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OBITUARY: IVAN NIKONOVICH LEPESHKOV

Ivan Nikonovich Lepeshkov, Professor of Inorganic Chemistry in the Kurnakov Institute of

General and Inorganic Chemistry, Russian Academy of Sciences, died on January 30, 1993 in

Moscow. His sudden passing after a brief illness came as a great shock to his friends and

colleagues.

Prof. Lepeshkov was born into a peasant family on January IS, 1907 in a small village near

Smolensk. His early education began in a village school and continued into secondary school

in Smolensk. In 1930 he was graduated from the University of Smolensk with a degree in

chemistry. The following year he pursued post-graduate studies under the tutelage of

Academician N.S. Kumakov in the Laboratory of General Chemistry in Leningrad (St

Petersburg). His thesis for a Candidate's Degree was on the crystallization of natural salts

found in the lnder Lake (Kazakhstan) and was completed in 1935 and submitted to the faculty

of the Institute of General and Inorganic Chemistry in Moscow (the Chemical Laboratories of

the Academy of Sciences in Leningrad was moved to Moscow in 1934). Prof. Kumakov

became the director of this new institute and Prof. Lepeshkov was appointed Professor of

Inorganic Chemistry at this same institute in 1943.

Prof. Lepeshkov spent the whole of his active life at the Institute of General and Inorganic

Chemistry. He was Head of the Laboratory of Chemistry and Technology of Natural Salts for

more than 40 years, and at the time of the Second World War was promoted to Vice-Director

of the institute. At this time he also served as chief of the Division of Physico-Chemical

Analysis. He participated in numerous scientific expeditions in the Central Asian Republics,

Volga-Ural regions and Siberia. Prof. Lepeshkov and his colleagues discovered industrial

deposits of bishoffite in the Volvograd Region, and he was active in the solution of the

problems connected with Lake Kara-Bugas, and his solutions are presently accepted as the

most practical.

Prof. Lepeshkov is best known for his extensive and numerous studies on water-salt

equilibria which found important applications in geochemical and chemical engineering

aspects of prospecting and processing of salt deposits. He contributed to chemical technology

and production of fertilizers, antifreeze formulations and electronic materials. The results of

these studies were published in more than 400 papers and several books. He exerted strong

influence on the formation and development of inorganic chemistry in Kazakhstan, Kirgizia,
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Turkmenistan and Kabardino-Balkaria where he helped organize the research groups and

Laboratories on Natural Salt Chemistry. Prof Lepeshkov continually stressed the fundamental

ideas of his teacher, Prof. Kurnakov, on the principles of physico-chemical analysis, and from

amongst his more than fIfty students, a number have become professors and members of the

Academy of Sciences of the Central Asia Republics.

Prof. Lepeshkov's international activities began in the 1950s when he established contacts

with German chemists in the former DDR. He visited China, Bulgaria, Spain and other

countries. His most fruitfull cooperation was between his laboratory and the Chemical

Division of the Freiberg Bergakademie in Germany and the Laboratory of Inorganic Salts of

the Bulgarian Academy of Sciences in Sofia. During the last years of his life Prof. Lepeshkov

participated in the IUPAC Solubility Data Project and became a close colleague of many

members of IUPAC Commission V.8. At he invitation of Prof. A.S. Kertes (founder of the

Solubility Data Project and Chairman of Commission V.8 until shortly before his untimely

death in 1988), Prof. Lepeshkov became the first Russian chemist to participate in this

international project. His first volume on Alkaline Earth Metal Perchlorates, co-edited with

Profs C.-Y. Chan and K.H. Khoo from the University of Malaysia, was published as volume

41 in 1989, and this second volume on the solubilities of perchlorates is dedicated to his

memory.

Prof. Lepeshkov will be missed by all who knew him. His work and science lives on and we

are indeed richer for his contributions and for his friendship.

V.L. Valyashko and V. Danilov
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INTRODUCTION TO THE SOLUBILITY DATA SERIES

SOLUBILITY OF SOLIDS IN LIQUIDS

NATURE OF THE PROJECT

The Solubility Data project (SDP) has as its aim a comprehensive review of published data for
solubilities of gases, liquids and solids in liquids or solids. Data of suitable precision are compiled for
each publication on data sheets in a uniform format. The data for each system are evaluated and, where
data from independent sources agree sufficiently, recommended values are proposed. The evaluation
sheets, recommended values, and compiled data sheets are published on consecutive pages.

COMPILATIONS AND EVALUATIONS

The formats for the compilations and critical evaluations have been standardized for all volumes.
A description of these formats follows.

Compilations

The format used for the compilations is, for the most part, self-explanatory. Normally, a
compilation sheet is divided into boxes, with detailed contents described below.

Components: Each component is listed according to IUPAC name, formula, and Chemical
Abstracts (CA) Registry Number. The Chemical Abstracts name is also included if this differs from the
IUPAC name, as are trivial names if appropriate. IUPAC and common names are cross-referenced to
Chemical Abstracts names in the System Index.

The formula is given either in terms of the IUPAC or Hili (1) system and the choice of formula
is governed by what is usual for most current users: Le., IUPAC for inorganic compounds, and Hili
system for organic compounds. Components are ordered on a given compilation sheet according to:

(a) saturating components:
(b) non-saturating components;
(c) solvents.
In each of (a), (b) or (c), the components are arranged in order according to the IUPAC 18-

column periodic table with two additional rows:
Columns 1 and 2: H, alkali elements, ammonium, alkaline earth elements
Columns 3 to 12: transition elements
Columns 13 to 17: boron, carbon, nitrogen groups; chalcogenides, halogens
Column 18: noble gases
Row 1: Ce to Lu
Row 2: Th to the end of the known elements, in order of atomic number.

The same order is followed in arranging the compilation sheets within a given volume.
Original Measurements: References are abbreviated in the forms given by Chemical Abstracts

Service Source Index (CASSI). Names originally in other than Roman alphabets are given as
transliterated by Chemical Abstracts. In the case of multiple entries (for example, translations) an
asterisk indicates the publication used for compilation of the data.

Variables: Ranges of temperature, pressure, etc. are indicated here.
Prepared by: The names of all compilers are given here.
Experimental Values: Components are described as (1), (2), etc., as defined in the "Components"

box. Data are reported in the units used in the original publication, with the exception that modem
names for units and quantities are used; e.g., mass per cent for weight per cent; mol dnt3 for molar;
etc. Usually, only one type of value (e.g., mass per cent) is found in the original paper, and the
compiler has added the other type of value (e.g., mole per cent) from computer calculations based on
1989 atomic weights (2). Temperatures are expressed as t/°C, tlOF or TIK as in the original; if
necessary, conversions to TIK are made, sometimes in the compilations and always in the critical
evaluation. However, the author's units are expressed according to IUPAC recommendations (3) as far
as possible.

Errors in calculations, fitting equations, etc. are noted, and where possible corrected. Material
inserted by the compiler is identified by the word "compiler" or by the compiler's name in parentheses
or in a footnote. In addition, compiler-calculated values of mole or mass fractions are included if the
original data do not use these units. If densities are reported in the original paper,
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conversions from concentrations to mole fractions are included, but otherwise this is done' in the
evaluation, with the values and sources of the densities being quoted and referenced.

Details of smoothing equations (with limits) are included if they are present in the original
publication and if the temperature or pressure ranges are wide enough to justify this procedure and if the
compiler finds that the equations are consistent with the data.

The precision of the original data is preserved when derived quantities are calculated, if necessary
by the inclusion of one additional significant figure. In some cases, compilers note that numerical data
have been obtained from published graphs using digitizing techniques. In these cases, the precision of the
data can be detennined by the quality of the original graph and the limitations of the digitizing
technique. In some cases graphs have bel:n included, either to illustrate data more clearly. or if this is
the only infonnation in the original. Full grids are not usually inserted as it is not intended that users
should read data from the graphs.

Method: The apparatus and procedure are mentioned briefly. Abbreviations used in Chemical
Abstracts are often used here to save space, reference being made to sources of further detail if these are
cited in the original paper.

Source and Purity ofMaterials: For each component, referred to as (1), (2), etc., the following
infonnation (in this order and in abbreviated fonn) is provided if available in the original paper: source
and specified method of preparation; properties; degree of purity.

Estimated Error: If estimated errors were omitted by the original authors, and if relevant
infonnation is available, the compilers have attempted to estimate errors (identified by "compiler" or the
compiler's name in parentheses or in a footnote) from the internal consistency of data and type of
apparatus used. Methods used by the compilers for estimating and reporting errors are based on Ku and
Eisenhart (4).

Comments and/or Additional Data: Many compilations include this section which provides short
comments relevant to the general nature of the work or additional experimental and thennodynamic data
which are judged by the compiler to be of value to the reader.

References: The fonnat for these follows the fonnat for the Original Measurements box, except
that final page numbers are omitted. References (usually cited in the original paper) are given where
relevant to interpretation or the compiled data, or where cross-reference can be made to other
compilations,

Evaluations

The evaluator's task is to assess the reliability and quality of the data, to estimate errors where
necessary, and to recommend "best" values. The evaluation takes the fonn of a summary in which all
the data supplied by the compiler have been critically reviewed. There are only three boxes on a typical
evaluation sheet, and these are described below.

Components: The fonnat is the same as on the Compilation sheets.
Evaluator: The name and affiliation of the evaluator(s) and date up to which the literature was

checked.
Critical Evaluation:
(a) Critical text. The evaluator checks that the compiled data are correct, assesses their reliability

and quality, estimates errors where necessary, and recommends numerical values based on all the
published data (including theses, patents and reports) for each given system. Thus, the evaluator reviews
the merits or shortcomings of the various data. Only published data are considered. Documented
rejection of some published data may occur at this stage, and the corresponding compilations may be
removed.

The solubility of comparatively few systems is known with sufficient accuracy to enable a set of
recommended values to be presented. Although many systems have been studied by at least two workers,
the range of temperatures is often sufficiently different to make meaningful comparison impossible.

Occasionally, it is not clear why two groups of workers obtained very different but internally
consistent sets of results at the same temperature, although both sets of results were obtained by reliable
methods. In such cases, a definitive assessment may not be possible. In some cases, two or more sets of
data have been classified as tentative even though the sets are mutually inconsistent.

(b) Fitting equations. If the use of a smoothing equation is justifiable the evaluator may provide
an equation representing the solubility as a function of the variables reported on all the compilation
sheets, stating the limits within which it should be used.

(c) Graphical summary. In addition to (b) above, graphical summaries are often given.
(d) Recommended values. Data are recommended if the results of at least two independent
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groups are available and they are in good agreement, and if the evaluator has no doubt as to the
adequacy and reliability of the applied experimental and computational procedures. Data are reported as
tentative if only one set of measurements is available, or if the evaluator considers some aspect of the
computational or experimental method as mildly undesirable but estimates that it should cause only
minor errors. Data are considered as doubtful if the evaluator considers some aspect of the
computational or experimental method as undesirable but still considers the data to have some value
where the order of magnitude of the solubility is needed. Data determined by an inadequate method or
under iII-defined conditions are rejected. However, references to these data are included in the evaluation
together with a comment by the evaluator as to the reason for their rejection.

(e) References. All pertinent references are given here, including all those publications appearing
in the accompanying compilation sheets and those which, by virtue of their poor precision, have been
rejected and not compiled.

(0 Units. While the original data may be reported in the units used by the investigators, the final
recommended values are reported in SI units (3) when the data can be converted accurately.

QUANTITIES AND UNITS USED IN COMPILATION AND EVALUATION OF SOLUBILITY
DATA

Mixtures, Solutions and Solubilities

A mixture (5) describes a gaseous, liquid or solid phase containing more than one substance,
where the substances are all treated in the same way.

A solution (5) describes a liquid or solid phase containing more than one substance, when for
convenience one of the substances, which is called the solvent, and may itself be a mixture, is treated
differently than the other substances, which are called solutes. If the sum of the mole fractions of the
solutes is small compared to unity, the solution is called a dilute solution.

The solubility of a solute 1 (solid, liquid or gas) is the analytical composition of a saturated
solution, expressed in terms of the proportion of the designated solute in a designated solvent (6).

"Saturated" implies equilibrium with respect to the processes of dissolution and precipitation; the
equilibrium may be stable or metastable. The solubility of a substance in metastable equilibrium is
usually greater than that of the same substance in stable equilibrium. (Strictly speaking, it is the activity
of the substance in metastable equilibrium that is greater.) Care must be taken to distinguish true
metastability from supersaturation, where equilibrium does not exist.

Either point of view, mixture or solution, may be taken in describing solubility. The two points
of view find their expression in the reference states used for definition of activities, activity coefficients
and osmotic coefficients.

Note that the composition of a saturated mixture (or solution) can be described in terms of any
suitable set of thermodynamic components. Thus, the solubility of a salt hydrate in water is usually
given as the relative proportions of anhydrous salt in solution, rather then the relative proportions of
hydrated salt and water.

Physicochemical Quantities and Units

Solubilities of solids have been the subject of research for a long time, and have been expressed
in a great many ways, as described below. In each case, specification of the temperature and either
partial or total pressure of the saturating gaseous component is necessary. The nomenclature and units
follow, where possible, ref. (3)

A note on nomenclature. The nomenclature of the IUPAC Green Book (3) calls the solute
component B and the solvent component A. In compilations and evaluations, the first-named component
(component 1) is the solute, and the second (component 2 for a two-component system) is the solvent.
The reader should bear these distinctions in nomenclature in mind when comparing equations given here
with those in the Green Book.

1. Mole fraction of substance 1, Xl or x(l)for condensed phases, Yl for gaseous phases:

[1]

where ns is the amount of substance of s, and c is the number of distinct substances present (often
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[2]

the number of thermodynamic components in the system). Mole per cent of substance 1 is 100 xI'

2. Ionic mole fractions of salt i, xl+' xI.:
For a mixture of s binary salts i, each of which ionizes completely into vl+ cations and vI. anions, with
vI = v+1 + v.1 and a mixture ofp non-electrolytes k, of which some may be considered as solvent
components, a generalization of the defmition in (7) gives:

v+,x, v-,x+1
x+/ =----'--'--- X_, =-- i = 1..08

• V +/
1+E(vF1)xj

J-1

k = (s+ l).....(s+p)
[3]

The sum of these mole fractions is unity, so that, with c = s + p,

• c

E (X+,+X_,) + E x,' = 1
I-I ,-,+1

General conversions to other units in multicomponent systems are complicated. For a three­
component system containing non-electrolyte I, electrolyte 2 and solvent 3,

[4]

[5]

These relations are used in solubility equations for salts, and for tabulation of salt effects on
solubilities of gases.

3. Mass fraction of substance I, WI or w(1):

where g. is the mass of substance s. Mass per cent of substance 1 is 100 WI' The equivalent terms
weight fraction, weight per cent and g (1)1100 g solution are no longer used.

4. Solute mole fraction of substance I, x.,I:

, ,
X.,I =milE m, =xI/E x,

'-I '-I

where c is the number of solutes in the mixture. These quantities are sometimes called Jlnecke mole
(mass) fractions (8, 9). Solute mass fraction of substance I, w••I' is defined analogously.

S. Solvent mole fraction of substance I, Xv.I:

c

xv,l = XII E x,
'-.+1

[6]

[7]

[8]

Here, p is the number of solvent components in the mixture. Solvent mass fraction of substance 1. wy,l'
is defined analogously.
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6. Molality of solute 1 in a solvent 2, ml:

ml =nl /n2 M2

SI base units: mol kg-I. Here, M2 is the molar mass of the solvent.

7. AqUQlTlolality, Solvomolality of substance 1 in a mixed solvent with components 2, 3 (10),
ml(3):

m(3) =m MlM
I I I 3

SI base units: mol kg-I. Here, the average molar mass of the solvent is

M =x";lM2+(1-X";l)M3

[9]

[10]

[11]

and xv.2 is the solvent mole fraction of component 2. This term is used most frequently in discussing
comparative solubilities in water (component 2) and heavy water (component 3) and in their mixtures.

8. Amount concentration of solute 1 in a solution of volume V, cI:

ci = [fonnula of solute 1] = nl/V [l2)

SI base units: mol m-3• The symbol ci is preferred to [formula of solute 1), but both are used. The old
terms molarity, molar and moles per unit volume are no longer used.

9. Mass concentration of solute 1 in a solution of volume V, PI:

PI =gl/V = fIMI/V

SI base units: kg m-3•

10. Mole ratio, rl.2 (dimensionless) (11):

'I;l =nl/n2

Mass ratio, symbol l'I,2' may be defined analogously (11).

[l3]

[l4)

11. Partial pressure, PI == YIP for substance 1, where YI is the mole fraction of 1 in the vapor
phase and p is the total pressure. SI units: Pa; common units: mmHg, Torr. 1 mmHg and 1 Torr differ
slightly in definition (3), but are identical numaerically to better than 2 x 10-7 Torr.

12. Ionic strength. 1m (molality basis), or Ie (concentration basis):

1~ 2
1m =- L.J mill'

2 I
[lS)

where zi is the charge number of ion i. While these quantities are not used generally to express
solubilities, they are used to express the compositions of non-saturating components. For a single salt i
with ions of charge numbers z+' z_,

[l6)

Mole and mass fractions and mole ratios are appropriate to either the mixture or the solution
point of view. The other quantities are appropriate to the solution point of view only. Conversions
between pairs of these quantities can be carried out using the equations given in Table 1 at the end of
this Introduction. Other useful quantities will be defined in the prefaces to individual volumes or on
specific data sheets.

I ..
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Salt hydrates are genera1ly not considered to be saturating components since most solubilities are
expressed in terms of the anhydrous salt. The existence of hydrates or solvates is noted carefu1ly the
critical evaluation.

Mineralogical names are also quoted, along with their CA Registry Numbers, again usua1ly in
in the text, and CA Registry Numbers (where available) are given usua1ly in the critical evaluation.

In addition to the quantities defmed above, the f01lowing are useful in conversions between
concentrations and other quantities.

13. Density, p:

c

p =g/V =E P,
'-I

SI base units: kg mo3 • Here g is the total mass of the system.

[17J

14. Relative density, d = plpo: the ratio of the density of a mixture at temperature t, pressure p
to the density of a reference substance at temperature t', pressure p'. For liquid solutions, the reference
substance is often water at 4°C, 1 bar. (In some cases 1 atm is used instead of 1 bar.) The term specific
gravity is no longer used.

Thennodynamics of Solubility

Thermodynamic analysis of solubility phenomena provides a rational basis for the construction of
functions to represent solubility data, and thus aids in evaluation, and sometimes enables thermodynamic
quantities to be extracted. Both these aims are often difficult to achieve because of a lack of
experimental or theoretical activity coefficients. Where thermodynamic quantities can be found, they are
not evaluated critically, since this task would involve examination of a large body of data that is not
directly relevant to solubility. Where possible, procedures for evaluation are based on established
thermodynamic methods. Specific procedures used in a particular volume will be described in the
Preface to that volume.
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Table 1. Interconversions between Quantities Used as Measures of Solubility
c-component Systems Containing c - 1 Solutes i and Single Solvent c

Xi Wi mi Ci

Xi = 1 1 1
xi

M( 1 ~I(M rJ 1 e-l m. 1+-L(£.-M}f C/(I_ ~)1+-' --I+E ......!.-I.....l. 1+--+E-l.
Me W, i-i Mi w, m/rle i-' mi Me c, i-' c, Me
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M, Xi i-' Me X, m/rl, i-'

mi= 1 1 1
mi

{ 1 <-I %J { 1 ~l woJ 1(e-l )
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X, i-' Xi Wi i-' Wi C, i-'

Ci = P PWi P

{I <-I (M r J M, ..!.(1+EMfli)+MI

Ci

Mi+M --l+E _i -1 .1-
X, i-' Me X, mi i-'

~

p _ density of solution; Mj - molar masses of i. For relations for 2-component systems, set summations to o.



PREFACE

The compilation and evaluation work on solubility data for alkali metal and ammonium

perchlorates in aqueous, non-aqueous and mixed solvents resulted in two volumes which

have been prepared in accordance with the objectives and format guidelines of the IUPAC

Solubility Data Series. The first of these volumes, Part I, covers solubility data for lithium

and sodium perchlorates and Part II, the second volume, covers those for potassium,

rubidium, cesium and ammonium perchlorates.

