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Considering & system derived from water and two elec-
trolytes which do not yleld a common lon, the equilibrium
which mﬁst exlst between the two elecirolytes can be ex-
pressed by the squation:

AM £ BN = AN £ BM

Such equilibria involve a simple interchange between the
acldic and basic constituents. Systems of this kind were
designated by Meyerhoffer (14} mreciprocel selt pairsv, but
the term is now generally applied to systems of this kind
in which water is present as an additional component. Ia
the presence of water the equilibria are determined almost
entirely by the extent to which the four salts are dissoe~
iated end by the relative solubilities of these salts and
thelr different hydrates. I the salis are capable of
forming double salts or solld soclutions the selnbi@ity of
these are also important factors in the equilibria,

Investigetions of such systems are not common in
literature but perheps one of the most interesting is the
system CuSQy - CuClg - (NHy)eS0, = NH.CL - Hp0 studied by
Schreinemakers (21) (22}, As will be shown in the sequel
a case of "reeiproecal salt pairs™ comstitutes a quaternary
system; that is, a system of four components and such
studies are of initerest not only from the point of view of
the individual properties of the substences participating
but also from the view of the mode of representation, The
investigation of Schreimemekers produced several double
salts end also introduced a new method of representing

guaternary systems.




(2) | o
Somewhat similar %o the work of Schreinemeskers, this
investigation concerns the system (NHg)pS0s ~ NHuCL - AgpS0g -
AgCl - Hp0, The participating substances are conneeted by the
eg&a%&@a: :
SNELCL # AggS0, = (NHg)pS04 # 24g01
A complete study of this equilibrium involves the investl-

gation of the four ternery systems making up the quaternsry.
These are as follows:

(2) Aggs0, - 4gCL - HpO

(b) (NH;),80, - 48,80, = Hy0

{e) ﬂagcl = AgCL = Hy0

(@) (wHy) 50, - WECL - Hy0

Since Schreinemakers investigeted the termary systam {ﬁﬁ@)gsaé -
Hﬁgsl = Hy O, his results will be used in this work.

A fupther point of interest in the invaatigation inw
volves the formation of double salis, The copper lon and :
ammonis fomm & complex in sclution and Schreinemekers was
able to find double selts of the two sal® pairs Cus g, - k
(FH,),50, and Cucl, - NH,Cl, It is a well known fact that
six?ex'ahi@ria@ because éf the complex formed between silvér
and smmonis will dissolye in dilute ammonia water, It might
then be expected that double selts would exist between the
pairs (NHy)eS0y - 48pS0s end NH4CL - AgGl, Although such

| douwble salts were not found at the temperature of the ln-
vestigation, evidence from ineressed solubility of the
silver salts and comstency obtained in the equilibrivm ex-
pression indlcates thelr existence, ;

Tn industrial snelysis valueble silver from silver

chloride is recovered by & dangerous process involving
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nitric acid and alcohol, IV wes thought possible through
the existence of the equilibrium |
BNH,CL £ AgpB50, = (NH,)»S0, # 24g01

or through formation of double selt, that silver chloride
could be reimtroduced into solution in some usable form,
However, by the ordimary mesns of amalysis no silver iom
could be found in scluilon from the action of a saturated
solution of aﬁ%ﬁﬁiﬂﬁ sulphate on silver chleride, and
slthough the solubility of silver chloride was increased
many thousands in emmonium chloride selution, it still

was iﬁsuffieienﬁ‘té waréaﬁ% use industrially.
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Ihe Investigation and Grephicel Representation of Two

Selts end Vater -

As stated previously a complete investigation of the
system fﬁﬁng ssé - ﬁﬂéﬁl - AgEEG% = AgCl - Bgs involves
the situdy of the four ternery systems:

(8) AgoS0, = AgCl - Hy0

(b) (NH)p 50, = AgSO, = Hy0

(6) NH,CL - Agol - B0

(@) (NHy),; 50, = NH,0L - Hy0

These are special cases of ternary systems since they
are ell composed of water and two salts with 2 common ion.
The problem of representation of such systems has been
solved in meny ways (18)s (28), (80), (18), (10), mne metnoa
% be used in this work was first suggested by Gibbs (7} ana
later independently by Stokes (28), It hes since beem
greatly slsborated by Roozeboon (20), ’?he method of re-
Preosentation consists in employing

en equilateral triangle
with lines ruled parallel to each side of the triengle, the
length of 2 side iz made aéﬁal to unity or one hundred; the
sum of the fractional or perscentage amounts of the three
components being represented therefore by a side of the
 triengle. The composition of a termery mixzture is obtaimed
by determining the distence in & éiree§iaa parallel to the
three sides of the triengle (Figure 1). Conversely, in
order to represent & mixture consisting of say &, b, and e
_garts of the compenents A, B and ¢ respeciively, where & £
b £ ¢ = 100, divide one side, say 4B of the triengle into
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lﬁ@ parts. Sinee apex A represents 100% A ﬁe plot from
B, the distence Bx r@yrésaatimg a parts of 4, end since
apex B represenits 100% B we plot fyom A the distance Ax®
representing b parts of B (Figure 1), Since AB = 100 end
& # b # o= 100 the remainder xx' represents ¢ parts of C.
From x and x' lines are drawn parallel %o the sides of
the triengle and the point of interseetion P reéresanta
the composition of the termary mixture of given compos-
ition; for as is evident from the figure, the distance
of the point P from the three sides of the triengle, when
measured in directions garallal‘%e the sides is equal %o |
&, b end ¢ respectively. Since all &nvestigatiegs in this
work were carried out at 30°, isothermsl diagrems only
will be considered here, |

We now consider the form thet will be taken by the
equilibrium diegrem of em agueous solution of two salts
when plotted on the equilatersl triangle, In the simplest
case where no double salts are present 2 two-branch curve
‘results; represented by seb in Pigure 2. In this dlagrem
@ represents the solubility of salt 4, b represents the
solubility of selt B, while the curves ae and be represent
ternary solutions in equilibrium with solid salt A and
8olid salt B respectively. 4% ¢ we have an igsothermelly
invarient systen in which the solution 1s is equilibrium
with both salts as solid phases, ﬂ

