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FUSIBILITY DIAGRAMS IN THE SYSTEMS

LiC104 - Ca(Cl04)2 AND NaC104 - Ca(ClO4) 2
By

N. V. Krivtsov and A. A. Zinov'yev

Acidocomplex compounds formed by perchloric
acid are not described in the literature, but
there are some indications of the possibility of
their existence. Thus, A. A. Zinov'yev and N. A.
Shchirova [1] obtained data indicating the exist-
ence of perchloroceric acid H 2 [Ce(ClO4)e], which
they did not succeed in isolating. As a result of
a study of the triple system NH4C104 - NaCl04 - H20,
A. S. Karnaukhov [2] proved that the anhydrous binary
salt 7NH4Cl04  NaCl0 4 exists in this sytem.

The investigation of fusibility in systems composed
of anhydrous perchlorates is limited to only a few
articles in which the absence of binary compounds
is shown. A. A. Zinov'yev, L. A. Chudinova, and L.
P. Smolina [3] established that the system NaCl04 -

Ba(Cl04)2 is characterized by the presence of only
a simple eutectic and by two polymorphic transi-
tions of barium perchlorate. The absence of a
binary compound was established by I. A. Zakharova,
V. G. Markova and A. A. Zinov'yev [4 in the system
NaCl0 4 - LiCl0 4 . However, in this case they ob-
tained an indication of the existence of solid solu-
tions derived from sodium. perchlorate. A study
of the system LiCl0 4 - XO'0 4 by Markowitz [5]
showed that only a simple eutectic and a polymorphic
transition of KCI04 exist.

We undertook the study of fusibility in the systems LIC104 -

Ca(Cl04 )2 and NaClO4 - Ca(Cl0 4)2 .
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INITIAL SUBSTANCES AND METHODS OF INVESTIGATION

As is known, lithium perchlorate crystallizes in a rhombic

<:.em and has no polymorphism. This is the only metallic perchlorate

hicla melts without decomposition. In the literature there is no

.ngle value for the melting point of lithium perchlorate. For

example, according to I. A. Zakharova et al. [4], its melting point
I1

is 2340, while according to Vorlander and Kaascht [6],lithium

perchlorate melts at 2470.
I1

Sodium perchlorate, according to Vorlander and Kaascht [6],

has two polymorphic modifications with the transition point of the

enantiotropic type being 3080. This transition temperature was con-

firmed by other researchers. The melting of sodium perchlorate is

accompanied by thermal decomposition. Therefore the melting point

of sodium perchlorate, like those of the other perchlorates of alkali

metals cannot be determined exactly. The melting point of sodium

perchlorate lies between 461 and 4820 .

Calcium perchlorate is very inadequately described in the
I,

literature. Vorlander and Kaascht, who were the first to determine

the transition temperatures of alkali-metal perchlorates and of the

perchlorates of silver, barium and thallium, reported nothing con-

cerning the polymorphism of calcium perchlorate. But in the article

by A. A. Zinov'yev and L. I. Chudinova [7] there was an indication

of a polymorphic transition of calcium perchlorate at 340O.

Perchlorates of lithium, sodium, and calcium were prepared on

the reaction of dilute perchloric acid and the carbonates of

the corresponding metals. The crystalline hydrates obtained from the

solutions were repeatedly recrystallized out of water, until the re-

quired degree of purity was reached, and then the crystalline hydrates
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were dehydrated by heating at 150-200' in a vacuum at 1-2 rm Hg.

Analyses of the perchlorate-ion content were performed by using

nitron (1, 2, 4-diphenylendoanilodihydrotriazol) as the precipitating

agent [8]. All of the perchlorates were, within the limits of

accuracy of the analysis, 100% and did not contain even traces of

chlorides.

The fusibility was studied by the visual-polythermic and the

thermographic methods (on a Kurnakov pyrometer). The device for

visual-polythermic determination of the melting point (or temperature

of incipient crystallization) did not differ in principle from the

device used for that purpose in an earlier article [4]. The mixing

of the fusion took place automatically in a hermetically sealed vessel.

The upper end of the mixer, which was made oI' iron, was placed inside

a magnetic induction coil, to which electrical pulses were fed at

definite intervals.

The temperature was measured by a Chromel-Alumel thermocouple

and by an M-81 millivolt ammeter. The thermocouple was calibrated

according to the melting points of tin, lead, aluminum, K2 Cr207 ,

KNO3 , and the boiling point of water. The rate of heating or cooling

of the furnace was regulated by an autotransformer and amounted to

2-3 degrees per minute.

The boundaries of the solid-phase fields were determined from

the cooling curves of completely fused rixtures.