The first comprehensive review, and probably the only one of its kind available, on the

manufacture, properties, uses and analytical chemistry of perchloric acid, its salts and

derivative compounds appeared as an excellent monograph edited by Schumacher (6) in

1960. It also included a brief account of the history and manufacture of perchloric acid and its

salts. Potassium perchlorate was the first salt of perchloric acid to be prepared. Its discovery,

together with the preparation of perchloric acid, was reported by von Stadion (1) as early as

1816. During the period between 1816 and 1831 the term "oxychlorate" was used to describe

salts of perchloric acid. Serullas (2), who reported in 1830 another method of perchloric acid

preparation and also the preparation of ammonium perchlorate and most of the more common

inorganic metal perchlorates, helped to popularise the use of the term "perchlorate", which

has been the preferred term since then. The main industrial and patent interests in the alkali

metal and ammonium perchlorates appear to lie in the use of both potassium perchlorate and

ammonium perchlorate in the manufacture of explosives and solid rocket propellants, in the

use of lithium perchlorate as battery electrolyte, and in the use of sodium perchlorate as

starting material in the manufacture of ammonium perchlorate and other perchlorates.

Rubidium and cesium perchlorate attract relatively little commercial interest.

The unusual stability of the perchlorate ion is well-known but so is its ability to act as a

powerful oxidant which can react explosively with organic materials (6). The alkali metal

perchlorates together with ammonium perchlorate form an interesting group in that the

lithium and sodium salts are very soluble in water and are hydrated while the potassium,

rubidium, cesium and ammonium salts are unhydrated and have low solubilities. Lithium and

sodium perchlorates are also much more soluble in alcohols and other non-aqueous

solventsban the potassium, rubidium, cesium and ammonium salts. All of them exist as

colourless crystalline solids. Reliable solubility data for these percblorates in water, alcohols

(continued)
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and other solvents were first published in 1923 by Willard and Smith (4). After that, up

until the 1960's, more interest appeared to be focused on the solubility systems of potassium

perchlorate in both aqueous and non-aqueous solvents than those of other perchlorates. The

period between 1960 and 1980 saw prolific publication of solubility data on ammonium,

alkali metal and alkaline earth metal perchlorates in binary and multi-component systems in

aqueous, non-aqueous and mixed solvents. The majority of such work was carried out in the

Commonwealth of Independent States (formerly USSR) and found only in Russian

publications. After 1980 much fewer reports of solubility data for these perchlorates were

found.

The primary sources used in the literature survey for relevant information were Chemical

Abstracts from 1907 to 1990 and the volumes on Solubilities ofInorganic and Metal Organic

Compounds by Linke (5). Other sources include the monographs by Schumacher (6) and

Schilt (8), the article by Carlson (3), and the comprehensive treatise by Mellor (7). While the

compilers have made their best effort to compile on all relevant and available data published

up to 1990, it is possible that certain pertinent articles published in obscure journals have

missed their attention. No compilations have been prepared for data presented only in graphic

forms and they involved only a few articles, published in Russian. It is practically impossible

to communicate with the authors of the original measurements to obtain the numerical data.

This work is the result of many years of collaboration between the Russian and Malaysian

scientists involved in the Solubility Data Project, which has already resulted in volume 41 in

the Series (on alcaline earth metal perchlorates, published in (990). It is worth noting that

much of the compilations in the present two Volumes, just as in Volume 41, are on data

published in Russian Journals which are not readily available outside the C.I.S. The editors

thank the University of Malaya and the Kumakov Institute of General and Inorganic

Chemistry, Moscow, for providing facilities used in the preparation of these volumes. They

also wish to acknowledge the much appreciated help and advice from Dr. M. Salomon

(U.S.A.), Prof. J.W. Lorimer (Canada), the late Prof. A.S. Kertes (Israel) and Prof. Yagodin

(Russia), given in various ways, including liaison and literature search. They also thank all

those colleagues in IUPAC Commission V.8 who have given help in one way or another.
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1

Solubility data for fifty-eight binary systems LiCI04 - solvents are presented in eleven

publications (5, 7, 12, 14, IS, 20, 25, 32, 39, 46, 57). There are also data for twenty-four

ternary (5, 17,21-26,28-30,36,38,42-45,47,48, SO, 51, 54, 55, 58) and seven quaternary

systems (6, 22, 31, 34, 37, S0, 52).

EXPERIMENTAL MElHODS

The solubility of lithium perchlorate has been measured in most cases by the isothermal

method. Simmons and Ropp (7) used a visual heating method in sealed tubes; a cooling

method is also mentioned in ref. (46).

The solid phase was characterized by evaporation to dryness and, for ternary or quaternary

systems, by the Schreinemakers' wet residues method (1). Thermographic and ~-ray powder

analysis were also employed (38).

ANALYSIS OF SOLUTIONS

Lithium perchlorate in saturated solution was determined by evaporation to iliyness or by

chemical analysis : Li+ was titrated gravimetrically by precipitation as sulfate (17) or lithium

zinc uranyl acetate (22, 30, 31, 37) or in solution, using the periodate method (21, 30), atomic

absorption spectrophotometry (25) or flame photometry (12).

Perchlorate ion was determined gravimetrically as nitron perchlorate (14, 20, 21, 23, 29, 43,

47,54) or by conversion to chloride and titration as AgCI (14).

SOURCE AND PURITY OF MATERIALS

In most cases lithium perchlorate was prepared by the methods described in references (2, 3,

4) and analysed as nitron perchlorate. It was also obtained by reacting 70 % HCI04 (aq.)

with Li2C03, recrystallized twice (20). Keller and Foster used a commercial product

(continued)
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CRITICAL EVALUATION (continued)

(Atomergic Chemicals Co) dried at 90-120 °C under vacuum. Lithium perchlorate was also

dried at 200-250 °C under vacuum (20) or at ISO-160°C for 20-25 hours (IS).

The solvents were "Reagent grade products" (14, 25) purified by fractional distillation after

drying over anhydrous calcium sulfate (14), metallic lithium (15), zeolites of type NaA (58)

or by recrystallization (12). Alcohols were purified by refluxing with calcium and fractional

distillation (5). Acetonitrile, ethyl acetate, ether were redistilled from their mixture with P205

(25). Acetone was refluxed with powdered KOH and purified by the bisulfite process (5).

Propylene carbonate (Matheson, Coleman & Bell) spectropure grade was fractionally distilled

in the presence of CaH2 and dry N2 (25).

Anhydrous perchloric acid was distilled from a mixture of oleum and perchloric acid

dihydrate at 100 °C under vacuum (20). Nickel perchlorate was synthetized from nickel

carbonate and perchloric acid, followed by recrystallization (29).

Terbium perchlorate was prepared by heating terbium nitrate and dissolving the resulting

terbium oxide in 56 %perchloric acid. The salt was recrystallized from aqueous solution and

washed with chloroform (42).

I BINARY SYSTEMS

When possible a statistical treatment of data was performed in order to make a critical

evaluation or to check the coherence of data

System LiCI04.:HzQ

The solubility of lithium perchlorate in aqueous solutions has been studied over a wide

temperature range, from 273 K to 445 K and is presented in twenty-three publications

Within the accuracy of the analyses, the solid phases in equilibrium with saturated solutions

are stoichiometric. Three solubility curves can be identified, involving anhydrous salt and

two congruent melting hydrates LiCI04 . H20, LiCI04 . 3H20.

Fitting equations

The data of compilation sheets have been analyzed following the procedure described in the
preface of volume 47 (59). The curves are represented by equation:

y= I(T) =A/I'+ BlnT+ CT+ D +... [IJ

where T is the temperature (K) and Y is the natural logarithm of solubility for the liquidus

curve of ice, and is related to the solubility constant for the salts (table 1).

(continued)



CRITICAL EVALUATION (continued)

Table 1 LiCI04-H20

Expression of Y

3

LiCI04

LiCI04'H20

LiCI04'3H20

y= 1n(4x21(I+x)2)

y =1n(27x2(I-x)I(I +xP)

y= 1n(55x2(I-xPI(27(l+xP)

Four coefficients, deduced from experimental data by linear regression, were necessary to

represent the data. Their values are given in table 2.

Table 2 System LiCI04-H20

Coefficients of fitting equations

Solid Phase A B C D

-226579.46 -1022.4424LiCI04

LiCI04'H20

LiCI04'3H20

87977.65

-1943.37

446.3249

0.503708

1.1542909

0.5600779

-8.49846E-3

6229.9317

-2670.172

5.4328

Solubility ofanhydrous LiCl04

Only four data are available so that the coefficients A, B, C, D have been calculated by

simple resolution ofa system of4 linear equations and the data above 172 ?C must be

considered as tentative data. The value 509 K (236°C) given by Richards-ana Willard (2) for

the melting point of lithium perchlorate has been adopted. The comparison between

experimental and calculated values of solubility is presented in table 3.

Table 3 System LiCI04-H20

Liquidus of anhydrous LiCI04

tOe expIOOwI calc exp IOOxI calc ref

144.2 90.0 90.04 60.4 60.5 7

167.5 91.04 91.06 63.24 63.3 7

172.0 91.11 91.13 63.44 63.5 7

236 100 100 100 100 2

The solid phase in equilibrium with liquid at 144.2 °c is probably anhydrous lithium

perchlorate instead of the monohydrate claimed by the authors

(continued)
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CRITICAL EVALUATION (continued)

Solubility Curve 01LiC/Ott H20

The solubility Curve of LiCI04·H20 has been determined only by Simmons and Ropp (7).

The coherence of experimental results is good except for the data close to the melting point.

The congruent melting point is given by solution of the equation:

D =-Affm -Bln(TmJ -CT,n

The calculated value is 152.2 °C, the experimental value is 149°C (5).

[2]

Table 4 Liquidus of monohydrate LiCI04'H2O

tOC expl00wlcalc expl00xlcalc deviat.xlOOO ev. ref

93.2 70.5 70.53 28.8 28.84 0 R 7
97.3 71.0 70.95 29.3 29.26 0 R 7
108.9 72.8 72.74 31.2 31.12 3.2 R 7
120.7 75.0 75.23 33.7 33.96 - 8.8 R 7
136.9 80.0 79.38 40.4 39.46 22.7 T 7
144.0 82.5 81.47 44.4 42.68 39.8 T 7
144.2 81.53 42.78 **
148.5 85.0 83.02 49.0 45.29 81.7 A 7
149.3 87.5 83.34 45.87 **
149.3 87.48 54.2 54.2 0 R 7
148.5 87.74 54.8 **
144.2 90.0 88.85 60.4 57.45 50.s A 7*
136.9 89.87 60.03 **
120.7 92.37 67.2 **
108.9 93.38 70.48 **
97.3 94.01 72.66 **
93.2 94.15 73.15 **

* belongs probably to the liquidus of anhydrous LiCI04 ** calculated by evaluator
R =recommended, T =tentative, A =aberrant value

A comparison between experimental and calculated values of solubility is presented in table

4. The deviation is the quantity l00(Xexp·Xcalc)/Xcalc' The data have been recommended

when dev < 2 %, considered as tentative when 2 %< dev < 5 % and aberrant above 5 %

Solubility Curve oiLiC/Ott3H20

The range of solubility of trihydrate has heen determined in totality by Simmons and Ropp

above 0 °C, but in most papers the data are reported at 25°C. Lithium perchlorate trihydrate

crystallizes from aqueous solutions as short prismatic or needle-like crystals of the hexagonal

form. The critical evaluation is given in table 5. The coherence of experimental results is

good except for the data close to the melting point. The calculated congruent melting point is

95°C.

(continued



CRITICAL EVALUATION (continued)

5

Table 5 Liquidus of trihydrate LiCI04'3H20

tOC exp 100w1 calc exp 100xl calc devxl000 ev. ref

0.0 29.90 29.91 6.736 6.740 - 0.59 R 7
10.0 32.88 32.90 7.660 7.665 - 0.65 R 7
20.0 35.95 35.91 8.679 8.665 1.62 R 7
25 37.30 37.44 9.170 9.152 - 3.26 R 23
25 37.34 37.44 9.166 9.200 • 3.70 R 30
25 37.34 37.44 9.166 9.200 - 3.70 R 28
25 37.34 37.44 9.166 9.200 - 3.70 R 26
25 37.34 37.44 9.166 9.200 - 3.70 R 51
25 37.34 37.44 9.166 9.200 - 3.70 R 48
25 37.34 37.44 9.166 9.200 - 3.70 R 54
25 37.34 37.44 9.166 9.200 - 3.70 R 47
25 37.38 37.44 9.188 9.200 - 1.30 R 5
25 37.46 37.44 9.209 9.200 0.98 R 55
25.0 37.48 37.44 9.216 9.200 1.74 R 7
25 37.50 37.44 9.223 9.200 2.50 R 45
25 37.52 37.44 9.230 9.200 3.26 R 36
25 37.53 37.44 9.231 9.200 3.26 R 29
25 37.55 37.44 9.241 9.200 4.49 R 44
25 37.58 37.44 9.252 9.200 5.65 R 43
25 37.58 37.44 9.252 9.200 5.65 R 29
25 37.62 37.44 9.266 9.200 7.27 R 21
25 37.66 37.44 9.280 9.200 8.70 R 42
25 37.70 37.44 9.295 9.200 10.33 T 24
25 37.78 37.44 9.323 9.200 13.37 T 38
30.0 38.87 38.96 9.721 9.755 - 3.49 R 17
35 41.09 40.49 10.56 10.330 22.27 A 22
40.0 41.91 42.04 10.91 10.940 • 2.65 R 7
50 45.28 45.18 12.29 12.249 3.67 R 40
64.6 50.0 49.96 14.48 14.460 1.38 R 7
77.9 55.0 54.79 17.15 17.03 7.05 R 7
89.2 60.0 60.02 20.26 20.27 • 0.49 R 7
92.3 62.5 62.12 22.01 21.735 12.65 T 7
94.3 65.0 64.21 23.92 23.30 26.61 A 7
95.1* 66.32 25.01 7
94.8 66.67 67.41 25.30 25.94 - 24.67 A 7
93.2 70.0 69.53 28.3 27.87 15.43 T 7
92.7 70.3 69.93 28.6 28.25 - 58.41 A 7
92.5 70.33 70.08 28.64 28.40 8.45 R 7

R = recommended, T = tentative, A = aberrant value
* The calculated melting point is 95.0 °C

Double saturation points

Two eutectic points can be observed above 0 °C :

liq. - LiCI04'3H20 + LiC104 • H2O T = 92.4 °C , xI = 0.284

(continued)
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CRITICAL EVALUATION (continued)

liq. - LiCI04'H20 + LiCI04 T= 140 °C ,xl =0.592

Phare diagram

The phase diagram LiCI04 - H20 between 0 °C and the melting point is presented in figure

1. The calculated solubility of mono and trihydrate are in good agreement with experimental

data, the liquidus cwve of anhydrous salt must be considered as tentative due to the small

number of experimental data.

Figure 1 Solubility of lithium perchlorate in water

250 r----------------------,

200

Iiq.

150

100

so a-c A-a

60 mol % 8020

Ol.-.J.-'-- I-I-...'--_L- I----''-- '--__--'

H20

A =LiCI04

Solubility of Lithium Perchlorate in other solvents

Due to the small number of papers it was not possible to perform a critical evaluation, so that

all data must be considered as tentative.

The solubility of lithium perchlorate in tetrahydrofuran was 2.2 mol dm-3 [35] at 298.2 K and

could not be converted in mass units.

In most cases the solubility was measured at 298 K and the data at this temperature are

collected in table 6.

(continued)
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Table 6 Solubility of LiCI04 in various solvents

Solvent g% :'C1 ref
solvent

CH3NO [75-12-7] fonnamide 142.I±O.2 37.6 14
CH40 [67-56-1) methanol methyl alcohol 182.25 35.44 5
C2HF302 [76-05-1] 2-trifluoroethanoic trifluoroacetic acid 11.7 11.1 14

acid
C2H3N [75-05-8] acetonitrile 12.99 5.44 25

14.46 6.12 46
13.6±O,1 6.98 14

C2H402 [64-19-7] ethanoic acid acetic acid I08.7±O.1 38.0 14
C2H60 [64-17-5] ethanol ethyl alcohol 151.76 39.66 5
C2H602 [107-21-1] l-2-ethanediol ethyleneglycol 96.7±O.4 36.1 14
C2H60S [67-68-5] sulfinylbis-methane dimethylsulphoxide 21.1* 17.4* 12
C2H7NO [141-43-5] 2-aminoethanol 78.9±0.9 31.2 14
C2H8N2 [107-15-3] l,2-ethanediamine ethylenediamine 48.0±0.3 21.3 14
C3H60 [123-38-6] propionaldehyde propanal 1l0.5±O.7 37.6 14
C3H60 [75-56-9] methyloxirane propylene oxide 91.4±0.6 33.3 14
C3H60 [67-64-1] acetone 136.52 42.70 5
C3H7NO [68-12-2] N,N-dimethyl-fonn 7.5±O.2 34.0 14

amide
C3H80 [71-23-8] I-propanol n-propyl alcohol 105.0 37.23 5
C3H80 [67-63-0] 2-propanol isopropyl alcohol 112.1±O.1 38.8 14
C3H9N [107-10-8] I-propanamine n-propylamine 59.1±O.3 24.7 14
C4H603 [108-24-7] acetic anhydride 8.1 7.2 14
C4H80 [109-99-9] tetrahydrofurane 27.l±O.2 15.5 14

C4H80z [141-78-6] ethyl acetate 95.12 44.1 5
95.1 44.1 14

C4H802 [107-92-6] butanoic acid butyric acid 60.0±0.3 33.2 14
C4H9NOz [544-16-1] I-butyl nitrite n-butyl nitrite 3.4 3.2 14

C4Hl00 [60-29-7] 1,1'-oxybis-ethane diethylether 113.72 44.21 5

C4HIOO [71-36-3] I-butanol n-butyl alcohol 79.31 35.59 5
C4HlOO [78-92-2] 2-butanol sec-butyl alcohol 77.1±O.1 34.9 14
C4HIOO [78-83-1] 2-methyl-l-propanol isobutylalcohol 58.05 28.8 5
C4HIOO [75-65-0] 2-methyl-2-propanol t-butyl alcohol 0.6 0.4 14
C4HIo02 [110-80-5] 2-ethoxyethanol 136.6±O.~ 53.6 14
C4H11N [109-73-9] I-butanamine n-butylamine 45.7±O.3 23.9 14

C4H11N [13952-84-6] 2-butanamine sec-butylamine 45.7±O.2 23.9 14

C4HlIN [75-64-9] 2-methyl-2- t-butylamine 10.7±0.3 6.8 14
propananamine

C5H5N [110-86-1] pyridine 8.7±O.1 6.1 14
C5H80 [120-92-3) cyclopentanone 63.8±O.2 33.5 14
C5H1003 [105-58-9] diethyl carbonate 52.6±O.1 36.9 14
C6H7N [62-53-3] benzenamine aniline 6.1±O.2 5.1 14

C6H100 [108-94-1] cyclohexanone 54.0±0.3 33.2 14
C6H1003 [141-97-9] ethyl-3-oxobuta ethyl acetoacetate 76.7±O.1 48.4 14

noate

(continued)
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Table 6 (continued)"

Solubility of LiCI04 in various solvents at 298 K

Solvent mass % Xl ref
solvent

C6Hl20 [108-93-0] cyclohexanol S.9±O.1 5.3 14
C6H I2N (108-91-8] cyclohexanamine cyclohexylamine 16.9 13.6 14
C7HSN [100-47-0) benzonitrile 21.9±O.2 17.5 14
C7H6O [100-52-7) benzaldehyde Sl.S±O.3 33.9 14
C7H80 (100-51-6) benzenemethanol benzyl alcohol 49.8±O.3 33.6 14
C7H80 [108-39-4) 3-methyIphenol 142.1±O.2 37.6 14
C7H9N (100-61-S) n-methyl n-methylaniline 1.4±O.1 1.4 14

benzenamine
C8H1602 (124-07-2) I-octanoic acid n-octanoic acid 32.1±O.3 30.3 14
CSH1S0 (111-S7-S) l-octanol 43.S±O.3 34.9 14
CSH1S0 [123-96-6) 2-octanol 44.7±O.3 35.4 14
CSHISO [142-96-1] l-I'-oxybis- n-butylether 13.6±O.2 14.3 14

butane
CSHI9N [111-92-2) n-butyl-l-buta dibutylamine 4S.6±O.4 35.6 14

namine
C9HI002 [93-S9-0] ethyl benzoate 29.2±0.2 29.2 14
C9HI002 (140-11-4) benzyl acetate 50.1±O.4 41.4 14
C12H1404 [S4-66-2J diethyI-I ,2-benz diethylphtalate 5.5 1.2 14

ene
dicarboxylate

Cl4H2604 [110-40-7] diethyIdecanedi diethylsebacate 21.3±O.1 34.0 14
oate

N2H4 [302-01-2) hydrazine 54.4 14.1 39

'" the solid phase is the solvate 2LiCI04'7(CH3>2S0

Some solubilities have been measured at 273 K (table 7)

Solvent mol% Xl ref
solvent

HCI04 [7601-90-3] perchloric acid 0.107 0.1 20
H202 [7722-S4-1J hydrogen peroxide 62.3 16.61 57

N2H4'" [302-01-2] hydrazine 47.1 12.4 32

'" The solid phase was LiCI04'2N2H4

Sometimes the measurements have been performed at several temperatures, so that a fitting

equation has been derived in order to allow interpolation.