Where the %we components A and B form a compound,



Fig. 2
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‘the isothermal diagram will exhibit three curves such
as ag, oet, bet es shown in Figure 3, ¢ and et repres-
enting solutions which are in equilibrium with pure A 3
and double salt end pure B end double salt respectively,
The composition of the enhydrous éaab;é s@lt is represented
by point D on the side of the %riaagle AB, Should an |
'Qyﬁrataéléaabla selt be formed intersection of the linmes
{ka@wa es "tie-lines") would teke place in the interior
of the triangle earresgea&ing to the meleauiaa of water
'eazzﬁiaa& in the c@mpaunau

A mixtur@ of the %hrae eammen@ﬂts haviﬂg a tmtal ‘
eampaaitiaﬁ represented hy x in the sree aidc (Figure 2),
will giva riae to & heterogeneous system eeaais%ing of
®0lid A apd a saturated selatien re@resentad by the point |
on the aaturatiaa curve ac whare tha #gie=-line" ix maets
aa; Similarly'miztﬁras hav&mg a total eampasitien TE=
presented by & point in the araa bBe will give rise to
solid B and a saturated solution represented by a point
fgn;ﬁha curve bﬁ; From this dlagrem also the relative
emounts of solid phase apd satﬁxa%eﬁ sclution formed can
be obtained. yfaﬁaxin the case of the mixture x, the
emount of saturated solution formed will ba‘répxeséntad
by the distance Az, aaé the ampunt ef's@liﬁ Phase deposited
will be represented by the distance of x from aar#e ge;

~ There are two methods of determining the eempééitiea

of the s0lid phase in contact with the saturated solution,
theae are due to Bancroft (2) and Sehreinamakers(gé}. kThe
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- latter method wes used in this investigation, The deter-
mination of the solid phese in two salt and water systens
is often troublesome owing %@ the éifficul%y of sepsrating
the solid in equilihrium with the liguid Phase from the
adhering mother liquor without chenging its composition.
Schreinemakers? "resldue method" consists in meking
analyses of some of the saturated solution snd its correse
généiag wet solid phase, that ig, a mixture of some of this
soluticn and the solid with which it is in equilibrium,
The aeﬁpesitiam-ef the mixture must correspond to & point
on the diagrem which is located on the straight line conn-
seting the composition of the solid end the saturated
solution, If a line is drewn through the two points re-
Presenting the two asnelyses it must pass through the point
representing the composition of the solid. If the direc-
tiené of a number of such lines axeyagear@ainﬁé, the point
toward which zh@y”eeavarge must represent the composition
of the pure solid, The determination is more accurate the
further the yaiﬂta representing eomposition of wei solid
bhese and mother liguor are apaert. If the solutions used
are not saturated with the same solid or if saturated with
more *than one solid, these lines will not converge towards
a common point,

Thus, for exemple in Figure 2, suppose analysis of
saturated saluﬁiea yields point xz°v, while anelysis of its

corresponding wet phease yields point x. The line (thet is,




(8}

the "tie~lline” menticned sbove) Joining the ¥wo peints
is found %o pass through the point representing 100% Aa.
Analysis of asnother equilibrium mizture in this neigh-
borhood yields snother "tie-line" interseéﬁing the first
at A, hence both saturated sclutions are in e@uilihriam
with solid A, If a double selt is formed then the tie-
lines intersect et the composition of the double salt;
the point of intersection being or the base line &ﬁ‘ifr,"
the double selt is enhydrous or up in the body of the
trisngle if hydrated. The percentage of water in the
hydrated salt is given by the percentage of water indicet-
ed by this point of intersection of the tie~lines.

This technigue was used in the investigetion of the
four ternary systems end the resuliing diagrems will be
shown leter in this work, ’
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Ihe Investigation end Graphicsl Representation of
R@ai r9gal Selt Peirs -

The equation

A £ BN = AN # BU |
represents a general case of "reciprocal salt pairasv,
The liquid phase associated with these systems must con-
tain at least four ions, and although it may eontaln ‘
~apprecisble coneentrations of complex ions and of hydrogen
and hydroxyl, the composition of the entire mixture can in
general be expressed in tefms of the simple ions present.
It was first pointed out by Meyerhoffer'1®) thet the com-
position of the liquid phase can be expressed in terms of
water and eny three of the simple ioms, This faet is a
necessary comseguence of the fact thet the sum of the
number of eqaivaleaté of anion mﬁs% equel the sum of the
number of equivelents of the catiom, therefore the concen=
tration of the solutlon with respeect to the ion not used
@s a compopent cepn be found by difference. Similerly the
composition can also be expressed in terms of eny three of
thé four salts concerned. If, for example, AM, BN end AN
are used as components the unﬁsa& salt, namely BM, can be
expressed as AM # BN - AN, for there is mo objection to
using negative values in expressing these esn&an%xatia&&‘ﬁ)g S
Since these systems can be defined in terms of three, rather
then four ioms or salts, and water they are four-component

systems,
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Ayyiging the Fhase Rule %o ”x@ei§r@eai aaltwgaizs”
aﬁyarianca ia poszible only when six different phases are
present, 4ssuming thet the system includes a liguid and
8 ?@p@&rﬁghas@, four solids must be present if the values
of all variasbles, namely pressure, temperature and four
concentrations are fixed, If it be assumed that the four
solids are the four simple saelts, the liquid phase must
be saturated with the four selts simultaneously, end must
have & fixed concentration as to all these selts at the
Invarisnt temperature. This is not only required by the
Fhese Rule but is a consequence of the Mass Law(g)

' Graphical representetion of changes im all six of the
varisbles conmcerned in these systems is not possible unless
certain simplifying assumptions are made, Pour such methods
are particularly epplicable to the case of reciprocal sali
pairs, The simplifying assumptions lie in carrying on the
investigations at atmospheric pressure (that is, in an open
vessel) and et a constent temperature. This study was
carried out under these conditioms. The first device was |
suggested by Lowenherz (32) who besides the sbove assumptions,
aspumed @ constant amount of water @Easaat'aﬁdvthas re=
presented the chenges in th@ f@g& remsining variaélas = the
concentration of the subsisnces, He represented the ratios
between the number of equivelenis of each of the four salts
and 1000 moles of water on four axes assumed 1o 1ate%saet in
space like the edges of a regular four sided pyremid, Adjacent

azxes must be used to represent salte which contein a common
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ien, If this requirement is not complied with, it is
not possible to represent & continucus series of chenges
iﬁ %hé c@mp@ai%ien of the system. The resuliing disgram
~%@ﬁ1§iae a number of surfeces intersecting at the poiants
of saturation of the different salts or mixtures of them
in the constent emount of water, However, the preparsiion
’ef such dlasgrems from numerical data is %im@«eéaauming and
the resulting figures mey fail to indicate clearly the
 position end extent of the different saturation fields.
These difficulties may be elimixatad by orthographical

rajeatitﬁ of the satura%iem ﬁaffﬁe@s upon & horizonial
‘plane whiah then gislﬁs a éiegraﬁ similer to thet suggested
by Schreinemekers(22), |

