ.y

Èransf,erred èo a bath of waÈer kept at, a itxe¿ degree øf euper-

cooling, It TFas allowed. to rema.in in the baÊh, undisÈunbed.,
l

for, periode of, tåne l,l¡i Èo.;:6.n hor¡r or eï'erÌ ïflore. The ery¡ilstalL-

isation rsas then ir¡tigated by touching the sìårface of the etrper*

eooled phosphorr¡s ml,thi*the end of a ea"piltary tube from whieh
l

prejeeted a, thread of ss$åd,pllospho.r=i's- ,{t the moæent of

t,ouchlngr a stoþ;wáteil wae'Êteftedi ffhë& the cryst'alåf cation

reaehçd the desond free surfe.eeo the stop*wa-beh lvas otagped*

The ü-V. EË.s then eelcul+lted by :OivirtiÐg t,tte distå,nee between

the free surfaees by the Êi.æe taken for tfie erystalJ.treat*+rr å-s

treverse thís d:i.stenee, lhe ueual untt"s are mål.limetres per

minute.
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This nethod. of ueasurång the t. V,, howevern te nos

fio{ri.fled somewhaÈ, Instead. of rcoasurång tF¡e dåat'anee froæ

f¡lee surfeee Ès free surfeee, only ÊFre disËança dswn one

ef the €r&s sf, the tube ts taken- tuaveetiçn eurrents, due

ts the þøat I'iber¿rtedo wake ü.he, *easuresents ugwards in the

tube unrel-iable. 
,

*erraeg fs¡¡nd bha_È no setÈçr üe whaÈ degree he, heated

the phospåorus absve fts aeltång 6roi,,nt (up ts a liæít of,

2L5â) n, üite G.V. rsas nst seneibl'y ehanged for any fixed de-

gree of sugrereoolS.ng- F¡rthesoors+ he feuad; thaÈ ag matter

,how narey prevlous HeåsurerüffrlüE had been,made on the pheegrheru,en

the values fsr thÊ ü-V. reaalned the sarae

Fsr sul.phurn howsver*, å,he above ¡result,s $€re noü applieable;"

I,t wes {eund åhaÈ ã.b r+å6hl have ü.ifferenÊ nalues aù t}le Ëåmç

degree of superøooling de,pending on å.Ès previoue treaÈmeat.

gTrfs,, he e,serl.þed, to the alloÊrgÞf-e 'uodifLsatíom of selåd

sulphrlr, and ts the d¡ruaqlc,'eqrrfffb"åum ef molten suilphurn {fO),

Ëtle lengt'h o,f, tlee durlng whieh the sulphur reæained I"3.

'the bath llt w,lr{Ch {ü wás héated abave it,e üe1tång peiat* and

the temgleratt*e å+ whieh lt 1tas heatedr, uer€ f,sunê to'haye

au indeÏleudenþ, éefinite fnfJt+eneê oÍr ÈIre t'f. st arry 'given

d.egree of aupereooJ,.ing* Free the rasaì.ts whieh he sbtaíeed,

froaø thÈs e'eri ee s,f ueasulreaenÈffr, he was eble to shos Êkat

3åquâd eulphtrr wa.s abÌ.e to undergÐ e tcodffLcatlora sl¡lêt¿ de*
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¡lended. sn the durat,icn of the aet'åen ef the' source sf . hea¿.

This æodifieation u¡as fouird to persist for a t,fune after Èhe
:

liqr*id was þreught baek to lts lnit,iel cçnditisge. It wae

found that the e.ï, for sulphur also depended on shat erystal*

líne fora had been used to inaculate the supereooled liquid"

üernea said that the t-V, was propsrtlsnal to the d.egree . :

,

of supereoolfilg" Þuè hie ffiçg,sl¡re*lenèg were noÈ earyled:to i

- --A - -nore than about ?OË below the ueS.ting 3rolnt ì

AfÈer $ennez8s work on phosphorlrs aed. sulpltur" Hoore {L1}

æeas¿rred tìle ü¡ Ë. of; g1aø5.s¿l scetf.e aeåd an,d some oäber orgenlc

eompound.e. i{e confirmed Gerne¿rs results as '8q the dependenee 
.

af the C*Y' on the d.egree of supereooling, br¡t he.dié not find.

any diffetrense in t}¡e value of the C.T, with dlfferent¡*ethod,e '

ef lreatmen'b' ?hls lre erplai.ned b;r sa¡rång thaß êhe qaterfale

wi€h which he worked dtd not have the peeuliar nature of

sulphur- :

"å,t the temperatuve at shich spontaneous er;rstallisat,ioa

þegan Í.n his supercocled. liquidsrl Sdoore detected a decrease in
the rete of incrë&se in the {J.,IÊ;iì: He aÈtemBted. to tr*lsh hls

&es-suremenÊs- to a greaÈer rÍ.e6nee..of supo-rcooling in s¡rder to I

- confirm this pheRomene., but ln spite of bis elaborat€ pre-

eautlons, he was unabre to do this beceuse of spontaneouÊ

crystalJ.isatlon.

-I¡Íoore shoqred. that sith tubes of frou 1 to ? nilr-iuetres
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in dianeter, tlre t, V. díd not depend sn .ti:e diar¡eter of

rhe tube. lïowever, his ileasìireraents dåd not ext-end to

large degrees of supencooJ-iirg. ' ''''

He aÊtempted to increase the possible degree of super*

eo+1ing withouÊ sponëaneous crystall.isatlon Þy usning a r¡ixtu¡re

of two siwílar substã.neêsi ê+g'¡ p-Ïre'n+l a'nd c:'esol.. i{is

results eiresed the,t a grea.ter degree of sr*percooì-ing coul.d

not be cbtained" {tr ha.ve fotrn€ tha.ü it eor¿ld þe'¿to *" alxtures}

$e natåeed" howener, Ðhat' Èi:e additåon ef eresol haÉ a Tery

mafked. ef-feet in reducing the 0.T1". of'the ph*no}. tI tao have

nståßed åh1s ån the mixtures of Éhe ercptr,øsives' )

Turoï'5.r2 {1?) invesËigeted tk¿e sirper€oollng of water anrd .

ol¡tained. t,he folÏowing results:

Tire velsciËy with sh:ieh the solidifieation progressed in

supereosled water, ir*creessd eerrstauõLy and rapidì-y wítb ÈLle

degiPee of supereoolingr nåe ;lointed sr*t that, the $.Y.' al tlrryi'

g'iven degree af supercoal.-d-ng fluctuated. somewhat' 'l'iris was

due, ire said, to the uannÈr in which the erystallisation

'¡lrogressed, Fsr examÞIer" instead of cryetaliielng straighÈ

do,wra Èl¡e tube" it änight crystallise i.r¡ ,a twisting plane*

I{enae it sonXd s3}pee.r to bc s}ower, Seçause of such irreg*

ularities" the veSoeity aigbt "W during the, cøurEe of, a.

single experiiaent.

By neans of a roathemaèåcaå trea.t¡sentn lumllrz shov¡ed.
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thaË 1f liquid sulphur ls made sslid by supercool.íng r¡ntå3

its viscosLty le lnfinite, then iü eannet be ühe norual,

er¡rstallieed sulphur. It,must be an amar¡Íheus solid. 
: :,:..:.j

It was famura]ln, howeven, ¡yho made an extensive sÈudy ;"""''' '

of t{e ü.V, and pnopoeed a theory sn it,
fie e}alu¡e¿ (f :) t*¡at during the eali-dlfisati,ou prioeess ,.,, ..,.,.'..:.:..:'.;,: ..1

the sa.Eûe constant temperature, ¡as¡el¡r that of the melting '."."."'':

poånt', Ëaet pre'van1 1rr tbe boundary laye:r þetween the ssLi.d .,.,,..',:,,,,

an¡d ûhe su5)ereêeled liquld., f.nde¡renden?3.y Ðf the degree of

æupereoeÌ.i.ngr Thus ke oould nct see wh¡r the e.V. shsu}^ê

depend ça tlee ËeÊree of +upereoo'1lng.

''ûn.ram-mannÛssuggeså1onn¡.ried}.åÈc1ør{14}hadunderÈc,ken
:

l

erperiæente om ,v'ar:loas organl.e,s.uþu?iãnces d,s$r¡ tq Ïto of srrBer* ',

+ooling, IÈ wae found. that f,roa tl -:f5t of supencoolingr' the

0.V, increased proportLonately to the riegree of supercooling;

b.ut, t.q.!l¡e neglon rï tF - 3oo e.f, suæerÇo.olíng' ft'**" inde¡¡en- 
.,,1,,.,:r,...

dent of the degr,ee of eupeneo.<l ng 
::. 

i,,-,,;

Tapraann said that the ve3.ocity of solidificaÈion would, "'"" '

b'€-ÈrrÊF.3endênü of' tt¡ê beÊF.e,r,e,Èüre of the $uþêrdoûÌed liquld
as long'as thË heat ge-t free sn søLidi.ffgaË,,ion w&g suf,fietrent 

,_,,,,,,,.,j.
-:::.:..-1.to heaë the sslíd æaterial to iüe selting pelnt- fhe quotieat:

I,at.entheat.dtvidedbythespeetrf1cheafoftheeo1id'wg¡¡J.d

give the number of d.egrees of supercoo3.ing orr6r ¡chieh the

Iaüont heat ¡rouLd, þa euffi.eient f,s ra1se tlre tenperature to 
:,,-;.:,,;,;,:
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the rselting point. Ðn further eooling, l:owever, he eald

that it r¿¡as to be ezpeeted thai the ü'Y. sould decrease

with the deereasing temperature of the boundary la¡rert as

j.s t,he case for the velocity of vaporisation and the veloeity

o,f solution. This supposiÊ1on was çonfi.rued by his ex-Berå-

mental resuLts

Tam;sann proposed. that tlre genera.L form of the erystal-

ll'sation sould þe as shown i.n fågure 8. The ab,scås$e.€ F€-

preseut degrees of supereoclíng whi1e the srdittãÊee represent

velocity of crystallieation ir¿ målllsetres per,minuÊe,,

Éetween Á. and ä, the 0"V. inereaees with increasÈ,rl.'8

superscoling. åt, B its retl.ehes a ma;cir¡u:n wtrÍah is ehÊragter*

lståc of the pure substance. This velocity remaÍtrs esnstant

over the interval 3t. .&.t C, Írowever, there is net enough

heat set, free Èo raise the temperatune qf ùhe bounda,ry layer

to the meltirrg peint. Ttrrerefere, ?he S-,S. begins lo rapid3-y

diminish wifh inereasing'iiegrees of supercoclång until it

becomes zers at E,

r,,ï*tuf"lbjected to ia¡unannrs theory on the Velocity of

Qrystall-1s.at1on" Ile sald that laremanlî l'¡ad aceou¡rted for

actual ldeviations from his tcieal eurve by assuuing that

inpurities interfered, and that d.ifferent a.rnangeuaenÊs of
.:

tlre crystals at different clegrees of supereooling were :

foÍÉed. His rs,ain objection, hotrever, was to TarnËannls idea
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thaÈ the ,meltåag poinÊ of tlre sslid pnevai}.ed. en the boundary

Layon ef Èhe S.fquid aad soi.ld, lud,ependently of t!¿e degree of

Bxrpereooling, Thils, he saåd, a,ppeared to be åupossible;

r-:,;.'.:-:': . because, if €hat were sor thrur there wes såi.Ll an equll"ibriua

bet,ween tbe ss3-tsl end. l.fquld phaee- But, s'lnee Èhe erystal-

}f.satlan progrêssed, then the teupær:ature of Lhe .con¿acË

',,,,.,,:. - Layer øust lie beLos Èhe uelting pelnts. l'urthernore, be satr.d,

,,,,.,.,,,,., erery preclpltatlon proceoded frsm a supersaLuraÈed conditlon;
:::.: .-

therefoÈe the eonEaet 3-ayer i.tseJ.f sust be supersatureted; I,e. *

Ts,@qann {15} also l,rwe,utf.gated t3¡e depend.ence of ühe

, nr¡uber of rrueLei, wlråcn'. ¿¡e farmed spontaneousT.y ia super-

: eosleü 3.iquíds" oB the temBer&8urô.
. - - -'E-

ts eolleeted in hls book, nHristaLlisieren und Sehmelzent.

?be Fngtrfsh trapsl.atlon of thle appee,red. r¡nder the naae:
. 

:. :.r, t.:. :, .

- : . . ..' -::..':.j..''.. 
:.:

, ' ,, 'efhe States of .åggregatåona ån .19?5. {1?}
l: :: ..1

:': ':r':r {ilnce 'this book co¡rtains uost af the å.dea.s on the

'subjeet sf erysta3.tr-leâtfon veloei^ty amd nueLe* nuuber, &

srrm!ßary of ËhCIse Í.d,ess ïrårI be 6åven;Ð- - ----
.-'.:..::. :

:,::::: ':::i Eï¡e Ëer*der¡ey tewerds Spot¡ðane'eus trystallísatåon tn {lnder,.