In those cases where the temperature of complete fusion 0' the

perchlorate mixture was higher than the temperature of incipient
decomposition (higher than 370), the mixtures were held at 3500 for

5 to 6 hours, and then the cooling curvez were recorded on a pyro:-

The absence of decomnosit.on of porchlorates during such

holding wao proved by a cuntrohild wcighing upon completion of the
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-surements.

RESULTS OF EXPERIMENTS

Phaze t rans.tIons of perchlorates were studied by the thermo-

g:.raphic method and by visual observations of the change in the sub-

stances during heating.

It was confirmed that lithium perchlorate has no polymorphic

transition, and it was discovered that it melts without decomposition

at 249 + 20. The temperature of rapid decomposition of lithium

perchlorate lies at approximately 4700 .

The data obtained confirm the presence of a polymorphic transi-

tion at 308* in the case of sodium perchlorate. The melting point

with partial decomposition simultaneously occurring (not more than

i%) is 482 + 4@, while the temperature of rapid decomposition of so-

diumperchlorate is approximately 5700.

200Z

Tim, mU.

Fig. 1. Thermogram of calcium perchlorate.

Figure 1 shows a thermogram of calcium perchlorate. It shows

the presence of two endothermic effects (at 342 and 406*) and one

exothermic effect at 4650.
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Tir , min.

Fig. 2. Thermogram of calcium perch-
lorate recorded during heating and sub-
sequent cooling of the sample.

Both endothermic effects are reproduced on the cooling branch

of the thermogram in Fig 2. It was visually established that these

effects relate to a transfcrrnaticn of calci'um perchlorate in the

solid state. In an earlier artirle ['] ; c effect at 4060 was

erroneously related to melting.

Thus we may assume that endothe-mic effects are associated

with two polymorphic transitions of calcium perchlorate, for which,

consequently, there exist three polymorphic modifications. In another

article [31 three polymorphic modifications were also discovered

for barium perchlorate.

The exothermic effect at 4650 in the thermogram in Fig. 1 is

associated with the thermal decomposition of calcium perchlorate.

The slow evolution of oxygen already begins at 4000.

THE SYSTEM LiC0 4 - Ca(el04 )2

The results of a study of this system are presented in Tables 1

and 2 and in Fig. 3. The diagram in Fig. 3 shows the presence of

two transition points Pt and ?I and respectively two horizontal

lines ?I P? and PIP2 corresponding to the two polymorphic transitions



calcium perchiorate which occur at 342 an 400".

Polymorphism is confirmed by the fact that in the thermograms

.ixtures of lithium and calcium perchlorates the intcnsitiez c)'

h,+at effects at 342 and 4-060 increase with an increase in the

.mcunt of calcium perchlorate in the mixture.

The eutectic mixture melts at 2280 and has a composition of 76.9

equiv. % Li2 (Cl0 4) 2 and 23.1 equiv. % Ca(e10 4) 2.

TABLE 1

Temperature of Incipient Crystallization in the System

LiCi0 4 - Ca(C104) 2

4-0jnt 0^ Tempora-uW'o Amkount of 7empC? Lturr of
LI,(CIO,),. in the of i'ciplent I L1,(C U.), in t . inoip.D.ot - .-
fajionp cquiv.% erysa2±z t!; fusion, cquiv.% ialllztion 'C

100,0 2-50 6,8,9 254
97.5 V, 9 1 67,1 -, 2; !
01t.7 246 (113 4 2 A9
87,0 "2/1- 6q.,(; 27S
m,8 241 53,4 205

82.5 238 52,3 :;.I
80,2 234 49,5 312
78.2 22. 47,3 318

77, 233 432 324

73.9 24 1 35.6 35G
7292-13 -. 33.4 374

70.8j 248 ____

We did not discover any transitions in the system below the

eutectic line. Above 370* mixtures of all compositions begin to

decompose, thus indicating the lower thermal stability of perchlorate

mixtures as compared with the stability of pure components. For

this reason no line of primary crystallization above 370* could be

ascertained.
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TABLE 2

Results of Thermographic Study of the System LiCI04-

Ca(Cl0 4)2

kiiunt of l,'i4inq1 lp Inh To, - TteI l optLl( iO,'n of ' ruc ; t o r ~vlniht p iyo:'h
t f.'% Lt io h tn ~ stfsio, eqiv 4 mixture

1011, 0--
52 S 21 S

9}23 225 -- -
228

7S,5 22f;73,923 --
6;9,5 '2 --

S,5 -6;0, 722---
57,7 2 ' --

A4( (,

31( , II -23,722'; 3'i2-
25.7 I 22f; 342 410
IS 341 40

1 '22,1 3'!,

0. 0 "2

Fi.-. usbiit ,.a 4m f te yse

Li• c, o) C( [)

I A rXC x - - 4c

Fig. 3. Fusibility diagram of the system.
L12 (C104) 2 - Ca( Ci04) 2.
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Fig. 4 4 Fusibility diagram of the system
Na2(Cl04 ) 2 - Ca(C104 ) 2.