' Sehreinemakers® originel method involved & square
formed by the f@ax,s@baﬁaﬁaes'aﬁ ¢corners a%@~%h@iwa%@?
eenéaa%~re§rasaataﬁ‘an a'p@$§éa&iaalar exis, 48 in the
method of Lowenhers éé;asanﬁ axes mus® be used to ve-
pxaaent”salts which contein a common ion, The resulting
surfaces were then projected on a horizomtal pleme, A
diagram resulting from wis method is shown later in Figure
7 where Sehfaiaemak@rs p%@%a7%h@ system CuSgy = Cullp
(NH)p SOz = NHgCL = HgOs |

" Lodoonikow has devised an eatirely different method

for the reprosentation of four compement systems (1), He
arrives at the conclusion that For representation of a

quaternary system onm & plene two points are necessary and
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& veetor joiming these two peints represenis that pars-

ticuler equilibrium, A squere ABDC as shown in Figure

4 is constructed with the dlagonsl BC. Ve assume the
quantities a, b, ¢ end 4 of the paxtieiga@ing substances

Ay B, C end D respectively where & £ b £ ¢ £ 4 = constent
= the slde of the square, To represent a particuler
equilibrium the outer component 4 is drawn 935tha side AC
from the point A upwerds. Through the abtaiﬁe@ point £ a
straight line ls drawn parallel to the side AB. (n this
straight line we drew in d@tarmineéhsgqaenae EF = a snd
FG = b; then GH indicates the component ¢ since HJ = JB

= BA % d, The obtained vectorF¢ = b represents the given
eamgasiﬁiaa,, Inversely from the given vestor of formation
KL along the strai
the composition et omce inm the following menmer. From AC

ght line which conteins it we cen read

out to point K we have the component &, the seeﬁiaﬁ KL
itself indicates the component b, the section from point

L to the disgonel BC indlicates the component ¢ snd finally
the component d is egqual to the section frém the diagonal
to the right hand side BD or, equal to the ordimmte of
point X {er g@@ﬁ?&iiy to the ordinate of eny point on the
straight line).

- All components are then situated on a streight line _
end therefore their quantitative relationships show clearly.
The higher the vector lles, the greater is the quantity 4
and conversely, the further leftwards the left point of the

vector lies the smeller is a2 and s0 on, Thus all components
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heve & corresponding geometrical plebure on the dlagrem
gnd hence onme cen easily recognize the specific compos-
itions which contein less than four components., This
method of representation is most useful in cases where
a:faiatianéhiyfax.ratie exists between the solubilities
éf the componsnts, These speecial pra§§rtaeﬁ are oulb-
lined in Lodocnikow's original article. lﬁ ﬁh@yﬁar»
tionlar system under 1aveétigaﬁien the comparatively

small solubility of silver chloride does not lend itself

%o representation by a vector,

The mode of graphleal representation most sulted
’%a reciprocel salt pairs end the one used in this work
was a$v33ea?by Janaska{lgl.' By it complete representa-~
tion of any set of reciprocal salt pairs can be expressed
'ia ané aiagram; Expressed as a formule the Janecke
method is represented by ~

100m H,0, =&, (300 - z)B, yM, (100 - y)N,
in which l@&m’is the number of grems or moles of water
associated with 100 equivelents of the mixture of salts
present; x is the number of equivalents of one of the

anions end y is the number of equivalents of one of the
cations preaeﬁ% in 100 equivalents of that mixture. The
relative proportions of the four ilons in eny mixture are
‘expressed graphieally by the position of & point om or
within a square, the length of Whose sides corresponds
t0 100 equivelenis of 3&1%,’ The method of locating such
points is found in Figure 5, Xech of the four corners
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of the square ﬁ@??@%@éﬁﬁﬁ toc 2 pure salt and esch of
the four edges to miztures of & pair of salts contoine
iﬁg & common ion. %&a corners which represent the
four salts must be so chosen that these relations are
complied with. Polnts in the interior of the square
represent mixitures containing four different ions., In
order to find the position of & point representing a
mixture composed of x equivalenis of 4 aniop snd y of
W cation it is only necesssry 1o messure of f ¥ uniis
from the BM -~ BN line and y units from the AM -~ BY line
which gives the point 6.

If the composition is expressed as a mixture of
salts rather than of ions the location of the polnt
demends more thought. vThﬁ two dlagonals éf the square
when counsidered sé;&ra%ely can be thought of as dividing
it iato fowr right-angled isosceles triasngles. The com-
position of all points within esch of these triangles
can be expressed in,tewmsvaf the three salis at the
apices of these triangles., Thus the composition of point
0 {Figure B) can be represented by either the set AM - BN
- BN or BM - BN - AN but any other set of sslts would in-
velve the use of negative quantities. Having located the
proper triangle it is only necessery to lay off from the
point located at the right angle of this triangle, dis-
%anﬁas eorresponding to salts represented by the points
loceted at the two acute angles of the triengle and get
the interseciion of lines drawn thrgugh these points

parallel to the sides of the squere, Hence, if the
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composition of O is expressed in terms of AN - BN - BYM
it corresponds o the roint found by laying off x equi-
valents of AM from BM, which gives the point &£, and ¥
equivalents of BN which gives the @@iﬂt_s, and getiing
the intersection of the lines AG and DH, It is a simple
problem in geometry to see thaet the percentage of the
third salt in the mixiure must correspond io the dig-
tence of the point found from the longer side of the
trisngle when measured on a ;iae parellel %o the shorier
sides, in this case OF or OF,