System LiCI04-Acetonitrile [75-05-S]

Tomkins and Turner [46J have measured the solubility of lithium perchlorate in acetonitrile at

temperatures between 24.20 and 50.17 °C. A congruent melting point is observed for

x1=0.20. The solid pha.~e is LiCI04'4CH3CN and the data are fitted by the equation:

(continued)
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In(Xl(l-XlPJ = AlI' + B

where A =-2119.1747 ,B =4.0842.

The agreement between experimental and calculated solubilities is good except in the vicinity

of the dystectic point (table 8)

Table 8 System LiCI04-Acetonitrile

100 XI 1°C expo I °C calc lood
5.953 24.20 23.19 0.3
7.106 29.16 28.58 0.2
8.076 32.80 32,32 0.15
9.178 36.33 35.87 0.15
10.818 40.12 40.05 0.02
11.693 41.94 41.84 0.03
13.923 45.67 45.26 0.1
15.480 48.28 46.84 0.45
17.694 49.50 48.18 0.4
20.146 49.41 48.60 0.25
20.350 50.17 48.60 0.5
22.780 48.85 48.05 0.2
23.750 41.21 47.62 - 2
24.240 45.66 47.36 - 0.5
25.600 45.43 46.50 - 0.3

The deviation is given by d = (Texp• - Tcalc.>rrcalc. The congruent melting point (dystectic

point) is located at Xl = 0.20 and t = 49 ±1°C

System LiCI(>4-DMSQ [67-68-5]

The data of Kenttamaa [12] at 25, 35 and 45°C are not accurate and aU data must be

considered as tentative.

System LiCI04-Propionitrile [107-12-0]

The solubility of lithium perchlorate in propionitrile at temperatures between 230 and 285 K

bas been measured by Tomkins and Turner [46]. A congruent melting point is observed for

Xl= 0.20. The solid phase is LiCI04'4CH3CN and the data are fitted by equation [3]. The

values of coefficients are

9

A = - 628.3486 B=-0.17801

The agreement between experimental and calculated solubilities is good (table 9, figure 2).

(continued)
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Table 9 System LiCI04-Propionitrile

100x] tOC expo tOC calc 100d solid phase
7.23 - 43 - 44.935 0.8 LiCI04'4C3H5N

12.141 - 21.3 - 16.9 - 1.7 "
14.218 - 12.1 - 10.3 -0.7 "
17.049 - 0.5 - 4.9 - 1.6 "
18.62 - 3.9 - 3.6 - 0.1 "
27.378 2.1 ?
30.97 12 ?

The deviation is given by d = (texp. - tcalcJltcalc. The congroent melting point is located at

Xl =0.20 and t= -3.2 ±1°C and the eutectic point are close to XI =0.243, 1=- 6.3 °C.

Figure 2 Solubility of Lithium perchlorate in propionitrile

20

Iiq.
o

·20

Iiq. + A A+?

mol",

·60 '--....oL._-'--__...&-__-'-__...J

~H$N 10 20

" .l.JOO.c.• ClHsN

II TERNARY SYSTEMS

Solubility of LiCI<4'3H20 in various solvents at 298.15 K

The values of solubility are presented in table 10, the solid phase was not specified. In some

cases it is assumed to be LiCI04'3H20

Table 10 Solubility of LiCI04'3H20 in various solvents

C140
C2H60
C3H60
C3H80
C4H802
C4H100
C4H100
C4H100

Solvent
[67-56-1] Methanol
[64-17-5] Ethanol
[67-64-1] Acetone
[71-23-8] I-Propanol
[141-78-6] Ethyl acetate
[71..36-3] I-Butanol
[78-83-1] 2-Methyl-1-propanol
[60-29-7] dithyl ether

mass % ref.
60.95 5
42.16 5
49.04 5
26.82 5
27.41 5
21.40 5
18.85 5
0.196 5

(continued)
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Solubility in mixed solvents

Solubility in solvents containing a trace ofwater

Determinations at 25 and 60°C have been made by Keller and Foster (25) with two solvents

(propylene carbonate C4H603 and N,N-dimethylformamide C3H7NO) and containing slight

quantities of water,

Table 11 Solubility of lithium perchlorate

in solvents containing a trace of water

Solvent T/K H2O LiCI04
mgdm-3 c/moldm-3

C3H7NO 298 45 4.4
(N,N-dimethylformamide) 1000 3.5

333 45 4.8
1000 4.9

C4H603 298 20 2.1
(propylene carbonate) 1000 3.1

333 20 3.1
1000 3.1

System LiCl04 - Acetamide - H2O

ref

25

2S

The isothermal section 298 K has been determined by Tarakanov (45). Four stoichiometric

phases are observed LiCI04·3H20. LiCI04·2CH3CONH2. LiCI04·4CH3CONH2.

CH3CONH2. The two intermediate compounds are very hygroscopic,

System LiCl04 - Dimethylurea- H20

The isothermal section determined by Bestuzheva (55) shows that three solid phases must

exist at 298 K : LiCI04·3HZO. dimethylurea C3HgN20 and presumably. according to the

compiler. LiCI04'3C3HgN20·H20. The double-saturation points are not observed and the

intermediate compound has a non-congruent solubility.

System LiCl04 - Hexamethylenetetramine - H20

Four solubility curves are observed, involving C6HIZN4, LiCI04'ZC6HIZN4'2H20 which is

an incongruently soluble compound. LiCI04'C6H12N4'3H20 and LiCI04'3HZO Several

anomalies are observed on the data sheet:

• The solubility diagram presented on the compilation sheet is not correct since the ratio

LiCI04!HzO is not the same for the various compounds, so that their representative points

cannot be located on the same straight line.

(continued)
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• The nature of the solid phases presented in the last row of the table is not supported by the

data.

Table 12 Solubility in mixed solvents at 298 K

Composition of double saturation points

Equilibrium

~y'stem LiCI04~5NQ:H2Q

liq LiCI04'3 H20 + LiCI04'4CH3CONH2

liq LiCI04'4CH3CONH2 + LiCI04'2CH3CONH2

liq LiCI04'2CH3CONH2 + CH3CONH2

composition ref
(1) mol % (2)

18.97 44.74 45

17.82 57.86

10.97 72.17

§y.stem LiCIQ4~3H8N2Q:H2Q

liq LiCI04'3 H20 +?
liq ? + C3HgN20

12.17
?

9.157 55
?

1.62'"

§ystem LiCI04-£6tI1ili4-!:!2Q
liq LiCI04'3 H20 + LiCI04'C6HI2N4'3H20 8.89

liq LiCI04'C6H12N4'3H20 +LiCI04'2C6H12N4'2H20 5.83'"

liq LiCI04'2C6HI2N4'2H20+C6HI2N4

'" assumed by evaluator

2.09 43

7.0'"

11.1'"

System LiCI04 - Methylaeetale - Propylene carbonate

The solubility of LiCI04 has been measured by Il'in and Demakin (58) at 6 temperatures

between 283.2 and 323.2 K. A fitting equation proposed by the authors is presented in data

sheet; it allows a precision better than 10 %, the calculation of solubility at any composition

of solvents and a temperature range between 10 and SO DC.

Ternary salt systems involvine the same anion

LiC104 - MCI04 - H20, (M = Na, K. NH4, 71)

The systems have been studied at temperatures between 298 and 323 K. AU solid phases are

stoichiometric: the solid phase involving lithium is always LiCI04'3H20, the other observed

phases are anhydrous percblorates except for NaCI04 which crystallizes, according to the

temperature, as monohydrate or anhydrous salt. In a general way the data are coherent, but as

they are presented in a single paper it was not possible to assess the accuracy of the data. The

composition of eutonic points of the systems are presented in table 13

(continued)
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Table 13 Ternary systems LiCI04 - MCI04 - H20

M = Na, K, NH4, 11

Composition of eutonic points

TIK

298

303

308

323

Equilibrium (1) mol % (2) ref

liq. ++ LiCI04. 3 H20 + NaCI04. H2O 2.36* 20.23* 21

liq. ++ LiCI04 . 3 H20 + KCI04 9.24* 0.036* 24

liq. ++ LiCI04 . 3 H20 + NH4CI04 8.92* 0.68* 23

liq. ++ LiCI04 . 3 H20 + 11CI04 9.26* 0.14* 38

liq. ++ LiCI04 . 3 H20 + NH4CI04 9.66* 0.599* 17

liq. ++ LiCI04 • 3 H20 + NH4CI04 10.49* 0.519 22

liq. ++ LiCI04 . 3 H20 + NaCI04 5.66* 21.40* 40

liq. ++ NaCI04 + NaCI04. H2O 1.47** 27.4** 40

*average ** asswned by evaluator

Taking in account the common ion effect and the variation of the ionic strength of the

solution, the ionic product S of LiCI04'3H20, we have:

[4]

where Xl and X2 are the mole fractions of components. The data can be fitted by equation [5] ,

[5]

The coefficients A. B, C are presented in table 14 :

Table 14 Ionic product of LiCI04'3H20

in ternary systems LiCI04 - MCI04 - H20

M TIK A B C

Na 298 - 0.5629 64.78 -151

323 - 2.9187 94.57 -198

K 298 - 0.429 49.09 0

NH4* 298 1.8782 23.75 0

11 298 1.3383 30.16 0

*at 303 and 308 K the calculation of coefficients was not possible due to the scattering of

experimental data

(continued)
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Ternary systems LiCI04 - M(CI04)2 - H20, (M =Ca, Ba, Mn, Co, Ni, Cu)

AU &ystems have been studied at a single temperature 298 K. The isothermal sections have

the same shape with two saturation cwves and an eutonic point. The solid phases in

equilibrium with liquid are LiCI04'3 H20 and, according to the system Ca(CI04n'4 H20,

Ba(CI04n'3 H20 or an hexahydrate M(CI04n'6 H20 for M = Mn, Co. Ni, Cu). The

eutonic points of the systems are Jiven in table 15.

Table 15 Ternary systems LiCI04 - M(CI04n - H20

Com~itionof eutonic points at 298 K

Equilibrium (1) mol % (2) ref

6.23*

6.00*

7.10

1.73*

3.14 7.608 36

2.62 7.85 48

1.13 6.98 51

29

29

43

2.157*

2.78*

liq LiCI04 • 3 H20 + Ca(CIC>4n'4 H2O

liq LiCI04 • 3 H20 + Ba(CI04n'3 H2O

liq LiCI04 • 3 H20 + Ma(CI04n'6 H20

liq LiCI04 • 3 H20 + Co(CI04n'6 H20

liq LiCI04 . 3 H20 + Ni(CI04n'6 H20

liq LiCI04 • 3 H20 + Cu(CI04n'6 H20

* average

If the solvation of ions is not taken in account, the ionic product of bihydrate LiCI04'3 H20

is represented by equation [6] :

$=X1 (X1+2x2) (l-x1-x# /(1+X1+2x# [6]

and can be fitted by relation [5]. The coefficients of fitting equations are given in table 16.

Table 16 Ionic product of LiCI04'3H20

Systems LiCI04 - M(CI04n - H20 at 298 K

M A B C

Ca - 0.0833 64.61 -208

Ba - 0.1628 68.62 -218

Ma,Co, Ni 0.1017 53.18 -107

Cu 0.8245 18.97 186

The ionic product of LiCI04'3 H20 is given by the same equation when M = Mo, CO, Ni

showing that the structure of the saturated solution is the same and consequently, in spite of

[continued)
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the fact that each system has been determined by a a single author. the solubility data for the

isothermal section 298 K of the systems involving MD. Co and Ni can be recommended.

For the other sytems the data are coherent but no assessment can be done concerning the

accuracy.

Ternary systems LiCI04 - M(CI04)3 - H20 (M = Ce, Ga, 1b)

All systems have been studied at a single temperature. 298 K. The isothennal sections have

two saturation curves and an eutonic point. The solid phases in equilibrium with liquid are

LiCI04'3 H20 and, according to the system. Ce(CI04)3'9 H20. Ga(CI04)3'9 H20 or

Tb(CI04)J'9 H20. The eutonic pointe; of the systems are presented in table 17

Table 17 Ternary systems LiCI04 - M(CI04)3 - H20

Composition of eutonic points at 298 K

Equilibrium (l) mol %(2) ref

liq. - LiCI04 . 3 H20 + Ce(CI04)3'9 H20 1.54* 7.35* 47

liq. - LiCI04 . 3 H20 + Ga(CI04)3'9 H20 0.38* 5.97* 54

liq. - LiCI04 • 3 H20 + Tb(CI04)3'9 H20 1.47* 6.64 42

* average

If the solvation of ions is not taken in account. the ionic product of trihydrate LiCI04'3 H20

is represented by equation (7) :

[7]

and can be fitted by relation [5]. The coefficients of the fitting equations are given in table 18.

Table 18 Ionic product of LiCI04'3H20

Systems LiCI04 - M(CI04)3 - H20 at 298 K

M ABC

Ce 0.329 45.56 - 60

Ga 0.0678 53.33 -Ill

Tb 0.0696 60.19 -179

IemaIY salt systems involvini the same cation

Ternary system LiCI04 - LiN03 - H20

Isothermal sections at 298 and 323 K are reported in three publications. Two of them (28. 30)

concern the same set of data and have been condensed in the same data sheet. Two solid
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phases, LiCI04'3H20 and LiN03, are observed. The existence of LiN03'5H20 reported by

Donnan and Burt (33) was not confmned by the work of other researchers (8). The

coordinates of eutonic points are given in table 19:

TIK

Table 19 System LiCI04 - LiN03 - H20

Coordinates of eutonic points

LiCI04 mol % LiN03 ref

298

323

2.09*

4.30*

17.79*

26.86*

28,30

40

* average

Ternary system LiCI04 - Li2Cr04 - H20

Isothermal sections 298 and 308 K are reported (22, 26). Two solid phases, LiCI04'3H20

and Li2Cr04'2H20, are observed. The coordinates of eutonic points are given in table 20.

Table 20 System LiCI04 - Li2Cr04 - H20

Coordinates of eutonic points

LiCI04 mol % Li2Cr04

0.455 11.27

TIK

298

323 0.344* 2.09*

ref

26

22

*average

If the solvation of ions is not taken in account, the ionic product of LiCI04'3 H20 is

represented by equation [6) and can be fitted by relation [5]. The coefficients of fitting

equations are given in table 21.

Table 21 Ionic product of LiCI04'3H20

Systems LiCI04 - Li2Cr04 - H20

TIK A B C

298 - 0.0411 64.9 - 207

308 - 0.0359 63.75 - 164

III QUATERNARY SYSTEMS

In general a single set of data has been determined so that a critical evaluation cannot be
performed.

(continued)
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Quatemao' simple 5ystems

LiCI04 - Ethanol- Ethylcuetme - H20

The solubility of lithium perchlorate trihydrate in mixed. solvent ethanol-ethyl acetate is

determined at 2S °C (6), The composition of solvent is measured in volume % and the

solubility is expressed in mass % of LiCI04'3H20, The solid phase is assumed to be the

trihydrate,

LiCI04 -Mg(C104)2 - Hexamethylenetetramine - H20

The solubilities have been measured at 298 K by Kosheleva (52) The isobaric-isothermal

monovariant lines and invariant points are determined. Six solid phases are observed

LiCI04'3H20 , Mg(CI04n'2C6H12N4'8H20 , C6H12N4, LiCI04'2C6H12N4'SH20,

LiCI04'C6H12'N4'3H20, Mg(CI04n'6H20. A diagram has been drawn in Jiinecke

coordinates (see compilation sheet). Furthermore the quality of the graph shows evidently

that all data must be considered as tentative

LiCl04 - Cu(CI04)2 - N,N-dimethyl carbamide - H20

The quaternary system LiCI04 - Cu(CI04>2 - N,N-dimethyl carbamide - H20 has been

investigated at 298 K.by Bestuzhzva et al. (SO) The isobaric-isothermal monovariant lines

and invariant points are determined. Five solid phases are observed :

I=LiCI04'3H20, II=Cu(CI04>2'6H20, III=Cu(CI04n'2NH2CON(CH3n'4H20

IV=NH2CON(CH3>2, V=LiCI04'3NH2CON(CH3>2'H20

A diagram has been drawn in Janecke coordinates figure (3) where Zi= 100xi(Xl +X2+X3) and

i= compounds (1), (2) or (3).

Z3 ~~(Q{3)2

(continued)

80604020LiC104

Figure 3 System LiCI04 - Cu(CI04n - N,N-dimethylcarbamide - Water

Cll(C104)2

II
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Quaternary reciprocal systems

Three quaternary reciprocal systems involving LiCr04 have been investigated, All data must
be considered as tentative,

Li+. K+ IIC104-. CrO;- - H20

The quaternary system Li+. K+ /I CI04-. Cr042- - H20 has been investigated at 298 K by

Voronina et al, (37), The isobaric-isothermal monovariant Jines and invariant points are

determined,

Five solid phases are observed A=KCI04. B=K2cr04. C=Li2Cr04'K2Cr04'H20.

D=Li2Cr04'2H20. E= LiCI04'3H20. A diagram (figure 4) bas been drawn in Jiinecke

coordinates. The crystallization field of K CI04 is very large due to its small solubility ,

Figure 4 Qatemary system Li+. K+ I CI04-. Cr042- /I H20

Isothermal section at 298 K

(KC10~l2 (UC1O~12

so
Xs/200l"1

60 A /E

~o

20

f ~ /0

K2QO~ 20 40 60 Xs/2U+1 U2004

Li+. NH4+ IIC104-, Cr042- - H20

Two isothermal sections of the system Li+, NH4+ /I CI04-. Cr042- - H20 have been

determined, At 298 K, (31) six solid phases are observed : A=(NH4>2Cr04.

B=NH4CI04'(NH4>2Cr04. C=NH4CI04. D=LiCI04'3H20. E=Li2Cr04·2H20.

F=(NH4>2Cr04'Li2Cr04'2H20, The compound F bas a non congruent solubility. A diagram

(figure 5) has been drawn in Jiinecke coonlinates. At 308 K (22) the phase diagram is very

similar but the hydrated double salt F is no more observed. The isothermal section of the

diagram is represented in figure 5 in dotted lines.

(continued)
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Figure 5 Quaternary system Li+,N!4+/CI04-,Cr042-IIH20

Isothermal sections 298 and 308 K

19

(NK4>2Q04 20

_ 2911C

-­4- -+- ...- ......

C+D

___ 3OI1C

Li+, Mg2+ //CI04-, CrO;.- - H20

A section of the quaternary system Li+, Mg2+ /I CI04-, Cr042- - H20 has been determined

at 298 K by Voronina (34), Four solid phases are observed:

A=LiCI04'3H20, (NH4>2Cr04, B=Mg(CI04>2'6H20, C= MgCr04'5H20,

D=Li2Cr04'2H2o,

A graph in Janecke coordinates has been drawn (figure 6)

Figure 6 Quaternary system Li+,Mg2+/CI04-,Cr042-1Il120

Isothermal section 298 K

2LiCl04 Li 2Cr04
.--..--.....--...---....--."

