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I. Historical Survey.

In the early deys of organic chemistry many of the
idess and doctrines of inorganic chemistry were tacltly
assumed to be truve also for organic chemistry. Every
inorgenic subetance had, or was assumed to have, ite
own distinetive composition, and the principle was applled
to organic compoundse
ls Early Work of Faradey & Dalton.

That two substances might have the same composition
and yet possess different properties was first cleerly
recognized by Paradaye. It sppears that In 1820 Dalton
obtained by the distillation of certaln fatty olles a
hydrocarbon which combined with chlorine like oleflant
gas, and he drew the conclusion that "most probably the
atom of the new gas consiste of twe of olefisnt gas". This
suggestion was afterwards confirmed by Faraday, Who in
1825 undertook an iuvestigation into the nature of the
oil pas, which was belng manufactured, cdm@resged into metal
vescels and distributed among consumerss This compressed
gas contained a considerable guantity of a liguid of low
boiling point, from which Paraday isolated g hydrocarbon
which had the same composition as olefisnt ges but twice ite
densitys OFf this Paraday wrote: "In reference to the
existéme@ of bodies composed of the same elements gnd in
the same proportion, but differing in their gualitles, it
may be observed that now we are taught to look for them

they will probably multiply.”




‘2, Work of yohler & Rerzeliuve.

In 1828 Wahler'gbtéins@ urea which posseesced the same
composition as ammeﬁium‘ey&na%e but different @ro@erﬁi@af
The existence of substances of thls charsecter aroused o
lively interest; for Bergzelius, in his Jahresbericht Tor
1829, after describing the ar%ificial preparation of ures,
@roeéedg; "Phis fact opens the door to clearer views |
and indicates that the number of simple atoms may be
distributed in the compound in various weys, and thereby
give rlse to compounds with different properties, as we
have already begun to discover in other cases.”

Two years later Berzelius, in studying an acid
which had been found in the mother 11@@0?& from the
magnufacture of tartaric acid showed that it possessed the
same composition as tartarie acid, but different pro-
gertiés; and named it racemic ﬁ@idf In reference to his
éise@very of racemlc acid in the Jahresbericht fsr 1881,
ﬁarzeiiug writes: "The @baélu%e identity in composition
of two compounds posseseing different properties had now
héem positively established by the analyslie of racemice
acld, an acid of organic origin. MThis acid hes the same
com@ésitian, containeg the same elementes in the same atomice
prspaftimn;Aand possesses the rame saturation capscity as
tartaric aéid»" He proceeds %o explain it by a differvent
arrangement of the astome, and pointe out that Mitscherlich's
discovery of isomorphism must uwndergo a further extﬁn&ien;
for ae isomorphous bodies consist of different atoms

similarly asrranged in the crystalline siate so the saome
g




33»
atgma May be grouped 1n such z way as to produce different
cryetalline ﬁﬁb&%&ﬂé@ﬁg‘Whiéh ie the case with tartariec and
racemic acide |

'@hus the principles of iﬁom@riﬁm bocame an established
fact in orgenic chemistry, and, as Faraday had foretold,
examples soon began to multiplye

| As examples of lsomerism bocame mere and more
mumerous varieus theories were pul forward to account for
this behaviours ‘

ILs Optieal;&é%iviﬁg‘and Asgmmetry -

l1s Optical Activity & Molecular Structures

The theory of van't Hoff and Le Bel connects opticael
activity with meolecular structure. Sﬁbﬁ%aﬁﬁ%$‘ﬁhieh are
optically setive in the Tused stute or in solution contain
within the molecule at least one moltivelent atem united
to different elements or groups forming an unsymmetrical
space arrungements As four is the minimum number of materlal
polnte demanded by any space arvangement in three dimensions
the multivalent ateom which unites the elements or groups
must be at least tervelent. In the majority of carbon
gomponnds the multivalent atom is carbon: but optically
active compounds sre knowa in which %E@ central element of
the system is nitropen, sulphur, silie@mi-@hﬁsgﬁarua or
many otherss
B¢ Optical Isomerieme. Object and Mirror Imsge.

Bvery aesymmetrical object, sueh as s glove, hag its
fellow but they are non-superposables In the same way o
substance containing a carbon atom, vound which four different

rpoupe ave distrlbuted in three=-dimenslional space, iz capasble
£




A
of exleting in two forms which correspond to a left and right
hand, or to an object Maublh& miﬁroy im@gaa

The chief point @f difference between two 5&@?%&@&@%.

:“a%imﬂ ol thair @fﬁﬁ“

‘nvimg 8@ #puce a?ranwemmn% o éﬁ%‘
corresponding te nmj@e% and mirx@r lm&%@, 1&@@ in {ﬂmai aeflon
on mala?ized llﬁhtg the mna %xvﬁimﬂ it to the right, end the
other Lmrm@mg it to the left, vhen in th@ dissolved stuteo

In the two cases the sngle through whlchb the light is turned is
the same but ls giffersnt in direction. In all other physieal
and chemieal @y@pefﬁiag-th@ two subrtances arve identlecale

@ha tfn cmmplem@ﬁ%w ry active f@fm@ ave varlously termed cctive
ﬁam@@mant nfi@ndem or amaﬁ&lammrwhme

B¢ Van't ﬂﬂff’ @ﬁ@@rya

Yan't ?eif Labnf ¢ the @“f@mﬁ atom as

valswchh diz&e%vﬂ towarde the sumnite of & fﬁkr&hedr@ng of
which 1t sccupies the centres 1If the proups rer wresented by
ay by €, dy attached £o thase feur bonde are different, then

3

the substance will exhibit optical activity. Represented
by space formulas the ﬁ?@ﬁ@iﬂg is asymmetrical in the sense
that it forms g figar@‘wﬁieh'@aﬁnm% be divided into exuctly
Simiiﬁr hal@@&g |
The e$ﬁiral ﬁ@ww@n atom of the group is termed the
aéymmatrla carben atoms |
Sueh an &«;mmuixjemx group hao a aam@l&men&&rg‘f@rm
or mirvor image voscessing the reverre rotation. According
te the theory all a@%iﬁélly aé%iva compounds é@mgaim an
a&ymme%rie curbon atoms” |
hxelnaing for the vracent compounds cuch a8

aeﬂﬁﬁ) Co { WHz )%ﬁ prepurad by Werner snd shown to possess
o@%Lcel &Qﬁivi T e
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A great many compounds kunown teo be optically getive hove been
studied snd in every case they contsin one or more asymmetric
carbon gtomss i% aprears to be the excepltlion rather than the
rule that the substance will be active in both the solld and
the liguid statess There is, however, no necessary connection
potween the activity of the two states, snd it may be noted
that stereo-lsecmerism is concerned with the activity of the
liguig or dissolved substence, and not with that of the solld.
4., Loes of Optical Activilye

If & cempound contasining an ssymmetrie carbon stom
is vo treated that the ﬁar@&ﬂ,iﬁ ne lonpey asymvetric, then
the compound is no 10&@@? actives Parther 1t should be
pointed ount that where one group replaces another so that
asymmetry ie preserved, the product is not always sctive.
Thie fact ls sccounted for by the compeund uandergelung during
the process, what iz kuown ge racemisation.

e Some types of Optlecal Ineetivity.

However, the presence of an asymmetric carbon atom
does not mecessarily mean that the compound will be ovtically
setives The compound may consist of eguasl guantites of the
two opticelly active varieties, in vhich case the activities
will be neutrslized and the substance will appear to be
inactivee.

In certain cases the two scltive varietles crystallize
together, Torming a product which has physicael properties
diaﬁinct‘frgm those of either constituents Such a compound
is called r&eémiao %ﬁch differences disappear in solution,
and the substance then behavee 1like a mizlures

There is another type of opticsl inactivity which is
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entirely different 1n origins It depends upon the presence

in the molecule of an even nunber of similer asymmetric

‘—h

carbon gtoms, that im, carbon atome Yo each pa 13 of vhich

o similar got of grouve le atltached. A an example take

the struecturasl L@rmxl@ of @vtmrie @eidg ags shown, there are

two asymmetrie carbon a%@mn present In the molecules EKach
% | asymmetrie earbon gtom is &%iad%a& to similar

Ho—0—00E groupss Suppose that each asymmetric carbon

HQ—?—GQ@& stom with ite “fsmei ted groups brings sbout a
B cortain rotation in a given direction. The

following combinatione of the two asymmetric groups may &e

imagineds  Both @r@du&@ dextro-rotation or both produce

lwavo-rotations The mizture of the two wiil ﬁraéﬁ@é Insetive

rocemic ancide Then yocemic anelid is szid to be lneetlve

by external compencations If instead the two asymmelrie

¥

groupse pr@d&&a rotation in opposite &?f@ﬁ%iﬂﬁ“ then the
compound is said to be inmetive by iﬂsG?ﬂﬂl compensat ions
In this way two types of conmpounds may be produceds. Those
whieh are insetive by internsl compensation ang these which
are Inasctive by external compensgsllion.

The inactive compounds mentioned above may, with the
exception of fthose compounds whilch sre insetive by internsl
gompencation, be resolved into thelr celtlive componentes
Vorious methode may be used for this but they need not be
gone into for the‘@urp@@@ of this papere
6o Racemisations

The reverse process, whersby an sctive substence is

rondered inactive, i freguently met withe. The partlisl or

complote eonversion of opticelly active substances into
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insetive mixtnres of the same constitution is kaown ss
racemieatione That the chenge 1g not due to the formation

of some structurally different snd insctive compound hag been

ghown many timee by ?h& vesolntion of the preduct of rece -
misation into its afi§¥ﬁ&lly getive componentss
Ruceomivation may *@ eflected with varylng degrees of
eage under the influence of heagt, aecids, alkelle er eolther
veagentss Racemisation ceenme {0 occuy morve reodily when
substonces are in the act of formaltion thean when they are

already fermed. In & Vew cases the chenge progecds of ileeld

in the apperently pure compound, the ostical setivity belng
completely lost in the couvee of time; the pPhenomenon bhelng
then known ae auto=rocemisellon.

The mechanism of vacenmlention is cavaile of various
interpretationss Van't Hofl pointe out that in the con-
version of one stereoisomec intoe the other, where the stab=
11ity is elight, equillbyrium will be attalned when the
ingetive mixture ie formed: fer it follows from the complete
meehanical symmetry of the twe leomers that the tendency

to convercien ig eounl in both, and conseguently the one
. . 9 3 ¥

3

prosant ila lsree guentity will aslwaye be converted ln lerger

guant ity until egual snnh%i*xae nf goch arve vresents

I1I. Dhg Phase Rule ond the Temperature-Composition Dlagram.
Le Introduction. |

It wae known in the lest cuarter of the elghteenth
contury that chemical reactions do not take plece comiletely
in one direction, bul go so iar and then stops Hewever 1t
wae not until the last guarter of the ninetescnth century

that a theorem which was not weskened by any assumptions as




8.
to ”i‘:ﬁ@ constitviion of rm”ﬁ?*&ér was put forwerd by willard
Gibbse By means of this ruls ﬁ@ can state under what
conditions a system Willkbﬁ in sguilibrium and it also

sarves as a pulde to the similarities and differeunces

b
b
e
ms
o

ing in different systems.