: qoplgÉ ,4+lcï+tÈg¡,

Iæ man¡r t$rdere@ol.ed lÈgufde, tl¡e rcu¡rb€rø,ef erlfs&alLisaÈien

o¡s*-^^ 4.eentres foræed ln s unit ef na.Es g¡sr unit of tfse ås sq sæalL
.. ,., ,, .','.,t.t,,t,
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that it is possj.b1e to counl theu and to study the influence

of Èemperatur"e, etê., u})on thes, rt 'ivas faund that the tend- ,

eftÉy ðoward spontaneous erystallisation is higlaly sensitåve Ëo

sligirt, alteraÈi.ons in the supercooled liquid, and that a pro-

nsunced temperature maximura exists aË whisþ a maximum numþer

of sentres is formed. -tsy speeial treatment, tþese edntres

ean be uade to þow wittiout lnere*sing their number. ,thus

they are aad.e visible anrl so can be counted.

l'oreígn subst¿lnees have an effeat upon the tendeney

towards eponèaneous erystallisati-oa wiri.eh varies considerablg

wltlr the naütilre of the substanse, alÞhough the temperato"*,,,r,j

of tne maxiaum itself ìu o*"U little affectea. ' '

Th¡e nr¿erei nr¡.rsber {s lnfluenced by insolub}e powderso

even though they d,o not aet È.s centres for nuclei fo::mation,

as ghown by rui-croscopic exaæinaüio-n- r#ith boilr sslr*þle a,nd

insolubLe iapuritiesn however, the nuo']-ei. number of tlre pure

substancu *,*" be eåtlrer raised or lowered, but in both casss

t'he wa,ximu¡s nuclel nuubor rernains at almoot, the €a,tre Èe&¡ç¡*,

ature.

?a¡nmann si:owed that the tenri.ency. toward spentaneorrs

crystallisation at first increased with increasing degrees

of srrpercooJ-ingn bat it began to deereese. at'ter pa.ssing a

çertain teuperatrrre rvhieh was eharaeteristie of the subsÈanee.

TÞerefore, if the subst,ance is eocled very rapidly se
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tlbat thfe èeeperaÈure Ls qr*åek1y påssed,, it shouXd be pos*

sible to obtain the subsÊanee in the f,ors ef an æaorphous

so15.d; 1.e., in tt¡e form of a glass, since the inaer frictlon
: :: :

gres6'rapldJ.y dith desreasàng temperatuï'e. Sy f,hås treatnent ':,'',','

It shou1d be posslble üe obÈain a1l. substances in the fcf:m
:

çf .ãr gSãea. SormerJ-y, iè was es$rl&ed ÈhaÈ only ¡såxture,s 
1.,. :

ooüLd be obtained in tbls eond.itÍon. ,,:,,',,,

trlros an ånvestlgatlon çf 3;53 substances ilU), Te,u¡sa"rrn 
:.,.,-:,

eoneluded tlret, tþe¡¿ belonged to severaï wbolly dlfferent

grÐups ,w,iãh reepeet tc åhelr abitråty tq $.nû.ercoot¡, but ,tÌ*rt

wÌ.t"fr E+¡ffiêi,eotly'rapid .eeoålngl 'the eajority eould. ¡re' cúÈ,sined

a,s gS.asses- Ee 'feund tbat' thq tendene¡r üo uaégreool i.neneased
:

with tþe numþer, of,rhydroxytr groups. tÏf this is universelly
.

Èrue, . Èþen åt wculd serve ,a,8 a. criterl-on ,fsr æa.blng uåx.tures 
i

of explosl.vea whieh would ha,ve t,he desired supercooling

prpBerties, ) : :j:i
' :.:.t-:-:.:

åÈ one tlnoe it sae *hought thaÊ a reglon exêended beLog ,, l

' : 
:'.t,t':t..

:Bhe meltinË point of a suheÈaËeê' ealLed ühe. sphere lgfl BeËa.* 'r:':'ì'

stabi.åÍtyn wnthin uhieh nuelel" would not fonm s$¡orrtaaeeusly.

Tamuann hss shown, hewever, that if euffieient time is allowed,
I ^ 

:.,,¡,:, ..

spoaËaneoì¿s €r5rsÈeLlisstien wl1L take 5llaee as eloge ae û,4û :::.::

ts t,he me3-ting point,, .å.lihough he showed that a.n extensive
'¡reÊastaibíJ.iËy riid not exfst, Tamsann sald that a metastabÈliåy

of a few tenths of a degree belo¡v the nelting polnÈ nust exfst
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because of, the inerease in .the solub1}ity result'ing frorp a

decree.se ln the particle size.

the teuper'atune to which the meLÉ was heaüeel befsre

u.ndercooling ha,d" as w&c to be expeeted, &n effecü on the number

of nuclei for¡ned, ilnd.er ottrerwise eimiLar eonditlons, the

hf"gher the teuper:atr¡ro ta shieh the me3-t wa.s heæted ebove lte

melting-point" the snaLler the nureber of rruo.Le:l w]rieh was

forrned on Ëupereooling.

(f think that. Ëhis riEas d-ue to the faet thåt even above

the u¡elti.ng polnt of a substance, seæe cr¡i.stial tatËi.ees telrd

Èo persåsË, íf noË a.ctually es sueh, aÈ J"east e,s fragnenãs of

lst,tiees, èr as a rengements of mo,leør*3.es that ean repldi¡r f+rn

a lattiee, fn sÊher word.s, s4er¡ though t,he aErangeæeat, ef Èhe

molecules i.n a liquld is supposed to be random, åt is ¡iossible

that a.s a crystal latt,ice breakÊ upr the molecules of ehieh

1t is forined do not Enove away frora thbir forrner posiÈions

very quickl¡r', å"s Èhe t"emperature i.s raised, however, the

k:inetÍe enerær of the øoleeul.es beconea greater and. hence

theg rrlove l"nte a rando¡o årrangenent nuch mere quiekly. ã'rog.

this i+. seems Ëhat heating for a long tir'¡e at a Loser tenper-

alure should have the s€.!ile effecþ. or¡ t.Ïre nuelei.' ntìml:er as

heating for a short time ai a hlgher teroperature, )

'?a*ibann considered. that the nunber nf, cr5rsta1låsa.tion

centres which forr¿ed ..É.in a supereooled liquid. was d,ireetly
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proporË1onâ.tr t,+ the time fhe liquid was supereoô}ed, ?his

iras noÈ çonfira¡ed exgeråuentaS-ly in alL eaÊesÌ ho¡rçver.

?he ßhanegjn Viscosity TrLtlr SuBegcoolång.

?he rirÍegoeiÈy of a l'iquid flrãf inereases slawly with

inereesång suï)Ëreoo1"irrg" e.nd. then reaehes q criÈåeal temperature "

at whieh lhe re.€e sf ånere&sÊ üounts rapidly untll ûlna}ly a

h'ard bri,Ëttre .glass ts' for¡aed" I{s¡uevero al.Êireagh tlre vtseeslty

lnene¿ses very rapid3-y wiùh faLling Êemperature, oËher proper-

åiee cf å}re liquld show' no abnspøê,3 cÞange, therefaren

faualtrl fel,è JnsÈÌfåed ån esnsldefång gt as,ses as rmderços}ed

liquids,

lamnann noted. Èirat in many c&ses the J-Lquids lost
'Bhei,r eeb.fI.lt1p exaeÈJ-g at .t'emperatures where åhe tenëeney to :

fsrn er¡i'sùa,Ls .rrss thê g eaåest. ¿h other e'&Ê,es., f,þe tendebe¡r

Êe-werdç s5¡enteÊÐsus crystallisatf.on was gr,çåtest when thç,

æel,t had beeene rå$i.ù* In Eti-3'Ï Ether ßases+ the saxåpuu

nuclei nuubdr oceurued. at'temperatures far ahova the softening

reãge ef the glass. flïereforer, for dffferenË çubsÈanses*

ÈÌre greeÈeet terrdeney t,ewerdÊ spo-ntaneoue does rrot Lie at

temperetures ef equal, inner f,rieÈion. lhis æeåns: that the l

vtseosåty of, tlte sÞbstðråee ls not tl¡e oaly faetor 1n the

spontaeeor¡s formation of ntrc3-ei, as is to Uu expecteÉo.

fåseosity hesn hewever, a great, lnflt¡ence ün tbe f,çr*

rna&åon ef Ëhe n¡te'Lei.. fkås æe.y Þ..e explained as folLswsi
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The greaüer the viseoeiðy ¡, t'h'ê üore dtffieutr.t it' ås

for the noJ.ecuLes to group themselves into a crystal latt!.ce,
nuaþer

and thenefore the saaller bhe nuele$lbeeomes' Finally wþen

the viscosity beeeu s very great, the erysLa.l latt,iee can

. aot. be forrned and the glass þeeoues etabJ.e, eYen thougfi,

theruodynamicaÏ.ly consi.dered.n ft ie fn an unsüab1e stat,e*

EE 4ig9Êå ÊF¡{Etq'1-1,ísP3å on:-Eç+gel3ir {Ê' Y" J

Sfnee crgstals ase Era.lry*såd.ed¡ th€ S'*T" aust depend. on

the direction in whietr the veloeity is reee.suredn beeause if

the ü.Y., were lnd,epend.ent of T,he directlon, tben the eÍ¡i'eta.Ls

would be bounded by spherÍeal surfaces.

g.etrla.trly å,rr¡1 rne er:'ysta1 foru wsn.ld have different, ve3.-

oeiÈies of growËh d.epending in which direetíou fro¡n any gi.ven

fa,ce of the crystel the vel+eity w&s üfiee.sured-- $lowevern it

hss so f,ar been possi.ble èo def,ernine +n3y Èhe greatsst t.E

aÈ any o,ne teepetrature. fhfs 0.1f. uay be the sns of several

dtfferent veleeåti.es of er'¡rstalLisatåsa.

Ðy introdueing the substance lnto a d1laÈouneter and

. reading the e.hange i.n volurÉe ån a unit of tirre, a *three

dÍreensr.ona3. veloeityít rryhÍch wouJ.d iake inËo account the

crysta111sationfroroa}1facesofÈhec:rysta1,wou1dbe

obteined" Bt¡t Lhis mebhed. Ès e.lu¡asy and unsatisfactøriy

dqe to the occuîFrsr¡ee of severaJ" rrusilei in the supercoo],ed

liquid, and to the dit-ficulty of withdrawlng the heaÈ of

crystallisatl.on.
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?aanann eriti.cfses Ëernezts e.nd ffoere*s eonelusisrxe

degi:ee of superooalf.ttg on the baefs tlrat they had not ex-
1.' .:..: :

,''." tend.ed their me&sureslents tç a s¿:fficÍent degree of super-
a

eoollug- Ee ñund t'ÌraÈ the t.V. wes indeÏlendent cf the

degfee of ÊuilercteLS.ng after lt had exceeded 2t * 3Oo," {tfs
.. .:,.- .. 

_....

.-*.*.i.-¡ â * ^;? t.l^¡ **-*a ^-'l i--f^.---g -- ^,!+ La^^ â rt 
-i 

rr- ---- i --.: - ã +. :a,nalysis of the typical- beþæillsr of Etze &"Y, with undereooltæ€ :
''t."._'
',. i.Ì. 

...'

,i ,,,. is glren bel-oiy¡ {eee figtre B}
.,...:l:'.. 

i

Ïn €he range üe.F 1, * 56 bel-o¡¡ Èhe ueLtÍ.ng poårrÈn few .l

egrr.slst'e*êqaJ.t¿esfcrtheË..'F.e&,n.beehteånedduetethe€Fs'wÈh

1rÅ J-ø"LHE (;Iy15 lriL,l¡5 l-Il l.Ål--f-E{;t-Lufl$ [l-tI tl:'f-eÌtl:. t 
'.l'ltl4 

l:rìnir:- rtT ¡irfleof large er¡retals È'rr dtrectlons dåfferent froa ti¡at of üþe

i a¡rfs of the tu-be" TherseL csnvsrtion eurrents' sr curye?xts

i erleing frouî str-iglrt, aduj-xtures in tire rseLt þave a greaÈ in-
r fÏ¡¡eace tn thê $,1/. tn tkrls raage, Þrrdån6 te ae,eelenate i.t"

' Therefore uíth tubee ir¡.whlcll conveeti-or¡ can easiLy ta.ke plaee :

{æeLattrvetry }arge d,Låwpåeri" tilg Ër1Í-* wlLl be higher Èira,n Ê"Ès
'. : :1:. :: :

'1,. 
, t'rue Tä}ue'r 

,. @oore:{Xl} fori¡rd. Èbat in the ra,nge of d.leseters" 
:

.t.- .'t.: j

Samnann found. t,hat it was noÈ.

In tl¡e range tb*r, aþoi¡t 5 ... 5Gð bêlegr the uelting Bei.ntn

tire erystals grow paralleL to the axis of the tube, andgroø

mosÈl3r from ühe entì.sr sÕ thaÈ l.ong'cr¡rreËal. fålamçnts are fømed-

FÌ¿rtherßsre¡ they grow along the perlplrery of the Èube sinee

the heat is removçd HÕre çrickÌg' Èlrere.
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Ie the range *cÐn h.owever, the orysfals fill the åube.