80

LiCl04,3H20...
liD•:3

!!
~ 40

HgCr04,SH2O
20

Hg(Cl04)2,6H20

20 40 60 80
Hg(Cl04)2 Xs(C1'04"' HgCr04

(continued»



20

CRmCAL EVALUAnON (continued)

REFERENCES

1 Schreinemakers, F. A. Z Physik. Chem. .l.2Q§, 55, 71

2 Richards, T. W. ; Willard, H. H. J. Am•• Chem.. Soc• .l2.1.Q, 32, 4-49

3 Lamb, A.B.; Marden, J.W. J. Am•. Chern.. Soc. l.2.12,34, 812-7

4 Willard, H.H.; Smith, G. F. J. Am.. Chem.. Soc. 1222,44,2816

5 Willard H.H.; Smith G. F. J. Am. Chem.. Soc. 1m, 45, 286-96

6 Smith, G. F. J. Am. Chern. Soc. J.22i, 47, 762-9

7 Simmons J.; Ropp, C.D.L. J. Am. Chern.. Soc. 1928,50, 1650-3

8 Griittner, B. Z Analyt. Chem. l.2ll, 133,40

9 Muller, G. Praktikum der Quantativen Chemischen Analyse Leipzig.l2ll, 328

10 Markowitz, M.M. J. Phys. Chern. ~,62, 827

11 Stockdale, D. Analyst~ 84, 667

12 Kenttamaa, J. J. Suomen Chemist .l2§Q, 338, 179-82

13 Schumacher, J. C. Perchlorares, Properties, Manufacture and Uses Reinhold PubI.

Corp. .l2!lQ New York, London (Russ. TransL) Gaskhimizdat, Moscow .l.2§J.

14 Markowitz, M.M.; Hawley, W.N.; Boryta D.A.; Harris R.F. J. Chern. Eng. Data

.l2Ql,6, 325-7

15 Pribil, R. Komplexone in der Chemischen Analyse, Deut. VerL der Wissens. Berlin

.l2Ql

16 Hillebrand, W. F.; Lundell G.E.F. Applied Inorganic Analysis, 2nd edit. Wiley, N.Y.

.l.2§J.

17 Aravamudan, G. IIId. J. Chern. 12M, 43, 475-507

18 Frontas'ev V. P.; Sakharova Yu. G. ; Sakharova N. N. Zh. Neorg. Khirn. ~, 10, 1816

19 Keit, B. lAboratorni Tec1mika Organicke Chemie (Russ. TransL) .Izd. Mir. Moscow

~

20 Rosolovski~ V. Ya.; Sakk, Zh. G. Zk Neorg. Khim. ~,13, 1115-8

Russ 1. lnorg. Chern. (EngI. TraosI.),~,13, 582-4

21 Andronova, N.P.; Bogomolova, V.V.; Gulyakova N.I. Sb. Tr. YarosL Gas. Ped. Inst.

~66, 57-61

22 Guseva, A.D.; Lepeshkov LN. Sb.11'. YarosL Gos. Ped. Inst. ~66, 3-22

(continued)



21

CRITICAL EVALUATION (continued)

23 Kamaukhov, A.S.; Ganina ,G.I. Veil. Zap. YarosL Gos. Ped. Inst. ~66, 101-6

24 Karnaukhov, A.S.; Voronina, T.N. Sb. Tr. YarosL Gos. Ped. Inst. ~66, 96-7,132-7

25 Keller, R. ; Foster, J.N.; Hansen, F.F. ; Muimead, J.S.NASA Colltract Rep. CR-1425,

~ Lewis Research Center NASA, USA

26 Lepeshkov, I.N.; Ganina, G.I. Sb. Tr. YarosL Gos. Ped.lnst. ~66, 96-100

27 Nikolayev, (ed) A short course ofRadiochemistry, Vysshaya shkola Moskow

.l2.6.2 (in Russian)

28 Andronova, N.P. ; Ganina ,G.I. Sb. Tr. YarosL Gos. Ped. Inst. .l21Q..78, 55-8

29 Drushinina, G.V.; Guseva, A.D. Veil. Zap YarosL Gos. Pedlnst. .l21Q..79, 32-5

Sb. Fizjko-khim issled. ravnov. v. rastvorakh., .!m,78,27-31

30 Ganina, G. I. ; Kamaukhov, A.S. ; Lepeshkov I.N. Zh. Neorg. Khm• .l21Q..15, 2825-7

Russ. J. Inorg. Chern. (Engl. Transl.) illD,15, 1469

31 Ganina, G. I.: Kamaukhov, A.S.; Lepeshkov, I.N. Veil. Zap.YarosL Gos. Ped.lnst.

.l21Q..79, 151-6

32 Rosolovskii, V. Ya.; Sakk, Zh. G. Zh. Neorg. Khim. illD, 15,2262-4

Russ J. 1norg. Chern. (Eng1. Trans1.),illD,15, 1169-70

33 Donnan, F. G. ; Burt, B. C. J. Chern. Soc. ~,83, 335

34 Voronina, T.N. Sb. Tr. YarosL Gos. Ped. Inst. .l21Q..79, 3-8

35 Voronina, T.N. ; Kamaukhov, A.S. Sb. Tr. YarosL Gos. Ped. Inst. .l21Q...78, 27-31

36 Ivanov, S.A. Veil. Zap. YarosL Gos. Ped. In'st. .l21.l., 95, 11-13

37 Voronina, T.N. ; Kamaukhov, A.S. ; Lepeshkov, I.N. Zh. Neorg. Khim. .l21.l., 16, 871-3

Russ J. l1lorg. Chern. (Eng1. Trans1.),.l21.l.,16 , 466-7

38 Ivanov, S.A. ; Smimov, V.N. Sb. Tr. YarosL Gos. Ped. Inst. ~103 , 33-50

39 Sakk, Zh.G.; Rosolovski, V. Va. Zh. Neorg. Khirn. .l.212,17, 1783-4

Russ J. l1lorg. Chern. (Eng1. Trans1.),.l.212,17, 927-8

40 Andronova, N.P. Veil. Zap YarosL Gos. Ped. Inst. .l2ll..120, 43-6

41 Markarenko, B.K.; Mentzheritskii, E.A. : Sobolev, R.P.; Povarov, Yu.M. ; Sereda, P.A.

Elektrokhimiya, .1.2:M,lO, 355-8 Soviet Electrochem.(Engl. Trans1.) .lm.1O, 337-40

42 Andronova, N.P. Sb. Tr. YarosL Gos. Ped.lnst. ~144, 24-6

43 Karnaukhov, A.S.; Kosheleva, N.I Sb. Tr. YarosL Gos. Ped. Inst.

Sb. Fizjko-khim issled. ravnov. v. rastvorakh. ~144, 107-11

44 Karnaukhov, A.S.; Kosheleva, N.I.; Pisarenko, O.N. Sb. Tr. YarosL Gos. Ped. Inst.

~144,3-7

(continued)



22

CRITICAL EVALUATION (continued)

45 Tarakanov, V.F. Sb. Tr. YarosL Gos. Ped. Inst. 1!l1.2.144, 92-5

46 Tomkins, R.P.T. ; Turner P.I. J. Chern. Eng. data ~,20, 50-2

47 Drushinina, G,V.; Rybina, T.V. UeIL Zap. YarosL Gos. Ped. Inst. 1976.154,52-5

48 Ganina, G.I.; Pisarenko, O.N. UeIL Zap. YarosL Gos. Ped. Inst. J!l1§..154, 41-4

49 Karnaukhov, A.S.; Kosheleva, N.I. Sb. Tr. YarosL Gos. Ped. Inst.

Sb. Fiz;ko-kllim issled. rav1Iov. v. rastvorakh. ~,154, 62

50 Bestuzheva, I.M. ; Kinderov, A.P. ; Bestuzheva, I.L. Sb. Tr. Yarosl. Gos. Ped. Inst

J2IL...164, 5-7

51 Ganina ,G.I. Sb. Tr. YarosL Gos. Ped 11Ist• .l21Z, 164, 58-60

52 Kosheleva, N.I. Sb. Tr. YarosL Gos. Ped. Inst. m:L.164, 5-7

53 Paraguzova, T.V. ; Druzhinina, G.V. Sb. Tr. YarosL Gos. Ped. Inst• .l21Z, 164,62

54 Rybina, T.V.; Druzhinina, G.V. Sb. Tr. YarosL Gos. Ped. Inst. ~169, 26-8

55 Bestuzheva, M.M. Sb. Tr. YarosL Gos. Ped. 11Ist. .1212..178, 58-66

56 Bestuzheva, I.M. ; Kinderov, A.P. ; Bestuzheva, I.L. Sb. Tr. YarosL Gos. Ped. Inst.

~,185, 24-6

57 Titova, K.V.; Kolmakova, E.I.; Rosolovski,V. Va. Zh. Neorg. Khirn..l.2M, 31,

3213-5 Russ J. 11Iorg. Chern. (Engl. Transl.),.l.2M,31 ,1846-7

58 l1'in, K.K. ; Demakhin, A.G. Zk Neorg. Khim. ~, 34, 780-2

Russ J. 11/Org. Chern. (Engl. Transl.),~,34, 436-8

59 Cohen-Adad, R. ; Lorimer, I. W. Alkali Metal and Ammonium Chlorfde in Water and

Heavy Water (Binary systems) IUPAC, Solubility Data Series Pergamon Press

Oxford .l22.l



COHPONENTS:
(1) Lithium perchlorate; LiC104

[7791-03-9J
(2) Water; H20; [7732-18-SJ

VARIABLES:
One temperature: 298.1S K

EXPERIHENTAL VALUES:

ORIGINAL HEASUREHENTS:
Willard, H.H.; Smith, G.F.

J. Am. Chem. Soc. ~, 45,

4!86-96.

PREPARED BY:
C.Y. Chan
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ESTIMATED ERROR:

Precision in temp. was ±0.01 °c .

SOURCE AND PURITY OF MATERIALS:
Anhydrous LiC104 was prepared as
described in ref. 1.

REFERENCES:
1. Willard, H.H.; Smith, G.F. J.

Am. Chem. Soc. ~, 44, 2816.

Solubilitya of li thlum perchlorate in water at 2S.000 C :

mass " g/100 cm- 3 sln mol " mol dm- 3 mol kg- 1 satd sln
density/g cm- 3

37.38S 47.42 9.182 b 4.457 5.612 b 1.2683

a The solid phase is a mixture ot anhydrous LiCI04 and LiC104 .3H20 •
b Compiler'. calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A satd sln of the salt was prepared
at a temperature slightly above 25 0 C

and sealed together with about 1 g of
the anhydrous salt in a solubility
tube, capacity 18-20 cm3 • This tube

was then rotated end-over-end ~n the
thermostat bath at 25.000 C for 24-48h
and stood vertically to allow the

solids to settle. Samphll of the 1------------------(
clear satd sln were then analysed

for solute content by an evaporation­
2S0 0 C in a current ot air dried with
P20S' Duplicate soly determination~

were made, those analyses in which 1--------------------1
chloride (from thermal decomposition)
was found present being rejected.
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COMPONENTS:

(1) Llthium perchlorate; L1CI04 ;

(7791-03-9)

(2) Water: H20: (7732-18-5)

ORIGINAL MEASUREMENTS:

Simmons, J.P.: Ropp, C.D.L.

J. Am. Chem. Soc. ~, 50,

1650-3.

VARIABLES:

Temperature: 273 - 445 K.

PREPARED BY:

C.Y. Chan

EXPERIMENTAL VALUES:

Solubillty of LiCI04 in water at various temperatures:

t / °c Ta / K mass " mol "a molalitya/mol kg- 1 Solid phase

0.0 273.2 29.90 6.736 4.009 LiC~04·3H20
10.0 283.2 32.88 7.660 4.604
20.0 293.2 35.95 8.679 5.276 ..
25.0 298.2 37.48 9.216 5.635 ..
30.0 303.2 38.87 9.721 5.977 ..
40.0 313.2 41. 97 10.911 6.798 ..
64.6 337.8 50.0 14.48 9.40 ..
77.9 351.1 55.0 17.15 11. 49 "
89.2 362.4 60.0 20.26 14.10 ..
92.3 365.5 62.5 22.01 15.67 ..
94.3 367. 5 65.0 23.92 17.46 "
95.1 368.3 66.32 25.01 18.51 ..
94.8 368.0 66.67 25.30 18.80 "
93.2 366.4 70.0 28.3 21.9 ..
92.7 365.9 70.3 28.6 22.2 "
92.5 365.7 70.33 28.64 22.28 ..
93.2 366.4 70.5 28.8 22.5 LiC~04 .H 2O
97.3 370.5 71.0 29.3 23.0

108.9 382.1 72.8 31 •.2 25.2 "
120.7 393.9 75.0 33.7 28.2 ..
136.9 410.1 80.0 40.4 37'.6 "
144.0 417. 2 82.5 44.4 44.3 "
148.5 421.7 85.0 49.0 53.3 ..
149.3 422.5 87.5 54.2 65.8 "
144.2 417. 4 90.0 60.4 84.6 "
167.5 440.7 91.04 63.24 95.50 LiC~04
172.0 445.2 91.11 63.44 96.33

a Compiler's calculations.

AUXILIARY INFORMATION

ESTIMATED ERROR:

Temp. ± 0.1 °C: soly precision

better than ± 0.1" (compiler).

(cDntinued next page)

METHOD/APPARATUS/PROCEDURE:

Soly measurements at the lower

temperatures were carried out by

agitating an excess of anhydrous

salt with water in a soly tube in

a thermostat until constancy in

concentration was reached at the

set temperature. These determina­

tions were supplemented by results

obtalned by sealing known amounts

of the anhydrous salt and water

1-------------------....,..----------------
SOURCE AND PURITY OF MATERIALS:

Anhydrous LiC104 was made using

Richards and Willard's method

(ref. 1). Two analyses using

a modification of Lamb's method

(ref. 2) gave values of 100.10 "

and 100.15 " LiCI04 purity.



COMPONENTS:

(1 I Lithium perchlorate; LiCI04;

17791-03-9)

(21 Alcohols:

(AI Methanol (methyl alcohol);

CH 40; [67-56-11

(B) Ethanol (ethyl alcohol);

C2H60i [64-17-5]

IC) I-Propanol In-propyl alcohol);

C3H80; [71-23-8]

(OJ I-Butanol (n-but>'l alcohol);

C4H100; (71-36-3]

lEI 2-Methyl-l-propanol I lSO­

butyl alcohol); C4H100;

(78-83-1)

VARIABLES:

Onp temperature: 298.15 K

ORIGINAL MEASVREMENTS:

Willard, H.H.; Smith, G.F.

J. Am. ~hem. Soc. ~, 45,

286-96.

PREPARED BY:

C.Y. Chan

25

-------- ------ --------- -----'------------ ----- --
EXPERIHENTAL VALUES:

Solubilitya of LiCI04 in various alcohols at 25.00oC :

soly 1n : methanol ethanol I-propanol I-butanol 2-meth:d-

I-propanol
_.

'ill 00 g sIn : 64.57 60.28 51. 22 44.23 36.73
g/100 cm- 3 sIn : 89.44 79.41 61.49 49.25 38.94
g/100 g solvent: 182.25 151.76 105.00 79.31 58.05

mol "
b : 35.44 3!l. 66 37.23 35.59 28.80

mol dm- 3 : 8.406 7. 463 5.779 6.646 3.660

mol kg- 1 b : 17.130 14.265 9.870 7.454 5.457

a In terms of the anhydrous salt which was the solid phase.

b Compiler's calculations.

------ ----- -- -----------------------------------------1
AUXILIARY INFORMATION

--------._--------_._---..--------------_.__.--
METHOD/APPARATUS/PROCEDURE:

A satd sIn of the salt was prepared

at a temperature slightly above 25°C

and spuled together with about 1 g of

the anhydrous salt in a solubility

tube, capac1ty 18-20 cm3 . This tube

was then rotated end-over-end in the

SOURCE AND PURITY OF MATERIALS:

Lith1um perchlorate trihydrate was

~repared as described in ref.l

Alcohols were purified by reflux­

ing with calcium and fractional

distillation.

(cont!nued next page)
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COMPONENTS:

(1) Lithium perchlorate; LiCl04 ;

[7791-03-9]

(2) Alcohols:

(A) Methanol (methyl alcohol);

CH 40; [67-56-1]

(B) Ethanol (ethyl alcohol):

C2H60: [64-17-5]
(C) I-Propanol (n-propyl alcohol);

C3H80; [71-23-8]
(D) I-Butanol (n-butyl alcohol);

C4H100; (71-36-3]

(E) 2-Methyl-l-propanol (iso­

butyl alcohol); C4H100;

[78-83-1]

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Willard, H.H.i Smith, G.F.

J. Am. Chem. Soc. illl, 45,.

286-96.

methanol ethanol 1-propanol 1-butanol '2-methyl­

1-propanol

satd sln
density/g cm- 3 : 1.3849

pure solvent

denaity/g cm- 3 : 0.78705

1.3173

0.78515

1.2006

0.8026

1.1326

0.8059

1.0602

0.7981

AUXILIARY INFORMATION (continued)

METHOD/APPARATUS/PROCEDURE:

thermostat bath at 25.00oC for 24-48h

and stood vertically to allow the

solids to aettle. Samples of the

clear aatd aln were then analysed

for solute content by an evaporation­
to-dryness method using Pt crucibles,

making aure that organic solvent was
completely removed before the salt

was dried to constant weight at 2S0 0 C

in A current of air dried with P20S'
Duplicate soly determinations were
made, those analyses in which chlo­

ride (from thermal decomposition) was

found present being rejected.

ESTIMATED ERROR:

Precision in temp. was ±O.01oC.

REFERENCES:
1. Willard, H.H.; Smith, G.F.

J. Am. Chem.Soc. lilZ, 44,

2816.



COMPONENTS:
(1) Lithium perchlorate; LiCl04 ;

17791-03-9)

(2) Water; H20; [7732-18-5)

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:
Simmons, J.P.; Ropp, C.D.L.

J. Am. Chem. Soc. ~, 50,

1650-3.
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COMMENTS AND/OR ADDITIONAL DATA

Densities of the saturated solutions at the lower temperatures were made

by weighing a known volume of each.

Densities of saturated solutions of LiCl04

t / °c :
density / g cm- 3 :

o
1.215

10
1.236

20

1.258
25

1.269

30
1.277

40

1.300

Saturated solutions of LiCl04 cooled from temperatures between 0 °c to

90 °c, approximately, yielded hydrates which, after careful drying be­
tween filter papers, showed upon analysis a water content of 33.90 ~,

( theoretical value for the trihydrate is 33.68 X). A powdered quantity

of the trihydrate placed in a desicator over the anhydrous salt for six
weeks yielded a lower hydrate. Determinations of the water content of

this hydrate were made at frequent intervals until a constant value of

14.52 X was obtained. The theoretical value of the water content of the

monohydrate is 14.48 X.

The transition temperature for LiCl04 .3H20. LiCl04 .H20 was 92.53 °c.

The transition temperature for LiCl04.H20 • LiCl04 was 145.75 °C.

The melting point of the trihydrate was 95.1 °c while that for the

monohydrate was 149 °e.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: (continued)
in a tube immersed in water and gradually heating until the solid phase
disappeared. The tube was cooled until hydrate crystallized out. The

temperature was then carefully raised 0.1 °c at a time, with constant
agitation, and the temperature noted at which the last trace of solid

phase disappeared. This latter method was used for the measurements at

the higher temperatures.

REFERENCES:

1. Richards.T.W.; Willard, H.H. J. Am. Chem. Soc. lilQ, 32, 4.

2. Lamb; Marden J. Am. Chem. Soc. ~, 34, 812.
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COMPONENTS:

(1) Lithium perchlorate; LiCl04;
[7791-03-9)

(2) Alcohols:

(A) l,2-ethanediol (ethylene

glycol); C2H602; [107-21-1)
(B) 2-propanol (isopropyl

alcohol); C3HSO; [67-63-0)
(C) 2-methyl-2-propanol

(t-butyl alcohol); C4H100;
[75-65-0)

(D) 2-butanol (sec-butyl

alcohol); C4H100; [7S-92-2)
(E) Cyclohexanol; C6H120;

[10S-93-0J
(F) Benzenemethanol (benzyl

alcohol); C7HSO; [100-51-6)

(G) l-octanol; CSH1SO;
[111-S7-5)

(H) 2-octanol; CSH1SO;
[123-96-6J

VARIABLES:
One temperature: 29S.15 K

ORIGINAL MEASUREMENTS:
Markowitz, M.M.; Hawley, ~.N.;

Boryta, D.A.; Harris, R.F.