Before this time Qﬁidb@?g and Wasge, by means of

the Mace Action Lew, were enabled to summarise the conditions
of eguilibrium in many cupes of both hamagenéams and ,
with the help of certaeln sseumptions, of hetsrogeneous
equilibrium. However, since {his theorem was baﬁed on
certain gesumptions as te the nature and condition of the
substances taking part in the resction, 1t was not satis-
factory when applisd to those systems in which nelther of
the sbove reguiremente was Lnowne |

Pen years after the Law of Mass Actlion was vro-

pounded by Guldberg and Waapge, Willard Gibbs brought Torward
the Phase Rules In this theory of egnilibriun there are
no ascumptions as to the molecular condition of the participating
substancess In deducing the law of equilibrium, Gibbs
regarded a systen us @mém@&gimg only three independently
varisble factoree-tenmpe raturo, pr@sg&ré and the concentration
of the components of the Syﬁtem;w&n& he enunclasted the
geneyal theorem now known ag the Phase Rule, by which he
defined the conditions of eguilibrium as a relationehlp
‘between the number of phases and the components of the

gystemes
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2¢ Statement of the Phare Rule.
The Phase Rale may be stated as follows: A syctem

consieting of n compenents can exist inn £ m phasee, only

vhen the tempersiure, presgure, snd Oamﬁﬁﬁ%rktiﬁﬂ have

i*ad and definite veluvee: if‘th@ra”ara'ﬁ enmponents ié
n 1 vhases, eguilibrium can exist while one o the factors
varies, and if there ave only n phaces, two of the varying
faetors may be arbitrerily fixed. This may be more con=
gleely put in the form of an eguation:

Pe=n-~1v# 2
where ¥ dencfes the vwri@bxlmﬁg of the eystem, n 1s the
number of eomponents snd r is the number of phasess From
the ecgustion it can be s , thet with lncresse in the
number of the phases, the condition of the system becomes
more and more defineds
Se  Discuscion ef the 3@611&@ Curvess
(a) Goneral.

In the systom under lnvestigation, HaOH and
Rochelle Salt, there ave #wé gomponents and they are both
solid at the ordinary temperature. When such a stete of
things exists the best way of determini ing the eguilibriom
gurvye or %hé froczing point evrve ig to determine the

freesing polints of home weous liguid mixtures of dlifferent

initial compositions or the éemper&tﬁrgs at which the
solid phase begine to crystallize out from the liquid
mixtures : : :

When a pure substance in the fused state is allowed
to cool slowly and the temperasture noted at chort intervals

of time the cuyve obioined showing the relation belween
£




104 .

tine and t@a@%ra%ﬁz§.will e a gmooth conlinUous CUIVO.
Wmen the Freezing point ls veached, solid will begin to
saparate out and the temperalture will remslin eonstant
nntil complete solidiflicat ion hao taken places that le,
suppoesing that there le no ?ﬂ?&f“ﬁ@@liﬁgw rom this peoint
on the fall of @ém@ax&%ﬁy@ will apain be uniforms

I a solution 1o sllowed to cool slowly and the
%@m@ér&tﬁr@ determined a®m above @ smooth curve il agoln

obtained se long as the solubtion is completely liguld.

When a solid phatse beglne e be formed, heal le evolved

&

and this will eauee the rate of cooling to gliere. On the
gooling eurve then, there will be a break or & change lun
dirvection at the freeszine point of the solution. As move
and more of the ﬁ@li@ vhags separates out the composition
6f the residual seolution will alter, therefore the
tempoerature will not remalin Qﬁﬂéﬁﬁﬂﬁvbﬂ% will graduelly

2all until the eutectic point le reachede AL thie polnt

is formed and the system beconmes
invariant; supposing that thers is no super-goolling; aend
the temporature wili thevefore romaln constant until
complete %ali&iﬁiﬁ&%iaﬁ hes takon pluces Prom then on the
£a1l of temperature will apgoln bocome unlforme

The length of time during which the temperature remalns
conctunt ot the euvtectic point is known as the sutectic |
nalts The length of the eutectic halt will depend on the
amount of solution which remailns unsolidified when the
eutectic point is vegchede If egual emounts of solutien
sre taken, having diffevont inltisl composition, then it

can be seen that the time of the eutectic halt will be
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greatest when the composition of the solution ie the same
as the composition exilsting at the eutectic point.

If one obtalns the cooling curve of different mixtures
and notes %he}a?régt‘pﬁimtsg that is, the polints where a
bresk in the curve ocenrs, it 1s §sa$ib1@‘%ﬁ map out the
equilibrium dlagrum of the systeme Also from the cooling
curve information cen be obtuined as to the nature of the
solid phases. When one vlots the duration of the eutectic
halt ageinst the orliglinal m@mpg&itinn of the mizbture and
obtains o simple curve with the time maximum at ﬁhé gutectic
composition then it is certasin that the pure components
ocour only as sclld phagese
{v) Thermal Aunalysis.

The method of fellowing the neture of a mimture as
the temperature is loweved, briefly outlined above, is
known o8 the method of thermal snalysic. The method may
be summarised as follows:

Miztures of the two ﬁ&ﬁ@@ﬂ@ﬂ%ﬁliﬁ various @foportiamﬁ
aro made upy melted, amé cooled down slowly and the
temperature obtelned at shert Intervals of time. Fronm the
dota obtained = curve is plotted showing the relatlon
between time snd temperature. Grom this curve the melting
point, the polnt vhere the curve Tirst bresks; and the

point of complete solidiflcatlon, the point where th

&

curve breaks sgain te rvesame its normal course; is obtalneds
These two polints arve then trensferred to a separate graph
where they ave plotted ag&imé% the original composition of
the eolutions, PFrom the shape of the curve g0 chtained

i+ can be determined whether the solid componenis oceur in




the pure state or whether they form a compound.
{¢) Dypes of Curves Cbtaineds

(1) Componentse do not form s compound.

QL, &

>
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if@m'mmwmmm&@@ﬁm ﬂmm&cmmmmm*m@
gguilibrium curve essumes the peneral form shown by the
disgrame A 1s the melting point of pure A, B is the melting
point of pure B, and C is the eutectic point, at wh leh

point a eutectic conglomerate eompored of cerfaln preportions

3

of A and B separate out. ?b@y@m%Ve‘&ﬁ glves %ha‘eompmaitiom
of solutions of A and B im‘@quiiibriam at different
temperatures with A as the solid phusee The curve BC gives
the composition of solutions in equilibrium et different
ﬁ@m§ara%uras Wi%h;B as the solid phases
| (ii) Components from a compound with a congrueat
maiﬁing poink e

When the %Wﬁ‘eam@anémﬁs can form g stable compound
wi%ﬁpgAémngra@m% melting peint & thikd equilibrium curve,
that for compound iun equilibriﬁm;wiﬁh 1iquid‘malmﬁiom, must
pe sdded to the two curves slready discussed. A compound
with @ congruent melting point is one that can exist as a
s0lid compound in equilibrium with a ligquid of the some
compogition. Since the compound has a definite melting
@Diﬂtkﬁhis tempoerature will be a maximum on the equilibrium

curve sinco the melting point of the eem@auné will be




13,
lewered by dissolving in the solutiom elther of the pure
componentses The genersl form of the eguilibrium curve is

given by the following figure:

]
¢ Fig. n
2 9
P
{
[
Q.
5
~ N
mﬁ% Com/aom/'lon "’B"%

A is the congrment melting point of pure 4, B iz the
congrvent melting point of pure B, and D ié the congruent
relting point of the compound, whieh may be given the
fcrmalayﬁﬁﬁyﬁ The curve AC gives the eam@céi%ion of solutions
of A and B in sguilibrium at different temperatures with the
component A as the solld phases The curve EB gives the
composition of solutions of A and B in eguilibrium at different
temperatures with the component B ss the solid phases And
the curve CDE gives the composition of solutions in eguili-
‘brium with the compound ag the solid phuses ¢ snd B are
the eutectic peints at which selid A and compound and solid
B and compound can exist in contaet with s@lﬁtiam& of
dofinite compositions 1If it ies possible for more than one
compound with c@ngruéﬁt melting point to form, then a series
of curves similar te curve CODE will be obtained, one curve
for each such compounds As in the case of the curve CDE the
maximum point on ?he curves will give the composition of the
compoundss 1f fh@rﬁ is & sbar@ bend to the curve CODE it

means thet the compound is dissocinted to a conslderable
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exbent in the liguld stato. ?h&yflﬁ%f@f’%h@ curve the less
is the degree of di&asei&%imm@ Thue from the shape of the
curve 1t i&'@éﬁﬁi@i@ to ohtaln the degree of dissociotion of
the compound in the liguid state &@@reximﬁ%ﬁly;

{1ii) Components Fform a compound with an incongrnsut

£

meliing points
However the compound formed m@y not have a concruent
Gwliing point, but it mey undergo decomposition with formatlon
of snother selid phase at a temperature below the congruent

melting point of the compounds BHuch a compound is spoken of

w
=%

2

&

5 having an incongruent melting poinfe If sueh a compound

B
po

le

¢ then the eguilibrium diagram will take the form shown

in the figure below:

Fm}.m

Tem/aerafure

760%
Ao Comfoslfton

The dotteo continuation of the curve OB indice

700%
B

@

tes
%ﬁﬁ% the compound isc wetoble along %hiﬁ‘yar%imn of the
gurves The summit of the eurve would @@‘ﬁhe eongruent
melting point of the compound. However before this temp-

3 n

eyature csn be yeached Lhe cmm?@&ﬁéfmmﬁ@rgees decomposit ion
into snother solid phose snd ligquid st the point Ee The
new s0lid phase may be another compound or it @&y‘b@ one of
the p@ra component s  The liguid vhich is Tormed by the

decompopition of the compeund, which mey sgseln be reprerented




Qy the i&rmaé& AgByy has not the came composltion as fhe
gompound itselfe @hayefmr@ the compound is sooken of ag
h&viﬁg‘an incongruent melting point. The point L represenis
the limit of existence of the compound under the particular
coustant proseure which is sssumed. If it le possible Tox

a series of compounde %@?farm, gach of whlceh poscese an
incongruent melting point, then g series ol curves eimilar
to the ecurve CE sbove will be obtained, none of which will
nossess a temperature maximum and theve will be only cne
euteectle point.