ïn this range, tize value sf the e.V. is independent of the

,, thebat,h tenBeratL¡reË, heeause a eons.Èant temperature; i..€

Be3-tång;Bofntn preveile at the srystalLieati.çn hsundary,"

9e¡auaan said that therewa,s ns ,sluple expleä,aBíon for the

C. V, seasÌr.red ån the rarlges üae and nbsr beeause .!n ceSrpe,n

tubes which ca,n conduct the heat awâ.y rapidly, the maxisun

ve3.oeåty' t,s r,eaehed æueh ffior* quä.ekty.¡ l[,,'ê,*o wiÈ]u: trees

superîeeûling; He claimed that ,trtth suffåeiently rapid qåËhdrewal

of beat, bhe maxfw.us csnstant.veloctty charact,eristic ef .Ëhe, 
t¿'

substanee ¡øet¡l-d b,e .trbtaiaed at the urelting point of tåe

çubstane,e, {.lf 'we a.ssurlÊ that this ås possib}.e" it ree1}y.

dlsered"its îamnannrs own asËì¡Ìåptåon t,haã the rseLting pÞ,inÈ

prevaile a8 the sb].1d-liqlrid bound.ary, ,beeause he says tl¡at

t,he faster the heat ås tahen erøây, ?he sooner the saxiæt¡s -

vel"ooiËy ls reaehed, Ëàth'çueh e rapl<l wi-thdrawal of treaf o

how can the neltiirg point be reached?)

Ta"nmann assueed. that the maxlmuü G.l. will be reael¡ed aË

& sullereooJ-ing of 20 - 50*: and. will remal.n eosst-arrt at ühie
,

value whil-e r-he su5rereoolÍng J.nereases to 8Oo below tk¿e nelling
poíat. 3¿{, he found sever'¿¡.l exceptíons to thls¡ notably

2:4-dinitrophenol which had not reached. åès maxinus until 4BÉ,*

or approxírnately 73o øf supercêoling.
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Eþ9, é-¡flqg4eê sf adaråxtr¡r:es ¿rÞün ùhe æextnaL ë¡ V.

'fhe equitråbrtuË tengeraåure sf a erystal wiÈþ t.t,s

melt ie 1osered. by the addltl.en çf -norp,i.soæerphor¡s sr¡.b,ete;ã,&esr

sisce ùhe :reaeüio:n raloelt¡r eoamouS.y d,esreases wåth fatll.ng
teaperatnrie" a dim.iøtlË:len {if the 0" V. le to be expeeted*

This wers eonflrqed by exper!.ment,

e.EuÍ,LÊ Íç¿æ Èeu*¡rerature sf, € f,:F.qtaf. a$ àts øel.t by e.qqf- ,,

va:I.sl,Ît,amouaÈsnequfre,1e.*t3.ewerr1ngofËhet'1l*þreqnåneT.e+l*

HlÊ,f qu,eæüStåes, nl1 to ãd- etspeetedç prer.iped .tha& Ëhe subsfanees 
l

l

added affeqüed Èl¡e 0. f- Èrt ¡ro o:t:her säsc Thå.s was fsund, Lo r

b-etheeesq,fneomeeg'Êss}beü.n.r¡c'therg'ûheç''ç'feI}b''etow

that expeeted. ì

BogeJ,awlens'k:i, (Igl invegtígetçd t,he 6r'if- of, ç nu¡nber sf 
,
)

:ptåiÊ subsãanteesn aeong Èbcæ påcrlc eeåd a,aë Zt4*dåu¡åürophenel,r 
,

snd a fâg 'pÍxtures, ¡{ie fíe4Í.rrgs ågrse ìråth tbpse of !,amnuaæn. 
i:'

SIe fonnd that èhe Ergru +f nf"xtureg Ëas rery årre.gr,*lar, îhås i
:

t

he aseri.bcê to ùhe fast Êheü Ëhe eoneentæa,tåsn nbanged as *Re

of the eüuponenle erysÈa.Llieed out.
.

later wsrek on the e . V. ;

''-_---,
ln 1929, a doubt was caet s'n femmanîris theory about :

fhefeape,.raÈ.ure'ç'ft'hebolr1darybetweer¿theso1t.d.endeì¡per-

eoo3-e€1å.'.'qT.1ÉbeingËhet.gft.hene1tf.ng-poinÈ+Fydireat

uee.eurem$'Et* end bY a aathemaüÈe€']' êrreatmentn PoLLatsehek'{ eg} 
,

:

,.
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sho¡ved that the t,emperature prevaíling at tlre bo¡-lndary

solid-supeneooled ìiquid, was never that af the me1tlng*

point.

Ëe used. ,a theræo-eleetrie eLement whi.ch .wä,s'plaeed in

the tuï:e so that the erystaL3-isati-on boundary had to pass åt,

It ças made cf very thin wíre 1n order th¿rt È*te heat abssrbed

.by Ít, w,euld ast be ve. ,f grqÐt, Hswever! ns matter how sæaLl

the elenent', lç, some heat wi1l be absorbed. and. so the true

Èeqperatulre ,wil-l x1CI: be reached.. . Â6;ainn if ttre xne3.tÍ-ng*po:tii,Ìt

is refi,ehed Ì.t eannot'last, Hore tlran an instanÇ and dge tr the

Iag of the element will nol be recorded. In order to over-

conne this d1fflculty, Pollatsehek'extrapolated hls eurre {sed

flgure 9) in order to get .the true temperature ,fåo, $¡r a.

matlrematical treatment, he showed that this extrapolation

was .justified;, bul the extraBolated teupereture wâ,s nevetr

that of 'Ëhe ae].ting-point. Jirom tÌ¡is 1å seeres that ferurnar¿n*.s

åssunption Ìilas w,:rong.
'

flie effeat of eoL].oidaL sub:stançes en tÌre,û,T.

lreun<åtleþ a*re3 üppenheime:r {?}}o. working on undercoo.Sed

aque(--irs soluËS.ons, fsund that eslJ.oidal partieåes v¡ith a

sSlherieaL fçrr* Sowened the û.T,*, but thai colloidal partic*.ês

wltlt a non-sphericsl fsrms, inereaeed it. ?hey explai.netl thie

h¡¡ saying the,t non-spherieal- particles had surfaces ,vhicht'u ''
senved tol;g,qientate lhe wotr-êeules of the sîrpereÐaled eo1ution.

Henee*f$hg fe,rqatf.sn of anreleÍ. w,es fåyored.
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The Nature of ülass

Á,s has alreeiiy been mentioned-, Ta¡nraann considered that

a g3"ass w&E nrerêiy a suÞercoolerl liquid wfth a stability
:..: r -i

confe:red. upon it by irirtue of i..ts, hlgh v5-eeosiÈy, and not '':',':::':'

because there we,s aÞy funda.¡sental ehange :

Harren {2?t showed by mears of, X*ray diffraction that 
,,,,, ,,.,,- glaos was û.n a&orphsus solid".and Ëherefore t}:at, the telm l:.'.':'.'

supercû'tled llquid as apptled to glass ¡¡a.s quite ûórtreet) :,::,,,,,'r
''a.:: ",

elthou6h possiblg not sr¿itable

.-fihishae,ew IZZ] * however, said that .although .E*ray dif*
fr-sction indieates Èha.t glass is are amoi:phous solid" etesürsn

:

di.ffracütran .i¡ldi,eatqs e d.eflnite existenee of ?ery ainute crge*
:..

{,pls, SheeE øf eûufse" would s€eË¡ Ëo be crystal Xe.Ètåees r :

t-þrat have nçÈ had. a eha¡rce to gf,ow ap;oreeíably.

Vale.nkof, þrayr' anrl Keshåtø {,?4} offered evidenee tþaÈ

there is not a'sharp bsundary beÉseen t,he glaesy and eryste,tr- ; :::.. .:.:..:.-

,att.",'3-i.nç staÈes, Thls is opposed to Ëarrenls vie'w'* t2?)

eubnnitteq {in Lg?'lJ, F'arks and iÍoffman i29i suggeeted that a

Bless mi6åt be a for¡rth state of ma.tter" sr & coLloid anal.* 
, ,,,,.,

ogous to a jelly. They believed. that there vÍa.s a fundaruente.l .'",'

differe¡reebetweentheg1assya:ld1iEuidstates'?hei'.r

belief was ba.secl on the fact the.t t,hey ha.d found that, vis-
eesitynther,æalcarrduct,ivitynand.die1ectricconstanÉ'..'ri.:i.:¡



lto¡

etlanged \rery rapídly at approxinately the sase tenperature"

although there was no definíte Ëtransitionn tempera.tiÌre.

ûf l,lne geveral hypotheses which they propose, I believe 
..x\

that the one t,hat best fit,s in lsitir the results founri by Shfgha.eow

(231 and. Ya.lenkof l24l is the one whieh assuffies that the

glass is a eolloid.; i. e- n a ge1 eonsising cf but one component"

(an isoeolloid. ). This gel consists of two forr¡s of ti¡e sÊÌne 
'

substance, one aeting as t,he d.isBersing naed.íum, a.n<i the other 
,

as the dispersed'i¡hase. This i.s tantesou¿rt, t,o saying t,hat

colloldal crystal nuclei are dåsperse<i 1n a supercooled. llqul"d,

forrning a ge}. The changes in the properties of the substance

whieh were foun<i by Parks and lïoffman sould. then þe eolloidal
phenomena of so¡re sort. rf this is the true ex,olanation, then

TammannÌs fundamental assumption tÌrat a gle"ss is a suFereooLed.

triquid Ìras no'f been materially aItered.. rn faei, ealling grass

å, supereooled f.iquid is probaåly nore satisfactory thar¡ calÏing 
,

Lt a geI.
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fhe GeneraL Flan atr the ffork"

In order ts Í.nvestigate the Ðíxture caLled *shelli.tef

it seemed, deslreble that Èhe exaet eutectie eouposltÍsn of

the mixture shou].d be determined flrþt. ?hus s slxtr¡ne

eould be sbtained. whieh would mel.t can*p1ete3.y, or elmosÈ

eonpletety¡ at one fÍxed. teæperatìrre* BagoJaw}Basky (Pì

hcrii a1rea.d3r investigabed the system; but, sinee Êhe origåna3-

referenees Eas unsbtaÈ,r¡ab3.e, lt was d.eelrab.le to .cF¿eek t.he

vatruee be sbtatned, fhis wes done by two. d.lfferent eethsds,.

Gnee -the euteetl,e coæposlüfon was. deteruciaed, the effeet

on fÈs propert,ies sf ad.d,ilag a Ëhird eomponent, was tried,.

Êinee we thought that, viscosity would be the maia faetor

ín determini.ng the eryptsLJ.lsat:io¡¡,;y:sløstt¡rr aad hence tlle

rate of solidlfieatåsn in a sheÏL" ä,eteruinatione of viseos-

Íüy and êensfty were done on Èhe pari€ sr¿bsüanees and geveral

mixtures, In ord.er to have a quantitstive rueasurenent of the

st¡åtability of theee pixtures, m@aeu^renenÊs of erSreta3.lieatlon

ve3,oeiÈy wgre- såEo ææde. 
ì

tne of t,be nost pronising substansee for using es a t,hird,

eoEponentwaserrggestedb;rÐr'Âff"H.taepbe11.Hesuggesüed>./.

Ëhat sånce n1êre-ecËÈ,o.n ef, Ï-ow nltration (eolto{idion} disËs3.yed

åo very visee.us soLuËions and, was lÈse},f an expïosåveo the

additi,qa sf :iÈ noight inereaee the visoosÈty of t,hà eheLlite

sr¿ffieteaêly for the Ë. Y. ä.o be greaÞ3g redue.sêr or elrefl brorrght

Èo aers. lhe vis€ox¡s li,gu,i.dn or glessn obtained wouLd then

;<
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esol aoepleËe}.y before iÈ selådified¡

çfnly Èhe hi.gfrJ-y nltraÈeå estton used fsr øenufe,eturing

*egrdlte# sas sbtaíaabLe hosever. Thts æas used in lieu of,

lhe eoÏlod.åen, a}though i.t ls not as soluble as collodÈriin.

'Y'eryr råssous sslr¡tåsu of Èho aLÈro*çotton Í.¡r the .shal.lite

seres obtained slth ae }ittt€ as ,'ø Ðt tkre gun-eotÈon¿ fhe

d,esåred reduetion l-n the 0. Y. was not obtalned, however*

?his meËhod was then aband.oned..

.&uother meühod qf ã.tÉaek was suggested by the wsrk of
..

fforey {ag} on 6}as€êEr #e psltrted ,êriÈ that. en ord5.*ae¡r gl,ass

(ta faet altr gtassee) devf,tri.f,Ë.es otr erysta,Llisee below a' 
i

i

eertatrn temperature, but, net sbøve lt, Thrs $,s real:Ls üh.e 
.

aelting*point of Èhe eLxture of substå,ncÊs from wl¡lah the glass

;Le æadeo aXtherrgk at t.hå* teupereË-nse the glass may be ìFeff

våsesue or ev€Ìr rigld. Eome gl.asses easi\r devttrify, others

de not. He aaid thet' Ð.n¡r suseessful eempos!.ti.on for a glass ;,. .,

,_.i.:-:::.-:

æast have, a,æûag sther tþårlgsf a high vf.seoeÍ.Ëy aÈ åÊs 3"åquldue 
,;,.¡.,1:,:

' : l:r.:l:-:j

teæperat'uref'rrorderth.qt'.er'¡rstaT"nue1elTrå].1not.beæb1ete

grCIw and therèy cause the g3.ass Èo devttrif,y.