J. Chem. Eng. Data un, 6,

325-7.

PREPARED BY:
C.Y. Chan

EXPERIMENTAL VALUES:
Solubilitya of LiCl04 in various alcohols at 25.00oC :

solvent g/100g solvent mol X IDol kg- 1 b Analysis
(A) ethylene glycol 96.7 ± 0.4 36.1 9.09 Method I
(B) isopropyl alcohol 112.1 ± 0.1 3S.S 10.54 " I
IC) t-butyl alcohol 0.6 0.4 0.06 " II

(D) sec-butyl alcohol 77.1 ± 0.1 34.9 7.25 " I

a The solid phase was the anhydrous salt.
b Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Method I: Solute content was deter­
mined by pptn as nitron perchlorate.
Method II: Solute content was de­
termined as AgCl after conversion of
perchlorate by fusion with anhydrous

Na2C03 in a Pt crucible.

SOURCE AND PURITY OF MATERIALS:
Anhydrous lithium perchlorate was
prepared (ref. 1) and analysed by
precipitation as nitron perchlo­
rate. Analysis showed 93.7 X in
Cl04 (theoretical 93.5 Xl.
Solvents were reagent grade.

(continued next page)



COMPONENTS:
(11 Lithium perchlorate; LiCl04 ;

[7791-03-9]
(2) Alcohols:

(A) l,2-ethanediol (ethylene

glycol); C2"602j [107-21-1]
(B) 2-propanol (isopropyl

alcohol)j C3"80; [67-63-0)
(C) 2-methyl-2-propanol

(t-butyl alcohol); C4"100;
[75-65-0)

(D) 2-butanol (sec-butyl

alcohol); C4"100; [78-92-2]
(E) Cyclohexanolj C6H120;

[108-93-0)
(F) Benzenemethanol (benzyl

alcohol)j C7H80; [100-51-6]
(0) l-octanolj C8H180;

[111-87-5)

(H) 2-octanol; C8H180;
[123-96-6]

VARIABLES:
One temperature: 298.15 K

ORIGINAL MEASUREMENTS:
Markowitz, M.M.; Hawley, W.~.;

Boryta, D.A.j Harris, R.F.

J. Chelll. Eng. Data liU, 6,

325-7.

PREPARED BY:
C.Y. Chan

29

EXPERIMENTAL VALUES: (continued)
Solubilitya of LiCI04 in various alcohols at 25.000 C :

solvent g/100g solvent Dlol " mol kg- 1 b Analysis
(E) cyclohexanol 5.9 ± 0.1 5.3 0.55 Method II
(F) benzyl alcohol 49.8 ± 0.3 33.6 4.68 " II
(G) l-octanol 43.8 ± 0.1 34.9 4.12 " II
(H) 2-octanol 44.7 ± 0.2 35.4 4.20 " II

a The solid phase was the anhydrous salt. b Compiler's calculations.

AUXILIARY INFORMATION (continued)

METHOD/APPARATUS/PROCEDURE:
Three determinations were made from
two separate samples. Constancy of
density or of refractive index was
taken as the criterion for satura­
tion equilibrium. No details of
saturation method were given.

SOURCE AND PURITY OF MATERIALS:
Solvents E,F and G were further
purified by tractional distilla­
tion after drying over anhydrous
calcium sulfate.

ESTIMATED ERROR:
± 0.02 °c in te~p.rature.

REFERENCE:
1. Harkowitz, H.H. J. Phys. Chem. ~, 62, 827.



ORIOINAL MEASUREMENTS:
Markowitz, M.M.; Hawley, W.N.;

Boryta, D.A.; Harris, R.F.
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COMPONENTS:

(1) Lithium perchlorate; LiCI04 ;
[7791-03-9)

(2) Amines :

(A) 1,2-ethanediamine (ethylene- J. Chem. Eng. Data li£l, 6,

diamine); C2"8N2; [107-15-3) 325-7.
(B) I-propanamine (n-propyl-

amine); C3"9N; [107-10-8)
(C) I-butanamine (n-butylamine);

C4HllN; [109-73-9)
(D) 2-butanamine (sec-butylamine)j C4H11 N; [13952-84-6j
(E) 2-methyl-2-propanamine; C4H11Nj[75-64-9)

(F) Pyridine; C5H5N; [110-86-1)
(0) Benzenamine (aniline)j C6H7N; [62-53-3)
(H) Cyclohexanamine (cyclohexylamine); C6HI2N; [108-91-S)

(I) N-methylbenzenamine (N-methylaniline); C7"9N; [100-61-S)
(J) N-butyl-1-butanamine (dibutylamine); CSH19N; [11]-92-2)

1------------------..---------------
VARIABLES:

One temperature: 298.15 K

EXPERIMENTAL VALUES:

PREPARED BY:
C.Y. Chan

Solubilitya ot LiCI04 at 25.000 C :

solvent g/100g solvent mol X mol kg- 1 b Analysis
(A) ethylenediamine 48.0 ± -0.3 21.3 4.51 Method I
(B) n-propylamine 59.1 ± 0.3 24.7 5.56 " II

(C) n-butylamine 45.7 ± 0.3 23.9 4.30 " I
(D) sec-butylamine 45.7 ± 0.2 23.9 4.30 " I

a The solid phase was the anhydrous salt.

b Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Method I: Solute content was deter­
mined by pptn as nitron perchlorate.

Method II: Solute content was de­
termined as AgCl after conversion or
perchlorate by fusion with anhydrous

Na2C03 in a Pt crucible.
Three determinations were made from

SOURCE AND PURITY OF MATERIALS:
Anhydrous lithium perchlorate was
prepared (ret. 1) and analysed by

precipitation as nitron perchlo­
rate. Analysis showed 93.7 X in
Cl04 (theoretical 93.5 X).
Solvents were reagent grade.
Solvents B,C,D,E,F,O and" were

(continued next page)



ORI~INAL MEASUREMENTS:

Markowitz, M.M.; Hawley, W.N.;
Boryta, D.A.j Harris, R.F,

COMPONENTS:
(1) Lithium perchlorate; LiCI04 ;

[7791-03-9]
(2) Amines :

IA) 1,2-ethanediamine (ethylene- J. Chem. Eng. Data li2l, 6,
diamine); C2H8N2; [107-15-3] 325-7.

(B) 1-propanamine (n-propyl-

amine); C3H9N; [107-10-8]
(C) 1-butanamine (n-butylamine);

C4H11 N; [109-73-9]
(D) 2-butanamine (sec-butylamine); C4H11N; [13952-84-6]
(E) 2-methyl-2-propanamine; C4HIIN;[75-64-9)
(F) Pyridinej C5H5Nj [110-86-1]
(0) Benzenamine (aniline); C6H7N; [62-53-3)

(H) Cyclohexanamine (cyclohexylamine); C6H12N; [108-91-8)
(I) N-methylbenzenamine (N-methylaniline); C7H9N; [100-61-8)
(J) N-butyl-l-butanamine (dibutylamine); C8H19N; [111-92-2)

EXPERIMENTAL VALUES: (continued)

Solubili tya of LiCl04 at 25.000 C:

31

solvent S/100S solvent mol " mol kg- 1 b

(E) t-butylamine 10.7 ± 0.3 6.8 1.01
(F) pyridine 8.7 ± 0.1 6.1 0.82
(0) aniline 6.1 ± 0.2 5.1 5.7
(H) cyclohexylamine 16,9 ± 0.1 13.6 1.59
(I) N-methylaniline 1.4 ± 0.1 0.13
(J) dibutylamine 45.6 ± 0.4 35.6 4.29

Analysis
Method I

II I

II II

" II

" II
II II

a The solid phase was the anhydrous salt.
b Compiler'. calculations.

AUXILIARY INFORMATION (continued)

METHOD/APPARATUS/PROCEDURE:
two separate samples. Constancy of
density or of refractive index was
taken as the criterion for satura­
tion equilibrium. No details ot
saturation method were siven.

SOURCE AND PURITY OF MATERIALS:
turther puritied by tractional
distillation atter drying over
anhydrous calcium sultate.

ESTIMATED ERROR:
± 0,02 °c in temperature.

REFERENCE:
1. Markowitz, H,M, J. Phys. Chem. ~, 62, 827.
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COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

[7791-03-9]
(2) Organic acids:

(A) Ethanoic (acetic) acid;

C2H40 2 ; [64-19-7]

(B) 2-trifluoroethanoic (tri­

fluoroacetic) acid; C2HF30 2 ;

[76-05-1]

(C) Butanoic (butyric) acid;

C4HS02 ; [107-92-6]

(D) l-octanoic (n-octanoic);

CSH1602 ; [1,24-07-2]

VA,RIABLES:

One temperature: 29S.15 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Markowitz, M.M.; Hawley, W.N.;

Boryta, D.A.; Harris, R.F.

J. Cbem. Eng. Data .1..i§.1., 6,

325-7.

PREPARED BY:

C.Y. Chan

Solubilitya of LiC104 in various organic acids at 25.000 C :

acid g/100g solvent mol " molalityb / mol kg- 1

(A) acetic 10S.7 ± 0.1 3S.0 10.217
(B) trifluoroacetic 11. 7 11.1 1.10

(C) butyric 60.0 .± 0.3 J3.2 5.64
(D) n-octanoic 32.1 .± 0.3 30.3 3.02

a The solid phase was the anhydrous salt.

b Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Solute content was determined by dif­
ference after direct titration of the

acid solvent with base. Constancy of
density or of refractive index was

taken as the criterion for saturation

equilibrium. Three determinations
were made from two separate samples.

SOURCE AND PURITY OF MATERIALS:

Anhydrous lithium perchlorate was
prepared (ref. 1) and analyse~ by

precipitation as nitron perchlo­
rate. Analysis showed 93.7" in
C104 (theoretical 93.5 ,,).

Solvents were reagent grade.

ESTIMATED ERROR:

.± 0.02 °c in temperature.

REFERENCE:

1. Markowitz, M.M. J. Pbys. Cbem. ~, 62, 827.



COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

[7791-03-9]

ORIGINAL MEASUREMENTS:
Markowitz, M.M.; Hawley, W.N.;

Boryta, D.A.; Harris, R.F.

33

325-7.
J. Chem. Eng. Data Ull, 6,(2) (A) Acetonitrile; C2H3N;

[75-05-8]
(B) Benzonitrile; C7H5N;

[100-47-0]
(C) Formamide; CH3NO; [75-12-7]
(D) 2-aminoethanol; C2H7NO; [141-43-5]
(E) N,N-dimethylformamide; C'3H7NO; [68-12-2]
(F) Acetic anhydride; C4H603 ; [108-24-7]
(G) 2-ethoxyethanol; C4H1002 ; [110-80-5]
(H) 3-methylphenol; C7H80; [108-39-4]

VARIABLES:
One temperature: 298.15 K

EXPERIMENTAL VALUES:

PREPARED BY:
C.Y. Chan

Solubilitya of LiC104 at 25.000 C :

solvent g/100g solvent mol " mol kg- 1 b

(A) acetonitrile 16.3 ±. 0.1 5.9 1. 53
(B) benzonitrile 21.9 ±. 0.2 17 .5 2.06
(C) formam ide 142.1 ±. 0.2 37.6 13.36
(D) 2-aminoethanol 78.9 ±. 0.9 31.2 7.42
(E) N,N-dimethylformamide 75.0 ±. 0.2 34.0 7.05

Analysis
Method III

.. II

.. I

.. I

.. I

a The solid phase was the anhydrous salt.
b Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Method I : Solute content was deter­
mined by pptn as nitron perchlorate.
Method II: Solute content was de­
termined as AgCl after conversion of
perchlorate by fUsion with anhydrous
Na2C03 in a Pt crucible.
Method III: Solute content was de­
termined by evaporation of solvent

SOURCE AND PURITY OF MATERIALS:
Anhydrous lithium perchlorate was
prepared (ref. 1) and analysed by
precipitation as nitron perchlo­
rate. Analysis showed 93.7" in
C104 (theoretical 93.5 X).
Solvents were reagent grad~.

(continued next page)
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COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

[7791-03-9]

ORIGINAL MEASUREMENTS:
Markowitz, M.M.; Hawley, W.N.;

Boryta, D.A.; Harris, R.F.

J. Chem. Eng. Data lID, 6,

325-7.
(2) (A) Acetonitrile; C2H3N;

[75-05-S]
(B) Benzonitrile; C7H5N;

[100-47-0]
(C) Formamide; CH3NO; [75-12-7)
(D) 2-aminoethanol; C2"7NO; [141-43-5)
(E) N,N-dimethylformamide; C3H7NO; [6S-l2-2]
(F) Acetic anhydride; C4H603 ; [10S-24-7]

(G) 2-ethoxyethanol; C4"1002; [l10-S0-5]
(H) 3-methylphenol; C7H80; [108-39-4]

VARIABLES:
One temperature: 298.15 K

EXPERIMENTAL VALUES:

PREPARED BY:
C.Y. Chan

Solubilitya of LiC104 at 25.00oC :

solvent g/100g solvent mol " mol kg- l b Analysis
(F) acetic anhydride S.l 7.2 0.76 Method III
(G) 2-ethoxyethanol 136.6 .t 0.4 53.6 12.84 " II

(H) 3-methylphenol 142.1 ± 0.2 37.6 13.36 " II

a The solid phase was the anhydrous salt.
b Compiler's calculations.

AUXILIARY INFORMATION (continued)

METHOD/APPARATUS/PROCEDURE:
and prolonged vac~um drying of the
residue at 150 °C. Constancy of
density or of refractive index was
taken as the criterion for satura­
tion equilibrium. Three determina­
tions were made from two separate
samples. No details of saturation
method were given.

SOURCE AND PURITY OF MATERIALS:
Solvents A,C,E,G,l H were further
purified by fractional distilla­
tion after drying over anhydrous
calcium sulfate.

ESTIMATED ERROR:
± 0.02 °c in temperature.

REFERENCE:
1. Markowitz, M.M. J. Phys. Chem. lila, 62, 827.



COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

[7791-03-9]
(2) Aldehydes and ketones:

(A) Propanal (propionaldehyde);

C3HSO; [123-38-S]

(B) Cyclopentanone; CSHSO;

[120-92-3)
(C) Cyclohexanone; CSH100;

[108-94-1)
(D) Benzaldehyde; C7HSO;

(100-52-7)

VARIABLES:
One temperature: 298.15 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Markowitz, M.M.; Hawley, W.N.;

Boryta, D.A.; Harris, R.F.

J. Chem. En8. Data .l.lli, 6,

325-7.

PREPARED BY:
C.Y. Chan
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Solubilitya of LiC104 at 25.000 C.

solvent g/100g solvent mol " mol kg- 1 b

(A) propionaldehyde 110.5 .! 0.7 37.S 10.39
(B) cyclopenCanone S3.S .! 0.2 33.5 S.OO
(e) cyclohexanone 54.0 .! 0.3 33.2 5.08
(D) benzaldehyde 51.5 .! 0.3 33.9 4.84

a The solid phase was the anhydrous salt.
b Compiler's calculations.

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
Solute content was determined as
AgCl after conversion of perchlorate

by fusion with anhydrous Na2C03 in a
Pt crucible. Constancy of density
or of refractive index was taken as
the criterion for saturation equil­
brium. No details of saturation
method were given. Three determina­

tions were from two separate sam­
ples.

SOURCE AND PURITY OF HATERIALS:
Anhydrous lithium perchlorate was
prepared (ref. 1) and analysed by

precipitation as nitron perchlo­
rate. Analysis showed 93.7 X in
C104 (theoretical 93.5 X).
Solvents were reagent grade.
Solvents A, Band C were further
purified by fractional distilla­
tion after drying over anhydrous
calcium sulfate.

ESTIHATED ERROR:
.! 0.02 °c in temperature.

REFERENCE:
1. Markowitz, H.H. J. Phys. Chem. ~, 62, 827.



J. Che1ll. Eng. Data illl., 6.

32'5-7.

ORIGINAL HEASUREHENTS:

Markowitz. M.M.; Hawley. W.N.;
Boryta, D.A.; Harris, R.F.

36

COHPONENTS:
(1) Lithium perchlorate; Li0104 ;

[7791-03-9]
(2) Esters:

(A) Ethyl acetate: C4H80 2 ;

[141-78-6]
(8) 1-butyl nitrite; (n-butyl

nitrite): C4H9N0 2 ;

[544-16-1]

(C) Diethyl carbonate; 05Hl003; [105-58-9]

(D) Ethyl 3-oxobutanoate (ethyl acetoacetate); C6Hl003; [141-97-9]
IE) Ethyl benzoate: C9H100 2; [93-89-0]

IF) Benzyl acetate; 09HI002; [140-11-4]
(0) Diethyl-l,2-benzenedicarboxylate (diethyl phthalate):

C12H1404; [84-66-2]
(H) Diethyl decanedioate (diethyl sebacate); 014H2604; (110-40-7]

VARIABLES:

One temperature: 298.15 K

EXPERIHENTAL VALUES:

PREPARED BY:

C.Y. Ohan

Solubilitya of Li0104 at 25.000 0 :

solvent g/100g solvent Dlol " Dlol kg- 1 b Analysis
(A) ethyl acetate 95.1 44 .1 8.94 Hethod II
(B) n-butyl nitrite 3.4 3.2 0.32 .. III
(C) diethyl carbonate 52.6 ± 0.1 36.9 4.94 " I

(D) ethyl acetoacetate 76.7 ± 0.1 48.4 7.21 .. II

a The solid phase was the anhydrous salt.
b Compiler's calculations.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

Method I : Solute content was deter­
mined by pptn as nitron perchlorate.
Method II: Solute content was de­

termined as AgCl after conversion of

perchlorate by fusion with anhydrous

Na2C03 in a Pt crucible.
Method III: Solute content was de­

termined by evaporation of solvent

SOURCE AND PURITY OF MATERIALS:

Anhydrous lithium perchlorate was

prepared (ref. 1) and analysed by
precipitation as nitron perchlo­
rate. Analysis showed 93.7 X in

C104 (theoretical 93.5 X).

Solvents were reagent grade.

(continued next page)
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325-7.

J. Chem. Eng. Data

ORIGINAL MEASUREMENTS:

Markowitz, M.M.; Hawley, W.N.:

Boryta, D.A.i Harris, R.F.

COMPONENTS:

(1) Lithium perchlorate; LiCl04 i

(7791-03-9J

(2) Esters:

(A) Ethyl acetate; C4H80 2 ;

(141-78-6J

(B) 1-butyl nitrite: (n-butyl

nitrite); C4H9N0 2 :

(544-16-1 J

(C) Diethyl carbonate; C5H100 3 ; (105-58-9J

(D) Ethyl 3-oxobutanoate (ethyl acetoacetate): C6H100 3 i (141-97-9J

(E) Ethyl benzoate; C9H100 2 i (93-89-0J

(F) Benzyl acetate; C9H100 2 i (140-11-4J

IG) Diethy1-1,2-benzenedicarboxylate (diethyl phthalate):

C12H1404i (84-66-2J
(HI Dlethyl decanedloate ldiethyl sebacate)i C14H2604: [110-40-7)

EXPERIMENTAL VALUES: (continued)

Solubilitya of LiCl04 at 25.00oC :

solvent g/100g solvent mol " mol kg- 1 b Analysis
(E) ethyl benzoate 29.2 .± 0.2 29.2 2.75 Method II

( F) benzyl acetate 50.1 .± 0.4 41.4 4.71 " II

(G) diethyl phthalate 5.5 1.2 5.2 " II

(H) diethyl sebaC'ate 21. 3 .± 0.1 34.0 2.00 " II

a The solid phase was the anhydrous salt.

b Compiler's calculations.