Since the compound does &@i posecess a congruent
melting polnt the tempersture maximum on the eoquilibyriunm
gurve will not be obtained and it is not poseible to deteymine
tho composition of the compound from the Treezing point
curve or the equilibrium curve alones Hewever in thie case
the method of thermal am%lyﬁié may be nseds

IVe Ihe Methou of Cooling,

L Eﬁﬁhed of Tammaniie

Platos The older method ured by T&mmgﬁm {1905) was the
method of free coolings That is hne f@mk g mizture wbich hé
desired to luvestigate, vut it in & furnsce Fitted with a
thermoesuple and roiced the tempersture uvntil all was o noitene
Phen the heating was out off entirely and the melt sllowed

to goole ?@wﬁar ture veadings were then taken st lutervale
of times Tammeonu's method hae the adventage that it is very
rapld ae the furnace cooles off in & very few minutes.

Conling takes place accordiung to Hewton's law Qf cooling

and plotting the resulle s curve such as 1ls shown in flgure
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four ls obtained.

F-‘ﬂ" iV

Te m/ber*a/'ure

Time

Such s eurve would be obtained in the case of a body which
is cooling down, and in the process no change ls taklug |
places It is a straight case of coolling, no selidificatlon
oy any other phenomens tekes places
2. Method of Platoe |

Platﬁghqwevar, nsed a slightly different method to
that of Tasmmanne Heo attached to the furn&eé a rheostal, and
instesad of swi%ehing tha current off eamglaﬁ&ly.wheﬂ he
wished to cool the furnace down he progressively imecreased
the resistance by moving the slider on the rheostal along
a certain measnured distance at constant intervals of time
and then taking the temperasture readings. Then the cooling
mass, provided nothing happens such as solidification, would

‘givg a curve like this on plotting temperature ageinst time:

\ l-—‘ﬂ. v

Temlae ralure

T/kne
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On & curve like this it would be much easlier to spot
the point at whieh any change tekes plaé@ in the melt. It
would show up éa an outerop or a kink in the curve. I the
heut evolved lun the process was small it might be completely
overlooked using Tammann's method of cooling because it ie
puch more difficult teo distinguish a elight change of
direetion in a curved line than it is in g straight line us
ig obtained aboves ‘
3s Typee of Curves Obtained Using Plalc'e Methods

Usineg Plato's methed of cooling the following types

of curves ocan be obtalned.

F“j- vi Fig vii

¥ v
: ¢
2 2
< L9
¥ 1€
. 2
Q.

g &
) ]
~ d ~

d
Time Trme:
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Pigure VI rvepresente the ideal csse. The temperature
readings are started at the point “aﬁa Cooling ie ﬂﬂif@fm‘
unk il %h@{-peimﬁ'"b“~&s ya&@heé;gmd here the first trace of
solid makes ite sprearances From hers cooling continues
along the line "be" until the point "e' is raéﬁheda A%
this point everything has beon completely converted to solid.
And from here on the cooling is again uniférmx The ﬁ@m@af&tar@
of "p", which ig the temporature at which solidification
commences, and the tem erature of "en &t.whiﬁh solidification
is conmplete, are veadily obtalned from the diggram and con he
plotted on the phase diagrems Alsoe the composition of the
nriginal mixture is known so three pointe are known which may
be plotted on the phase diapgrame The points Walt  "hM, and
wet . where "x" i the original composition of the mizture.
Furthe » the solidue end the liguidus lives must meet alt fthe
melting pointe. The time of eutectic halt cen also be
obtained by producing "ed" back and drawing e horizontal
fyrom "h" to meet "ed" produocede The time of the eutectic
halt will be mgaﬂmr@d by the length of the 113&‘“b0“9
Using mixtures of V§ri®&%«@riginal‘émm@gai%i0m$ the complete
phuge dlapgram may be bullt up.

However, using Plato's method ot eealimg.on@ will
usually get @ Gurve 11&3 that showm by fipure VII. Theovetically
cooling should follow aleng "eje" but imsteasd it follows
slong "ejes"e AL "oo" all ie solid, thie point corregponds
to "e" on the ideal diagrame. PFurther cooling follows along

: :
"ead". Produeing "e,d" back and "bep" out to meet it the
point "e" is obtained, which le the volnt which would have

yeen yeached 1f the cooling had not taken place irvegularly
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towards the end of the crystalllzation. mhisk@eimt gl
gives the true ﬁam@éra%af@ of é&m@l&t@ soligifications The
point "b" is called the sollidifying point although by no
meane is everything selid at this pointe It is the
tomperature at which the First partlicle of solid makes ite
appearances ]

Pigure VIII ie the kind of curve which is obtained
when a little super=coollng ftakes place. In this cuse g
ftaemperature below the polnt “b“; the solidifying peint, is
vanchod before the eurve breskss The heat of fueion ls then
piven cut so that the Tiret point “hagﬁ ie almoet horizontel
owing to the delayed heat of fméimm.baﬁmgyﬁaﬁdeﬁly liberated.
fhen a stralgnt portion following Weg“‘is‘abtaimﬁ&, wh ieh
then rounde of £ to a\gﬁaﬁid@r down to "ei' as before.
Bxtrapolating back "ejd" and aleo extrapolating %h@ stralght
portion ﬁaﬁ@ainimg “eg“ until it meets "eyd"” produced, will
zive the polnt "b'Y, the temperaturs ot which the first trace
of solid would have made iﬁﬁ‘&?ﬁeﬁﬁﬁﬁﬁ@ if super-cooling
had bean agbsenbs

Ve

The Softening-lel ting

g s AR S

_Foint Hethod mf,inﬁﬁﬁtiga%img
Binary Byctemse.

1o Dissdvantapes in the Use ﬁf’@h$$m&l Analysise

In non-metallic systems thermal anslysis meets with
many abjea%imas»" In the system undey investigation at about
40% R@eh&ll@'ﬁ&l% the system had Eaé@mﬁ very viscous which
would lead to the danger cf‘ﬁmgarﬁacﬁliﬁgn%&king places In
addition to the above abéeéﬁign, there is another drawback
to the use of %hermalgémglysiﬁ alﬁhmugﬁ it doese not apply

in the present case. This is that thermal analysls vecguires




20

large quantitiecs of the supetances under investigetion for
the succeseful investigution of the system. In meny cuses
cufficiontly levge gquantities ave not availables

This method, th@‘aﬁf%@miag melting point method for
the imvestipabtion of binery systems, was geveloped by Helnrich
Eheimh@lét? and he‘ﬁemaiders’thr@e Cagats
2¢ Pypes of Curves Oblained.

For the present let us assume that the components in

the mollten =

i

tate are completely miselbles As a second
assumption let us arsums that the solide are mutually
insoluble, that is, thet they &é not Torm solid scolubtions.
Praen we will only have pure component A, pure component B,
and wmf@ compound if a compound is formoede
{a) The compeonente form no gompouud with one gnethere

The discuseion will be cagler to fﬁllaw by moking use

of this diagrem:

@ Flj I X
3

e

o hA

<

@

n\\ J

£

Q’ (o] < [

"’/{% Cam/DOS//—/o/I‘ IODO%

In the sres sbove the curve AGB all is liguid. The
aven ADC is the ares of component A % melt, the area CEB iz
the ares of compounent E% 4 melt, and the ares below the
horizontal DCE sll is solid.

Por such a diagram ss the above there will be only

three points at which o sharp meltling polint occurs. That
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ig the point reprecenting pure A, the point representing
pure B and the polnt ré@ra&aﬁ%ing a eutectic mixture of A
and Be ALl mﬁh@w‘mix%&rgg will melt with previous soflening.
For every mixture, theoreticelly, melting will commence &t |
the temporature of the eutectice §o matter whal the
composition of the mixture is as g whole, & certain percentage
of 1t will have the composition of the eutectice The mixmture
will net melt se o whole, but only that part Qf 1t which eca
be locked upon as having the eutectic composition will mely
at the temperatuxe of the eutoetice bBue to this partial
melting the whole masr takes on a dewy apPearance. This
i the softenlng point. This ?@ﬁv@miaw will alwaye take
place at the eutectic temperature no matter what the original
compositlion of the nixture weee The miﬁ%mr@ begins to melt
at the eutectic temperatures It will be completely molten
whnen the temperasture pacsree the liguldus line, that ig, the
line AUB, and e¢very mixture will have é different melting
temperstures So by applying the softening polnt and the
melting pain$ one cen obtain &ﬁ;ﬁmﬁliﬁﬁ of the liguldus
curve and g hﬁ?&ﬁ&ﬁ%wl at the temporature of the outectice
When the mixture consists of almost pure A or pure B, that
ig, when one iz well over to the left or the right of the
disgrem, owing to the fset thet the proporiion of the mixture
having @utgeﬁic composition iz o small the temperature is
certoin to go past the temperature of the cutectie befove any
dew cun be detected by the eys, becguse the emount of "dew®
formed will be so smalle 8o that just before reseching the

1imits oi the diapran the softenlng curve ascends abruptly.
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(b) The components form o compound with conmgruent melting
pointe .
s ﬂi&g?&@ such ag the folleowing 1is

Fig. x

Temfera'r(/r'e,
=
o
=

All-Solid

,7)?% r00%

Comf“sff/on,

The varicus steble syreteme sre reprosgented in the

i

L5

aress in which they are stable. From the diagram it can

be seen that there cre now five points at which melting will
oeeur st a definite tempersture in contrest to cnly three
pointe in the case of o simple eutectic. The five polnts
are as follows: melting point of pure 4, melting point of
pure B, meltine polnt of the compound which m&y .
represented as AB., ond the two eutectic points. Therefore
at these uolnts the softening line will alweys meet the
melting lines Ey!@a%@fmining G bl bt e
by & few experimente, the softening curve would glve g

definlte answer to the question s to whether or not &

b

gompound was formed. If g few experiments were dong with
verious miztures and cnly one harigamﬁal Wos ALtiived thes
it would be certaln that the twe components did not form a
compounde. However 1f two eutoctlic horizontale were obtalned
then one would be sble to ray definitely thatl o compound

wae formed. Doing a few move exmperiments in the region
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where the sutectic h@?izamt&iﬁ approach oue ﬁma%her wonld
give the composition of the ﬁ@mpéanﬁ a8 ie ssen from the
dotted line in the Flgure X
{e) The two components form u compound with an incongruent

malting points

foite

Making up mixtures of various composition and nd ing
the softening end the 591?&&@ point & dlepram like the

following 1 cbtained:

All L/(ZU/d

B+ Mell

AB o+ | :
Mell 1 All Solid
/"Iel ;
i
i
i

e

Temlberaf’ure

All Selid

/og%

/0,{)% C om/:o s'//’(on,
A8 belfore the vurious steble syertems are shown in
the aress in Waiah'ﬁh@y‘@re ctables dJuet s in ?he case
where there is no eempaﬁﬁdffnrm&ﬁi@n‘%h@y@ are now throe
points vhers melting oceurs ot a definite temperatures
These points ave the melling point of @u?@‘ﬁy the melilng
ﬁcint of pure B, and the cae roails &w*é eu%@etia» Tharaf&r@
there uve only three places wherg the softening and the
melting curves colncides ﬁﬁl%%ﬁ the peint of inflection
:

is very marked there is the danger of overiooking it alte-

simole

mether ond sccepting the dlagram as one with only a

eutoetics Heowever, this difficulty is got avound by the

%

faet that slthough there is only one eutectlic there ore fwo
eutoctic horizontalse Once araln the gemposition of the

compound can be obtained fyom the softening curve becanse
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1t ascends vhxy rapi&ly 1n iﬁ@ u@‘ﬁhbarhﬁéd of %he compooition
of the compound as can %a seon. Dropplng o vgx%ma&i ixgm thie
point to the composition exie will give the gomposition of

the compounde

Bs  Advontages of the Hethods.

e advantages of the mf%&nsag ﬂeltznmvyeimﬁ **** sethod
over that of thermal snalysis may be stated as Tollows:

1« By the emmﬁin&%i@n‘éf two curves and the corres=
ponding determination of the entectic horizontele the
certainky éf the investigation ile increaseds

24 ﬁ@@u&%iﬁg from the sbove statement the testing of
a few proportions ies suifficlent i1f it 1s omly te fing out
whether oy not a compound is formed and it 1e not desired to
detormine its compositlion. |

| B%e 1t is ﬁmﬂabﬁsula to super-heat & golid, thaf i&,
there 1s no aaememaasn @@&&&yﬁ““ to super-cooling. Thie
is & ftermendous scvantege, especlally in waf%amﬁ with orgenic
substances, since &a@@f#ﬁaaling will meke the determination
of the curve insccurale.