ÅEhytrlothçtiea1i.l1ustråtioæviÏ,]'j.I1ustraÈeho¡çthås
: ... - -. . ...., .:

vleeosiÊy cen þe obtained¡ """'

r¡et us eay that a glass eonsieti.ng of two eonBoneaÈs has

an euteetle teupe¡iaÊure of 8ooo. Its vl.seosÈty i.s eonsider*, ' '

abLe yet not sl¡f,fíeåeat ü.o prieveut erys'tnS.Ll-saÈisn from eÈert- .,,,, ,''.:--: t -1
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i:,.i;.,;-¡...-4.,

...ir:._.:.:t-:-
'''''''f'..t'

ing as the tepperat:re drops þeLstn 8ûts. Ë.owever, lf ít

inerøaeed so greatly ( Cue te èbe lççered, Èemperatære$¡ ¿h.ât,

the eryetaS.l.i.saÈåon een neù pr+ceed" Ëapåd eo-olfng lror¡J-d

glve a. gl,ase fæ èhíe câ,se, bat, åt scruLd. bc an uneerÈain

and dlffieuLt procedure.

ðcrey eaid thaü by adding ¡¿s Liûtl-e a,s ! *5fi ef, a.nother .'.-ì: ,'::

.ç6fr1¡ÊÊe$t, mts.eÉb}e tr.'l,Èh th* other twon the euteeËie temper- ;:l '.r,

tur gï.asø, afËçr Èhç

aédl.Èl.oa sf, Eueh o thind cffü,lioÞerÌÈ, eoexLd he eor)Ied to ?00s

witJrout enjr €ry€taLLissü'io'a beLng pessibJ.e. 3e1os ?0CIe" Èhe ,,

åRoneaeed våsc.osåt6, whåeh wsu}-d be l-åttl"e affeeted by the

additlan çf, the tlrird çðgipoê€nê, would prevent ùlqe grosth of,
l

eryetral nËel.eå* .åt'stab!.d glass would thr*a be o'btn.ined sLthoqt

rêeourse to rapid eooling.

I- Èho,ught that by add,{ng,e third eonûpoü€nt, {ree-t, a soll.oidal" ,i, ,,,,,
_,l.li:.:.. .j.

. ::r:.1,::,.......j

one Låke nitro¡eeütonf Ëa'ehellite, eoæewbat Êhø eã,He effeet ^ , ,

.. :i.r-jir:.:::.

e expLoelve 
r 

'';i;:11: 
jl

eould be kept as ñ liqu1ê unt,il it had eonpJ.etely eoole'd.

,Sr" #aø51be3.1 suggested êhãt, r.nff*'T- ¡Eould be a suiteble 
.,,.,.,_ .,,
:.-:;::::.:: '

tþ¡ird etmpsasþt' fhe sy-s.teæ FLerie åefd* ¡3i$'Bn had alrea4¡f "'ìi''¿¡::;1

Grl
been detersined {T0, 51Jr 3-eeving the systems; T..fl,T.- diniËro*

Ï*reaol and pieråe aeåd.rTry!*diltJ.Èrophenol, tÐ be deterained,.

?he determlr*ation of tfr*su systeros a¡¡d thetr fro-perties : l

constftuÈed the ¡iest of the ¡rork und.ertaken. 'rt"ìt''"
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fuaelfå.c Ërevi.?¡r ËsË,T.le.
,.'

Ehiü æe &ede f,rqË* h*,rd*gT.æe* Ëubång att* r**w*bLe$ s*r . ''

ordi**ry e;reef.få+ 6r*e$Èy b**È3.e. ãèe v*åuræa* h#sërêf, w&ë

esty 1 * ? &*. tþis r'g¿u*æ w*s €eäewåmçes Þg eeJ'tbrxrtl+n

& **.+s
, tt,

us&*. Ëie& wÈogmr was æ¿rd¿l fr+ae eåpÈååerår ÈubË,æg t* mååo¡s 
"
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exeesË Låquíd to eseagrer, whíle preventing evs.poration.

Te].ocity of t¡Trstql.ilsatioF Âr¡pgretuL

Et¡le Fa€ æade fror,s hard gtase, wXde wa]-led, eapllJ.ary

tæbån6 sf L-? nm ånÈernal- dÍameÈer. rË was bent in the stand*

ard ü-tube shape and wae fitted with *ta* glass tubing ÐR one

'arp Ëo feeÍtrfte.te fiI,].ing wåth the liquíd Ês be supeneçoled.
, .'

rnocr¿3.aèion of the supercsoled liquld wiËh the sorid phase

lres esËri.ed errt en thiË eåde. the other arrs of the tube wa.s

terminated by smaller tubing. Tbås allowed a water punp to

be attae'had !o Ëhe apparatus for raptrd enptylng qtd eleanfr*g*

The length ef øne arr¡i sas about bwelve centimeters.

The a¡rBaratus ssas held verÉiea.ll¡r ín the theruostat by

mêä,ns of, a elamp- .å, eathetoneter plaoed, sone distanee ewey

wÐÊ uged, ts aeaeure the disÈanoe the cryetællisatåey* had

FrsgpêssËd &gg Èhe oTre a,fno d*rrtrng g. çenÊaln tiwe, lhe eøÊhet*

oneter reeorded to û¡1 mm by üe&Ìts sf a yern,ier,*

fhe ffrgt me&sureuge.nt af the' Ë-T:. *ere, taken ,b¡r noÉlng

the t.ine takea for the erysta"}iisation Ëo progress frs$ ene

mark ora tÏ¡e slde*üËbe to er¿olher ten eenÈi.meüers awèy. this
sas çet.Ì-sfaetery lf spontanôsr¡Ë erystallisaÈÍsa did not tase
plaee. When spontanegus cryatallisat,ion d:i.d take plaee, tt
was found. to be more satisfacÈory Ëo follow the ¡rrogress sf
erystal.Li*atLon from one: ep*ssÈaneeusLy indueed nuel^cue by Eeaas

cf .êhe ea*hetoaeÈer.. The br¡l-k sf Èhe measurements Fere dsne

Tffi ffffiËl{ËF.gEïY [if FÏÄiå!i"qËf+

thi.s s&)',;

irvljÀ:;:;ìrìi,-ìi--:íì 4íîôí,^âir



t +e]

fheruostat fsee plate 1., ]

thie eansisted sf a large glass beaker i.n whlelr an

e}eetríe heaÈeq, whleh s:,eht, Lnfy be a eylindrieal li.ght butrb,
:.: :;-:

sr a 1O,Ð watt or 758 watt heater, d.epending on the temperature ";"'':

requlred, e. xylenê-@ercgtry regulator , ãfr eleetri.e stirrier, and

a thermoaeter wer€ inserted, this left sufftclent room for the
't tt 

'

apparatus which wa.s tç be ketrlt at constant teuperature. The ,.,,,,',',,

regutåter asÈuated a relay shish in trlrn eentrolJ.ed Ëhe heater lr.:;::r:
._. - _.;1_.:

eurrent.

f¡re 'flrst, 3.tquld used in thc beaker was pa,rÊ,ffi.n oå1, br¡t

it wae found te be unsuitable d"ue to its rapid. d,erkening at the
'

teupenatræes eaployed. .û. very soneenêreted so]-uåisn of taË12 
:

ín w'aËer was f,et¿nd. èo be sriiÈable beoauee it, df.d not boil even .

at 14OP rlË tempøratures bel'su 9ü9' pure water n¡as need. beee,uee 
,

the ta,t12 eolution crysÈallleed. å layer of paraffin oil on

t,he surfa,ee of the solution prevented. too rapld evaporation of . :: .

. å& 15Oo tt¡e theruostat reqained €onstant to absnü 'g È* 5t, : :

.åÈ tenper*.tures Eearer rCIËæ. temperature, the eonstaney was

muah better, being t O.20 on l"ess,
,-... -...' 
'.':,t,t,t.i

1'þs¡s-polr¡t, IÂeltlna-point Furnace, {see plate 2} (ee \ ."'''':

This conslsted of a hearry eylinder of brass with a eentral
,

opepâng fæ the thsãpometer and Bel'tlng*poinê tube. åt ¡ri.Ëht

a.ngles to this eentral opening and at 45o to one another, two 
,,,,,,,.,.
ìr'-'::-::''.:.. .- 

"t'itttt'

the water,
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hsles were dríl.]-ed in the síde of the eylinder. $ne of theee

eeqved Èe }e& & sourse of Llght illuuinate the æelting*pofnt

tube, the eÈher wa,s used for obserration. lhe source of l1ght

and a magnífling glass to faeilitate the observations were

msunted ûrå t,he sa¡*e stand¡ ,the braes eylinder was eevered, níth
*,4"n*r' ef agbestøs' pa¡rep, ìr:oüfrd wfÈh nlehrsue wåre" a seeond,

layen of aebesto,s papefy, arrd s. geesnd layer of, qiehrosÊ uÍre,

Thc tws sire wfud:trnge were conneeteé f.n se.ri"esç è$d the fi¡rnace

was final-:ly eor€red dith se¡rer.r¿]- layeris sf asbestos pape:r¡ u-eing

water Sleee as ar¡ adhesÊ,ver

ln or:d.e:n to contro.] ühe teø¡leraturie o'f, Ëhe fnrreaeen several

rheeeäetfi were plaeed'ùä **o¡-"s stth 1t,. .the tenotrle¡na,ture eould

ronotari,n sr could be sJ.o¡sly ra{sed ar }owered.ühen be kept r

The circuit ses connected te 11û volts Á.t.

I'reezing-point lurrÌaeq..lqqe_ e 3,.'}l_

lhfs was used ln deteruinfng eooling cnrres. trt was êon*
/

strueged of gtraee tubing wouad wåth aribesËÕs pa5¡er a,nd rrichrsqe

wlre. sLlt sind,ows rvere Left on oBposLte sid.es of the apperatus

(one is showl ln figurr' 5l ]' ån ord.er ùhat & ssuree of, t lgll$

I through'one ln erder to alLow lnspection of themight be shonr

melt throagh Ëhe otho¡*. :

fhe mixture beíng ånvestlgated wse eoutains<l in a har*

glass test tube in which a stiruer and. a thernsmeter werê plaeed

along witt¡ the mixÈure. The tube was pSaeed eent,rally in the

f,urnaee by mee.ns sf a rubber stopper" Thus it was surro*Rd.ed
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bS an air space and dld noÈ eûË¡e in åireet eentaet with Èhe

fi¡rnaee. 
:

Tn order te coatrol the åem¡lerature of Ëhe fu.rnace, Èhe

f¡¡rieae-e windlug wae put in series with two. rheostats, the

whol-e elreaå.t wae åhelr çqnneeteú te ]"fro volt.s a,. çi $ne of 'the

rheostats was sarked, díneeåly in temperaturee of the tnùerior
of t'he f,r¿rRage. fhås F¡ad, þeen d,etergirted by a seglatiÉted ex*

perfmenè' ?huq by, eetting the rþEostat', tch,a teaperaËure of the

furne,ee eor¡ld be broriglrt ta the rdesåred value.

the trsueL *e'AA.e of determiniag a ,eooling curv€ Le ts
p].aee ähe itot Liquåd, eonåaineú ír* a, t:eet-tuÞen iæËo aÊ ai,r*

ûpaee surro:¡xEded by a water er sil bath.st €, *one,tant tempena*

èure þe1,ew the me:trtiæg poinÊ. ef Èhe ¡nir.Ê¡¡.Fe¡ îhe teuperat¡¿re

of the liquf.d f.s tsken err,erJr Ginuten CI.r leelE ni.nute" snd a graph '

is plotted of, , teupere.Èr*rq ageius,t ÈÍme. ?be suf,sîÐ obÊainedf

eall*d frewtor**s øøo3'ing eurte' 3-e byperbEtr:ùq, ,ln ,farn. Freeatng-

Boinü,s, ehow r¡p Gn sueh a eutrïe &B å Jog er dlsesnÈlnuftyi but

if Ëhe heat effeet ls suall, rr if it takes pLaee when ÊÞe

J.sse ef hest å* rapldn there æey be r¡s nctåceable d,iseontinulËy.

Thie diffiEr¿}ty 1e o.vereoue by keeping a eqnstaat d,ifferenee

of teaperature be'tw,b,en Êhe cCIcrtng body and i-ts. surroundings,

Á stnai.ght l"lrle åe thus ob.tained, anrd diseontiauiê$es d¡¡e to

sruall- hest effee,Ès readl].¡r sirow,nB- rhis is n3La.to¡s HeÈhçdË.