4 representative d;agram for @ raaipfaaal salt
pair is shown in Figure 6, It assumes that the four ecom-
bonent salis ars the only solids present snd that there
are two univariant points each representing systems come
posed of three solids, a vepour and a liguid, I% is
obvious that the stable pair of salts is AW and BN,
Saturation as to each of the four solids corresponds
%o points within the four fields amd ssturation as to i
- two solids to points on the lines seperating these fields.
él%ﬁeﬁgh.tha disgram doss not indicate the proportions
~ ©of wmater present, changes ia;%he~cam@ssiti@ﬁ of the
| dissolved salis which result from eveporation of satureted
solutions cen be easily followed. If & solution vhose
compogi tion cazfesp@aﬁs te a point in the BW field, suech
as p, 1s evaporated thet salt must seperate and the ro-
sulting chenge in composition must correspond to movement .

of the point p esway from the point BN until g is Teached,
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at whieh point Al slso begins to separate., TFurther
changes must correspond o movement Ffrom g avay fron
the polnt representing seturation as %o both 21 snad

BN which is on the iM =

BN dlagopal, nemely the point
R, until saturstion as to & third salt is atiained at
Qe The points, P, § 2nd R ars congruent &?lﬁti@ﬁs

apd P and  eare erystallization end poimits. A virtue
of the Janecke diegram is that changes in the CoOmpos-
ition of the dissolved salis which resuli when the

liquid phase is evaporated, cam be ecsloulated guanti-

$atively,



NATURE OF THE FROBLEM
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Investigation of the systen {Eﬁg)gssér« Kﬁéﬂi -
ﬁggSGé - AZCY - HBG involves the study of the solubil-
ities of the different perticipating substances in
water, by themselves and in the presence of some of
the other salis and identification of eny double salts e
produced and their corresponding fields of existence,
This is accomplished by investigation of the common ion
ternary systems and then the gusternary system. A
Sehreinemakers in his study of the system (ﬁﬁé}zsaé -
NH,ClL ~ CuSQ, - CuCly, =~ H,0 found several double salts;
the sclid substances capable of oceurring at 30° in
eggtaet with solution were as follows; CuSCy. BHs0, Cmﬁlgg
EH_ZVQ@ (ﬁﬁé)gse@ 2\33461,, G%{}ée(ﬁﬁé)QSG&».Sﬂzi) and mwz_g,zmécl
2328. Sipce by Schreinemskers® method of representation
the quaternary solution saturated with one solid substance
is represented by a surface, here must oceur six sature-
tion surfaces; their projections are shown in Figﬁre’?,

abmlk is the saturation area of eaSﬁé.ﬁﬁga

iklh n ® = " CuCly.2Hp0

fgope * ¢ " " # ﬂﬂ%ﬂl,

depe n 0@ w # o0 (EE%)BSQ%

hlmog " " " " CuCl,.2NH,Cl,2H,
bmope * 0 ® " "o cuseéiﬁﬂg)gasé.sﬁga

FEach saturation surface has been marked with the
corresponding solid substance. The curves in which the
satﬁraiiam surfaces meet in twos are the seturation

curves; these represent therefore,'the solutions saturated



Fig. 7
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with two solid meterials, In Schreinemekers' projection
diegram there are nine such saturation curves.

Figure 8 shows what is cbiained when Schreinemskers:®
results are plotted by Jaonecke's method of graphical re-
presentatlon. The saturation fislds have been represenied
by the same letters and labels show the substances with
whilch solutions in this arez would be satursted. Similsr
o Sechreinemekers? diagrem there are nine saturation
curves where solutions are ssturated with two solid
materials, These avre as follows:

ep the ssturation eurve of (NH, },50, and NH,CL

¢p " 2 £ ] £§H4}28Qé: and Gﬁﬁﬁéc(%%}ggﬁégoﬁﬁg
bm " ® " Cu S80,,5H;0end CuSOy. (NH,) 58 0,,6H,0
ki w & "" CuS0,.5H,0 and cuciz,aﬁé@
ni ® " " " OuCl,.2H,0 and GuCl,.2NH,CL.2H,0
go " " " NH,CL end CuCl,.2NH,C1.2H,0
po " “ "% NH,CL and CuSO,.(NH,),S0,.6H,0

4 4727 g g .

. 7 % ¢ fanl WIT O OF x
om " " " CuCl,.2NH,CL,2H, 0andCusO,. (NH,),S0,.
. 6}5.2{3

ml n o "o CuCly.BNH;Cl.2H,0 and CuS0,.5H,0

The polunts at which saituration curves meet three at a
time are the saturation points, these represent solutions
saturated with three solid subsiances., Four such points
ogeur at 1, m, o and p. The substances sa%uratiag the
s@lﬁtgens at these poinis depend on which saturation fields
meet at the points, Thus &t 1, the selutiﬁn is sgturﬁteé

with Gaﬂlgezﬁéﬁa CHSOéoﬁﬁQG and Guﬁlgqgﬁﬁéﬂlazﬁzég
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Copper and silver are in the same sub-group of
the Periocdie Table, hence it was thought similar re-
sults would be eh‘gaiz}%é by subsitituting silver for
copper in the system. With this thought in mﬁ.:aé, the
systen (Eﬁé)_gﬁﬁ% = BH,CL - AgpS0, - AgCl = H,0 was
investigated ﬁ; & menney similsr fo that used by
Sehreinemakers. The results though not as iﬁ%@f@&?m@

as those of Schreinemakers are shown in the sequel.
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Haterials - ,
The sulphates used in this investigation were ob-
tained from the British Drug Houses. Merck's U,S,.P.
Granular emmonium chloride wes used of ea:tifﬁaa molecular
weight 53,50, Bach was reerystallized and found to be
pure within the accuraey 9? the standard methods of
analysis used in tﬁa study., :
Freshly precipitated silver chloride was‘gmpiéyeﬁ
for each determination., It was gr@ﬁﬁreé’{lg)‘hy.a@éing
a solution of silver mitrate to a solution of sodium
ehla§ide;in,the presence éf a small amount of nitrie
agcld. The pregipitate was Well'@aShsé'with water eway
from violet light and t%@,figal.washings.test@d with
- sllver nitrate solution, The precipitated chloride was
then dried and ground ready for use.