4« It 1o poseible to take a Trection of s g?am‘éf a
subetance ond obfain g whole stale disprame In this way
- many sub&tam&a& can be luvestigated whieh it would be
imposglble te linvestigatle othorwise s

VI. Mogsurements foV;ﬁeaﬁl%éa

"

Owing to the unsatisfactory resulis obltelined from the
method of thermal g&alygié it was decided %o measure the
vimcnﬁity of dilffar eﬁ% mixtures of sodium hydroxlide and
h@aaeli@ galt to dw%a;uiJQ wa@%hgx oy not a compound was

formads
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1. Work of Guye.

Guya, who 1%szt1g@ﬁed a large number of syﬁﬁaﬁs by
the method of thermal &ﬂ&lj%A” with a view‘fa giﬁing a
definite answer to the quﬁe%i@n gﬁ'ﬁe whether or not a
canpmumd wak Lformed, feuad thﬁ% in some systems the viscosity
of xha system heeam& 80 gr@&ﬁ that it was not possible fto
determine the freezing point curve with exgc%ness becanse of
the phenomenon of super-coolinge Ag an grample the syat@m‘
ethyl stﬁar»*ﬁriehlcy@e@tie aeiﬁ may be taken into con-
sidera%isme The exyg@n in the @thér has & tendency to throw
out two more V@l@ﬂﬁi@m fnwurd g f&ﬂieal whieh ig scidic in
charactera TTlGhle&C&ﬁlC aexé ig a very <trmnw orgonle
aeid snd it might be expected that a eamgeuad something like
this WQula be formed:

cgﬁﬁ\e/xﬂélgcooa

CoHg CClzCOGH ‘
In this case the mixture became extremely viscous and would
@o% erystallize but eetl to a glasses But the very fact of
;%h@ sadden'iner@@sa in viscosity is evidence that a compound
ig formeds This will be discussed belows
2e¢ Work of Tsakalotose .

‘ﬁakaloﬁaésin 1909 also pmbli&h@d av@apmr on ﬁﬁé
/v1aca*1ty method and ﬂhow@d that wvhen the compound wae
formed there was a maximum on th@ viscoe ity earva} He
worked with the system ehlnrnfnrm~aee%nne and pot @ curve
like figure XIIék It has been shown that in the presence of

s0lid XOI, acetone snd chloreform resct to give this

60 4 cECly =~ >C(0H)-00l,

a1; (solld KOH) O




Phe solid KOH is umecessary. Teakalotos hes shown by his
viscosity measurements that an additlon product is probably
formede Guye suggests acetons and chloroform unite to form

an addition compound of the following Fformulas

0}15\ L /,E
.00
Gﬁg Cﬁlg

Then under the action of the solid KOH tautomerizatlon takes
place glving the following:
o)
~>c(om)-CCly
Ciz
. TWork of Faust and Temmanne.

Guye states as a result of his investigallons that
every time components separate solidifled in the crystalline
etate while thelr mixture gives rise to the phenémsnon of
vitreous solidification thie fuct may be considered a8
rovealing the existence of one or several ﬁcm@mandﬁ'betwa@ﬂ
the componentss Vitreous solidification is simply an extreme

case of super-coolinge Super-cooling has goue =0 far that

g liguid of very high viscosity ls cbtained. Compound
formation between two liguld components will in general
inéra&%e the viscosiby because it will incresse the @&r@iela
sizes This effect will be most marked where the viécoﬁi%ies
of the components sre close together as 1s shown in figure XII

belows

Cuorve |

Fﬂg.xu

Curve il

V/SCOSIf}/.

’7;73 Corn/bos:/‘:,,cn 087

26,
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1L the viscosities are very different the curve
may only show a sort of pulge rather than a distinet maximume
Gurve 1. PFaust and Tammann®in o paper on super=coolling
showed that spontaneous crystallization is due to two f&etors;
These two factors sre the nueleur number and the velocity
of crystallization. The nucleur mumber is the number of
spontaneonsly formed nuclell per unit of volume peyr unlt of
times These nuclell cannot be seen but they are able to grow
and thie is where the second factor, the velocity of crystal-
lizatlion comes in. The &té%e‘mf p@rm&&anﬁ super=cooling may
be due to two facters,

1. Reduction of the nucleur number to zero, or

2, The reduction of the veloeclty of cryetalligation
to mero, oxr boths Uﬁd@f afdinary cireumstances the nucleur
qumber is never reauced to zero although it may be greatly
reduced by coolinge The velocity of erystallization is much
the more eceneitive of the two fmelors snd it is ereatly
raeduced by a fall in %em@era?urea

The work of Faust and Tammann indicutes that the
veduction in crystallization is due to the #ncreased viecoslty
vhieh results from the reduction of temperature not from
the reduction of tem@er&fnre itselfs |

The addition compound incresses the viscosity and from
the shove it can be seen that thie favors {he supe r-coolings

Another method of determining whether or not &
compound isg formed between two components may be briefly
mentioned although the method was not uéed in this investi-

£ 7
cotions Konowaloff lovestipated the system acetone-
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chloroform from the point of view of the vapor pressures.
He measured the vapor pressures of v&rioug‘mixﬁnrag of

acetone and chloroform. He obtalned a curve which may be

represented thus;:

F]? X i1,

Va/:cah Pressure

/QAG% COknfoS//'/on ’°E‘,3%
The existence of o maxima or minime is presumptive gvidence
of the exlstence iun the body of the liguid of compound

moleculesge




« EXPERINENTAL -




29,

I. Previcus Work on the System NeOH-Rocholle Salt.

Before goling on o a d@t&iled putline of %h@ experimental
proceduye foll@ng in this investigation it might be well to
discuse briefly the work which hes already been dong on this
problems , -

It has boen observed by Gam@b%li and Gam@ﬁ@118%haﬁ the
racemisation of Rochelle salt by caustic sods ls sccompenied,
and prﬂ%ablyfccndiﬁiaﬁe@ b& complex formetlons Tney investligated
the specific retatlmﬂ nf Rochelle salt with inereaslng con-
centrations of &lkali ané f@un& fhat the speeific rotatlon of
the Rochelle @alﬁ fmmglly becomes negatives They came to the

conclusion %hat a e&myiaﬁx ie ?@rmad whieh is lsevorotatory,

and the @rsgraﬁfxva f@dnﬁ%ian in the rotetion of the Rochelle
salt is due fo imcraasing formation of complex with the addition
of alkali. |

Farthar,wofk by %h@zﬁ&&%‘iﬁﬁ@%@igﬁﬁﬁrﬁgﬁhﬁwad thet as
they used sodium hyﬁraxi&a colutions of inereasing strength the
epecific rotation of the Rseheiie salt becanme less and lesse
The solutions were always molsr with w@W@aet~$m Rochelle
galte Thelr resﬁltg are given in the followlng table. The
figures at the head of eseh teble gives the number of the

light filter used
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Strength of Specific potation at 28.29 ‘@ilt@r Hosa
HaOH, § | |
. . 3 4 5 6

0.0 (water) 5.2 2648 2841 2846- 2845
1.10 8%¢83 2562 26¢3 8648 27,1
1907 217 299 340 244 D445
2472 19.7 208 217 22 284
Bel6 18,1 15,7  14ad 14,8 1449
6,97 6068  6:99 V.2 Vel 745
9436 =048 =091 -l.12  -1.82  =1.26
14.18 109 =12.0  =12¢7  -12.7  ~12.8

Meking the tWe 1aev6ro%atory smiutieﬁﬁ acid the potessiun
hydrogen tartrate Waﬁ pr@@ipiﬁaﬁeda This was then |
dissolved in.ealé wa%ér and the specific rotation of the
soluticn of the m@th@r‘liqumr, taken. It was found that
both were dex%rcarcﬁaﬁarye From the owserved dextro~votations
the amount of Rochelle salt was caleulateds It was found |
that this was always mach lers than the origingl. That
meane that émmsiderabl@ raocemirat ion had taken place simply
as a consequence of dissolving the Rochelle Bglt in cold
sodium hydroxide s

Investigaution of the densilty, viscosity, refr&é@ive
indax; and heat of $clz:aﬁioniy af‘%ha various mixtures of %édium
hy@roxi&e and Rochelle selt was slso carried aﬁﬁ%O The results
‘may be summ&rized in the following toble. The tempe rature at

which the megourement s were made was 309,
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sis
ixamining the table it is secen that the deneity is

not affected Ly lucre sing eoncentration of NaOH, as regards

cbedience to the mixture rules. The @re@@r%y ﬁh@%yd@mﬁﬂ&ﬁ

the most attention ir that of viscosity. When the diff@f@nae

between viscority of colvent snd solution is plotted spainst

concentraticn of sodium hydrogide the following grayh le
e :

obtalned. »
g o6
J
o
Q,;ﬁo.|4
&
@ e F\ﬁ.XlV
N
v
S O 101
U
S o008
‘5 4
Q. 064
4:>\
ig c.0q
Q
L oioe
> Srr’el’l(j/-l’l of NaOH in /\/orma/z/}/.