AUXILIARY INFORMATION (continued)

METHOD/APPARATUS/PROCEDURE:

and prolonged vacuum drying of the

resldue at 150 °C. Constancy of

density or of refractive index was

taken as the criterion for satura­

tion equilibrium. Three determina-

SOURCE AND PURITY OF MATERIALS:

Solvents Band C were further

purified by fractional disttlla­

tion after drying over anhydrous

calcium sulfate.

tions were made from

samples. No details

method were given.

two separate

of saturation

ES'!'[MATED ERROR:

.± 0.02 °c in temperature.

REFERENCE:

1. Markowitz, M.M. J. Phys. Chem. ~, 62, 827.



ORIGINAL MEASUREMENTS:

Markowitz, M.M.; Hawley, W.N.;

Boryta, D.A.; Harris, R.F.
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COMPONENTS:

(1) Lithium perchlorate; LiCl04 •

[7791-03-9)
(2) Ethers :

(A) Methyl-oxirane (propylene

o.udel; C3H60; [75-56-9]

(B) Tetrahydrofuran; C4HaO;

[109-99-9]
(C) l,I'-oxybis-butane In-butyl

ether): CaH1SO; [142-96-1]

VARIABLES:

One temperature: 29a.15 K

EXPERIMENTAL VALUES:

J. Chem. Eng. Data

325-7.

PREPARED BY:

C.Y. Chan

JJlll, 6,

Solubilitya of LiCI04 at 25.00oC.

solvent g/100g solvent Dlol " Dlol kg- 1 b Analysis

(A) propylene oxide 91.4 ± 0.6 33.3 a.59 Method II

(B) tetrahydrofuran 27.1 ± 0.2 15.5 2.55 .. I
(C) n-butyl ether 36.0 ± 0.2 14.3 12.a .. I

---------------------------------
a The solid phase was the anhydrous salt.
b Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Method I : Solute content was deter­
mined by pptn as nitron perchlorate.

Method II: Solute content was de­

termined as AgCI after conversion of

perchlorate by fusion with anhydrous

Na2C03 in a Pt crucible.
Constancy of density or of refrac­

index was taken as the criterion for

saturation equilibrium. No details

of saturation method were given.
Three determinations were made from

two separate samples.

SOURCE AND PURITY OF MATERIALS:

Anhydrous lithium perchlorate was
prepared (ref. 1) and analysed by

precipitation as nitron perchlo­

rate. Analysis showed 93.7" in
CI04 (theoretical 93.5 X,.
Solvents were reagent grade.

Solvents Band C were further

purified by fractional distilla­

tion after drying over anhydrous

calcium sulfate.

ESTIMATED ERROR:
± 0.02 °c in temperature.

REFERENCE:

1. Markowltz, M.M. J. Phys. Chem. ~, 62, 827.



COMPONENTS:
(1) Lithium perchlorate; LiCI04 ;

[7791-03-9)

(2) Acetone; C3H60; [67-64-1)

VARIABLES:

One temperature: 298.15 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Willard, H.H.; Smith, G.F.

J. Am. Chem. Soc. lill, 45,

286-96.

PREPARED BY:

C.Y. Chan
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ESTIMATED ERROR:
Prpcision in temp. was ±O.OloC •

REFERENCES:
1. Willard, H.H.; Smith, G.F. J.

Am. Chem. Soc. ~,44, 2816.

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate was prepared

as described in ref. 1. Acetone
refluxed with powdered KOH and

purified by the bisulfite process.

Its density was 0.7852 g cm-3 at

25 °Cl b.p. 56.16-56.51 °e.

Solubilitya of 11 thium perchlorate in acetone at 25.00 °c ,
the solid phase being the anhydrous salt :

satd sln

g/100g g/100cm3 g/100g mol " mol dm-3 mol kg- 1 density /
sln sln solvent g cm- 3

57.72 76.38 136.52 42.70a 7.1785 12.83a 1.3233

a Compiler's calculations.

AUXILIARY INFORMATION

I-------------------r--------·--------I
METHOD/APPARATUS/PROCEDURE:

A satd sln of the salt was prepared

at a temperature slightly above 25 0 C
and sealed together with about 1 g of

the anhydrous salt in a solubility

tube, capacity 18-20 cm 3• This tube

was then rotated end-over-end in the

thermostat bath at 25.000 C for 24-48h

and stood vertically to allow the

solids to settle. Samples of the

clear satd sln were then analysed for

solute content by an evaporation-to-
dryness method using Pt crucibles.
The salt was dried to constant wt. at 1--------------------1
250 0 C in a current of air dried with

P205' after ensuring that organic
solvent was removed completely enough
to avoid any danger of explosion.

Duplicate soly determinations were
made, those analyses in which chlo­

ride (from thermal decomposition) wa~

found present being rejected.
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COMPONENTS:
(1) Lithium perchlorate: LiCI04

[7791-03-9)
(2) Tetrahydrofuran; C4HSO;

[109-99-9)

VARIABLES:
One temperature: 29S.2 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Markarenko, B.K.; Mendzheritskil,

E.A.; Sobolev, R.P.; Povarov,

Yu.M.; Sereda, P.A.

Elektrokhimiya l21i, 10, 355-S;
*Soviet Electrochem. ( Engl.

Transl.), l21i, 10, 337-40.

PREPARED BY:
C.Y. Chan

The solubility of lithium perchlorate in tetrahydrofuran at 25.0 °c is

2.2 mol dm- 3 and the specific conductivity of the saturated solution is

6.95xl0-3 Scm-I.

AUXILIARY INFORMATION

MErHOD/APPARATUS/PROCEDURE:
No details of saturation method were
given. The solubility was determin­

ed by polarographic analysis of the
ions in the saturated solution. An

MM34-04 conduetivity meter was used
to determine the specific conduct.i­
vity of the ~olution.

SOURCE AND PURITY OF MATERIALS:
The perchlorate was recrystalliz­
ed twice from aqueous solution

and dried under vacuum at 150­
160 °c for 20-25 hours.

Tetrahydrofuran was dried for 5-7
days with metallic lithium. The
saturated solution contained not

more than 0.02 X water.
Sources of starting materials not
given.

ESTIMATED ERROR:
Precision in temp. was ±0.1 °c .

REFERENCES:



COMPONENTS:

(1) Lithium perchlorate; LiC104 ;
[7791-03-9]

(2) l,l'-oxybis-ethane ( djethyl

ether )i C4H100; [60-29-7]

VARIABLES:
One temperature: 298.15 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Willard, H.H.; Smith, G.F.

J. Am. Chem. Soc. ljl1, 45,

286-96.

PREPARED BY:
C.Y. Chan
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Solubility of lithium perchlorate in diethyl ether at 25.00 °c ,
the solid phase being the anhydrous salt:

g/100g

sln

53.21

g/100 cm3

sln

64.47

g/100 g mol X
solvent

113.72 44.21 10.69 a

satd sln
density /

g cm- 3

1.2116

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A satd sln of the salt was prepared
at a temperature slightly above 25 0 C
and sealed together with about 1 g of

the anhydrous salt in a solubility
tube, capacity 18-20 cm3 • This tube
was then rotated end-over-end in the
thermostat bath at 25.00oC for 24-48h
and stood vertically to allow the
solids to settle. Samples of the
clear satd sln were then analysed for
solute content by an evaporation-to­

dryness method using Pt crucibles.
The salt was dried to constant wt. at

2500 C in a current of air dried with

P205' after ensuring that organic
solvent was removed completely enough

to avoid any danger of explosion.
Duplicate soly determinations were
made, those analyses in which chlo­
ride (from thermal decomposition) was
found present being rejected.

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate was prepared
as described in ret. 1. Ether
was purified by reflux1ng with

P205 and fractional distillation.
The density of the fraction used
was 0.70817 g cm- 3 at 25 °e.

ESTIMATED ERROR:
Precision in temp. was ±O.Ol°C

REFERENCES:
1. Willard, H.H.; Smith, G.F. J.

Am. Chem. Soc. lill, 44, 2816
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COMPONENTS:

(1) Lithium perchlorate; LiCl04 ;

[7791-03-91
(2) Ethyl acetate; C4H80 2 ;

[141-78-6J

VARIABLES:
One temperature: 298.1S K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Willard, H.H.; Smith, G.F.

J. Am. Chem. Soc. ~, 45,

286-96.

PREPARED BY:
C.Y. Chan

Solubility of lithium perchlorate in ethyl acetate at 25.000 C,

the solid phase being the anhydrous salt :

g/100g

sln

48.75

g/lOOcm3

sln

63.40

g/lOOg

solvent

95.12

mol " mol dm- 3

5.958

mol kg- 1
satd sln

density /
g cm- 3

1.3005

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A satd sln of the salt was prepared
at a temperature slightly above 2SoC

and sealed together with about 1 g of

the anhydrous salt in a solubility
tube, capacity 18-20 cm3 • This tube

was then rotated end-over-end in the

thermostat bath at 25.000 C for 24-48h

and stood vertically to allow the

solids to settle. Samples of the

clear satd sln were then analysed for

solute content by an evaporation-to­

dryness method using Pt crucibles.

The salt was dried to constant wt. at

2S0 0 C in a current of air dried with

P20S' after ensuring that organic

solvent was removed completely enough

to avoid any danger of explosion..

Duplicate soly determinations were
made, those analyses in which chlo­

ride (from thermal decomposition) was

found present being rejected.

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate was prepared

as described in ref. 1. Ethyl
acetate was purified by refluxing

P20S and fractional distillation.

Its density at 2SoC was 0.894S

g cm- 3; b.p. 77.14 - 77.16 °C.

ESTIMATED ERROR:

Precision in temp. was !O.Ol oC •

REFERENCES:

1. Willard, H.H.; Smith, G.F. J.

Am. Chem. Soc. ~, 44, 2816



COMPONENTS:

(1) Lithium perchlorate; LiCI04
[7791-03-9)

(2) Hydrazine; N2H4 ; [302-01-2)

VARIABLES:
One temperature: 298.2 K

EXPERIMENTAL VALUES:

43

ORIGINAL MEASUREMENTS:
Sakk, Zh.G.; Rosolovskii, V.Ya.

Zh. Neorg. Khim. lilZ, 17, 1783-4;
*Russ. J. Inorg. Chem. (Engl.

Transl.) lilZ. 17, 927-8.

PREPARED BY:

C.Y. Chan

Solubility of lithium perchlorate in hydrazine at 25.0 °c was reported as
54.4 g(11/l00 g(2). The corresponding mol X and molality values are

14.08 X and 5.11 mol kg-I, respectively (calculated by compiler).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
4-6 g of the salt and 8-11 cm3 of

hydrazine were thermostated at 25 0 C
for 7-8h with continuous stirring in

a vessel isolated from atmospheric
moisture. Samples for analysis were
removed by withdrawing solution and
part of the solid phase into another
vessel fitted with a porosity no.4
filter at reduced pressure. After

separating the phases, the solution
was analysed for hydrazine using the
procedure given in ret. 1.
Replicate solubility determinations
were carried out.

SOURCE AND PURITY OF MATERIALS:
The methods of purification or the

perchlorate and of the preparation
ot anhydrous hydrazine were as

described in ref. 1.
Salt purity was about 99.5-99.9 X.

ESTIMATED ERROR:
Error in soly value was 0.4 X.

Precision in temp. was ±0.1 °c .

REf'ERENCES:
1. Rosolovakii, V.Ya.; Sakk, Zh.G.

Zh. Neorg. Khilll. .!.ill, 15,

2262.



COMPONENTS:
(1) Lithium perchloratej LiCl04

[7791-03-9)

(2) Hydrazinej N2H4 ; [302-01-2)

VARIABLES:

One temperature: 273.2 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Rosolovski1, V.Ya.; Sakk, Zh.G.

Zh. Heorg. Kh1m. lilQ, 15, 2262-4;

*Russ. J. Inorg. Chem. (Engl.
Transl.) lilQ, 15, 1169-70.

PREPARED BY:

C.Y. Chan

Solubility of lithium perchlorate in hydrazine at 0.0 °c was reported as
47.1 g(1)/100 g(2). The corresponding mol X and molality values are

12.4 X and 4.43 mol kg-I, respectively (calculated by compiler).

The solid phase was LiC104 .2N2H4

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A solution of the perchlorate in hy­
drazine in the presence of the solid

phase was stirred continuously for

2h in a thermostat at 0.0 °c. The

liquid and solid phases were separa­

ted and analysed for perchlorate by

precipitation as nitron perchlorate.

Hydrazine in both phases was analys­

ed by titration with standard iodine
solution in the presence of sodium

bicarbonate in excess.

SOURCE AND PURITY OF MATERIALS:
LiC104 was obtained by reacting
70 X HCl04 (aq.) with Li 2C03 , re­

crystallized twice from water and

dried in a vacuum at 200 - 250 °c
to constant weight. The hydrazine

was 99.5 - 99.8 X pure.

ESTIMATED ERROR:
Precision in temp. was ±0.1 °c .
Soly precision not stated.

REFERENCES:



COMPONENTS:

(1) Lithium perchlorate; LiCI04
[7791-03-9]

(2) Perchloric acid; HCI04 ;

[7601-90-3]

45

ORIGINAL MEASUREMENTS:

Rosolovskii, V.Ya.; Sakk, Zh.G.

Zh. Neorg. Khim. ~, 13, 1115-8;

*Russ. J. Inorg. Chem. (Engl.

Transl.J ~, 13,582-4.

PREPARED BY:
C.Y. Chan

-.-----------------f------------------
VARIABLES:

One temperature: 273.2 K

EXPERIMENTAL VALUES:

Composition of saturated solution of lithium perchlorate in perchloric

acid at 0 °C: (the solid phase was presumably the anhydrous salt)

mass "

Meana :
Std. dev. a :

LiCI04
0.100

0.104

0.101

0.118

0.106
0.008

HCI04
99.36

99.37

99.38

99.34

99.36

0.02

The mean value of the solubility

of LiCI04 in perchloric acid is

0.100 mol X, or 0.018 mol kg- 1

(compiler) .

( a compiler's calculations ).

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mixtures of 5-6 g of the perchlorate

with 10-12 g of the acid were kept
in a thermostat at OOC (melting ice)

for 10-15h with continuous stirring

in tubes isolated from atmospheric

ruuisture. After equilibrium has been

attained, solid and liquid phases

were separated on a glass filter.

Cl04 was determined gravimetrically

as nitron perchlorate. Acid concen­

trations were determined by acid­

base titration. LiCl04 concentrat­

ion was determined by dissolving a

weighed sample of the satd solution

(5-8g) in water and then evaporating
to dryness. The dry residue was

then dissolved 1n cone. H2S04 , the

sln evaporated to dryness, and the

resulting sulfate heated to constant

weight at 600 °C.

SOURCE AND PURITY OF MATERIALS:
LiCl04 was obtained by reacting

70 X HCl04 (aq.) with LiC03 , re­
crystallized twice from water and

dried in a vacuum at 200 - 2S0 °c

to constant weight. Analysis: Li

6.62 '" Cl04 92.69 X.
Anhyd. HCl04 was distilled from

a mixture of oleum and perchloric

acid dihydrate at 100 °c under

vacuum (ref.l). Acid purity was

99.6-100.2 " w/w as analysed.

ESTIMATED ERROR:

Not stated.

REFERENCES:
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COMPONENTS:

(1) Lithium perchlorate; LiCl04 ;

[7791-03-9]

(2) Hydrogen peroxide; H202;

[7722-84-1]

VARIABLES:

One temperature: 273 K

EXPERIMENTAL VALUES:

CRIGINAL MEASUREMENTS:

Titova, K.V.; Kolmakova, E.I.;

Roso10vskii. V.Ya.

Zh. Neorg. Khim. ~, 31.

3213-5; -Russ. J. Inorg. Chem.

( Engl. Transl. ) ~, 31.

1846-7.

PREPARED BY:
C.Y. Chan

The solubilitya of lithium perchlorate in hydrogen peroxide at 0 °c :

g(l)/ 100 g(2)

62.3

mass X

38.4

mol X

16.61

molality/ mol kg- 1

5.86

a MassX, molX and molality values calculated by compiler.

The solid phase was an unstable solvate.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

No details of saturation method was

given. Solubility equilibrium was

established in 1-1.5 h. The concen­

centration of the solutions did not

change noticeably during the next 3h

but after that slow decomposition of

peroxide began. The concentration

of perchlorate in the satd solution

was determined gravimetrically by

precipitation as nitron perchlorate.

The solvated lithium perchlorate so­

lid phase was too unstable for its

composition to be determined.

SOURCE AND PURITY OF MATERIALS:

Sources not given.

The H202 was 99.8X ± 0.2% pure.
No information on purity of salt.

ESTIMATED ERROR:

Not stated.

REFERENCES:



COMPONENTS:
(1) Lithium perchlorate; LiC104

(7791-03-9)
(2) Acetonitrile; C2H3N; (75-05-8)

VARIABLES:
One temperature: 298 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Keller. R.; Foster. J.N.;

Hansen. F.F.; Muirhead. J.S.

NASA ContrAct. Rep. CR-1425
~. Lewis Research Center,
NASA. U.S.A.

PREPARED BY:
C.Y. Chan
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,Solubility of lithium perchlorate in acetonitrile at 25 °c is
1.06 mol dm- 3 (1.40 mol kg- 1 ).

Density of the saturated solution is 0.868 g cm- 3 and its viscosity is
7.09x10-4 N s m- 2

t--------------------------------.--
AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Saturated solutions were prepared by

adding an excess of solute to the

solvent in flasks in a dry box. the
flasks being then stoppered with
glass stoppers. The neck of each
flask was then enclosed in a poly­
thene bag containing dry N2 • The

flasks were then placed in a bath
which was at a temperature well

above the final sampling temperature
for 1-2 days, the solutions being
magnetically stirred. After that
they were equilibrated to 25 °c for
several days with occasional stirr­
ing. Samples of the supernatant
liquid were analysed for Li by atom­
ic absorption spectrophotometry.

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate was 99.9 X

pure (Atomergic Chemicals Co. )

and dried at 90-120 °c under va­
cuum. Acetonitrile ( J.T. Baker
anal. reagent) was redistilled
from its mixture with P20S' and
the final fraction contained 49
mg dm- 3 of water but no detecta­
ble organic impurities.

t-----------------.,
ESTIMATED ERROR:
Not stated.

REFERENCES:

'-------~-_-------.L.-.--_------- __._
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COMPONENTS:

(1) Lithium perchlorate; LiC104 ;
[7791-03-9J

(2) Acetonitrile; C2H3N;

[75-05-8J

VARIABLES:

Temperature: 297.35 K - 323.32 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Tomkins, R.P.T.; Turner, P.J.

J. Chem. Eng. Data lili, 20,
50-2.

PREPARED BY:

C.Y. Chan

Solubility' of LiC104 in acetonitrile:

No. of
determinations t / °c 11101ali ty / mol kg- 1

mol "
3 24.20 ± 0.01 1. 5419 5.953

3 29.16 ± 0.20 1. 8632 7.106

3 32.80 ± 0.15 2.1402 8.076

3 36.33 ± 0.05 2.4615 9.178

3 40.12 ± 0.05 2.9548 10.818

4 41. 94 ± 0.05 3.2253 11. 693

4 45.67 ± 0.03 3.9402 13.923

3 48.28 ± 0.05 4.4614 15.480

5 49.50 ± 0.03 5.2365 17.694

4 49.41 ± 0.01 6.1452 20.146

2 50.17 ± 0.30 6.2239 20.35

2b 48.85 .±. 0.05 7.1865 22.78

1b 41. 21 7.5868 23.75

1b 45.66 7.7932 24.24

1b 45.43 8.4018 25.60

b Poor reproducibility and formation of addition compounds;
apparent solubility values only.

METHOD/APPARATUS/PROCEDURE:

A cooling method was used in which the temperature at which crystalliza­

tion occurred was recorded. Solid LiC104 and solvent were placed in a

Pyrex test tube and stirred with a teflon-coated magnetic stirring bar.

The temperature was measured with a calibrated mercury-in-glass thermome­
ter graduated in 0.1 °c intervals. The whole unit was placed in a 250 mL

Erlenmeyer flask which served as support and air-Jacket. Supercooling of
2-5 °c was observed and corrected for by "back-extrapolation". To reduce

supercooling to 1-2 OCt it was necessary to cool the solution until solid

formed. then raise the temperature to 3-5 °c above the crystallization
point and cycle the temperature 5 or 6 times over a short range to ensure

the presence of nuclei in the solution. No details of analY8ia method
was given.