Apparatus snd Procedure -

All solubilities were determined by stirring a
mixture of the components in a closed bottle which was
immersed in a constant temperaiure bath, An,a?@inary
reagent bottle about five inches high was used. Dro-
liminary tesis were used in the ease of each migimre to
deternine t@e time of stirring in order %o asﬁabiish
equilibrium, It was found thaet @ period of %wanmy%fa&ré
hours was sufficient to ensure equilibrium in each ease,

Water was used as the thermostetic fluid - its
%@ﬁg@f&tﬁ@@*ﬁ@iﬂg controlled by 2 vacuum-sealed mereury

regulator, Cheecking against a standard thermometer
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showed the temporature of the investigation to be 29.91°C
with an error of . 0.03°. |

inalyses were carried oubt by sucking off the
nother liquor using e simple apperatus shown in Flgure
9. A represents & sinter gﬁgss Tilter which is plaged
in the stirring bottle and is eaﬂneﬁteﬁ by:rﬁbbe?'@ra$5w
ure tubing to a weighed t@ﬁtube represented at‘B; The
testube B stoppered by a %W@«h@le rubber bung is also
connected to a water pump. In order to draw off the
nother iiguér‘th@ weighed testube is placed ia;%ﬁa
thermestat and the water pump turned on; since the
agcuracy of Schrelnemskers® "wel vesidue method” éé@aﬁds
on a large difference heﬁwe@ﬁ the composition of the
mother ligquor aaa‘the we? residue, as much mother liguor
2g possible is drawﬁ;aff;’ Ths saturated liguor is then .
weighed, diluted and analyzed in aliguois: a2 small
amount of the aeﬁresyaaﬁing solid rés%&aa,is taken off,
diluted and also anelyzed in aliguots., The composi tlons
of the two are then plotted on the equilateral trisngle.
Methods of Analysis -

, In the ternary sygﬁemkﬁggséé - Ag(l - Héﬁg the
solid aﬁé.ligﬁi& phases were separated by the suetion
a@paratag; ¥o silver chloride could be detected inm
solution., The silver sﬁlpﬁate in solution wes dgtermiﬁeﬁ
" by analyzing for silver by Volhard®s method (2§3, This
involves %ﬁe-ad@iﬁiaa of ferric ommonium sulphate to an

aliquot emount of solution acidified with nitrie aeid
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and titration with potessium thiocysnate. When the pre-
ecipitation of the white curdy silver thiocyenate is com-
plete, ferric t@ia&y&n&ﬁe is formed and gives & red colour
to the seolution,

The wet solid mﬁt@riai consisting a? silver chloride
and silver sulphate was diluted with water, The amount of
silver chloride was found by filtering the result through
a weighed Gooch crueible, washing with water, then al?ehal
and drying in an oven a% 110°C to constant waigh%izﬁ)a The
filtrate was then analyzed by the method of Volhard te de-
termine the smount of silver sulphete,

| It was thought et first that the anslysis of silver
in solution in the system {313%3:4)23194 - Ag,50, ~ Hy0 would.
be hempered by the possible formetion of double sal®. Thus
the semple was eveporated to dryness, ammoninm sulphate
sublimed off and the remaining silver sulphate then dissolv-
ed in weter snd a l%%%l@vnitriﬁ:aeiﬁ.anﬁ titrated as before
by Volhard's method, Such e troublesome proeedure did not
prove satisfactory, difficulty being experienced in intro-
dueing the silver back in solution. It was subseguently
found that the soluble silver could be determined as des-
eribed in the previous system in the presence of ammoniunm

sulphate if ﬁk@kgamgie wes first dilwted with 8 large

amount of water. This is shown by the following resulis

obtained by meking up sclutions of emmonium and silver

sulphates and enalyzing for silver,
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Amount of Salts in Solution Resuits of Analyses
(HH,) 250, 4850y Sublimation Dilution
grams grams Lethod Method
5 1.122 1.120 1.125
io 1.630 1.6821 1.630
20 1.641 1.507% 1.642

50 2.255 2.005 2,258

Scolutions requiring considersble heating %o sublime the
ammonium sulphate yielded faulty results by this method.
The dilution method was used throughout the investigation
in analyzing for silver sulphate in the presence of
ammonivm sulphate.

Ammonium sulphete was determined by snalyzing for
ammonia by the étan&aré methcd‘gg), The sample was heated
with an éXﬁﬁSSsﬁf strong sodium hydroxide salutisn, the
vapours passing through @ condensor into an Erlenmeyer
flask conteining 2 known quentity of siendard acid snd
eduipped with & drying ﬁube containing glass beads toc en-
sure no loss of emmonia, The standard scid was then titrasted
with stendard sodium carbsnatevsalnﬁiaﬂ using metﬁgi orange
8s sn indicator and the ammonia content determimed. As a
eheeg a saﬁpla was also anslyzed for sulphate gravimetrie-
ally. ?hﬁ s0lid residue was diluted with water and anal-
yzed similarly,

Volhard's proeess feailed to show any silver in
solution in the system ﬁﬁ@ﬁl - AgCl =~ Eéié@ven though it
was known that inereasing amounts of silver chloride were
entering solution. The silver chloride content was found

by beiling the sclution with a larsse excess of weter whereby
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the silver salt wes presipitated. Complete precipitation
of the silver chloride dissolved by.lﬁ% millilitres of &
seturated solution of smmonium chloride required dilution
%@ two 1itres. The welght of the preeipitated silver
chloride was then found by filtering throuszh s Gooch cru-
cible as discussed above., Ammonium chloride conient was

smmonia anslysis. The

determined by the aforementioned
-80l1id residue was weshed with 2 considerable gqusniity of
water end analyzed by the same method,

The fourth fernsry system (§E%)23q§ - HH,CL ~ B0
was investigeted by Schreinemskers(22), mis results will

- be used in this work,
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System 4g,80, - 4gCL - Hy0 -

~ inalyses of pheses cbtained from stirring different
proportions of silver sulphete and sizﬁmr e-hleméa in
water at 5@96 are shown below; the compositions are ex-
pressed in welght percent.
Table 1.