: 3 4 s 8 ro i e
Prom the figure it can be seen that the incrvement in

viccoglty produced by dissolving ¢ constant welght of Rochells
splt is about thirty~two times as grég% in 12156 I HaOH as it
ig in weler, and sbout twenty three times what 1t 1s for .97

N HalH. This wonld tndicate that there is increasing
asrociation of Rochelle salt molecules with the HaOd molecules.
Quoting fr@m the paper of Campbell and Campbell, "The difference
in refraective index producec by dissolving Rochelle salt

Shmwara emall but distinet decresmse. Perhepe this might be
taken to indicate that the Teomplex” ie morye than o mere

loosely associsted compound, and fhat & chemiesl rearrar

tokees places

Similerly with the hect of solution, there is a small

8

but dletinet change frov & small negative to g small positive

%

valuee."
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In this p&@ai the folleowing formula was

provieionelly sseigned to the complew, CyHgCg°4lialH that is
verhaps gE {Olla) » COCHa

CH (oNa) « COOWa
The solid phare obtained by Campbell and Campbell in their
experinents Was s gelatinouns sticlky mase. Alttewmpte were then
made tn isolate this GO&?K@X& The gelotinons mass war fiitar@é
by suction, and analyﬁe& for sodium hydroxide by titretlien with
acld, and for Rochelle salt by @r@@i@iﬁ&ﬁiom ag sllver tartrale.
The Following results were obtained: B4.8 per cent Nali,
B2.1 per cent Rﬁﬁh@ll@‘ﬁﬁlty or 40+% per cont NaOH, HY.7
?ey é@nt Rochelle salt on the dried specimen.

- Subsequent determinetions of the @ereemt@g@ of NaCH
ylelded the f@liowing vecults: 403 ver cent; 37.0 per cont:
3645 per cent; 370 per een%vigéaé per cent; B@»ﬁip@r gento
An@th@r determination w&s'mad@ waehing with 956 per cent
,&ie@ﬁol and @Tyiﬂﬁa’ The per cent of NeOi obtalned in this
}'way wae 217 @ex cente A Tinsl determination was made rofluxing
the preparatlion faryaeverﬁl hounrs with 500 ce.cs of 95 per cent
&lcéh@lw Anglysing for NaOH gave 16.0 per cente I the
sﬁdium‘hyérOgida hﬁéfmerely been adsorbed on the Rochelle
galt i%‘se@mﬁ_faiﬁly certain that thic treatment would hauve
removed. ite The conelurion was reuched that the complex had
a sodium hydroxide content of betweén 20 gnd 40 per cent,
that is, thet it contalns eithéy two, three or four molecules

of NeOH per molecule of Rochelle salt.
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1l. Thermal Analysiss
1. Initial Trisls.

It wee originslly pianned to mﬁa‘a l&rgé sige Pyvex test-
tube as a‘reae@taele for the NaCH and the Rﬁahallﬁ salts Asbestos
paper was wrapped sround the test-tube and then it wee wrapped
with Hichrome wire, #22 gsuge, obt@ined from the General
Bleectrice @mmp&mygk A costing of water-glass was then put on,
and snother 1ayer of sehbecltos paper addeds Two rheostats,
ong 65 ohme, B3 ampﬁgiand the other 97 ohme, 2.2 amps: were
connected in roriss with the wiring on the Pyrex test-tube.

The full 6.5 ohme wae left in the cireult all the tiree. The
other rheostet wee calibrated by placiﬁg on it chelk marks

as closoly spaced as @dgpiblﬁﬁ‘ Alro the slider of the rheostatl
h&é & earresygu&iﬁg chalk mark on ite The test-tube was fitted
ith a tube bent at right anpgles and @ plece of thick hard
glase tubing to act ar a sheath for the thermometur, resding
from 0° to 350° € and graduated in degrees. Ruough mereury

was placed in this sheath to @115% the thermometer to {loat
at a height convenient for readings @h@ cpen end of the sheoath
was Titted with a plece of rubber tubing and a @imﬁh*&aﬁk to
‘gr@v@m%'%&@ mércﬁrg vapor from @éﬁﬁ?img inko the alr when the
temperature of the NaOH wae roslseds. The plece of tubing ﬁ@ﬁ%
at right sugles was connected ﬁﬁgﬁ drying train and through
this to the Hy-Vee ﬁum@a

'A fresh voopened betile @f‘Mallinekde%’a UeSoPe sticke
of NaOl was obtalined and sbout 100 prams weighed out in g
stoprered conleal flack. In order to keep the alr from the
Na0d ae much as poseible and ﬁé'§revem% it ff@m taking up

water, the caustic slkall wae pleced in the flaek as quickly
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as poscible until it was Judged that 100 grame were present
and then Yhis was weighed in the stoppered flask. Tnle NaOH
was then placed in the Pyrax test~tube snd the hestling current
sterteds When the sodlium hydroxide was melted the Hy-Vac

- pump was started end 1n this way any weter waieh may heve been
present in thelllalH ware @umgeﬁ;affe The pumping was continuved
for several hours. When ne more meoistuve war glven off the
%@m§era%u?@ wae raleed to above the melting point of the HalHe
Hewever, here the experiment had to be slcopped as the heat
caveed the rubber rioprer in the neck of the flask to melt.

Hext a hard glase distilling Tlark of 12805 CeCe G

wae obtuineds This was Titted with s one-holed rubber slonper
and in it wae plsced about 100 prams of NaOH. Next the side-
arm of the flask war bent eo that it wes standing verticallys.

5]

Then g tin-can with & 1id wee obtained. The can was of such

et
Peie

a size that the 125 cete flusk wonld juet it snuply inslde it
leaving the neck ﬁf the flask projecting. Two holes were
punched in the lid of fh@~eama Qﬁﬁ to allow the neck to po
through snd the second to allow the side~srm to poss oube

The flask was then placed in the can whieh had bheen previously
wrapped with Michrome wire and asbestos paper, snd the 1lid

was put in plece. In order to keep the rubber cork from
‘mﬁlﬁiﬁg, rubber tubing was wrepped around the neck of the flask
and sttached to the water tap and avﬁaﬂﬁinuﬁu% supply of
_walter war passed through. Heating was commenced uslng the
came two rheostsats as before and the pump war attached to the
upright slde srm of ﬁhﬁ;fl&%k and the v&@mr pamped offe
Pamping was gontinued for several hourse. However, 1t ves seen

that the hesting up war going to take too long so the current
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_war switehed off and the gpuce pbetween the tin and the Tiask
Jasf@&ekéd with pewdered ssbestos 1@.&?&@? to cut dﬁﬁn the ‘
radiatlion ve much as §0$sig1@Q Heating war %hamff@@mm@d and it
wes found that this time the tempersture rose much &@wayyﬁgédly
then before. Howsver, looking st the lng next day it vas
found that on @liaWLﬁe;i% to cood dmwm.it hau crackeds

A new flask was obtulned and prepared in exactly the same
way as the one mentioned above aniy'ﬁ%iﬁ time the side arm
was not bent, butl 5 elif wag cut in %hé eide of the cun and the
side arm was allowed to project through this. In this way 1%
was easiér‘for‘amy moisture present to gscape by running down
the sid&'armkwh@ﬁ the whole thing was heated up and then
pumped down with the Hy-Vac. Exaetly the came procedure was
followad ss in the previous cassee. Thie time the alkell sttachked

X,

the flask rather readily and the bottom fell out of it. When
the solidified slkali was evamined it was observed to have g
distinet greenich tinge.

2s The Copper Plaske

Pinally a peasr-shaped eopper flask, of about 700 c.c.

capacity wag cbteineds The neck, with the slde arm, was cuf
from a hard plass distilling flask of 2050 cece eapacity.
Fortunatel, this fitted the neck of the coprer flack guite
well mhen”ﬁfaﬁpad once with asher im papers To nake it meve
secure a paste ol valer =glass and cdiezum Tlueride was made
up and applied to the join. Inetead of pumping the flesk down
to romove amy weler vepor, air was blown through the flask and
out the gide sime ‘ﬁhig Wﬁg done because in the pumping down

the molten elkell was drawn up the elde arm in the previousg

cases causing it to %aeame plugeped when it solidified, ss 1T
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dgid almoet Immedistely in contsct wilh the comparatively cold
glass. The alr, before passing into the flack, was dried by
paseing it throvgh o drying train consisting of o tube of

scda and lime, ftwo tubes of Ounlls, one tube ¢f P05, and then

£y

wbbling it through concentrated HgSUz. The neck of the
gietilling fleelk wee Filtted with g two-holed rubber stoppera
Oue hole carried the plase tube threugh which the alr was
blown.

s Measurement of Temperat ture.

Using the copper flusk the thermometer went s=o for down
into it thet it could not be read, s0 a thermocouple was used
to overcome thle &iffiaal%yn: This consisted ﬁf‘%w@ wiree, one of
constanten gnd the ethey of iron. These two wiree were
insulsted from cune another by ﬁ$i$* oue through a narrow
ploce of glase tubinge. They were twisted togelher ¢t their
lower ends. Then they were pleced in a'wi&er plece of gluse
tubing which served s¢ g sheath, which was in furn inserted
through the cecond hele in the rubber stopher mentloned ebove
and so down into the’ melt in the flask. The other endes of
the two wires were aﬁﬁﬁée%@d to the propexr bimdi&g wosts on g
potentiometer which was gradusted in 10% P sad could be
ostinsted Yo 19 Fs

HalH was welghed out and placed in the [flask which was
then put i&,a tin which hed rreviously been wrapped with
Hichroms wire and asbestos paper. The heating curvent
was started uging the same rheo-tute as hef@r@, liowever, the
f@m?@v ture eould nci be ralsed to the polnt of the NalH.

At thie stage it waee decided %@ wrap the flash itsel?
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with wire. Twe windinge of wire were put on, the two wrappings

being placed in rexles and ilosulated from cne aneother and from

the flael by two thicknesces of

{‘f

eotos papere The botlom
of the flask was healsed as waii\@s the sldess. SUIlLl the
temperature could not he raised high enough without burning
out the wiring on the flask which cceurred several times.
lext the flask wag placec in g can of cultable slze 2nd the
space between the can and the flask was pocked with powdered
asbestos. OBUIll the temperature could not be ralsed high
gunough. Then the can ventioned above wae glven u heavy coallog
of asbectos papver made into a pacte by adding water. The
copper fl&gk was pl&teu in th@ can %%ﬁ the cpace between the
can znd the flask waa agaln well vacked with powdered arbectos.
This time o temperalure high encupgh to melt the HeOH was
obtaineds |

The cooling wae brooght about by progreseively putting
in the 97 ohm res letunee, moving the elider along to the next
chalk mark at certuin Intevvals of time. However, the full
0% ohme had ba@ﬁ out in the elxeult snd even then ceooling was
not @ﬁmyl@%&a Qencseguently the experiment had to be stepped witil
another rﬁ&w%%@% eéﬁl@ be ﬁ“tgamw& snd plageu in position. A
96 ohm rheostat was obtained, calibruted in the seme menney
ae the 97 ohm rheostet snd sthuched in reries to ite The Nabd
Was agaiﬂ,hea%aﬁ u@’aﬁé the cooling curve obtained. In a
trial @@@Vﬁau@ to this the tempersture woadlinge weye (ilkon
every minute but the cooling waes ﬁﬁkiﬂg place so sglowly that
in gll the latter %?ialm the time between temperature readings

were inereased to %w@ minutess After sach tomperature reading
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the slider &ﬁﬁ%h@ vheortet was moved to the next chalk merk
.nd ot the end of two minutes the temperature wae agaln read.
4. Proportions of Rochelle Salt.