TË ås effeeåed, 1n t'his Gas'eÐ by iåeereesing the temperaÈure of
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the furnace by ap¡lroxiæately equ*l awsunte at Ír¡tersals of

tíme freïo oae to flve minutes,. The ternperature is d.ecreaeed.

by inereaslng the exÈerrtal resl.sÈanee, fhe Þot liquid then

essls a,t e osnstant rate, the ra.te of eoo3.ing depending on

Èhe dtffsrsnøê of, teuperaÈure between Èhe hot llqirid and i.ts

sÌ¡rreundings* 5y keeping a differenee sf temperat*qe +f g*L{)ø'

between the boÈ body and the frrnaee, a cooi.ing rate of Orlo

grer ninwte, ís obùaineë. witr, sue,h a slow naËen hêü.è effeete

sere readÍ.Ïy cbtained fo,r the bl;nary systeuo,, br¡t neÈ tror the

iern.8.rj¡ eSreðeuu. 'fhis wes due tc the exee,edingly sLsw evelirtion

sf heat by Èhe crystre,llísatåon sf åhe Ëer,nary, wirich in turu

was due to tlre slow "*lt" of er¡rstallisaÈion.
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Experim,ental. Proced-ures

hg ûgqÈen';.-Pqqrf,q*4qåd : 4: 4-diniÈngpþg,poL

1. By t4g thaw-point, i.,Èe!þ@

ËÍaec Èþis ls a semi-æicro raethodn it was thought, that

i.t we¡¡ld be a sui.åable meÊt¿od f,or detennining expl.osive

øystàus.

fn ühle detenurinfi,tÍon" the pf.erle aeid and. Ð¡ 4*dånf tro*
phenol sFere used Ðs Ër¡-S¡pl,ied*

Htxtures of about one €rara each, represeqli.rlg- t" 1Oo ete* n

uÏr Èo 100ø pfe:råe aeåd' were mede ¿t'p, øelÊ.ed to a, hewog+r.teoug

mi.xture on thç water bafh, r.apidl.y eoo1ed wlth stiqrlug to
o'btain a hoæoge,aeous soÏidn ared t'lnatJ^¡r pulverized ln an agate

woÉtar. S. unifonra æix was tlrus obtained.

, &Ie1Èi.ag*po1et Êl¿,e-es Ìvsre S,han fil-1ed t.o a dept,h ef abüHü

4 millånetres wi.th the powd,ered uirture, a thin gtass stirring
rod wae then É"aÈroduced," and Èþe æinigtt*re apparatus se.E Ë.hon

þeaËed fu¡ tlee uoeltå"ng*point fr*rnaee, d"eserlåed, ab,sve, {see plaåe 2}

?he fåret r eticeabl.e appearaneÊ sf meltiag wês tahen as

the softening CIr the.w-polnü' 'fþís was determined by means of

Ëhe stirrtng rsd aç setrl as by visuaS obgervatåon. The teuper-

ature at shieh the }as,å erystaÏ..in the liquÍd disappeared was

taken as tlre melbing-groinü. rn order to ensure Bgeuraey, the

tempera.ùr.lre ef the fuvn&Ëe wa,s raised aÈ the rate of ene 4egnee

everlr th.ree æl,nuÊesr'o¡ evæA s1g¡qe#ip

i. i.,::. '.¡'..'
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The valuee fEr €he sof,teaing anel melting-points are g!.ven

in tabJ-e L, anrd. plotted in figure 1t, The deduetion ef åhe

eutectie veLues for tempera.ture and eouposltion is gíven below

Èhe table.

Ftnçe Êhe ¡rall¡ee obtalaed Ðere nst ån Ê,grees¡ent with

those fou.nd by Boþojawlenskt, êhe Éystem waE red.eteru!.ned. by

the fellowlng ueåhod¡

â. By ttre' treeEtng''po$nä. sneèl',¡od"

FoÊ this and s:lbsequerrt deteræirraäions, ¡rÈ.crÈe as,å.4 and

dfnftrophenol ¡ulrfeh had heen reerystall-f.sed. twtee from hot

water, aad d.rf,eel e*r a water bath anÕ 1n a rulphurie aeid

d,eeãlea:t€rl vere used,

twerrÊy gr-e,Es of pure påerie ssi{i vsei"e Latinod¡¡eed, fnÈs a

hard glass åest tube, ueJ-ted and heatéd to about 1O-2Ot above

its uetÈing poi.nù, aErd then plæce in Èhe ft'e+ringtpeLnÈ firrnace

tsee plet,e 3) which nae kept aË about l0o below the aolting ::i:l' ': -::. :.'- -.: .: .

po,inÊ. Êhe ooollng eurvç, ¡vas therr determåned ln ê3¡e aanaer 
..,r:ì,,.:' i 
,"tl:deeerå.bed s,bove, and fnoæ .thås eftrve the freeølng-pofat wes

obtaiaed, ,À simila.r proeedure wa.e carrLed, ouÈ on va,rf.ous

uixtures up to 5O# picric ae!.d, but for tire mixtures the .:.: 
:

euüeetle ËeEperature was also deterÐined,. The nl.xt¡¡res qgre ''"'.:'¡

pad,e by dd5.ng ,the reqr.lired. â,He.!1st of, d.Xnit¡:optrenol to thE

twent¡r graus of pierie a.såd a.3rea.dy fn tf¡e Sest Ëube, Thås

was then repeet,edn starting sith pure d,initroSlhenol and. add.ing
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the requfu'ed asoants of pleri e aeiú,, up to 5O#.

.ås a. eheck on the freeø1ng*poÈnts urhielr were taken as

the hi.gheet temperatures of several determinations for eaoll

mixbure, the point where crystaÏ.e fårst'appeared in the liqnåd

{ seen through the r¡sindow) was also reeorded" If the visual

a.nd eoo}íng curve yaLues did not a.gree, the krigher of the two

¡ras taken. ltrls was.nstle,ll3r Èhe tenpenature obtained at the

ap5¡es,renee of tho erysÈals .beçat¡se thes* ueual.Sy appeared

þefore the eooling curve showed a halt. the heat lÍberated.

by the erystaillf.sation wes not sr.lffielent" e$.eÍ¡ *ä the s3.ow

re.te sf eooling eroBS.oyed, to raise the terupere.Ëure te tlle
true f,reezi.ng-pointe, in ua.ny G&s€s,

The yalues sbtalned by this rsethod are given in table

2 {"i and are ptottod in figure 1.L. the ded,ucÈions froa the

curve are given below the tab1e.

, In tabl'e â {b} SogeJawlenekl.rç and uy results are 6iven"

-5. The gysteua¡ ?rlgltlgtoluene--. 2: 4¡-4initrophgnol--þ-g Èhe

freeztng*point meth¡od.,

.å sinlle.r proaed,ure to that followed. for pfe,nie acàd -
diniÉrephenoL wae ueed. lhe ralues obtained far thç f,reêv--

ing and eutectie pof.nts are given in table ] and p3-otted in

figure 12. lledr¡ctions frou the eurve are givan beLow ühe

table.
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4- the sysËeæ: Pierie aeld - ?rå.eiÈrcËoluer¡e.

lhís system was not, done b3r rue- ?iae values given in üab3-e 
:

a ta) are those of Teylor a,ud Rinkenbaefr {30} who used. the
.;.; :

ordånery Hewåsn coo1Lng, øurlrÊ øethod, but :nho fsund the ,teaper- ,.',::.:'l

aÈure of freeøing by extrapolaÈlon back to Ëhe original curye. '

The values gfven 1n table 4 (U¡ are those feund by üuia {:f¡.
.-:;.::..

ÏIís aeÈhod was to take tite teuperature of initial crystallisaÈ1on. ,',",',,,

å11 Èhese" ¡resuLts are given ta f-tgnre l.ln Srom the flgure LÈ :,,;',:,,,,
:.: : -.: ..

can eaeÍ1y be seeTl that Taylor and fi,lnkenbaehre results are

ffiorê e.onsietent' fherefsre the eurve t s drawn through their

results and, the euteetJ.e eompositi^on and. temperatr.lre d¡e ded.uced

from iÈ,.

5. ,Íþe sysgerge; ,Flcråe açl* - Gun gotton. &r¡d,;

ÐtnÍËro-nlreÊol" - Ëun cÊ€ton,

Itre meLÈ1ng-pelnts of varLotrp nsíxÈures i.n gfven in't.a.þlc 5.

llre gan eotåeÍr wÐ.8 åneonp.orated'ln the dfnitnopåe¡eol by hea,ting ,,,,
'' t't'ttt t"':-

it ín the-¡roå'i,:ea*dj.nåÈropheno} for ene hcur at 1,3Oê, Âfåer this .

:::.-r:..::r..:

tf,me, ne. 6un cotten ¡qÊ.e deteeted'in Êfre mixture hy examilratlou ': i':

under the polarising mieroseo¡re for the 1fi mixture, but gun
s

cotton was still present 1n the foru of threeds in the Ltfi 
.

,:.:.,,:..,::

uùxÈr¡re. Ta makl.ag the g¡rn eott66* pLertg aeid miæÈ-urien the '',r"''

serylln'ed quan?iÈåes wsre êÈees,lìre4 ln aeetone ta þçeure .e

hoeogeæeÐüB rsi,xture- 3þe aeeÊsne ge,s then evaporated. +ffn

and the result,ing mÍxËure was heated at LlOo for sne hour
t,:' :... ... .: .-

åu eder to ge* ¡ri.d af as uueh asetonê as Ï¡$sÉå,ble. åJ'&hough ..'..""".''
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e.1.1 the e,eetone should. eose sff

{56o} i.t, seems to be ì:eld by t,h

aþove its bolltng-5r+1nt,

e visesus gunreÊttqa so'lutiong,

o s-vstemir Fierle aeld - - l1{1. { see f1g,ære }4'
The. apprexåmate 'compo*tl.on of thís systee, wäsl found by

assurnlng t,hat t,he eateetic troughs wÊre straight and eould

be reBresented. by drawin6 stralgÊrt llnes from one pure coÐ-
'

¡:onent to the euteetie coæposition sf the ether tws components.

Tire three fines thus drawn meÈ in a snall t,rlangt-e (e-ee ffg. ]-d)

€¡le of the r¡ointç of êhLs trtangl-,e wairld, it wa.s. h+ped¡ bç the

te:*rar¡r conpesi.tåon, or at ].eeet not fs.r f,ror¿ lt. The appron-

i,sate üernar¡i' meltíng-point v¡as deten*lned by' t,he ß-iero method¡

but bcth th.e freeatng*poinÈ and mel.tirag*pof.nt meÈhods wetrÊ Esed

in d.ctermining the system. rt, waslrþr.lnd, howevern that eæing

to the, exeeedi.ngly. sLeç gr&EÈh'ef the erystal.s,¡ Ë.fþ,,ürêeåipg,.

poirrË metbçd.df d nçä gâve a, defi,nite .lres.t effeet* êren wltla t"he

slow rate p-f esolfuag enpl.oyed,n untfl, æan¡r degrees after tiæ

fårçt..q-Fpea-ranee of crysÈeJ.*, Therefors only è,he, lrisi*aå deter-

raÍnaåloes Eqre gans,åÍtered.l aeeuraèe eno¿gkr to:be tÊsÊ:d;.,,r ,
-t

The euæpoeitå€as reÞressnted. by the ¡leinÈe of the'Èríafigle

were fÍret investlgated- Ëince it was found thet point 1 wae

Ïri.gìter than 2 
:and 

3r, and tàat point 5 ltad e higher nel.tåagipoint,

tTra* 2û it mas thot¡ght tÌ,rat the eutecÈic wor*Ld. be f+r¡rad along.

:the ].åne åB in the dåreetisn ,* -r' ß. á$er.eral deterninatÈans rrËrÊ

then made al.ong this ]-ine {4,Er6.}- The lowest one d.íd not

ilq,ïe a wel"tt rag pefnå esf.neådeut lrÈth thaË f,oeqd f,qr t-he ternary

r,i
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eutee-Ëic by Èhe thaw-Boint sf varleus qf these mixtr¡res.

îhereforeo althorl6h tlris polnt (point fr on the graplr]- must

be on a euãeetie lr+ugh sinçe the eom¡lesit1ons çn both sådes

af iÈ iîave hågher aelting-points, it waE not the ternary-

5he sugrBosed çutçatåe trough, ïB wae theu drawa anad the melting

po nts of eomBesi.åå.CIus en thl.s 1lne on betli Eådes cf, € Betrê

d.e,Èenei-reed* tt# ho.ruerrer, ws.s the losest :ne}Ëång e-ompesf..Ëlonn

qnd ûas ea1l*d åhe Ëerma4r erateoÊ1c,, siaeê lt was noü theught

sorth-whå3e tø seka furåÌrær d,eteræinaês.one. ?-hås *äernar3rF

was- tÍ¡ea t¿se€ for ft¡rùher experåments" *"Ll the vatruse e.btaf.maü

fsr the systen are gi.ven in Ëab3-e 6.