SOURCE AND PURITY OF MATERIALS:
No details available.

ESTIMA'fED ERROR:
Not stated, except for temp.

as tabulated.



COHPONENTS:

(1) Lithiu~ perchlorate; LiCI04
(7791-03-9]

(2) Su1finylbis-methane (dimethyl

sulphoxide, DHSO); C2H60S;
(67-68-5]

VARIABLES:
Three temperatures: 298 K, 308 K,

318 K.

EXPERIHENTAL VALUES:

ORIGINAL MEASUREHENTS:

Kenttamaa, J.

J. Suomen Chemist li2Q, 338,

179-82.

PREPARED BY:
C.Y. Chan
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Solubilitya of lithium perchlorate in DHSO :

25

35

45

IDol / 100g DHSO

0.27

0.27

0.29

molality / kg- 1

2.7

2.7

2.9

ESTIHATED ERROR:

Precision in soly. : ± 5 X

SOURCE AND PURITY OF MATERIALS:
DHSO of "practical quality" was
purified by repeated crystalliza­

tion. The final product used had

a ~elting-point of 18.5 °c. The
purity of the perchlorate was not
specified. The salt was dried
for a few days at a temperature
"high enough" to remove any mois­
ture.

a The solid phase was the solvate 2LiCl04.7(CH3)2S0

AUXILIARY INFORHATION

HETHOD/APPARATUS/PROCEDURE:

The solute and solvent were contained
in glass-stoppered flasks immersed in
a thermostat at 50 °c initially and

the flasks were shaken fro~ ti~e to
time. About two weeks were allowed
for attainment of equilibrium, after
which the temp. was lowered to the
desired temp. and the flasks allowed

to stand for another week. The solu­
tions were analysed for lithium by t------------------;
flame photometry. All analyses were
in duplicate or triplicate.

REFERENCES:
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COMPONENTS:
(1) Lithium perchlorate; LiCI04 i

[7791-03-9]
(2) Propionitrile; C3HSNj

[107-12-0]

VARIABLES:
Temperature: 230 K - 285 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Tomkins, R.P.T.; Turner. P.J.

J. Chem. En,. Data li1A, 20.
SO-2.

PREPARED BY:
C.Y. Chan

Solubilit.ya of LiCI04 in propionitrile:
No. of
determinations t / °c molali ty I Dlol kg-1

mol "
1 -43 1.4148 7.23
4 -21.3 ± 0.1 2.S088 12.141
4 -12.1 ± 0.2 3.0093 14.218
4 -O.S ± 3.5 3.7315 17.049
3 -3.9 ± 2.0 4.1544 18.62
2 2.1 ± 0.1 6.8443 27. 378
2 12 ± 4 8.1469 30.97

a The solid phase was the anhydrous salt.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A cooling method was used in which
the temperature at which crystalli­
zation occurred was recorded. lS­
20 cm3 samples were cooled with dry
ice and methanol. The sample tube
was vacuum-Jacket ted and contents
stirred 'with a propeller through a
silicone oil seal. Temperature was
measured with a chromel-alumel
thermocouple immersed in a silicone
oil well and a Keithley 147 null
detector used in conjunction with a
Moseley X-Y recorder. The thermo­
couple emf was also read on a
digital multimeter. Sample compo­
sition was changed over a small
range by adding solvent from a
weighed syringe through a ~l:(llumcap

on the end of a side arm of the
sample tube.

SOURCE AND PURITY OF MATERIALS:

Not stated.

ESTIHATED ERROR:

Not stated. except for temperature
precision as given above.

REFERENCES:



COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

[7791-03-9)
(2) Water; H20; [7732-18-5)

(3) Alcohols:
(A) Methanol (methyl alcohol)i

CH 40; [67-56-1)

(B) Ethanol (ethyl alcohol);

C2H60; [64-17-5)
(C) I-Propanol (n-propyl alcohol);

C3H80; [71-23-8)
(D) I-Butanol (n-butyl alcohol);

C4H100j [71-36-3)
(E) 2-Methyl-1-propano1 (iso­

butyl alcohol); C4H100;

[78-83-1)

VARIABLES:
One temperature: 298.15 K

ORIGINAL MEASUREMENTS:

Willard, H.H.; Smith, G.F.

J. Am. Chem. Soc. 1iZ1, 45,
286-96.

PREPARED BY:
C.Y. Chan
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EXPERIMENTAL VALUES:

Solubility· of LiC104 ·3H2O in various alcohol.b At 211.000 c :

soly in : methanol ethAnol I-propanol I-butanol 2-methyl-
I-propanol

S/100 S sln 60.95 42.16 26.82 21.40 18.85
S/100 cm- 3 sln 69.61 43.18 25.07 19.4311 16.75
mol dm- 3 4.338 2.691 1.563 1.211 1.044
mol kS- 1 c 14.671 6.8111 3.445 2.559 2.183

sAtd sln

density/s cm- 3 1.1420 1.0241 0.9349 0.9082 0.8887

pure solvent
density/s cm- 3 0.78705 0.78515 0.8026 0.8059 0.7981

a In terms of the anhydrous salt. The solid phase was not exactly
specified; presumably, it was the trihydrate.

b More correctly, mixtures of alcohol and water from the trihydrate,
(compiler). The alcohol-water solvent compositions were not
determined, but could be calculated if it was assumed that for each
mole of LiCl04 dissolved 3 moles of water went into solution.

c Compiler's calculations.

(continued next page)



ESTIMATED ERROR:

Precision in temp. was ±0.010 C.

REFERENCES:
1. Willard, H.H.; Smith, G.F.

J. Am. Chem.Soc. liZl, 44,

2816.

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate trihydrate was

prepared as described in ref.1 •

Alcohols were purified by reflux­

ing with calcium and fractional

distillation.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lithium perchlorate; LiCl04; Willard, H.H.; Smith, G.F.
(7791-03-9)

(2) Water; H20; (7732-18-5) J. Am. Chem. Soc. lil1. 45,
(3) Alcohols: 286-96.

(Al Methanol (methyl alcohol);

CH40; [67-56-1)
(B) Ethanol (ethyl alcohol);

C2H60; [64-17-5)

(C) 1-Propanol (n-propyl alcohol);

C3"80; (71-23-8)
(D) 1-Butanol (n-butyl alcohol);

C4"100; [71-36-3)
(E) 2-Hethy1-1-propanol (iso­

butyl alcohol); C4H100;

(78-83-1)

AUXILIARY INFORMATION (continued)

METHOD/APPARATUS/PROCEDURE:
A satd sln of the salt was prepared

at a temperature slightly above 25 0 C

and sealed together with about 1 g of

the anhydrous salt in a solubility

tube, capacity 18-20 cm3 • This tube

was then rotated end-over-end in the

thermostat bath at 25.000 C for 24-48h ~----------------------------------~

and stood vertically to allow the
solids to settle. Samples of the

clear satd sln. were then analysed

for solute content by an evaporation-

to-dryness method using Pt crucibles,

making sure that organic solvent was
completely removed before the salt

was dried to constant weight at 250°C

in a current of air dried with P205'
Duplicate soly determinations were

made, those analyses in which chlo-

ride (from thermal decomposition) was

found present being reJected.



COMPONENTS:

(1) Lithium perchlorate; LiCl04 ;
[7791-03-9)

(2) Water; H20i [7732-18-5)

(3) Acetone; C3H60i [67-64-1)

VARIABLES:

One temperature: 298.15 K

ORIGINAL MEASUREMENTS:

Willard, H.H.i Smith, G.F.

J. Am. Chem. Soc. ~, 45,

286-96.

PREPARED BY:

C.Y. Chan
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1------------------...&.-----------------1
EXPERIMENTAL VALUES:

Solubil i tya of lithium perchlorate trihydrate in acetone at

25.00 °c • the solid phase being LiC104 .3H 2O :

satd sln

g/100g g/100 cm3 g/100 g mol dm- 3 mol kg- 1 density /
sln sln solvent g cm- 3

49.04 53.77 96.23 5.054 b 9.045b 1.0965

a In terms of the anhydrous salt.
b Compiler's calculations.

AUXILIARY INFORMATION

ESTIMATED ERROR:

Precision in temp. was ±O.Ol oC

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate was prepared

as described in ref. 1. Acetone
refluxed with powdered KOH and

purified by the bisulfite process.

Its density was 0.7852 g cm- 3 at

25 °C; b.p. 56.16-56.51 °C.

METHOD/APPARATUS/PROCEDURE:

A satd sln of the salt was prepared

at a temperature slightly above 25 0 C
and sealed together with about 1 g of

the anhydrous salt in a solubility

tube, capacity 18-20 cm3• This tube

was then rotated end-over-end in the

thermostat bath at 25.00oC for 24-48h

and stood vprtically to allow the

solids to settle. Samples of the

clear satd sln were then analysed for
solute content by an evaporation-to­

dryness method using Pt crucibles.

The salt was dried to constant wt. at

2500 C in a current of air dried with

P20 5 , after ensuring that organic

solvent was removed completely enough

to avoid any danger of explosion.

Duplicate soly determinations were
made. those analyses in which chlo­

ride (from thermal decomposition) was

found present being rejected.

REFERENCES:

1. Willard, H.H.i

Am. Chem. Soc.

Smith. G.F. J.

llU. 44, 2816,
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COMPONENTS:
(1) Lithium perchlorate; LiCI04 ;

(7791-03-9]

(2) Water; H20; (7732-18-5)

(3) Ethyl acetate; C4HS02;
(141-78-6)

VARIABLES:
One temperature: 298.15 K

EXPERIHENTAL VALUES:

ORIGINAL MEASUREMENTS:
Willard, H.H.; Smith, G.F.

J. Am. Chem. Soc. lill. 45,
286-96.

PREPARED BY:

C.Y. Chan

Solubilitya lithium perchlorate trihydrate in ethyl acetate at 25.000 C,
the solid phase being LiCI04 .3H 20 :

mass "

26.35

satd sln
g/lOO cm3 g/lOO g mol dm- 3 mol kg- 1 density /

sln solvent I cm-3

27.41 35.78 1.70S5 3.363b 1.0402

-
a In terms of the anhydrous salt.
b Compiler's calculations.

AUXILIARY INFORHATION

1---------------------,-------------------1
HETHOD/APPARATUS/PROCEDURE:

A satd sln of the salt was prepared
at a temperature slightly above 25 0 C
and sealed together with about 1 g of
the anhydrous salt in a solubility
tube, capacity 18-20 cm3 • This tube
was then rotated end-over-end in the

thermostat bath at 25.000 C for 24-48h
and stood vertically to allow the
solids to settle. Samples of the

clear satd sln were then analysed for
solute content by an evaporation-to­
dryness method using Pt crucibles.
The salt was dried to constant wt. at
2S0 0 C in a current of air dried with
P20 S' after ensuring that organic
solvent was removed completely enough
to avoid any danger of explosion.
Duplicate soly determinations were
made, those analyses in which chlo­
ride (from thermal decomposition) was

found present being rejected.

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate was prepared

as described in ref. 1. Ethyl
acetate was purified by refluxing

with P20S and fractional distill­
ation. Its density at 250 C was
0.8945 S cm- 3 and its b.p. was

77.14 - 77.16 °C.

ESTIMATED ERROR:
Precision in temp. was ± O.OloC

REFERENCES:
1. Willard, H.R.; Smith, a.F. J.

Am. Chem. Soc. lill, 44, 2816.



COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

[7791-03-9)

(2) Water; H20; [7732-18-5)

(3) 1,1'-oxybis-ethane ( diethyl

~ther ); C4HtOO; [60-29-7)

VARIABLES:
One temperature: 298.1S K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Willard, H.H.; Smith, a.F.

J. Am. Chem. Soc. ~, 45,
286-96.

PREPARED BY:
C.Y. Chan
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Solubilitya of lithium perchlorate trihydrate in diethyl etherb at
25.00 °c , the solid phase beins LiC104 .3H 20 :

satd sln

S/100S S/100 cm3 S/100 S mol dm- 3 mol ks- 1 density /
sln sln solvent S cm- 3

0.196 0.139 0.196 0.0131 b 0.0184 b 0.7091

a In terms of the anhydrous salt.
b Saturated with water from the trihydrate.
c Compiler's calculations.

----------------.-------------------1
AUXILIARY INFORMATION

1-------------------.....---------------_.-
METHOD/APPARATUS/PROCEDURE;

A satd sln of the salt was prepared
at a temperature sliShtly above 2SoC
and sealed tosether with about 1 , of

the anhydrous salt in a solubility
tube, capacity 18-20 cm3• This tube

was then rotated ~nd-over-end in the
thermostat bath at 25.00oC for 24-48h

and stood vertically to allow the
solids to settle. Samples of the
clear satd sln were then analysed for
solute content by an evaporation-to­
dryness method us ins Pt crucibles.
The salt Was dried to constant wt. at
2S00 C in a current of air dried with

P20S ' after ensurin, that or,anic
solvent was removed completely enough
to avoid any dan,er of explosion.
Duplicate soly determinations were
made, thoso analyses in which chlo­

ride (from thermal decomposition) was
found present beins rejected.

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate was prepared
as described in ref. 1. Ether
was purified by refluxin, with

P20S and fractional distillation.
The density of the fraction used
was 0.70817 , cm- 3 at 25 °C.

ESTIMATED ERROR:
Precision in temp. was ±O.OloC •

REFERENCES:
1. Willard, H.H.; Smith, a.F. J.

Am. Chem. Soc. llU, 44, 2816.
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COMPONENTS:

(1! Lithium perchlorate; LiCI04
(7791-03-9)

(2) Water; H20; [7732-18-5)

(3) N,N-dimethylformamide; C3H7NO;

(68-12-2)

ORIGINAL MEASUREMENTS:

Keller, R.: Foster, J.N.:
Hansen, F.F.; Muirhead, J.S.

NASA Contract. Rep. CR-1425

~, Lewis Research Center,

NASA, U.S.A.

------------------1------------------1
VARIABLES:

Two temperatures: 298 K and 333 K.

Water content.

EXPERIMENTAL VALUES:

PREPARED BY:

C.Y. Chan

Solubility of lithium perchlorate in N,N-dimethylformamlde containing

trace concentrations of water at 25 °c and 60 °c :
( the solid phase was the anhydrous salt )

45

LiCI04 solubllity / mol dm- 3

25 °c 60 °c

4.8

1000 3.5

AUXILIARY INFORMATION

4.9

METHOD/APPARATUS/PROCEDURE:

Saturated solutions were prepared by

adding an excess of solute to the
solvent in flasks in a dry box, the

fldsks being then stoppered with

glass stoppers. The neck of each

flask was then enclosed in a poly­

thene bag containing dry N2 • The

flasks were then placed in a bath

which was at a temperature well

above the final sampling temperature

for 1-2 days, the solutions being

magnetically stirred. After that

they were equilibrated to 25 °c for

several days with occasional stirr­

ing. Samples of the supernatant

liquid were analysed for Li by atom­

ic absorption spectrophotometry.

SOURCE AND PURITY OF MATERIALS:

Lithium perchlorate was 99.9 ~

pure (Atomergic Chemicals Co. )

and dried at 90-120 °c under va­

cuum. Dimethylformamide (Math­

eson, Coleman and Bell, spectro­

pure ), after pre-treatment w~th

chromatographic grade molecular

sieves for 6 hours, was distilled

at 151 °c and at atmos. pressure.

Final sample used contained 45 mg

dm- 3 H20 and 35 mg dm- 3 impurities.

ESTIMATED ERROR:

Not stated.

REFERENCES:



COMPONENTS:

(1) Lithium perchlorate; LiCl04
[7791-03-9)

(2) Water; H20; [7732-18-5)

(3) Propylene carbonatej C4H603j
[108-32-7)

VARIABLES:

Two temperatures: 298 K and 333 K.
Water content.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Keller, R.j Foster, J.N.;

Hansen, F.F.j Muirhead, J,S.

NASA Contract. Rep. CR-1425

~, Lewis Research Center,
NASA, U.S.A.

PREPARED BY:

C.Y. Chan
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Solubility of lithium perchlorate in propylene carbonate containing
trace concentrations of water at 25 °c and 60 °c :
( the 'solid phase was the anhydrous salt )

20

LiCI04 solubility I mol dm- 3

25 °c 60 °c

1000 3.1 3.1

I---------------------------------------i
AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Saturated solutions were prepared by

adding an excess of solute to the
solvent in flasks in a dry box, the
flasks being then stoppered with

glass stoppers. The neck of each
flask was then enclosed in a poly­

thene bas containing dry N2' The
flasks were then placed in a bath
which was at a temperature well

above the final samplin. temperature
for 1-2 days, the solutions being
magnetically stirred. After that

they were equilibrated to 25 °c for
several days with occasional stirr­
ing. Samples of the supernatant
liquid were analysed for Li by atom­
ic absorption spectrophotometry.

SOURCE AND PURITY OF MATERIALS:
Lithium perchlorate was 99.9 ~

pure (Atomergic Chemicals Co. )

and dried at 90-120 °c under va­
cuum. Propylene carbonate (Math­

eson, Coleman and Bell. spectro
pure ) was fractionally distilled
in the presence of CaH 2 and dry
N2 • The sample used contained
20 mg dm- 3 H20 and less than 35
rng dm- 3 of organic impurities.

ESTIMATED ERROR:
Not stated.

REFERENCES:
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COMPONENTS:
(II Lithium perchlorate; LiCI04 ;

(7791-03-9)

(2) Acetamide; C2"5NO; (60-35-5]
(31 Water; H20; (7732-18-5]

VARIABLES:
One temperature: 298 K.
Compoaition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Tarakanov, V.F.

Sb. Tr. rarosl. Gos. Ped. Inse.
llli, l44, 92-4.

PREPARED BY:
E.S. Gryzlova

Liquid ph.se composition Sol1db

mass " mol "a molalitya/mol kl-1 phase

Point ( 1 ) (2) (1) (2 ) (1 ) (2 )

1 37.50 - 9.223 - 5.640 - A
3 36.55 14.60 10.40 7.48 7.033 5.060 A

6 37.98 49.72 18.97 44.74 29.02 68.43 i\ + B

8 35.43 53.99 18.15 49.83 31.48 86.39 B

11 32.96 59.42 17.82 57.86 40.66 132.0 B + C

15 24.43 66.59 12.38 60.76 25.57 125.5 C

17 20.35 74.35 10.97 72.17 36.09 237.5 C + 0

20 10.35 81.53 5.045 71.58 11.98 170.0 D
22 - 84.24 - 61.98 - 90.49 D

• Values calculated by C.C. Ho;
b A • LiCl04.3H201 B • LiCI04 .2CH3CONH2 1 C • LiCl04.4CH3CONH21

D • CH 3CONH2•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
No detail. were liven.

SOURCE AND PURITY OF HATERIALS:

No details were liven.

ESTIHATED ERROR:
Nothin. specified.

REFERENCES:

(continued next pale)



COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

(7'791-03-9]

(~) Acetamide; C2H5NO; [60-35-5]
(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: (continued)

ORIGINAL HtASUREMENTS:

Tarakanov, V.F.

Sb. Tr. Yarosl. Gos. Ped. InsC.
.l.lli. 144, 92-4.
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COMMENTS/ADDITIONAL DATA:
The solubility isotherm (8ee Figure below) shows four branches of
crystallization: lithium perchlorate crystallizes as trihydrate;
lithium perchlorate diacetamide; lithium perchlorate tetraacetamide;
and acetamide. LiC104.2CH3CONH2 and LiC104 .4CH3CONH 2 are very hygroscopic.
The compounds are formed through the interaction between Li+ cations

and acetamide molecules.

Mass %

20

Mass %
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COMPONENTS:
(11 Lithium perchlorate; LiCl04 ;

[779J-03-9]
(~) N(l), N(l)-dimethylcarbamide

(dimethylurea); C3H8N20;
[1320-50-9]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:
Bestuzheva, M.M.

Sb. Tr. Yaroal. Gas. Ped. Inst.

l.llll, l7S, 58-63.

I-------------,----t----------------j
VARIABLES:

One temperature: 298 K.
Composition.