The first series of rosdings wer. for pure NgOH alone .
Then Rochelle salt wss adusd in various g&agmxﬁi&n& and the
cooling curves ovtelved in each @&ﬁe; that i&; for each
separate mix%uxeg The Rochells salt used was Mallinchrodt's
ﬁaE;E; It was dried for four days in en electric oven,
pmwderad; and kept iuv & sulphuric acid desslecators It was
intended to use the followlng pyagmr%icﬁﬁ of Rochelle salt:

. DABLE I

MIXIURE HUMBER  EROPORTION OF ROCHELLE SALE BY URIGHT

Ls ' 20%
Be  3.8%
Be , 7 « 4%
4o | 10.7%
5s 15.8%
6s 16.7%
Ts 1965%
B . 24.8%
9 | 27.8%
10 3040%
11, 40,05
12. 50+ 0%
194 55.0%
145 " 60+0%
15. 6540%

16. | 70.0%
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ﬁi“”Jh@{ﬁi; o PROPORIION OF ROCHELLR BALT BY WEIGHT

17+ | 80.0%

184 ’ ' 90.0%

19, | ‘ 10040%
e Method of Procedures

About one serier of rendings could be made in a days
That 1e, it would toke one whole day te eget tho serier ef
readings Tor any given percentage mixtures Coming back the
next cay the melt wonld, of cource, be mach too solid to
_allow the ctopper to be taken from the neeclk of the fliogk in
‘@rder that more Rochelle solt could be adoed, even with a
emall hos sting current going all night. Consequently, the
mixture had agaln to be heated up uatll the mixture was
melten sc that the rubber ctopper could be removed. Then
the sppropriate amount of Rechelle salt was weighed out for
the next mixture. This could not be sdded to the molten
mizture as considerscle charring would have token place.
%ha mixture in the flﬁ%ﬁ waﬁ allowed %m‘aéﬁl down to a
coneideracle extent and fﬂf the Rochelle calt wee added
graduslly. Ther the mizmture wars heabted up very sradually to
prevent charring of the Rochelle seltle When all these
precautions were observed, 11%%1@ oy no cherring teok place,

5

more especially in mixtures where the percentage of Rochelle
ralt wae smalla‘

As mentioned earllier, %@ma@r&%qra readinge mé&&kf&kaﬁ
every tvm minutese. Then temporature wae ploited ageinst time,
a vmﬁdratﬁ praph being made for each mixture. From these

graphes the melting point end the point of complete solldificatinn

£ gach of the mixtures wur obtaineds A sample graph is chown
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in figure XV. Then the melting point af gach mixture was
taken aﬁ&~plaﬁ@ed agalinet the compos 1txaﬁa In this way the
1iquidmﬁ'gﬁwve war obtuined. Alse the point of crmplete solidl-
fiaaﬁi@mffor each mixture wesg ﬁlm%%e&‘@g&iﬁﬁﬁ gompogition on
%ﬁe came grophe It wes thought thet this was the solidus curve
but it appears to be due rather te super-cooling. The
GQM@letm curve of compositi f agalnet melting pointe gnd
pnlﬁ%ﬂ of complote “ﬁitd'"lﬁaﬁi is ehows in figure XVI.
It wae plotted from the following datas
TABLE LI
DOLAL % ROCHELLE €

ALY  VELTING POIND  COMPLETE SOLIDIFICATION

% 306,790 . sB1.0%
2% 2914190 274,40¢
Be8% 2824800 254,49
Ted% 267,000 . 3BL.6°C
10:7% | 282.200 546,190

1348%
ia¢v%
19:5%
24.8%
27 08%
50+0%

271.79¢
979.490
291.19¢
278+990
278,900
ﬁﬁﬁwQQG

Por miztures beyond 30.0% o

curve e@uld maﬁ:%e ebteined because beyond this concentrat
the mixﬁur@_heeﬁﬁe @x%r@mezy‘viﬁe@as and in the @re&aﬁﬁ of
heating 1t up it f?@%had up £0 violently that 1t
rubber stopper out of the neck of the flask.

the thermocouple was also forced

out

531+1%
246.7°0

240:6°¢

255,990

 Roehelle salt the cooling

This meant theat

a

and it waee impossil

forced the



to obtaln the temperature. It was fthought that as the
heat ing was ecnﬁinu@d the frothing might die:dmwnv‘hat this
was found not to be the eases If snything it bocame worse.
The fi@ur@s;giﬁﬁﬁ in Table Iﬁ‘af@ifar total percentaoges.
The amount of Rochalle s=slt to be added ﬁé nne mixture to
bring it up fo the @mmy@@i%iaﬁhaf the next mixture was cal-

euluted Trom the Tollowing formuls

Required percent = . 3% 160
| “%otal amount of Rs0d 7 X

Zoeowing the percent thﬁé was required and the total Smmum%
of Ha®H originally @rascwz, the equatlon was solved for X,
the amount of Roehelle salt that would make a mixture of the
required percent. However, from this value of X there wmust
be subtracted the total amount of Rochelle salt wnhieh had
been added ﬁ§ te this pointe

1il.

Softening-Meltine Point Method.

ls Initial Attempte

A Pyrex distilling fleck of aboult 250 ce.c¢ capeclty
was obtained and half filled with concentratied Ho804. Then
a melting poiut tube wase ma&e'by drewing down some soft glass
tubinge The caplllary had a somewhat larper bore than has

the ordinary melt ing point cavillary.

b

Then soms fresu sodlum my@roxide wae weighed out in a
weilehing boltle and @l&ééd in a test tubes The test tube was
fitted with & Ome*héled rubber stoprer and connected through
g drying traia to the Hy-Vac pump. The pump wae started @@dk

i,

the test tubs was then nested %?1 the e=odlium hydroxide had
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melteds Tha pumping was continuned for some time, the sodium
hydroxide belng kﬁyt in @ molten eaﬁdiéian all the time, in
erder to anllow the watcy vepor to be pumped off. fhen the
vapor had all veen pumped off, the %@ﬁ% tube wae allewec to
¢ool and then it was broken and the sollidified scdium
hydroxide taken amﬁ‘&ﬂd'rg@iﬁly put into the caplllary. One
end of the eagiil&ry had, of course, been previeisly é@ﬁl@da
fhen the capillary was sbout half filled wi%ﬁ the HaOH
the otuer end wss then sealed and the capillary attoched by
means of a plece of platinum wire to a thermometer near the
bulb. The thermometcr was gradusted in degrees from 0° to 350°C.
The thermometoy war then inserteu through a one-holed rubber
stopper which closed the neck of the flaske. Tho thermemoter
was inrerted far encugh imgwyﬁﬁa flask so that the melting
point fube wae glmost ﬂ@mpleﬁ&ly immoreed in the scids. The
sulphuric neid fumes weve sllowed o escape through the eide
arm of the dirtilling flosk. The wﬁ§1@ thing was then
placed on a sund baﬁh‘&md heat applied. After & conesidorable
time the temperature was ralsed tc the melting peint of the
sodium hydroxide. @hia‘%amyﬁrg%af@ woe notede. In the case of
& pure component, which Is whal we have %ér@ the esoftening
point and the melting point will be one and the came.
2. Apporatus ol Racls

However, it wae secn that by this method the heating up

W0

of the mixtures was going to consume too much {ime. It was
decided to use an apparatur eimilor in %type to that used by
11
Rast e
4 so0lid plece of brese about 2% inches in helght and

1% inches in diemeter was obtoinede Down turoupgh the center
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of thies a hele wae boveo of such dlameter that & tze?mﬁm@%\ with

B

the cepillary melting point tube atluched ecould pase down into

it with esses This hole was net guite bored o the botiom of
the cylizdar of brasse. Aboul halfl way un the brasge cylinder
g recond hole was boved culling the firxet hﬁla at right angless.

In this core the hole wes tored clean through the brasc. The

whole thing wee then wrapped with asbestos paper and Michrome

o

wive snd smpported on & sultaple stends A hole waee punched
ﬁhrmﬁg@ the sepbeestos paper to én?féa§mmﬁ wi%ﬁ.tﬁﬁ cacond hole
in i 8 braes ﬁyliﬁ&&“a
3¢ Meihod of Procacure.

The mixtures of sodinm hydroxide ond Rechelle colt
were made up, ac before, the seodium hydroxide belng melted in
g test tube, the water vapor pumped off and the Rochelle galt

added in the proper proportionse Kﬁwﬁmﬁg‘w&&

»

seme time to ensure éﬂﬁ}lb g mizing of the twe crmponents.

The teet tube was then sllowed to cool, breken gnd the mixture

ahout

put Inte the eapillary melting volnt tube until 1t

%51

gl fulle The melting polnt tube

on attached to the

ed in degrees from

thermometer, which, w2 Lefore, war gradust

/ s 2o U ; ¥ g ¥ 5
0% to 350 Gonticrado. The thermomeler with ite sttached
Lo

g
i

aplllary was then placed in the azg,y cylinder to esuch o

&@@%@ thM% by leoking turough the S@Q&ﬁd hole bored in the
eylinder the melting zﬁif tube and its contente could be

geens  The ating eurrent waﬁ tﬁﬁm s%@rt&& and the ﬁ@m@@rﬁémre
roge rapidlys By uelng o hand glase and waﬁehiﬁg the mixture

through the hole in the prass eylinder, sny changes with rice

of »ampﬁv ?@r@ conld be chserveds. In thie way the seltenling
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point of the first mixture was noted bul unfortunately ﬁsf@r@,‘
the relting point could be rasched the mixture charred very
hédly and becamns ms@l@sfu‘

Consequently this method waeg @ﬁ@ﬂéamad as & mesns of
lovestigation.

IVs Megsurement of Rotation.

Since neither the method of thermsl gnalysls nor the
soflening melting point method gave very satliefactory results
it W&é next decided te measure the aﬁacifia‘rata%ian of various
mixtures of sodium hydroxide and Rochelle salts .
ls Work of Campbell am& Gampbell .

 Campbell ang ﬁamybeligab@arVed %ﬁa% iﬁ.m&%ﬁ&ri&@ the
rotution of Rochelle ralt in differvent ctrengthe of lialH
hat the specific retation wse very variable with allkall
‘ ﬁﬁﬂﬁﬁﬁﬁrﬁ%iﬁﬁ‘ﬁn§~§V%ﬁ changed sign at an alkall concentrution
of atout 9. Iﬁ@ﬁrmiﬂ%%i%% pi the OH @mm@en%@&ﬁimm(im(%haﬂé
soluticne alaa‘gaVa indicatione of complex formution.