?_. Fngitie,s.
Tbe speeífi.e grarity bottle fil-led wlth the explosive

uixture to be ¡¿easured wae aLiowecl to stand f,or about, Èen

m'ínuÈes Ln tihe ÈhermoEtaË {Less tåme was sïJ"ased for æfxtures

whfah $ere at tenperatunes rÊpresenÉång supereoollng of the

Eråxture-J, et the end of thås Éime the sto,5l-¡rer vras put å,a,

exceÊs läquid wa.s rerËoveÉ by treq,ns çf shreds of fÈfter pu.perr,

and the botåLe wss d:rfed. e,nd, weighed, fhe value.s sbtained

ïrere used ån €e€eræåni*g v!.seoeåtíes- For *ixêure*, the

temperature of Èbe d,eter¡piaatì.on waÈ. e.pproxlmate.ly ten

degrees above ibe æeJ ting*pof,at,

lhe falues f,ot tire eoæBleÈe sysÈeu: pi,er.ie acÈd - €ùni.tre-

pFrenes aé 15Gê are gåven ín table ? ie) aLong slth the
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tlre equatÍon ded¡reed froæ the data by tbe æethod. of avera€êÊ¡

lhe e:rpeníments]- and ealeulated vaLuee a.re plo8ted in fig. 3-5,

In tables 7 {b, e, c}n the densiÈLee sf verioae o?her
,

mixËr¡res are given.

8,., Tåge.e,Ë:i,Ëåefu

;pierie acid - dinitropheno3. H€re d,eÈernained.. Tbe resulte are

6åvea i.n table s la)* E-he våsco,aå,å¡r vê,-rgr¡s wêigJrt, ¡rer cenË ef,
, :;.'pierl.e aai.d is plotted, i,¡e fi.gnre tr6o and åhe f,rr:tdtt¡r TrsrsT¡s

mare pÞf eêttt of pÈerie a,eid es p3.otted in ftgrrre 1?. 
.

: fhe vlsets'i'Ëy gf xaråoue mrxåures e,ü raråo¡rà. temperatures.

is giuen in taþLe I {b}:

EË.

3n t'able I {4r Èhe våssesitJr of the Èernary euËeetic a.t

'raråsue

pl.aÈted

d,egree.e sf s*rpereoo.}"ing gftr6.n,* These ralues år8

åa f&lgrurç 1"s.

cå

@w.ing o s,porrter,requs -erJrEtallisationl i-É ses. f,ennd lÐ-
pesstble to fo1l-sw the veLooity of eryeËallieati.on of FHr€

picrie acld and pure dÈnitroplrenoL to roany degrees of su¡rer*

eooling. The resulËs obtainedn howevenr agree closely wlth

tbose found by Sogojaute*ski. tlgì these are gåven f.n table

I (a), and. are plotted in figure 1g.

1fåe t,lI. fsr Tt[T had, noÈr ee far å,s tr kaaw* been &rle
befere. By fsllswing one spoqtaneo$sL¡r iadueed. nueleds with
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a catheto.*eter, lt, was found. to be possible to extend the

measufements to room t,emperature. Tire results are gÍnen fn

table 9 (b) and are plotted, in figure 19.

rf the o,,g. t¡ad beea deternined. by forrowing the ï)rogresg "" 
"' ''

sf the erysta,S.lisation be?seen fixed merks on the tube, es it
had. been for pierle aeid, and d,initrophenol, ít wsuld. not have

.:,:. ::.,:.:.beea po,esåble t.g extend the ¡ÉeasÌ*rÊ#¡erîts on fÈÍT to as Eer$r ,,,,,,:',,',,:'

degnees of euperqoçJllng. ?l¡erefere, it 
"*u*J tiraÈ pf.crie aeåd ';',,'.;,,1,:-,

;":t :: i: . :

and dinitrophenol esuld ha.ve been nore fully d.et,ermined by

followfng eponÈaaesu.sxy Lnduced uueLell aE rqas {one wåth r$f.
The Grvr 'for 

fi,,r$:piclsie acid * ç,$, Lfio and. j'fi sun sstùsn ,

-€--:- ^^"tlrr t'lae systeæ plerls ael.d * dlni,trroptrerrol are given $n table g ié) 
l

and -platted. in flgure 2o. lhe s.v. for a 6ofi p1crie aeid

rnr.xËure are gfven fn tabLe g (e),

f}¿e.ve1oc1tyfortheeuteetåeeonpràsltlcn&..úÈhçsyste'm:.
t..

ãldF - 3f.$f f.s glverr i.n tabl-e g {,e'}, whf].e the values feà the : 1,..,, ,,,
..:.:.: -..: 

:. :

ternany euteeti.e aro gÍvttu in tabLe g {f} ,,,,,, 1,,,

.:: :: 1.: r : :'

*' nuuabev of these euvrrea are plotted ln figure eL; fhls 
::'':''::":::

¡pa,s done in ord.er that the var,lous mixtures sould be eoapared.
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faÞ1.e. 1* Tlre systeml p.ierie asid * dinilrophenolo 1¡y the

¡¡¿s-polnt¡ uelting-poinË nethod.

0oæpositåon
$ pf.crie.

,,QåO-
..: .

Lor 0

eo,s

(21.6 by .rr.Ë

33* 4

39.6

40.4

( same n*ix b¡i.

51- 1

6g, e

60,5
îa

Ð1.+ ?

69.6

ger ?

Eg" 5

LCI0. t

Ëoftening
poínt '

109*oo

?3*7

74-B

uethod. $one

?5"O

.72.5

?6" e

F.F. ?6*û eute'stie

71'L

:-{*:-

, .,,', l4*4

" 75'4

7 4,2

72.5

'l?-3
119"t

seLt,ing
point.

111.5t

10Ë-o
'l

Lt?,2

gr*7I

e5.6

92,'l

91".6

86.5)

96.?.

82",û

8.?',5

93.7

:'93-4

lo'5" 5
.

111,5

12L-Ê

ïhe enÈecÈ1e åeøperature indieaûed b'y tlre ¿6as-poi,nte is
epproxiaaÈel¡i' 74o- by the srdiuary eo*Lång sltrvs¡ it is ?6q.

and fron åhe grapb (fi6. lCI)r_ 1t ts 8lo. S.rom the greph, the
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eomposition of the euteetie çoas FgS pieri.s aeid'" A 6Ðø

ælrtnre was t'honght to be close enoug-h for makl_ng teets.

l"qþr q [g¿ the systeæi pieric e.eid - dfnitrophenotr, by
.... . ::. :: .the freeøång-pofnt nethçd.,. {see figure ll} ,,,.,,:.,'.r''

Gornposition &¡tect,f e Freealng
I picrie hatt --p;;;;"

0' o
:, :.: :.:.: r:'

. :. : ; ....
20*g *+- 1Ð2,O '., ',..,'.,-'

5g?0 sg+4 gT¿g

4û.,0 ?8.'5 Bg.S 
:

50' 0 ?8,' 6 8l-. t

40.0

5û.0

5F. Ê

. 60"û

?0'. û
. 8€.9

9S. t
Ies. t

79'-3

T8. g

7g-2.

7g*,-0

'?9*T

80*8

9¡2, 
'

le2* 4

1.11.1

l_2û, ?

9Ð-?

8Ð.9

: lhe et¡teetic oÐËposltlon and. terperature from êhe graph i,'':,.t,l',','.,

(figure 11) are: 'g6.jfi pierlc acid and 7g.Bc. Å,55fi nisture
was used for making the tests" These ¡¡.alu-es were thought uf

',
åe be lpûr.e rel.åable and wçre used r.nqtead of Èhose feund by : .

:.'.:.-:;:::
i it''""'it't"''
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by Èhe ether æeêhod. lhe euÊeetåe compositi.oa and tempenature

for Èhls systeæ, as deÈersì1rled by BogoJ¿islor.¡skí and myse1f, åre

given 1n the fo].lowing t,alle l 
:

: ''.

rable 2 iÞL. 3he euÊ,eetic teupenature a,nd eomposit,Lon of Ètæ, : 
'

eysÈeel pã-erÍa aeåd. -. dtnftr"ophenol,,

tbeervdr Method 3Âelting*point tonposlt!.on

i-..

BogeJawleraslii. -:f- 8f,.*9 53.,t , ,,..

priüehard H,Pr (miero ) 7q.0 observed 5g.0 
;:r':''

81-O frsm graph.

{r F,p. {uaero} Tg.j (highest,} 56. j

gÞÞXSå, ?he svsÉ=eæl TNt - BHF by the freeaf.ng:'Þo.$;-æa ænêthod,

tomposítion Eutecti.c Freezing- i{ethod used t,o
. S StrF halt : po,irlt, fÍad.., tfu. S¡F.

0.O 8CI.1 heat effect,

Lß*s

?0.0

5'û"O

4û,*Q

5{3.0

6,Ê.4 61*7

6?.T 64.e

62nT 'i3-7
? .,4

--ji* BA.3
85.6

ã*5è g4_?

9},4
9]--2*
9?* 4

¡*ii L0z',6
LO2.L
10?,o

heat, and:vlsuaJ. ,,'
ttt''

vlsual
heet eff,eeü-
rrlsual
heat effeet

treat g'nd yåsuaå

sisua"l
hest e.ff'act
visuaå

ll: '*

ftC

ffi.o

6G.0

7.0.G

B0.o

gê.$

:-00.€

9'l -L l¡eaå effe,eÉ
v.isual ì.....
heat effeeÊ i,.,,,,,
vi.straL e,rrd heat i '

heat effeçí.1"1_1.2
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lhese vaJ-rres are ploÈteci 1n fÍgure 12. From this gragh,

the euteetie ternpera'cure and compositlon ls given as: G\,,Tt

and 2BS byr weigirt of dfnitrophenol.

EeÞ}e_ålêi 'fhe system'r plerf.e aeid * flÏf {literature valuer}

3Êreezing-point
{by ,eætrapolatlonJ

121" B

l-96.7

" i8955

?8'85

. 66.3

65.35

69.4

7 4.35 .'
gÐ"27

faylor anrl. äinkenbach i 5O¡.The abone results are thqse o'f

they afe pl.otted trn figure l-).

üuÍals riesults are glven beloç,

touposltlon
¿þ p]-cr].o

1ú0.06

s$. ü5

60.09

5Ê.08

. 40.99

93* ?0

50,. ?t

25*24

19.9'g

t"r* 49

/ ü.üS

truteettc
halù

.r*¡q

---.-.

ç*+a

99-6

59-4

59.S
':.

1n tab}ë 4 fb):
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Tab,l,e_ {.1þ1. Sarce system. á,lso plotted 1n figlæs $f ,

ËomposiÈion .Ët¿rtectic lreezing-poånt
fi p1.cric halt {:.nitiai ãryst. )

80.6

76.9
',:72.7 ' .

66,.2 l

60. û 
.l

57.5

01. ?

56. o

Eqq

2,2)

L2,3&

2Q' 3:I

26.97

)>. )r
4Ï.gL

45.56
:

4r.95

54.6?

6j-12

69,69

7 4.54

gg* go

l.üt.Ð0

*56"O

55,4

55,4

55.3 71,7

69.O

77,a

g6-1

gCI" 2

gg* 5

t11-2

LzL.7

TayLsr and R:lnkønbaef'|fi resurt,s ean be seen to bo bettcr
than those of ûuia from the gre.ph. (figure l j .) Therefore,

the euÈeatfe eomposition and teruperatu,re were d.edueed. from

their results. Tl:ese v¿llues are 54fi pleric and 59.gö. fhe
values l¡secl in plot,t,ing the ternaryn howerer, srere those giiren

by the ttritåeal rables*. These TÍere¡ 5g.?G and. Ï6 noSe per
eent {-or }6.2 wei.ght $) of piarle aeid.





l5e)

lP.Ple J;- The effect of .sun

teeposltion

lIüP alone

cotton on the melting-pofr*t.

i,lelt,ing-point.

111,5

112.0 - 112,5

L12. O

A2{},5 - 121"Ð

118 * ].22

Yhe systera; Bi eric acld - ÐïIF * îIfl* { see .fig" 14 . )

Stfg + 1ø $.0,

ÐÃrF + 10É ü.0,

Fl.eràe 
, 
acÍd al-one

Fterie + 2ø G.{1,

The. vi,seosíty sf the aixtures prevented aecurate

deterr¿fnattoae" bnt 1t was eoncLudsd that, in the Goa€sfi-

trations of gr*rr eolt,sn t,hat wÊre used, there u'as nr neasurabl.e,

effeet.

Yable 6..

Sr¡mbe:: on tompoeLtion. fernary enelting- " ,Hethpd
graph picnic Tî.flf Ðffi eutectie pøint

2 â9 5L 20 ¡t5. ? - 47.t 4g,2 æiero

sa,ae 1CI.6? 46, å ä*ae¡rû

7 Z'î 5?,,5 20.5 45.6 49.5 miero

$ 3r 56 L3,
5 sane proport"L5 49.3 il

6 70 55 17 4S.5 ü

7 27 55 18 49-5 a

I 32 sane proportions 51-0 n

?he composåtÀEn of the terna.ry was Èaken as that of
ùuæber 6¡ 9t$ pierf,e, 5S.# sfff" and I?S, Ðffpr lhe true
ternary teu¡rerature was taken as 4I -46, not, 48.5.