Liguid Besidus , Hature of
% AgoS0s % ABCL % AgoB0, % Agll Solid Materisl

0,878 - = - 48,80,
0.875 - | 23,65 25,80 " Ag,50, # AgCl
Results show that f*sfheszé was no chenge in the solubility
of silver sulphate in the presence of silver chloride
| and no silver chloride was detected in solution, Since
silver sulphate possesses g low solubility in wa ter and
is unaffected by the presence of silver chloride, these
éa‘ta are a sufficient investigetion of this system, Should
a doubls selt be f‘eémeé; some silver chloride would heve
t0 be brousght into solution but resulis show this is not
the case,

System (NH,),S0, - NH,C1 - H,0 ~

In this sysienm which haes been studied previousiy,
no double selts sre formed, that is, only smmonium sulphate
end ammonium chloride cceur as solid materisls in contast
with solution. The iscthermally inverient solution was
found to contain 17.95% NH,Cl end 25,.81% {2@% )123 Oy This
point is plameé on the guaternary diagrem later in this
paper (Fig.12),
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System (NH,),S0, - 48,80, - Hy0 -

Analyses of pheses obtsined from stirrineg different

?f@@ﬁf%iﬁﬁﬂ of amﬂaaiam 3&1@@@@@ and silv@r sulphate in

water at 50 BT sh@@n %elawy the cemp@sitigng are ex-

gfassaa iﬁ weight percent,

T&bl@ 2§,

,kﬁesiéasw,;

Hature of
Saiiﬁ.%ﬁﬁerial

4,83
8,835
16,005

21.76

27
31,75

350%5
58,10

39,73
40.26
| 40,35

«éﬁ;z!
40.%2

40,85
43,88

4,55

14,68
29.99
53,98

87,45
94,10

hgo50,
Aggzé»ﬁé
48,80,
AggS{}% |
48,50,
i;80,
- 4,80,
| ,é.ggs %
gggsqé"
- hgpso,
48550, £ (NH,),80,
22,80, # (NH,),S0,

Agys0, £ {m@)gm 0,

Ag80, ,i {NH, ) 550,
(WE,) 80,
{&fﬁé) zs%

?hasa rasaltz are @&&ttaﬁ in @igare io,



Figure 10
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System NH,CL - 4g0l - H,0 -

Analyses of phases obieined frmmwaﬁirfimg differ-
ent proportions of ammonium chloride snd silver chloride
in weter at 50° are shown below; the compositions are
expressed in welght percent.

Teble 3.

Liguid Residue  Wature of
% NH,Cl % AgCl % NH,CL % AgCl Solid Materlal

5.62 O 112 80.64 Agel
10,225 .01 2,30 77.99 hgo1
14,58 02 2.69 81,37 Agel
18,49 .07 2,92 82.29 Agcd
22,45 .14 4.38 80,02 Agel
25,29 .24 212 a4 AgoL
27.26 -365 .81 85,97 Agll
28,47 +45 8,64 79,23  AgCl £ NE,CL
/.41 .48 27,08 61.82  AgCl £ WE,CL
29,45 0 - - NE,CL

These results are plotted in Figure 11,
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Discusgion of Resulis =

As & result of the investigation of the ternary
systems, cslculations were made of the solubility of each
salt in 100 grams of water st 380, The values obiaiped
were as follows: 0.8824 grams &ggsa%s 78,20 grams (ﬁﬁé}gssé
and 41,71 grems ﬁﬁgﬂ « These solubilities resulil from an
average of velues obtained by approaching seturetion from
both under and over saturation. The table below compares
the salahili%iés with some previous resulis,

Seilubility in grems per 100 grams of Hzﬁ

Salt Calculated Vslue Previous Values (
48550y 0.8824 0.8866(8), 0.8887(4],
(WH, )5S0y 78,20 78,95(27), 78,16(18),

| | 77,51 50 | vg, 5v(32)
NH, 01 41,71 a1.64(5) | 41,8a(22),
21,76(17) ) 41 ,36(18)

41,72(1)

HNo double salts were found in eny of the four sys-
tems, that is, no double sali was capeble of existing as a
solld phese in equilibrium with solution. However, evidence
from the imereased solubility of the silver salts im the
systems (NH,)o80, = AgoS0y - HoO and NH,Cl - AgCl - Hy0
might point to the existence of double salts in these 8YS=
tems, The solubility of a difficultly scluble salt is
always increassed initlelly, by the addition of another salt
with no common ion, This change is generally the conseguence
of metathesis(8), Alsc, an incresse in solubllity is sone-
times exhibited when a salt% with & common ion is introduced
into the saluzian(g)e However, the com@ﬁra%iveiy large

increase in the solubillity of the silver salts would seem
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to indicate chenges gr@gtér then those caused by these
effects. With this thought in mind different equili-
brium expressions were iried with the object of &@t@fi
mining quentiteiively the probable double salt Pormed.

If there exists in solution a complex salt of
the formula &gQSﬁ%siﬁﬁé}gSQ% it would be formed by the
following reaction

ABaS0, # (NH,) o850, = aggseéﬁ (WH,) S 0
This equation yields en equilibriun constent represented

by
{ Aggsgéﬁi§ﬁ432$€%’)

{ﬁg;ﬁ@é} A | ;ﬁﬁ%*asQ%

K=

where braskeis ia@ia&%@ concentirations in moles per
iitre. It wes found in this study thet in the pres-
ence of Increasing amounts of emmonium sulphate, the
solubility of silver sulphate incressed Ffrom 0.8824
grams per 1@6”§ramﬁ of water to 2.576 grams per 100
grams of water. The additionsl silver salgh&tﬁ egnier-
ing solution is suspected to go into e complex, the
difference between the moles of silver sulphate in
solution and the moles of silver sulphste in s soclution
eontaining ?ﬁly water gives the number of noles of come
plex farmaé, Table 4 shows the moles of smmonium sulphate
in solution snd the totel moles of silver sulphete in
solution (subirseciing solubility of silver sulphate in
E@l@sbyi@lds moles of complex formed] per 100 grams of
water. It also shows the different equilibrium ex-

bressions attemphed in oxder to obiain constaney whers
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{4850, (WH,) 550,)
(48550,) = ((XH,),50,)

3{3_;7'

- 44850,.2(NH,),50,)
(48580,4) = ({NH,),80,)%
| (ﬁggﬁ‘%,%{ﬁﬁé}g&%}
(48,80,) = ((NH,),50,)*

o6
3

Kz =

Taeble 4,
Solubilities Eguilibrium Constants fﬁjf;

(NH, )50, 48,50, XK _ B Ky -

074 00283 - - -

146 00471 4,60 32,8 1807,

o214 00564 4,95 . 22,7 584,

287 . 00638 4,42 15.9 228,

360 00744 4,57 13.2 119.