The hy@@thé&ié hae been acvenced that veriation In the
rotution in different media it a consequence of loose comnlex
qummtieﬁ losding the melecule put the experirmental evidence
to supoport tﬁié ig very MeaLre o

The sbove investigstors decided that the variation in
rotation wae so lorge that 1t might be porsiple to obtaln
de linite evidence of the formation of é eﬁmplaxn

in thelir measvurements of the epecilic yrotution of
Rochelle salt in sodium hydroxide of varilous concentrations
they made use of g S-fiold polurimeter and vred a 2 dme tubes
4 series of Wallace colrr fiiﬁﬁrﬁ were slec used. The results

obteined nre shown in the folleowing tableo
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» Specific Rotations
Hormality of Rilter Hunmber
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The neogative rotatlons were ruite stable ln the cold,
thue 3h0wing that 1o the cold no rucemisation takes places

At the same time determinstions of the OH concentration
were made and also a vhase rule study of the system, Uali-
ﬁ&ﬁﬁ%ﬁ%ﬁgaﬁgeg wae mades However, for tha yréseak purpose this
need not be gone into in any detall suffice it to say thetl
in these cases aa@yarﬁ was lent to the theory that a compound
was formed in the process of r recemigation. Af can be seen
from the tuble, there is @ very morked varigtlon in the rotation
of the differcnt mixtar&é of Rochelle salt and sediunm hydroxlde
which, as was mentioned earlier, led to the hypothesie of
compound Tormation. | |
2. The P@larime%eré

In the present investipations g %hr@émfield Hilger
polarimeter wae useds It waor equipped with a reale which
enabled the instrument to be read to 6.0l of a degrec. The

zare reading of the instrument was determined to be 180 m%o
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In the solutions containling a low concentration of NalH
5 2 dms tube was used in making the messuremente. However,
for solutions having a comparatively high conceatration of
coustic sodn a 1 dms ﬁﬂbﬁ wge used, as it waes found that the
p&eking of the © dma'%&h@ wae vrubthey wesdlly sttacked by the
strong alksli and the splution was direolored, making it
difficult to obtain sccurste reading: with the polarimeler.
3e Light S@ﬁre@; k

1% @éé intended trn uee ag @ source of light & carbon
are light with a lons $o0 concentrate the light on the monochro-
mators Considerable difficulty Wé& experienced in setiling the
monochromator correctly and it was finally abandoned. In its
place & sodiun Tlame was ased. The socliun flame was obtalined
by paseling alr throush a bucbler containineg ¢ solutlon of
sodium chloride am&kéham parsling the vapor up through & lighted

Burgen burners

ALl &aa&ar@m&mﬁa)wer@ of courre made in a dark zoonm
and the following rerults wers outuined. About fourteen read-
inge were tuken at @&&h;@ﬁﬁ&@ﬂtr@tian; the averspge oif whieh
~is shown in tho teble. The resvults under the heading Corrected
Value were obtoined by subtracting the observed rotation from
the zero r@adiﬂg;

4. Resultes
S&H: &

100% Rochglle

Conge of Tompo Average Cortas Specifie
Rochelle salt , Value Rotation

10 pme/B0 csee 2645°C  191.22° 11,190  =27.980

10 gme/100 cece 26.5°C  185.65° 5,620 28,100




90% Rochelle Salt

6105 gme/100 ceCo

540 gm&/ﬁﬁ CaCo

5.5 gma/100 ge6.

25,6570 181,710

b% Raehalle Salt

2590 182,720
25.5%¢ 181 .63°

1.68°

2,680

1.609

Qenes of Tempe Average Corys Speelfie
Rochelle salt Value Rotatlion
9s153 gms/BO cegs an.0%¢ 190a%ﬂﬁ 10.379 287,239
9.15% gme/100 cece  £87.0°C 185.46° &”“ 29.66°
80% Roghelile Salf

B.578 pme/50 ceCe 26,3500  189.2 9,269 87,010

B+572 pme/100 cecs  2B.400( 1$4Q9$$ 4,960 29,060
?A@ ho&balla Salt

GaBlE pme /B0 CeCo 56,900 187029 6+99° 26650

60515 gme/l00 cecs  26+89C 183 .63° %4600 27,649
éﬁ Roghelle Salt

74172 gme/B0 c¢ac. 26:5%0  187.32° 7,380 25,78°

W78 gms/l00 Gsee  26.70C  184.,00° 4,060 28,200
%Gb Wﬁc%&l&a Salt

64105 pme/50 csee p6.19%  183.18° 5.09° 25,507

57.529

9l W5

)
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5
O
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fonce

44508
4@5Q8

56509

3509

2508
24508

1.509
1,501

+ 503
2503

Rocholle salt

of

ngiﬁ/ﬁ(b Cells
gms /100 Gecs

gms/50 ce0-

pme /100" ¢ ¢e

ems /50 GsC o
ems /100 cocs

gmx[ﬁﬁ Celo

eme/100 cecs

ems /50 cece

gms /100 ¢.cos

,45%_Raeﬁalls,5ale~

Tempe Average

23.8°¢ 182,100
25.8°0 181,530

by
)

% Fochelle Salt

24,19¢  181.55°
254990  180.87°

v

25% Roghelle 8a

25,99 180,94°

24.10¢  180.64°

16

% Roechelle Salt

25.,4%0 180.44°
25,000 180.21°

5% Roghelle Salt

24,5°C 1804130
24,5%  180.10°

Corr.

. Yalue

2.07°

1.500

.84°

uQiﬁ
éﬁlm

410
,189

G 1‘ GG

ﬁG?ﬂ\

48

Smelfic

_Botation

22496°

25,809

21 65°

85094

&

<

18.14°

20+40°

94940

15,970

The results &?é‘shﬂwm‘gxaﬁﬁieaily in Plpure XVIl.
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Ve Megsurements of Viscoeity snd Density.

ls Work of T%akale%QQa
@*awalmiaﬁ has dictinguished three types of curves which
mey be obtuined in the messurement of the viscosity of
mixtnres 6 two components in various &cneenﬁraﬁmamwm
(a) The normal curves.
The viscosity of different mixturves is aqual te, or
o 1little less than, that ﬁ&iﬁgl@%@d by the mixture rules
The normal curve e@rﬁegpﬁﬁds to mixtures, the components of
W%i@h have no aeﬁiam*@n.@n@ anotiers |
(b) @h@ n@gaéth curves,
@h@ visecogity of aszarené'éixtures is &}gr@a% deal
less than that calewlsted by the mixzture rule. An example
of this type of curve is obtained with systems in vhich the
assocliated components prine sbout mutual dise@ﬁia%iaﬂgg

(ec) @he pos itive curvess

ﬁhe viscosity

&

of differcent mixtures ie & preat deal

greatey t han that eaieulgted by the mixture rules I& this
case, m@l@@nl&r comuination b@%waen the two componente of
the ﬂyftam ha ?»Pﬂ&.@iﬁ@@' If one mf‘%h@~@®m$anen%ﬁ ig
watcfg the eamgcuma farm&d ie iﬁ &11 nrababllitv a hydrute.
2e Work of fakev. |

qu@g'haﬁ inuieaied that %hé complex may b@lof lese
viscosity than one or other of im@ component & {ascumad to be
very sssoclated) in vhieh car g ae%&g&em curve or a minlmum
might be Gb%@lmﬁda Zn\faﬁis he érﬁw§ the conclusion that in
mixtures of ﬁlﬁ@hélﬁ@%ﬁéfg used for dissoiving nitroccllulose
theve is o cam?l&x‘@%s&ians, but the chaps of the curve does

net in any way indicate ite
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It ge@&s fairly well estsblished that o meximum viscosity
does indicate some m@i@eaigr aceregation, but the mars of
evidence ig &eﬁidﬁﬁly apoinst any predletion that %h@‘@aﬁitimnk
of the méximmﬁ point mey indiecate ﬁhe,@ﬂmpogitiﬁﬁ’of the
componnds
%s Method of CGaleculatlon.

Suppose that a liguid i@iflvwing along a narrow tube.
It will be moving in parallel layers. The layer immediately
in contact with the ride of the tube is motlonlees, the noxt
layer iaAmeving slowly, the next layer a Little faster and
80 ons There will he‘a cortain amount of friction sliding
liguid upon liguid. @he‘elmgar one spproaches the eamﬁ&% of
the tube the faster %hé iaj@rﬁ‘af licuid are moving. The
fastest moving @ylimd&r‘is a aylimﬁaf of zero dlameter in the
conter of the tube. There mmﬁf‘bé sone Torce driving the
liguig along the tube. Also there nust be sm&a resistonce 10
the motion of the 1liguid Ter if such was na% the cuse the
veloclty would be infinite. This vesistance ls whet is
ealled viseoeity or liguid friction. Viscosily variec greatly
with the nature of the liguid snd it may be measured by
applying the following formnla:

« g7prdt

3o
&

whexarq = the viecosity of the liguid in question
P = the nydrostatic pressure in dynes
V = volume of liguid Plerwing through the cepillary in time t
1 = length of the capillary

radine of the

&4
%
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The absolute viscosity of water is &eéur&%@ly known at all
temperatures The absolute viscoslty of any other liguid nay
be obtained by the comparison metheod and by applying the
above formulae

Watexy iﬁ generally used ae the standard liguid. Suppose
that the ﬁﬁ%evammnntﬁ of water and the woknown licuild are put
in the wiscometer and in enmeh care the time ie de%ermiged for
the liguid %o flow from one mark on the viceomater to the
mtﬁera Then let t be the time in secondr for weter und %, be

the time ln seconds for the voknowne.
. Boxt

o _ 7 Pnor® €, x aV/? .
/'Zx 7&"4[-2)( 8\/( Pxx{.—;

The hydrosiatic pressure ma$% have some sverage value. I
in each cuse the same volume of liguid ie put into the
viceometor then %ﬁ§’V$?%iﬁ&$ height ot the boglnuning sand the
yertical helght st the snd will be the came for both liculds.
Then |

= _Sugk By
d,x %3

where d,,  and d reprevent the density of water and the
anknown liguid respeetively. Since the density of wator ie
known the density of the other liguid only needs %o be found.
4s The Thermostat and the Regulators

The discunseicn of the spparatus used in the viccosity

meacurements will be simplified by the use of the follewing

diagrams:
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The water buth waes wwout 22 eme x 40 ems x 26 cms. In
it wae placed &‘Tﬁgﬂlaf@r and an electric bulb of 40 waltls
which wae ured oe @ hooting element« Also in the bath ves
placed 2 stilrver which kept the water circuleting. For the
eake of simplicity of stirrer 1s not shown in the divgrame.