{heat }

{vi,suali
il

&'

t

t
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TeÞle ? {ai Ðensit¡r of ihe

at LSOo- (see

Composi.tion
ß pieric

0.o0

6,49

].4.61

19,9P

2.6*5Q

, 4S-ã6

47,.?ç

6ï.60. .'*- .

?4" O6

8]- 50

9].55

100.0t

s¡rsi;er:: pieric acld - dinitrophenoil,

figure 15)

Senslty
Nee.
L.445

L.455

L.458

i. d.?0

1.480

L.5s2

1.506

1.553

1.555

1.5:12.

1,6ü3

]' 6L4

&bove, by the nethod. of
averages is¡ 

a*ru* 1.445 + 1.o?B x rg-3p + 6,24 xro*6na

wk¿er:e I] * the densityn' ar¿d- p n. weÍght fi pieric a,eid.,

Eçåle ? {þ}, äensity of some ufxtures of the above systeu

at goo,

tonpositíon
$, pi,crie

6A:Ã

5s#.

55fi + 5,Ã s-g..

?he eqlratfsn dedÌ¿eed f,ros the

Ðensfty
ga¡tce.

1'58

1.54

1*54 {eun eotton ha.s li.tttre
effect" if any,)
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Q.579

Ð,742

Ð, Jl_l

ü. â69

0,-2Í5

o.2Ê6

0.175

û. -148

0,124

0. tro5

i 
_i':_. ii r':'. :

3gÞ¿g- J_{ÍL Eutectíc co¡nposirion of rr{T - iËdp Lzsfr *læi

ÐensÍty at 7Z.Ao = L.47

Igålq-f [gi:* Ðensi.ty of tire ternary conposÍ.tlon"

Temperature

56.0

26,t

Ðenslty.

!- 54

1, 5,6

2.64

åeÞrg e.(*¿" Yiseosit¡. of the syetêra: Ff cric acid - ÐE{F

at ISOG (see flgures ï6 e XTi

. Semposition V!.saosfÈy in F.T.uf.d.åty *
Wt-# pÍeråo Hole $ p1orie eentipoiees l,/viseoitty,

8.0

tû.t 8.39 8,93

Ê.0

55fi + 9,Ð

55ñ + Lf" eg. 90

20, CI 16,72

JO.O. 2.5.62

4Ê.0 5it.9g

50.Ð 44.54

60.t 54" 64

?o-g 65,27-

80,t ?6,20

gG.O 8?.g0

100,0 LoG*to

5" 22

3.'lL

4 ¡?.5

4. 85

5.73

6*74

&, CI4

9*68

TaÞ_le I _{b}.

System GomBosltion Tempera^ture Vi,seosÍËy ln i

eentipoÍ.ses,

pi-erie*iJNP 6û$ picric 90o 1?.96

11..T8 Ð.o95

19. 14
1L3' ?

s
*
'n n . + 5É çe. go ¿ets l*ke gtue

lsf - Bffi 2sø $HS 72..& 12.96





( 6?)

1eþ19 8:{c.}. ïieccsi.ty of ?ernary euteetic fr.<¡m approximate}.y

l0 degrees above t,o' ZÕ d,egrees below its Èð"p*

Teraperatu-re Tiscosit,y in centípoises-

56

5L

46

41

35

3L

?6,

ü

these v.alues an'e plott,ed in figure 19.

SabLq-9 ,ia"i.'.- veJ-oc1Èy of tr,ysÈallisatåon of pierle aeld ar¡d

2:4-dinitrophonol.

Fierie.Aeíd.

L10 1z
'

LoCI 22

99 ?7

9t 32

85 37

80 42

SiFXtrophenq]"

100 l2,g

9t 22_e

49,3

6T .4

86.5

L24,.2

180.2

Ë9t.0

47Ð,O

26,n6OO.t (reot a true
yi.seostty due to stieking tø
fhe sldes of the vLseosimeter,; )

24)

681

783

8l-1

859

858

366 t18

6-55 ?.t 52 5.8

L6.2 ].8.CI Ì 5,5

Temperature &e6rees óf felçÈfty tn mlminute W¿th
åÍr¡pereoaling Bcgojawlenski. Fritchard-. Êua sot.ton





I or¡

Ðinítrophenol {contt}

Teuilerature Tlegrees of
supereooling

Bß 32'8

7t

60

50

40

42.8

52.8

62.8

7?*.8

I/elocity Ín
Bqgsjawlenski

5o,3
:

55.7

'16.8

8,J.2

gg.3

in *xh

nia/roir:.
Fritehard.

35,4

figure 3-9*å11 tbe, aboire ya,lues e.re pf.sùÉed

lable I tb). I,l, fsr ?.S.1.

Temperattæe Segnees of;
bÞpereooì-lng

58. L22,O

5û. O

4t.t

5t-s

60. o

?o.0

?ç

60

50

40

50

It.1
?t. I

9.3

19, -J

29¡3

39.3

49. J

9û.1 17L

4t. L 15S

fe3.oeåty in
mmr/uinute.

t2?

]"7_6

94

1.O. ] 35

îheee talues are sl.so plotted

Table 9 {qL t.Y. for 6tfi picrlc
1n ffgure 19,

aef.d in the systeu pi.cr5.e

L* 28

2_e5

1.S9

1. ù2

o,47

e.eid. - diniÈrophenoL. {see fÍgrre ZL, Å- }

femperature Ðegrees of leloef.ty 5_n

Supercooling nmu,/æinute.





Table 9 (eì ssrxtê.
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2,'I

12.7

22.7

32."1

10
2e
46

59,3

66,3

o.14

O.075.

Tennperature j3egrees of Ve]"oe ity - in
;Supereocling ærn/mimrte"

20

L3

feb,l,q ? tgå t,Y. sf 55fl pi.cric ecid in the system:

piei:ie aeid * dinít.rephenol ,(see figures A0 re ãål ì -, ,,r-..:.:.:-.:.:
.- ..,. ..:.-..:.-.

fempereÉure Begrees of Ve}oeity Ía mu/uånute t' ti
$gqereooling ÐÉ ss Lø ec ,fr W.

g.3- û.0g o..20 0.11

ag,5 t.37 0.64 G.3S

29" 5 O" 54 t.6g O;54

39,1 O.41 Q.44tr' O;22

49.3 O'' â5, û- 38 e.l3

513.5 O, Og G. pl O. 05

ggblg-g*{p} s.l: fsr the eutectlc composËtion of the system:

T.rüP' - ÐIqts- {?sfi Ð}tFJ {see fi.gune at"B}

TeaperaÈure llegrees of velocity in
lkrpe:reoo3.íng ,mm/aånute.

?r

60

60

5t

4û

50

tþ
*å

* $Iot pl.et,ted,

5t

4ö

3A

2L

0" 1]

t"77

n.76

1,8L

fgglg*?-låi_ g. v'. for the ternariy euteetÌ,c. {see fig. ?L, Ð, )

Tenperature legrees of yeloeity in
SupercoolÈng nm/ueiuu'be.

O,.O5J,
0. o,52
êr014





{6F}

ÐåÊèussisÞ_of, the Eesutrts

F3e-æ,!eei*gtgris.-"gåg_:-E: 4-:_eieillgpbgeor .

'eiwíng to the diserepane¡r bet'weera the nesults sbt,ained.

for the euÈeetie by the two methods (see tabr-e z b], no

deff.nlte eomtrreoition ean be deduced for it,. rt seems, lh*wevern
-..

that the oonSlosltion shouLd be er.:rser to 6o$ pieric aeía than

+.ø 5Tfi {as Sogoiawlenskirs resulte would ind.ieaee¡.g,[*;"*
tee'e.1r- fo¡r IIHF 1s irery mr¡elris}ower than thaè of p*criá **iA

(fig.ff) would. tend. to
give resuLte that are tso low on the ilï{F side of the di.agran.

fÈre G",Y. wsul.d not affeeÈ tFre rnelttng-point methori, ho1ø.ever.

Thsrefere, this nreshod n*ight be the ïïlore e.ceurate of, the t¡y,a,

From the trsa different aethodso the euË,eetic eounpositi-on would

se€B to lie bet¡seen the lisi ts frEß aad 60É Blerie aeid, with
59;É being favored sinee this value is given by the melttng-
point ê,Ì¡flrð tfrg. lo) ar¡d. a1ço Þy Èhe lnêerseet,ion of the

freezing-point eiÀrïre with the eutect,ic line on thepierlc
aei'd sid.e of the diagrara {fig. llJ. flr.e eut,eetielt.u*p***äure
given in figure 1O ís not a reliable one beeause it rloes not
coincide with inåersecÈion of the nelting-point eurve at the
eutectie xætrus composition, and a.lso beeause it could. bd easily

lswei:ed (first a,ppearanee of èhawingi by tTre presenee. of even

sna..ltr aqsunts of impurlties. ?he value glven in figure 11 ås

üore reliable because it was obtained b3' the heat effect:.
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ffiherr we eonsider Eogojawlenslsirs results for Èhis

system, Lt seems that the euteeti.e teuperature which he

obtalned (gro) is reasonablen but the varue for the

composition is not 1n agreement with those obtained. in
this fnvestlgation. .å. n¡eaa salue ef the three determinations

would proba'bLy be satåsfaetony. ?hi.s nould then give:jî'"' 
56fi p.rcyi-e aeid- and a tereperature of goo,

. ffith euffåeåent careo i,Ê seßfts that the t,haw-po1nt,

mel€f,ng'peint rtet,hod shoutré gåvs a,cearaée results for the

melting-pofnÊs, but unless t,he es!Êpûûents are lrêry pure, the

eutectte temBenaåure wsuld be.too J.ow,

Sgslem:_ Tnin;i.tÏg?olueng -_ÐinitropEgÊol:

'The equil-ibriua d,iagrar* for tlris system is muctr more

sati.efaeter3i' than thað f,or pieric aeid - diniÈrophrenol.
'j.

This uaeSr be dr*e Ëo the faet that a visual. cheeh {ftrst e.ppegtr-

ånee of crystals) æ:es made on t3re freeziug-points. Although

ühf.s method 1s subjeet,ive, it cen not gåve ïal_ues Éhat atre ü,oo

hígh beeause'crystæls must å.Ilpear before they can be seen,

These vlsual values, if théy are €êrefu1ly observed, serve a6

a eheek on deteræinations whích depend on the heat effeet,

ËUe!98å_ gåg|.e_pclÊ :.-rti gllro lo_lugrle .

Ey inspeetion of figure 11, it is easily seen that Èhe
)

resulËs of faylor and Rinkenbach are the beÈter. Their ueèhed

sf determå-ning Ëhe freeaing*points; i.e..n by extrapolating

t.1":'. - -..
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frosÐ the æ.asåa*r¡x* oþtained on Ëhe co*3i.u6 rlurve b*,ek êo tÞe

oråg,å-næL e¡*rve, ås ela.imed to be jtrstified (s*e rr¡f .] and

ssuSd see¡a åo be so fron tlre eonsåstenÈ resu}-ts they sb*aXned

{e.f, those of Guia. );

sÊem; Flcrie aeid - tro l- * 'lrl.n å+f,'r¿ene*

rt, sas fsr¡rrd. to lre åro¡ro*såble to deÞess:-ne êìre fnearlng*

poinü of tbie eyetem by üire heai effesÉ, sven the sier¡el

uethod Bês î¡r¡sertain due to a rlaÈurel op*lescer¡se of tlre ¡¡elt*

iÏexgrer, t'he eoæBseåäåon æÞich uns carled the t,ernar;r may be

Èhs Ë,rue oas" tiee dlserepaneSr b*-È,w*en åÈs r*u1,Ëing point ar*Ë

åhe Èiras*;loinä n:ay be duen. a* in Èhe påerie acl"d - €J.wåår.o*

-gihener, e¡r'eåew {efre fig' ãc}, to. årcpurLêåee whreh eeuca she

ee3.&ångr"3laår.eÈ te he l.smered beLew êår<l Ér¡*ç vnluçn ?i¡eeç

i:upnrities eouLd, oeeily be ¡rneaent eånce rtüR€ of the eeuaponenüe

s'as û,Þç+}uÈel"3r Ë$*rÊr es ålrdiee*ted by f^t-e melting-soint*

; T. å sÊ o gt4g, aþ4 v. glo çr,es- + g 
- 
ûr{ q r gå1ås a r. l *q

' Fro¡a f,å6t*r'e ¿6, i.+ eaÞ be #Ðeî¡ êhêt, fire vfeeøeity af
n1l ælstures of åhe eystewi plerf.c eeid - d,ånåÈrophenal,

Sies beÈweerr åbe vlçeoeltLes of the ïn¡rs *trboêaneesn o¡l

a' êaôêÊF¡/.fsr¡:ry&" "& sl.si.trer Êery# Ls gåven far Èire fluåditr
vsrsus matre $ pleríe ssrdr þlrÈ i.t ie a*t th* sêre,ÈghÈ llne
reqæired by ãin6hæm. 3ut Èhenn tue reqirired f3.uådåËy to

be ¡rloÈted agai.nst temperaåLrre. iït any rsten there ås no

d+r¡bÈ $,Þrst th;e 3*wegÊ q¡îd hågh*sù çåecaryi"tåeç of th* s3.stee*
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{ano elso the lowest a.ncl hj.ghest, fluid.ities of the sg,eæi

lie between tlzose of t,he pure substances,

Ftom table ô iaj ,qpd figure 16, lt ean be seen that
picrie acisl is app#qximat,dly 4.5 tineË eE vi.seous as riinitrø-

''

phenol aÈ the saule temperature. tsut its velocity of, cryeËal-

lisation is about 1û times as great a,s that of iü,Íp at eomparable
'

degnees of su¡rercooling. å.lèhough the vå,seosit¡r and t. V.

were done aü d.ifferent tenperature,s, i-t is probably safe te
assuBe that at the s€mûe temperatureE the sa.me ratios betryeen

t,l¡e iriscosities ¡rould hord. Theref,oreo although uiseosil¡r

reay have an effect on the c.v., w€ can not ccmpare diffenent,

eubstenees 'in this rvay because Èïre ü.1. elearJ.y rlepends ,o:rt

tt¿e natrere of Èåe substance alse-. ftrus all the cowparisons

that are roa.de N¿ere lsíll be ra.ther loose ones.

rt .qas mentioned in the introduetion itheoretica.li , that
the Ê.'f. of taixtures was irregular due to eoneentragion

ehanges" Tf the euteet,ic eomposttion ås used, h-owerrer, there

shor¡ld be no concentration changes, and constant values of
the C. V.. should be obtained.

when pier-ie aeid e,nd dlnitroBhenol are uixedo iÈ might 
i::

beexpecÈ,edthatthee.ï.wou1d1j.eena.curvebet.weenÈhe

values of the pure substances, as in the case of viscositles.