2426 00795 4,30 10,8 66,9

477 00802 3,89 8.4 55,5

512 00823 5,77 7,60 33,0

530 00826 5.66 7.11 28.6

Values of X indicete an squilibrium established
 of the form

4gy80, # (NE,) 80, = (48,50, (NH, ) ,50,)

The felling off of the value of the equilibrium
constant at very high concentrations of smmonium sule
phate shﬂws.that the solublility of silver sulphate is
. increasing through some other agency besides the susge-

pected complex formed, Schreinemakers in the investigetion
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of his system found the analogous double sal® CusS 0y e
éﬁﬁé}gaﬁéaéﬁgaﬁ Thus aéﬁs%aneg in X might be over-’
thrown by the Faet thatl 4gs80,.(NHy)s50, tekes on some
water of hydration or by the formeition of an entirely
pew complex ot high concentrations of ammoniuvm sulphsie.
In the iernary sysien EE%BX = AUl -~ ﬁéﬁ the
solubility of silver ehiéfiﬁe ége to the presence of
ammonium chloride rises from 17.44 x 1077 moles o
4462, x 1078 moles per 100 graﬁs §f.water; an incresse
in solubility of about 2560 times. Table & s&&ws the
noles of smmeonlum chioride and total moles of silver
chioride in sclution per 100 grems of weier. I %ﬁ&
sé&a@iii%y in moles, of silver chloride in water is
subtracted from the totel moles of silver chloride in
solution, the result is the number of moles of complex.

formed. The equilibrium constents tried ere ss follows:

{AgC1-2HH %{;3_ }
{AgCl) £ {ﬁgéglja

K}_ -

__ (2ACL«BRE,CL)
2 (2gC1)% x (WH,01)3

{AgCL.BNH,C1)

i

{AgCl) x {ﬁ%‘&i}%

(4gCLe4NE,C1)
(AgC1) = (WH,C1)*




Solubilities Eouilibrium Coustants
ﬁH%Cl AgClL Kl Kg KZ K4

o

|  aen =D D T - B e rarnd
+ 319 15,3810 = B74x10 1.53x10%. 2.89xi0 8,48x10
424 57,37x107° 1.8%x10 °  2,48x107 4.,34x10° 10,5 x10°
o541 126.2 x1070 2.49x10°  2.64x10° 4.65x10°  8.73x10°

635 228,35 x107° 3,20x10°  3.03x10° 5.28%10° 8,54%10°

5
2,14x10°  3.47x10° 6.05x10° 8,90x10°

Caleulations of K show the probable existence of

,704 B352.2x 107°

the equilibrium
AgCL # 4NH C1 = (AgCL.4NH,CL)

Lo explain the increased amount of silver chloride enter-
ing solutlion. The double salt corresponding to this com-
binstion in Schreinemskers’ study Was,€aC12,2§34Ci,EH20,

It is quite understandable that the double salts
found by Schreinemekers and those csleulated from this
work should not correspond, Schreinemekers showed the
existence of the salis Gaﬁﬁéa(ﬁﬁé)gﬁﬁé;ﬁﬁgﬁ and CuCl,,
3§E%s1¢2329, In general, smmonium salis are anhydrous
while on the other hand copper salts, especially the
- sulphate and chloride, are hydrated; thus the water of
hydration in these ssltis is due 1o thé p%es&ﬂae of the
copper salt rether then the smmonium. Such is not the
case however on replaeing copper by silver, silver salis
(even though copper and silver are in the same sub-group
of the Perloedic Table) are not prone to teking on water
of hydration, Thus a double salt formed from a silver
and an amg@ﬁium salts would im all probability be

anhydrous,
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The solubility disgrams show that the ﬁgabla
salts ﬁggﬁééa{ﬁﬁé}gﬁgé and Ag91,%§3%31 are not capable
of existiag as §91iﬁ materials 1n equilibriuvn with
solution et 30°. However, it is possible that they ]

possess a stable existence at some other tempersturs.

Lonclusions -

The sal&biigﬁy relations in'%ha ternary systems
AgpBUy=AgCl=Hy 0, (NH,)pS0,-AgpS0,=Ha0 and NH,Cl-AgCl-
Hy0 8% 50° ¢ have been determined.
No double selts wers found in sny of these
systems at this temperature. However, cvidence hes

beenn given to point to the existence of the saltis

aggseéeiﬁﬁé}286g and Agﬁlaéﬁg@CL at some other isotherm.
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Procedure -

Four isothermslly invariant compositions were
resiizeble in the four ternary systems. They in the
guaternsry dJdisgram will be ?%@?%5&3@@& by points on
the edges of ﬁhﬁ‘gaﬁaeké squars. An investigeation of
the gueternsry syshen is aceamgligh@a by adding &
third salt to each iternary system. ALnalyses of the

resulting solutions would yield curves sharting st

the isothermally invariant point of the corresponding
%@faarygsys%am,aaé moviag out inte the body of %the
diagram. Four such curves are expected representing
the following sets of salis in solmiion:

(@) AgCL - AgpS0y = (NH,)pS0, ~ HpO

(b) 48,50, -~ HH,CL - (NH,) 50, - Hy0

(o) (NH,),80, - Ag01 = HH,CL ~ H,0

(@) WH CL - 4201 - AgpB0y - HpO
The Tirst nsmed salt im each set is added to the iernary
asysten represenied by the last three compounds in esgh
set. Thus in {a] varying ssounts of silver chloride are
added to the termary system Aggﬁaé - {Eﬁ%}gﬁﬂg - Egéh

The curves, starting at the isothermally inverient
point of the jerpmary system would rum cut to ap isother-
maldly inveriant point of the gusternsry sgystem. In
general If no ternary or guatermary solids are formed,
 two isothermally iuvariant points in the quaternary

systenm are expscied and these would be joined by a curve
representing equilibrium between two substances without
a ecommon lon. ¥ith t&is thought in nind mixtures of
ammonium salgh&te, silver chloride and waier were prepared

and analyzed.
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Thus the Jamecke square would hé-diviﬁeé into four
areas in esch of which, one of the four selts is in equi-
librium with solutioms. If eny termary or quaternary
sollids are formed they also wonld have areas represent-
ing the compositions of sclutions with which they were
in eguilibrium, although the fact that no double salts
were found at this tﬁﬁp&fﬁ%ﬁfé in the ternary systems
makes the existence of ternary or quaternary sclids un-
iikelys