The vegulstor is shewn sbove in more detalle. It conslets

of » bulb which narrows down o a capillary nech and fthen widens
eut spaine. The bulb ie Pilled with tolvene. This wus done
by inverting the reguletor in o begker of toluene and heating
it ghoul hal? way up the bulb. The heat wee removed ufter a
while snd when the bulb cocled down it heceme ermpletely
£illed with toluene. 'H@r@ary war introduced throeugh the wide
portion ot the top. Sufficient mercury was put in so that
when the regulator was st s temperature of 25.80C the mercury
was at such a helpht in the capilliary fhet it juet made contact
with the wire which was pessed down through the wide Cerbion
of the tube into the eanillary. A second wirve ls sealed inbo
the gluse at about hall wey down the bulbe

A relay wes incoyporsted into the cireult. It consisted
of an @l&ﬁ%?@mm@gﬁ%t“ﬁﬂ'fxmﬂ% of which therve wae an armsture
attuched to a rpring, eleo ther: werc secondary and primary
i:m:s‘?z:‘z.m;gg -

The apparebtus was sct up s shown in the dlagram. The

regulator was Tirst adjusted by immerslng In » beaker of wateor

at aobout 25°Cs 1In this way it wes “ound juet sbont how high the
meveury wonld rise for thir temperature end conseguently 1f
was detcrmined just whet length of wire wonld be regquired to

ve lnserted down into the cupillarye The reguletor vas then
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immersed in the thermostet and crunected up to the transformer

ond the rvelay se shown In the disgrem. ©Dhe conneeticrne vere

made in eueh a way that the transformey was glving 9 volts.
Then the eleetyic light bulk was immersed in {he beth and
plugred into the 110 volt eircult and comnscled up to the

cirenit breaker as shown. The stizrer was then connected np

through twe 96 ohm rheos and allowed to y@?@l§@ ﬁlﬂﬁly;
The temparature of the khermcstaf cauced the tolusupe
to expand foreing the m&yémrg up in the capiliary @&d‘m&kiﬂg
contaet with the wire thus cleosing the clroult. @h@ﬁ.%hia
eireult is closed the ﬁl&ﬁ@?@”ﬁ%gﬂ@? atiracte the armature and
preske the heoting cireulte When the bath cools below the
recuired temperature the liquid in the vegulator contracte
usfficiently to lower the merveury in the capllleyy tube away

from eontact with the wiree. The eleetrleal clrcuil is thus

broken, the clectro-mopnet ceares to operate, and the spriag

pulle the crmeture baeh so o¢ to eloge the heating cirenit.
The water bath is then hested, end the liguid in the zegulutor

expands until the mercuyy zpgain contaets the wire and cioges

the cireuits This plternate closing and opening of the heatlng

sture

cireult centirues indefinitely und maintaine the ﬁémﬁ‘f
within o NBrYOW Tange. k

Por the sctunl megenrement of the visceelity the ordinary
Ostwakd viecometer wae useds
B¢ Rxperimental Proceodures

157 Ga&u‘ﬂf water were meastred in g B cete pipette and
placed in the wider limb of the viéecmﬁﬁﬁra By sgane of a

rubber tube on the other end of the viccometor the water was




&
@
£

drawn up to above g scrateb on the othexr limp of the viecometer
whiech Tor considersble dictance was caplllaxrye VWhen the water
had fallen to the firet mark a stop-valeh waer started and when
it rewched a second mexk the stop-wateh war cltoppeds Several
triale were made nnd the ﬁ?@f&ﬁ@ gave th@ value ﬁf fia The
arious mixturce of ”Gﬂ?ﬁm uv§raxid@ and Roenelle salt wers
made wp in a flask ¢a gﬂwﬁﬂﬁ to hﬁld 50 ¢e0s Hach scolution
wae then filtered two or three times through é Gooceh cxueible

*

and then 5 esge wWae placec in the viscometer whlch
3 5

pleced in the thermostat. The time for each golution to flow

from the first nmark on the v “emmw%@v to the sescond mark was

#

taken Just ar in the case of wa%&yﬁ The viscometer wes

&

éfr@fmzly cleaned and dried before placing & fresh eolution

% a

At the rame time as the visensd by measunremente were
beinge made density measunrements wore sleo made of the vorious
golutionss Por the measurement of fthe dongitler a emall botltle
wae esgulosped with g smell thermometer which fitted into the

mouth of the poltle closing 1t securely. 1%t also had a slde

Mr

bube which wab Qop

%-zz

pillary end was covered with g small plass

Szt

cups Thise ensbled the bettle te be filled te the to:

the thermeometer wae oluced in the neck, thus fﬂreimg~ﬁh@ excess
of liguid up the capillaxy and outl.

The bottle we: Tirt welghed emplty and then filled with
weter and placed in the thermoclatl. then it had reachec the

tempervature of the thermestat it wue remeved and the excese of




liguid wiped off snd the bottle wae then weighed tgalne.
Subtracting the two weighings gave the welght of the water in

.....

the bottles This vulus was multiplied by 1.00320, the volume

of one gram of Wa%@r unt the temperature wf* he trnermestat
Then the bottle was f ilau with the various mixtures ol sodlum
hyuroxide mnd Rochelle sult in turn sunu by the sppropriote

b

subtroetion the welgnt of the golution in the bottle wus

»

determined after it had cove to the temperature of the thermosts

Then the censity of ithe unkoown solutior was found from the
following formuls

D

B

. ‘g?w@ z i::;\ﬁ;‘l‘g :

This gliver the density of the

it

unlknovn referred to water ot 4°Q.

where

o
i

Density of the unknown solution

Weight o! the solution in the bottle

%
1

Welght of water Q“Mﬁgiﬁ@ﬁ in the pottle

it

<
&
i

the tueyroetat

3

Phen knowing the visconsity of water at the temperatore

of the thermostot the viscosity of the solution wus re.dily

found from the following I ﬁrmaiu.

/7(, = e Yy XL

4 (.f,,zo e t{

* s

The results ecbtaloed may be summarised in the tuble on

the following puge:-

Velume of one gram of woter ot the ftemperoture of

b e



5%

Pex Cent of Tempe Averuge Tims Viscogity  Density
Roehelle Salt _(In seconds) ,

Pure HpO 25,800 7L

100% 25.8°¢ 100, s01372 1.115
90% ' 254870 11246 01519 1096
80% 25.8%¢ 11848 01597 1.097
‘?0% ‘ 25.8%¢ 121.8 +01644 1.097
60% 26.890 18546 401819 1,106
50% 254890 14502 01997 1,118
40% 25489¢  1B7.2 s02175 1123
30% - 25.8°0 1688 02345 1,120
20% 25.89¢ 18446 +02585 1,158
10% 25.8%¢ 18642 02646 1136
0% 25,890 21746 05054 1155

These rosults are shown graphically in [lligures XIX and Xi.
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DISCUBSION OF RESULDE.




DIBCUSECICH OF RESULIE

Thermal Anslysise.

Plotting tempersture ugainst composition as is done in
Pigure XVI, a curve is obtaived which secms to point te the
fmrmaﬁian of g compound 1n the rogemisation of Rechelle salt by

ﬁdiam hyaraﬁxdea Af*@? & %am@eraﬁﬁra of about 867° nus peen

regehed on the grapn ihg curve mey go in three pna*mbie divections.
In two of these, the curves reach a m&xim@m polint when the
proportion of NalH tc Rochelle salt is 1l:l. 1In one cace the
compound would not be very hig %13 a5; eisted and in the second
case it would be & 1ittle morc so. The third posrible curve
reaches s maximum when the @?ﬂnﬁ?tiau of HalH %o Rochelle eplt @a
1:2. In thie case the compound wonld be felrly highly discociated.

However, the method of thormal analyeles cannot be
considered to ve & very ureful one in this cuses In the fivet
place coprer vessels ore yeadily attacked by evaporating ﬁnﬁiﬂm
hydroxide in them. as wgﬁ mentionsd in the exverimental ?ar%
of the work air was @ah ad lxté the flegk to drive outlt the molsture
from the molten sodiunm h;dr&xida and tols iz ereentially the
‘same as gveporation. Bome pleces of pure iven wive were pluced
in the flask in order to lessen the setlon but 1t muet still be
taken into account .

Further ar the Rochedle salt rescheu g concentruolion of
about 15% charring took place when it was added %o the HalH and
heat applied, and this becams more pronounced as the conceuntration

of the Rochelle ealt was incrossad.




Measurement of Rotatione

In Bigure XYIK is shown lhe relﬁﬁiad,%e%wa@ﬂ the
rotation in degrecs af variovs mixtures of NaOH and Rechelle
salt and ﬁh@,dilu%isﬁg As can be seen the CUIVEs--moTe
aepecially those where the concentration ef Rochelle roll is
high==gll te 6114 to soprosch the value for puve Rochelle salt ae
the dllution becomes grealers ?h ¢ might he ex cplained by
asguming thet & complex isg formed which e in lteeld
laevorotatory .

@ ﬁﬁXf??f@%““ﬁrgv a8 the congen=

Since Rochelle saltl
tratilon of the Ua0d is inér@aﬁadg that g, as more and more
@ﬁmmlax ig formed the ﬁ%ﬁitcﬁ wonldd “ailvaff fron thet of
pure Roeghelle saltle

With dilution diseocistion would take nloce and the

rotation would once to approach thet of pure

Rochelle galls

)

Although frem a dilutlen of 50 cecs %o a dilntion
£ 0 c.co the curves are sketched in solid this should not
we tuken to mean that sctusl measurements were cerried out in
this reglon as such wss not the cases The curves wers

extrapolated baek o zero dilution, tnat is, no water conlent,

ta determine what the rotsiion wonld he under suech oircumstengass

Measuremente of Viescoslty.

Irn Flpure XIX tho stralght
normal eurve, that is, it shows the inecrease in viscosity as
NaCoH is added to Rochelle salt sesuming the two components
have no action on one snother. However, the curve sctunlly

obtuined differs put slightly from thisgs Mnie wonld seen to
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indicate the sheence of compound formation. If a compound
tnd been formed the curve should have shown a dietinet maximum
or, if the compound wae lese visecous than one or other of the

components, & ninimune The curve obls

ined only ghaw@d a slight

lesa *mr@m@niﬁ of Depsl

Hothing nuch need be w&i@ nbo&t the curve chown in
Figure XX se the messurement of density is r@allg to0 coarse
e be of much velue. Hewever, it mgy he noted that the density

shows only o very elight luercase with lnervesce in concentratlion

o

of HaOH, whilch is whel would be expected in the abrence ©

compound formatlion.

& ¥

40T . To the dlscursion of the results ocbtalioed irom the

the

i

method of therssl o be sdded the faet ¢

temperuture of complete rolidificatlion wars aleo alotted

sgainst compositicn.

P

his might glve the
solidue eurve. However such does not appear Lo be the cus

It ie provable that these polnte are due to guper-coniling

&

in the melts
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BUMMARY

L. Yerious metheods were usoed to determine whather or not o

A

compound is formed ln the recemisaltion of Roctielle salt by
sodium hydroxides

2o Qamalieaaiam aroce whilch rendered the velue of the method
of therme 1 srnalysis dﬁmai?ri aﬁﬁ the softening-meliing volnt
mathed proved to be entirely uncatislacltory.

Be The method ol thermal enalyeis and the messuvement of
rm%ati@m,goin%‘t@ the vossible aﬁist@ﬁﬁe of & complex iun the

Rochelle salt solution.

&

4. TWeasurements of the vieceority show thet complex formatlon

e

fut

s improbables Messuremsnie ol the density, slthouph not very
strong evidence, &lﬁﬁ point to the absence of & complex in

the Rochelle selt solubtion.
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