TABLE 3

Temperature of Incipient Crystallization in the System

NaClO, -Ca(Ce0 4 )2
Amoum of Amuoratur l 2ount Oin Tomcratur

a2 (C1 4 j2 =I or lmlpiwlt of ,0- pl.nt
the r"on *rystalzatiane1* 'S"D oryst 1lizatio
equiv. 0lv.% 901

10,0,2 4., C, 298
S,16 3c"k 4 .7 205
5,7 3 43,2 30(1
55,8 352 /2,2 3(w?
52,8 3110 406 315
51,0 330 ,4 319
50,0 324 :1',2 301,9,7 323 33,1i 33,5
/, 8, C 3 17 33,0 334

48,2 M4 32,4 336
48,1 312 31,4 I 1.1
47,6 311 29,' 353
47,1 NIS 2,8 357
4 9 I N; 27,3 375

46,1 301 1
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TABLE 4

Results of Thermographic Study of the System NaC104 -

- Ca(Cl04)2

Amount ot I Tene.?-turejT.
a n

s
" tm-a'V?' Temnorat,,r Te,-,p 0f

N 2 CI04)2 i rk ." _ _ of solid ouition o if olymlor•''.CO 2 ofi ncipientl 0c pi€ r poly or-,. "

the fusion molti n f " -hi c -,

.2~A Y..trO 0  '0C c- ". '

100,O I 4S2 j 3 0 8 (polymorphous

-7.7 ) 1 i

85,5 - 260: 293 --
82.6 - 258; 288
81,9 - 258;20 - -
t,O - 270: 279
.6 28820 - -

76.6 334; 279 260 - i -
74,8 345: 280 2;9 - -

73,5 284 2ff i -
72.1 2S. 270 - -

289 27') -
W2, 2' -

;;2 277 ,- I

0~7 2042f2-

5,4 "20•,, ,,,. -

2S 2.4 - -
273 --

31 7 i 28 7 2 3 - - I - -
.::4 i 27 _"';; 3'43 ' ---

"29 '_,3 270 34o I -

12. S I '20fl 270 ' 2 410l

.... i _ _ _ _3__ _ _ _ _

THE SYSTEM NaCl0 4 - Ca(ClO4 ) 2

The results of the study of this system are presented in Tables

3 and 4 and in the diagram in FIG. 4.

Above 3800 mixtures of all compositions undergo decomposition.

Therefore the liquidus curve is investigated only up tc this temncra-

ture. The eutectic mixture melts at 2930 and has a composition of

4 4 .9 equiv. Na 2( C10 4) p and 55. . equiv. % Ca(CI04 ) 2.

In the diagram in Fig. 4 in the reg1o,.r. of compositions rlh In

calci,,, crhloratc there are two transition oints nd
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.-izontal lines PIP and P2PI corresponding to them, which correzpond

o the transition points of the polymorphic modifications of calcium

i-orate at 3420 and 4+06 respectively. This is confirmed by the

.hat the duration of the pauses in the thermograms becomes

reater at these temperatures with an increase in the amount of

c.alcium perchlorate in the fusions.

Consequently, in the hypoeutectic region pure calcium perchlorate

crystallizes in three crystalline modifications, each of which exists

in a corresponding temperature range.

In the hypereutectic region of concentrations a solid solution

derived from a high-temperature modification of sodium perchlorate

crystallizes. This solution undergoes a eutectoid transition with

the formation of a second solid solution.

The eutectoid point lies at a temperature of 2700 and has a

composition of approximately 29 equiv. % Na2(C10 4)2 and 71 equiv. %

Ca(Cl04 ) 2.

Thus, in the system NaC104 - Ca(C104 )2, in addition to the

liquid phase, the following solid phases may also exist:

y - Ca(ClO4)2, exists above 4060.

- Ca(CI04)2, exists within the temperature range 342-406*.

a - Ca(Cl04)a, exists below 3420.

The solid phase a' derived from sodium perchlorate.

The solid phase a" derived from sodium perchlorate.

CONCLUSIONS

1. The systems LiCl04 - Ca(C10 4) 2 and NaClO4 - Ca(C104)2 are

studied. The fusibility diagram in both systems is characterized by

a simple eutectic and by polymorphic transitions of the components.
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2. We did not succeed in forming compounds in these systems.

In the system NaClO4 - Ca(ClO 4)2 in the region rich in sodium

perchlorate, the existence of two solid solutions is proved.

3. On the basis of a thermographic study of calcium perchlorate

and a study of systems derived from it we obtained data indicating

the presence of three polymorphic modifications of calcium perchlorate

with transition points at 342 and 4060.
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