The study of the mixtures was cerrled out by the
same method used in the ternary system. The different
sets of salis were stirred in the reagent boitle immersed
in the themmositat. Preliminary tests showed that &
minimum of forty-eight hours of stirriﬂg'ﬁas‘ﬁecessary
to ensure the sstablishment of emuilibrium of the reaction
mixturess The seme solubllity appsratus (Figure 9) was
employede

In the analysis of each set of salis the liguid
phase was drewn off, diluted with & large quaentity of
water and filtered through = Gooch crucible to deter-
mine the silver chloride contents The filirate was
analyzed in aligquots by Volhard's method for silver in
solution and by back titration with standard sodium
carbopate solution for emmonium in solution. Since in
sets (b) and {¢} both ammonium chloride and smmonium
sulphate exist in the liquid phese, sulphate analyses
were also necessary to determine the compositions The

solid residue was diluted with a large quentity of water,
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filtered through a Gooch crucible for determinstion of
silver chloride and the fil%rate snelyzed im & way
gimilar to the liguid phase above.

Results sad Disgram -

Investigation of set {a) ylelded no curve on the
gaaaeké disgram {(Figure 12). Adding silver chloride %o
the termary system 4gpS0; - (NHy)p80, = HyO ceused no
change in the compositliomn of the isothermslly invarient
point of the ternsry system.

Investigation of set (b) yielded eurve op. This
iz & very short curve since the only silver that can
exist in solution with the shloride ion is thet held
in one of the suspected double salis.

Investigetion of set (¢ yielded curve gp. Teble
& shows the resulis of snelyses in eg&iv&i&éta of each .
 don considering 100 eguivalents of each of the cation
and snion present,

‘Table 6., |
Ag | RH, 165 8 50, Point

5.41 96,59 100 - a
8,55 97.47 74,55 25,45 |
1.90 98,10 54,69  45.51
1.20 - 98,80 38,91 61,09
1.26 9874 37,91 62.29

- 100 58.61 61,39

Investigation of set {4) yielded curve 1lm, Since

ne chloride enters solution snd there is only an incresse
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in the ammoninm radieal, no results will be given.
Investigation of the sya%em'(im%}gﬁ% - Agél -
, 'ﬁzg showed no silver chloride in solution using the
deseribed methods of analysis,.
The Janecke diagram is completed by a curve

Jolining mp. The line represents the addition of

3 ), 2 o A e ] . F oy 2 ,‘: Pe -
ammonium chloride to the system Aggﬁ 0y {NH %} 55 Oy
H2 Co

Teble 7 shows the solid pheses in egquilibrium
with the liguid })hase at the different poinits on the

guaternary diagram,

Table 7,
Point Solid Phases
1 AgCl, zzg‘%g(}%
m AgCL, Agp50,, (MH,),S0,
o NH,C1l, (MNH,),S0,
q AgCl, NH,CL
P AgOl, NH,Cl, (MH,),S0,



Pigure 12

(NH,) 580,
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Discussion of Eﬁﬁﬁlﬁs -

Pearticipenis in the q&&%ernary systﬁm sre comnecied
by the eguation
4CL £ AgpS0y = (NHy)aS0, £ 24gC1
Since silver chloride is only spsringly soluble the reaction

3.4

B

?2&&%&&6 the right-hend components slmost completely,

| The only cases where the silver ion and chloride ion
could exist simultanecously in solution were in the addition
of smmonium sulpbaie %o AgCl - WHyCl - Hp0, the addition of
silver chloride to NH,C1 - (ﬁﬁ%}gﬁﬁé,m Eﬁ@ and the addition
of ammonium chloride to AgyS0, =~ {RH % 250, Eg@, Thus
these cases represented by gqp, op and mp are the only curves
which move out into the body of Jenecke®s squere. This also
provides more evidence for the formation of éﬁuhle salts,
ﬁlﬁ&gﬁgh gilver chloride ﬁaﬁ in solution 1% wes not free
to react with the smmonium sulpheate but wether was held

in solution by combination with the smmoniun chloride,

Similarly silver sulphate was in solution but would not
all react with ssménium chloride,
The isothermally inverilant points of the four ter-~

pary systems are represented {Figure 12) as follows:

48550, = 4gCL = Hy0 1

A@z&% - (HHg) oS04~ HyO n

RHyGL ~ (NHy)g80, - Hy0 o

WHyCL - 4gCl ~ Hp0 ql
Although these no longer represent isothermel invariance
aii curves in the gueternsry systen have thelr beginnings

- at these points. Only ons iszothermelly invariant point
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could be experimentally reslized from the Qqueternsry
imvestigetion, that being poini p. j

The curve gp representis solutions im equilibrium
with solids smmonium chloride and silver ‘;amsm@,
curve zzz;t;f ra@remta solutions in equilibrium with
solids emmonium sulphete end silver chloride end eurve
| op represents solutions in @gﬁi&imim with solids
ammonium sulphate and emmoniwm chloride, The point p
represents 2 solution inm equilibrium mm solid aiamgzﬁ»
ium sulphate, smmonium ch-;ariéfe' and silver chloride,

A golution mﬁw%ﬁzm by a point in the aream
bounded by gpo Will be in equilibrium with solid
smmonium eﬁmﬁ&e and & solution represented by a
g&iﬂt in %:313 ares bounded by mpe will be in egquili-
briun with solid emonium sulphate, The remeinder of
the dilegrem represents the compositions of seolutions
in egquilibrium with solid silver chloride., Under no
condi tiiazig can a solution exist in eyuilibrium with
silver sulphats since any excess silver sulphate over
and above theat entering the complex will resct with the
~ehleride ilom ylelding simar chloride,

Conclusions -
- The quaternery system i%ﬁ'ﬁ 1.8 55 % Eﬁ €1 - %38%
.agﬁl - Hy0 has been mvestigaﬁea at 8!9 ¢ and the resulis
plotted by the method of Jsnecke,
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