-Ërrt t'his was not the case.. .å 60Ë píeric aeid mixture, irhicl¡

uight be expected to have a yelscity higher than that of Ð!fp,
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at the saüe teupere"ture (i,e., at tite sa¡ne fixed teuperature,

not at tt¡e saÊi-e degree of supereoollng- ), is actually found Èo

be only L{SS L]nat, of, iEP. lhug there must be eorue other

effect, shf,eh t.akee place, notably the t,endeney of .the nolequlee

of IIT{P ts interfere with the forsatåon of the erystal laÊtfee

of picríe a,cid, and vice lrersa. .A second coiaponent, then, aets

&s though it i-ncreases thef internalil viscositl, withouÈ the

ueasured yiseosity being appreciably altered,

The esnce$tratisn of lhe second err,¡Ilonsnt also has an

effect an the 9.1i, , as i.s Èo be expected.. For exaraple, &

Q-T: qå,.alPqFt,f;.3iEçìq-¿qal..{or-a 55F æixture. Thuar. for thåe

e¡rstea,, ühe t.v"' ,Eee$s to depend on whigh sid,e of åhe eut,ectlc
¡ ,:':

one chsoses a ¡ri.xtu.re' 3f inetead af 6Ð,fi picric acid, a jjfi

mlæture had been usedr. ÐIihe}Liteil wo,r¡ld l¡ave been æuoh luore

suiÈah'}e fo¡' pauri.ng ints çhçlIs.

Æy addj.:rg 1S af grn eotton to the 55,fi pieyic asåd mixËurer

iès viscosi"ty is idcreasecl appooxiwa.tely I tirnesn but iês €,T.

i-s aLso ín,ereased aþsut 1.2 tårfies- I{owever, this can þe expt-

ained or¡ Èþe ba.sis of the work of FreundU.sh and üppenhefrner t21)..

lhey shswed Lhe.t non-spherieal, e¡rll-cidal Barticles increased Èhe. '

t.'i¡. since gun cotton has been shor¡¡n to be a long ehain mole-

cule of prcbably colloidal dimensions, then the inq'rease in the

t. v' ls reaciily exprained.. 3-Ì" of gun cotton increases trre

*¡íxture sCInËaíni. eri,e acid t$he].lite] has a uaxiæula
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yl-scssity beyond the giraetÍeal limit (I0 poises) withouÈ

reducing the C.T. -tre-:yr snucia. (see figùre A0).

{lsing coll-eidal aaterÍals to inerease Éhe våeeosit¡r of
a mixture in order to reduce the c,v. ivirl probably nuver

:

sueeeed beeause although the viseosity is inereased, Èhe

erystals ç&,n sti.l} grow bet¡peer¡ the solloid.al part,iafes
just as Èhough the erystal nuclei. sere ln the origlnal
li.guidn .¡rnl,eËÊ the esraeentrat,j.an cf Èhe col}eidal part,ioles

is great enough Èo prevent growth betwe*r¡ t,heuc. By adding

truly df-ssoLved ærbstanses, hewever, er'Êll t,hough the çåsees,ity

may not ba æaterfal"ly lnereased {it, mày even be deereaued}, â.
:.ì',,..,

so ealled ilrntarnal vieeosf.ty* is eireated; f.,e,, the dif,ferent
¡nolecules get, in one anotherts wa,y and slsw down or prevent

the.for¡naÈísn and growtþ ef latt{.s,es, This ean noÈ be just Èhe

eff,eet ,¡f Loserlng Ëhe meltång-3iel-nt of, the subetanee anÊ ,th6re=

fore lncreasing the viseosity as the S.owergp temperatures e.re

rea.ched; because the ternary eixture, at the saìï¡e tenperature.r,

has onl¡r L/8 trre t. T. çf 55fr pi.enie + lfi gun eotêon1 yet íts
visesstty s,t the saæûe tennpe:rature fs less than Llz tha,É sf
the shellite-gun eotton systen. the eomparison is a loose one

since the ternary had, over 50Ë TNT, whlch the other systeru

d.oes not have, However, as can be tseen from figuræ iL9 and*21,

ENf aets in aueh the same we,y as Ð}ilp,
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, *.n exsninatfon of figure ?], wiLl show thet the two

onaponent s¡Éeus have ü' f" I s t,hat are much higher than those

of the three eomponent system r¡ade from thera. These are all
i.::':: :l

"" "i,','' at different tenperatures, aithough at the saffie degree of euper-

ha's t'he lowest rneJ.ting-point, iÈs vi.scosity must be greater
..1,t..'.t¡,,.,.'
' '::,;:.;',:: than that of the other systems. llowever" Èhie ie not the only:. ::. ..

.:. ,:;' ,.;; ,; reason for its having a lov¡ C. V. , þecause an exanninatlon of'.:.'..... ...

figures 18 and 2l ehows that the vieeosity reay increa,seI

l

reuaendousS.y withor¡-t t,he C.V. being r¡aterÍally a.ffeeted. lhuso

' al-though there ean be no cì.oubt that a greatly j.ncrea.sed
l

Tiscosity lowers the Ë.V-, the relation i,e not a direet ofie¡.

:I Jf one could &eå.sure 
"vhat I have eaLled the internal viseosiêyn

a elcser relatj.on mi.ght be found-,

: ft is èo be notee] tliat none of the eurves whieh I have

.-: . .. obtaínedo evea for ïl{f, s}rslçs an extended rn.aximum for the ü*T, :'. 
...: ... . .. . .. 

.-
:,'i,t.:,t..t..t.t,,.t 

,ÌrL.. _ m___lhus T¿rmmannts ideal eurve'has not been founo for these systems.: . .. .'...:: .

:'.--.:-'.::.-'.

;: :t;'.i; However, the exr.stence of s unaxÌrsum at 2û - 30 degrees of suï)er-
coollng hes been found, but it lmmeaiatê.&y fa]_ls agaín.

rt se*ffis to ne, that the c.v. wil-l be founrt to depend,
:

. ,. :- i-:.: :

::::;::,1::1 not on the heat libera.L€jd on solidification, and. viseosity
:a.Lone¡ ãs ?a,rsmannrs Ìras suggesterl, but aJ.so an other fa:êtors

:

of attraetive or re3m1såvs forces. 'fhe t-, V., eurve wou]"d* in



lt z1

' short, be ¿'¿ eurve representing a baLance between êhe forees

tending to forn the erystar- lat'bice, and Èhose tend.ing Ès

preventileformation¡e"g;'viscosi.tyokinetíergovement,et.ø.

Ðifferent rates of eha,nge in these forces with falling tenp- .,,',,. 
,

'.
erature woulcl then explain the form of the ü.f. curve. ïf :

tiris is true, then iu ord.er to erplain lamr¡annrs eurve for
the t'Y., systematie æeasuremeRts of uany Hore properties in ',:,','..,

t'ire region of Éupereeolin¿9 v¡ou].d. have to bè wes¡rmxa* Bade,

*€enelupioes:
1. the eEullibrr.uq diagraæ of påerr.e aeid - 2¡'4-dintrt,ropheno.l

has been detarr,nined. rÈs eutectia eompoeiÈion probably Lles
beÈwêen t,t¡e Simits of 5FS and 6afi p;'erÈo aeåd by weî.6ht, witb
a rudlting-point of about BOo.

2. The equifibnåum didgrau of Trånåtre.Èoluene - Z:4 - dinltso-
phenol has been deterruined. trt has a eutect,ie, comtr'osítlon sf
28$'dinitrophenol by wäight and e melting point of 62,7a.

7" JleÊermirlaåions rrere nade on Eeireratr composLèions of the

system: Pieric acid - dini.trophenol - trinitrotoluene. lhese

indi-cat'ed a possibre ternary euteetic al 3o"fi pierie a.eid.,

57fi TNT:, ai.td 1?# ¡¡tw by weighto sith a. meLtj-ng point o,f 4F - 48o".
4. å, number of densities s¡ere d.eüermined for use in ealeul-
ating the v:i.seosities of narious mÍxtures*

9. ïhe vÈscosåtl-es of the system: picrie aeid * dínitrophenol
welie found ts Lfe on a smosth €Ërve bet¡çeen maximum and minimu¡¡

valËes whleh Fere thoee of the pure substances. However, frou
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the contour of the viscosity c.urve, but more especlelly frou
that of the fluidit¡, curve, it ca.n be seen that t,he viseosities
a.re not strictly adrlitiveo indicating tttat posslbly the two

coülponents have some effect upon one another. ,': 
t':':

6' Âlthough ti:e viseosiÊives were nearry ad.ditive, the

c-v' ts ui'ere not; i.e., tiu crystalrisation velocity of the ,..
.:.:.:::::::.

nixture was always less than tha.t of the pure eouponents. ::i;:;.:,;

7. Tammannls û.V. eurve was not reaLiaed for the pure j.l:ì,r.i:i,.,

substances and mixtures studied" alËhougÈr a maximum ü.V. wa,6

' obtained in ruost cs,seF, but not all, at about zo - ]oo of
super€oûliag, 

I

B.tomparisonsofviscosltiesanrlt'V.sshowed.thatad'i.rect,

relatlon between Èhew did not exist, aì"thou6h there can be no

dor¡bÈ that inereasing Èhe viscosity consi.derably, reduees the

e. v.

g. fhe ad'd1Ëion of gr*,n cot,tonr and. presumabl,y otr.." eo].loidal- 
,.,:.,.,,.,,,

material.s would aet soneîFhat the så.ÊÌe, inereased t,he viscosfty lt,.tt,.

¡11¡ but it did not have 
i' 

".

the desireC effeet on the t.V.

10, .&d,di.tLon of a third. ccsrï)onent {non-eo11oida3- ), Ioç.ered ..: . :
:.t-:.:... 

".both ühe æaeltÈng-poÍnt and the c.v. ït wae the æore proæisi,ng :""i""'

of the two seihod.s.

11. The ternary euteetie mixÈure ean no longer: be considered

to be sirellite, owing to Lhe large proportion of TI{T that was
i;t::::::

a' hl.gh uneltlng-point, third eemponent :1';"":"""""'
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_

_--jr 
- ::'.:_::

such as picrä"rÁide, soeelvhat the same reducticn in the C.V.
:-

rflÐJr Tre effr>eted ifi'ltiror¡t irndul;l changing the $heIlíte míxture.

7-2, ijince the lowest allowable r¡eltirrg-poini for an explosive
: i-:: :.:.

';1'::-::t,"" of r¡íxture of ezplosives is 6zl, the ternary mìxture nelting
, at 45o would not be suitabJ-e, but otlier míxtrrres of higher

melting-polnt nnight be.
. .:: .:.:ri:.:;.: :'ii;:.':.' : L3. 13;r' changing the eompositi-on of the Shel1íte troa 6!fi" :1 :1 . :::..

; :: : picric aeld t,o 9jÉ pie:yie aeid, a ronsiderable improvement: ::.:.:.j.
:. t. r: :t.....:: ::

in its shell-fi3.}ing properties r*ight be effected.

14- .qtraliteÉíve test,s showed that the ternary mixture would
i

' cor,lpleteLy eool (supereoul-) to roü4r tonperature and woulclì

''
rer¡¡ain,1r llquid, or ä,s a liquicl - solid ¡sf.xture for síx lrours

: Qr IBorÊ- ihere is no doubt tlren tlrat such a rsixture would

: have d.esirabl-e sheL1-filiing properties Íf its lor¡ nelt1ng-i

r point were nst objeetionabl_e,
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