EXPERIMENTAL VALUES:

PREPARED BY:
1.5. Bodnya

Liquid phase composition Solid
mass " mol "a molalitya/mol k,-l phase

Point (1) ( 2 ) ( 1 ) (2 ) (1) ( 2 )

1 37.46 - 9.209 - 5.630 - LiC~04·3H20
2 37.01 1.63 9.222 0.490 5.669 0.301
3 34.78 12.49 9.627 4.175 6.200 2.688 "
4 35.61 17.09 10.61 6.149 7.076 4.101 "

"5 36.79 22.93 12.17 9.157 8.585 6.461

6 25.40 47.19 10.40 23.33 8.710 19.54 C3H8N2O

7 22.09 41.33 7.670 17.33 5.676 12.82 "
8 17.91 33.06 5.156 11.49 3.433 7.653 "
9 3.53 25.28 0.777 6.717 0.466 4.030 "

10 - 23.55 - 5.925 - 3.496 "

a Values calculated by C.C. Ho.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used.
Equilibrium was reached in 2-3 days.
CI04 was determined ,ravimetrically
by precipitating with nitron. (2)

was determined by Kjeldahl's method.
The densities and viscosities of the
saturated solutions were determined.

SOURCE AND PURITY OF MATERIALS:
Nothing specified

ESTIMATED ERROR:

Nothin, specified.

REFERENCES:

(continued next page)



COMPONENTS:
(1) Lithium perchlorate; LiCl04 ;

(7791-03-9J
(~) N(l), N(l)-dimethylcarbamide

(dimethylurea); C3HSN20j
(1320-50-9]

(3) Water; H20; (7732-1S-5]

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:
Bestuzheva, M.M.

Sb. Tr. Yaroal. Goa. Ped. Inat •

.ll1i, 178, 5S-63.
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COMMENTS/ADDITIONAL DATA:
Addition of dimethylurea to lithium perchlorate causes some irregularity
in the solubility: from 37.46X (point 1) to 34.7SX (point 3). Further
addition of dimethylurea increases the solubility of lithium perchlorate
and this results in the complete dissolution of the solid phase. A new

compound is presumably formed, i.e. LiCl04 .3C3HSON2 .H20. The diagram
below shows a probable region of formation of this compound.

The compound contains 29.9X LiCl04; 64.5SX C3HSN 20 and 5.52X H20.

80

60
Mass $

20

~o 40
Mass $

60
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COMPONENTS:

(1) Lithlum perchlorate; LiCI04 i

[?7~1-03-9]

(21 Hexamethylenetetramine: C6H12N4 i

[100-97-0)

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 298 K.

Compositlon.

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Kosheleva, N.I.

Sb. fr. Yarosl. Gas. Ped. Inst.

illl, 144, 107-11.

PREPARED BY:

1.5. Bodnya

REFERENCES:

ESTIMATED ERROR:

Nothing specified.

SOURCE AND PURITY OF MATERIALS:

No details were given.

EXPERIMENTAL VALUES:

Solubility system LiCl04-C6H12N4-H20 at 25 0 C :

Llquld phase composition Sol1d b

mass X mol Xa molal1 tya/mo l kg- l phase

Point ( 11 ( 21 (1) ( 21 ( 1 ) ( 21

1 - 46.50 - 10.05 - 6.200 A

2 4.60 46.70 1.40 10.82 0.888 6.840 A

3 6.24 48.10 2.00 11.69 1.285 7.514 A
4 6.48 45.10 1. 98 10.48 1.258 6.644 C
5 9.45 41.35 2.85 9.470 1.805 5.995 C
6 12.23 37.26 3.610 8.346 2.276 5.262 C
7 15.96 33.85 4.721 7.599 2.989 4.811 C

8 18.64 J5.92 5.932 8.675 3.856 5.639 0

9 18.60 34.54 5.785 8.152 3.731 5.258 D
10 20.53 27.82 5.922 6.090 3.736 3.842 D
11 21.75 24.62 6.090 5.232 3.812 3.275 D
12 25.25 20.06 6.947 4.189 4.340 2.616 D
13 26.45 17.06 7.091 3.471 4.401 2.154 D
14 30.22 13.26 8.079 2.690 5.026 1. 674 D
15 32.82 10.38 8.726 2.094 5.431 1.304 D

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used.

Equilibrium was reached in 1 day.

CI04 was determined gravimetrically

by nitron precipitation. (21 was

determined by Kjeldahl's method. The

compositions of the solid phases were ~------------------------------------------------~

determined by chemical analyses and

by Schreinemakers' method of residues.

The densities and viscositles of the

saturated solutions were measured.

(continued next pagel



COMPONENTS:

(1) Lithium perchlorate: LiCl04 :

[77!11-03-9)

(2) Hexamethylenetetramine; C6H12N4 ;

[100-97-0)

(3) Water: H20: [7732-18-5]

EXPERIMENTAL VALUES: (continued)

63

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.: Kosheleva, N.I.

Sb. Tr. Yarosl. Gas. Ped. [nst.

~, l~~. 107-11.

mass "

Liquid phase compos1tion
mol "a molalitya/mol kg- 1

Solld b

phase

Point ( 1 ) (2 ) ( 1 ) (2 ) ( 1 ) (2 )

16 33.26 10.32 8.886 2.093 5.541 1.305 B + D

17 33.75 6.95 8.671 1.355 5.350 0.836 B
18' 36.55 3.11 9.247 0.597 5.694 0.368 B

19 37.55 9.241 5.652 B

a Values calculated by C.C. HOi

b A = C6H12N4i B = LiCI04.3H20; C = LiCl04.2C6H12N4.2HZO;

D = LiCl04,C6HIZN4.3H20.

COMMENTS/ADDITIONAL DATA:

The solubility isotherm (see Figure belowl shows four branches of

crystall1zation: the crystallization of hexamethylenetetram1ne

(point 1-2): the crystallization of the compound L1Cl04.2C6H12N4.2H20
Wh1Ch 1S congruently soluble (point 4 through 7)i the crystallizat10n

of the double complex compound LiCl04,C6H12N4.3H20 (po1nts 9 through 151:

the branch from point 17 to point 19 1ndicates the crystall1zation of

lithium perchlorate trihydrate. Hexamethylenetetramine is salted out.

80

Mass ex, 60

Mass %
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COMPONENTS:

(1). Lithium perchlorate; LiCI04;
[7791-03-9]

(2) Methyl acetate; C3H602;
[79-20-9]

(3) Propylene carbonate; C4H603

[108-32-7]

VARIABLES:
Temperature: 283.2 K - 323.2 K.
Composition.

ORIGINAL MEASUREMENTS:
Il'in, K.K.; Demakhin, A.G.

Zh. Neorg. Khim. ~, 34,

780-2; *Russ. J. Inorg. Chem.

(Engl. Transl.) ~, 34,

436-8.

PREPARED BY:
C.Y. Chan

EXPERIMENTAL VALUES:
Solubility system LiC104-methyl acetate-propylene carbonate at various

temperatures ( the solid phase was the anhydrous salt over the whole

temperature range studied for both the pure and mixed solvents ):

10.0

20.0

Liquid phase composition

mass " mol "a
( 1 ) ( 2 ) ( 3 ) ( 1 ) (2 ) ( 3 )

47.4 0.0 52.6 46.4 0.0 53.6
48.0 10.4 41.6 45.2 14.1 40.8
49.0 20.4 30.6 44.5 26.6 28.9
49.9 30.1 20.0 43.8 37.9 18.3
50.9 39.3 9.8 43.3 48.0 8.7
52.5 47.5 0.0 43.5 56.5 0.0

47.8 0.0 52.2 46.8 0.0 53.2
48.5 10.3 41.2 45.7 13.9 40.4
49.4 20.2 30.4 44.9 26.4 28.8
50.5 29.7 19.8 44.4 37.5 18.1
51.5 38.8 9.7 43.9 47.5 8.6
53.5 46.5 0.0 44.5 55.5 0.0

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Special vessels, reported in ref.(l)
were used in the preparation of the

satd solutions. The salt and the

solvents were placed in the vessels

under conditions which ensured that

atmospheric moisture was excluded.
The vessels were equilibrated in an

U-10 ultrathermostat which was main~

tained to within ±0.1 K of the re­
quired temperature. Equilibrium was

reached after continuous stirring

for 7-8 h and was reached both from

SOURCE AND PURITY OF MATERIALS:
" Chemically pure" LiCl04 was
was dried in a vacuum at 160 °c
for 3 h. "Chem. pure" propylene

carbonate was vacuum-distilled
and "pure" grade methyl acetate

was purified as recommended in
ref. (3). The solvents were

dried using zeolites of type

NaA. Water content in propyl­

ene carbonate was 0.015 mass"

and in methyl acetate 0.014 mass

".
(continued next page)



COMPONENTS:

( I) Lithium perchlorate; LiCI04;

[7791-03-9]
(2) Methyl acetate; C3 H602;

[79-20-9)
(3) Propylene carhonate; C4H603

(108-32-7)

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Il'in, K.K.; Demakhin, A.G.

Zh. Neorg. Khil1J. .u.n, 34,

780-2: *Russ. J. Inorg. Chem.
(Engl. Trans!.) .u.n. 34,

436-8.
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25.0

30.0

Liquid phase composition
mass " mol "a

(1) (2 ) (3 ) ( 1 ) (2 ) (3 )

48.2 0.0 51.8 47.2 0.0 52.8
48.4 5.2 46.4 46.4 7.2 46.4
48.7 10.3 41.0 45.8 13.9 40.2
49.1 15.3 35.6 45.4 20.3 34.3
49.6 20.2 30.2 45.1 26.4 28.6
50.7 29.6 19.7 44.6 37.4 18.0
51.7 38.6 9.7 44.1 47.3 8.6
53.5 46.5 0.0 . 44.5 55.5 0.0

48.4 0.0 51.6 47.4 0.0 52.6
49.0 10.2 40.8 46.2 13.8 40.0
50.0 20.0 30.0 45.5 26.1 28.4
51.1 29.3 19.6 45.0 37.0. 18.0
52.1 38.3 9.6 44.5 47.0 8.5
53.9 46.1 0.0 44.9 55.1 0.0

a Compiler's calculations.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE: (continued)
supersaturated and unsaturated sln. LiCI04 concentration was determined
by gravimetric precipitation with nitron (2). Each reported soly value

was the mean of 5 determinations. The compositions of solvent mixtures
were checked by measuring their refractive indices and comparison with

those previously measured for known mixtures of the solvents.

ESTIHATED ERROR:

"Relative error" in soly values did not exceed ± 0.5 ".
Temperature precision ± 0.1 K.

REFERENCES:
(1) Frontas'ev, V.P.; Sakharova, Yu G.; Sakharova, N.N. Zh. Neorg. Khil1J.

~, 10, 1816.

(2) Schumacher, J.C. Perchlorate. (Russ. Transl.), Goskhimizdat, Moscow,

llll, 274.
(3) Keil, B. Laboratorni Techn1ka Organicke Chel1Jie (Russ. Transl. I, Izd.

Hir., Moscow, ~.

(continued next pagel
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COMPONENTS:

(I) Lithium perchlorate; LiCI04;

17791-03-91
(2) Methyl acetate; C3 H602;

[79-20-91
(3) Propylene carbonate; C4H603

[108-32-7)

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Il'in, K.K.; Demakhin, A.G.

Zh. Neorg. Khil1l. Wi, 34,

780-2; *Russ. J. Inorg. Chel1l.
(Engl. Transl.) Wi, 34,

436-8.

Liquid phase composition

t I °c mass " mol "a

( 1 ) ( 2 ) ( 3 ) ( 1 ) ( 2 ) ( 3 )

40.0 49.0 0.0 51.0 48.0 0.0 52.0
49.5 10.1 40.4 46.7 13.7 39.7
50.6 19.8 29.6 46.0 25.9 28.1
51. 7 29.0 19.3 45.6 36.7 17.7
52.6 37.9 9.5 45.0 46.5 8.5
54.3 45.7 0.0 45.3 54.7 0.0

50.0 49.5 0.0 50.5 48.5 0.0 51. 5
50.1 10.0 39.9 47.2 13.5 39.2
51.3 19.5 29.2 46.7 25.5 27.7
52.3 28.6 19.1 46.2 36.3 17.6
53.2 37.4 9.4 45.6 46.0 8.4
54.9 45.1 0.0 45.9 54.1 0.0

a Compiler'. calculations.

COMMENTS AND/OR ADDITIONAL DATA

At all temperatures, the solubility ot lithium perchlorate in methyl
acetate is higher than that in propylene carbonate which is the more

polar solvent. The solubility of the salt increases linearly with

temperature and may be approximated by an equation ot the torm,

log 5 = A + BI T , where 5 is the solubility ot the salt in

mass '" T the absolute temperature, and A and B are empirical constants,
"least squares best-fit" values of which are given below tor pure m~thyl

acetate, pure propylene carbonate and'mixtures of the two solvents.

Solvent mass" of
methyl acetate 0.00 20.00 40.00 60.00 80.00 100.00

A

-B I K
1.8308

44.113

1.8329

43.152

1.8490

45.357

1.8606

46.165

1.8579

42.840

1.8752

43.765

'---,----------------- .J



COMPONENTS:
(1) Lithium perchlorate, LiC104 ,

r7791-03-9)
(~) Sodlum perchlorate; NaC104 ,

[7601-89-0)
(3) Water, H20, [7732-18-5)

VARIABLES:
One temperature: 298 K.
Composition.

EXPERIMENTAL VALUES:

67

ORIGINAL MEASUREMENTS:
Apdronova, N.P.; Bogomolova, V.V.;

Gulyakova, N.I.

Sb. Tr. rarosl. Gos. Ped. In6t.
ll§i, 66, 57-61.

PREPARED BY:
E.S. Gryzlova

Solubility system LiC104-NaC104-H20 at 25 0 C :

Liquid phase composition Solid

IDa•• X mol Xa molalitya/mol kg- 1 phase

Poiot (1) (2 ) (1) (2 ) ( 1 ) (2 )

1 37.62 - 9.266 - 5.669 - LiC104 ·3H2O

2 36.82 0.95 9.088 0.204 5.561 0.125 ..
3 36.31 2.00 9.024 0.432 5.532 0.265 ..
4 35.91 4.00 9.108 0.882 5.617 0.544 ...
5 31.26 11. 92 8.288 2.746 5.171 1. 713 ..
6 28.72 16.74 7.861 3.981 4.950 2.507 ..
7 21.84 29.09 6.483 7.503 4.183 4.842 ..
8 13.14 43.90 4.308 12.51 2.875 8.346 ..
9 7.23 57.59 2.728 18.88 1.932 13.37 ..

10 6.23 60.19 2.426 20.36 1. 744 14.64 LiC104 ·3H 2O
+ NaC104 ·H20

11 6.10 59.86 2.35 20.07 1.684 14.36 ..
12 5.96 60.19 2.31 20.26 1.655 14.52 ..

13 5.76 60.21 2.22 20.20 1. 591 14.45 NaC104·H20

14 0.38 66.99 0.15 23.16 0.109 16.77 ..
15 - 67.89 - 23.73 - 17.27 ..

a Value. c.lcul.t.d by C.C. Ho.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isoth.rm.l method w.s u.ed.
Equilibrium w.s r ••ched .tt.r 6-8
d.ys. Li+ w.s det.rmin.d by the

periodat. method, C104 by pr.ci­
pitatinl with nitron. Th. compo­
sitions ot the .olid ph•••• w.r.
d.termin.d by Schr.in.makers' method

ot residue•• Th. d.nsities, viscosi­
ti•• and r.tractive index.s ot the
s.turated solutions w.re m.a.ured.

SOURCE AND PURITY OF MATERIALS:
No det.ils were liven.

ESTIMATED ERROR:
Nothinl sp.cified.

REFERENCES:
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COMPONENTS:

(1) l.j..t,hiulII. Ilerc:hlorate; LiC104;
17791-C/3,.,9].

(2) Sodlum perchlorate; NaC104 i

[7601-89-0)

(3) Waterj H20; [7732-18-5)

VARIABLES:
One temperature: 323 K

Composition

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Andronova. N.P.

Uch. zap. Yarosl. gos. ped. Inst.

till. 120, 43-6.

PREPARED BY:

R.A. Vas ina

Solubil i ty system LiC104-NaC104-H 2O at 323 K:

Liquid phase composition Solid phase
mass " mol "a molalitya/mol kg- 1

( 1 ) ( 2 ) (1 ) ( 2 ) (11 ( 2 )

45.28 - 12.29 - 7.778 - LiC1O~.3H20

40.63 7.37 11. 47 1.81 7.344 1.158
39.05 10.60 11.30 2.67 7.290 1. 719 "
31. 58 22.06 9.73 5.91 6.403 3.886 "
25.78 31. 62 8.46 9.01 5.688 6.062 Of

21. 43 40.55 7.62 12.53 5.298 8.711 "
17.01 49.98 6.66 17.01 4.844 12.366 "
13.45 56.91 5.65 20.78 4.265 15.681 "

13.29 57.72 5.66 21. 37 4.309 16.261 LiC104 ·3H?,O + NaC104
13.28 57.75 5.66 21.39 4.309 16.281
13.28 57.74 5.66 21. 39 4.307 16.272 Of

13.28 57.83 5.67 21.46 4.321 16.349 "

10.42 60.62 4.4~ 22.50 3.382 17.096 NaC:04
9.75 .61.83 4.22 23.23 3.225 17.768
5.44 66.87 2.40 25.59 1. 847 19.723 "

3.26 70.07 1. 47 27.47 1.149 21.458 NaC104 ·H 2O
- 73.75 - 29.25 - 22.946 ..

a Compiler's calculation

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method was used.
SOURCE AND PURITY OF MATERIALS:

Details Not stated.
of saturation were not given. The com-

position of solid phases was deter- ~--------------------------------1

mined graphically by Schreinemaker's ESTIMATED ERROR:
method of "residues". Not stated.

REFERENCES:



COMPONENTS:

(1) Lithium perchlorate; LiCI04 ;
[7791-03-9]

(2) Potassium perchlorate: KCI04 :

[7778-74-7]
(3) Water: H20: [7732-18-5]

~

VARIABLES:
One temperature: 298 K.

Composition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Voronina, T.N.

Sb. Tr. Yarosl. Gas. Ped. Inst.

~, 66, 132-7.

PREPARED BY:
E.S. Gryzlova
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Liquid phase composition Solid

mass " mol "a molali tya /mol kg- 1 phase

Point ( 1 ) (2 ) (1 ) (2 ) (1 ) (2 )

1 - 2.05 - 0.2714 - 0.1511 K~104
2 2.29 1.27 0.400 0.170 0.223 0.0950
3 6.41 0.70 1.154 0.0968 0.649 0.0544 ..
4 11.84 0.68 2.238 0.0987 1. 272 0.0561 ..
5 14.83 0.67 2.883 0.1000 1.650 0.0572 ..
6 17.46 0.64 3.481 0.0980 2.004 0.0564 ..
7 26.95 0.50 5.913 0.0842 3.492 0.0497 ..
8 23.30 0.40 4.914 0.0648 2.870 0.0378 ..
9 26.12 0.37 5.672 0.0617 3.340 0.0363 ..
10 31.67 0.18 7.293 0.0318 4.368 0.0191 ..
11 37.50 0.19 9.245 0.0360 5.657 0.0220 KCI04 +

LiCI04 ·3H2O
12 37.48 0.197 9.239 0.0373 5.653 0.0228 ..
13 37.49 0.19 9.242 0.0360 5.654 0.0220 ..
14 37.52 0.19 9.252 0.0360 5.662 0.0220 ..

15 37.70 - 9.295 - 5.688 - L1CI04 ·3H2O

a Values calculated by C.C. Ho.

AUXILIARY INFORMATION

f---------------.----r--------------.-;
METHOD/APPARATUS/PROCEDURE:

The isothermal method was used.

Equilibrium was reached after 3-4

days. The salt concns were calculated

using the data of chemical analYsis.

K+ was determined gravimetrically by
the tetraphenylborate method: Li+ by

the volumetric periodate method:

CI04 by difference. The compositions

of the solid phases were determined

by Schreinemakers' method of residues

and then confirmed under a mic~oscope.

The densities, viscosities of the

saturated solutions were measured.

SOURCE AND PURITY OF MATERIALS:
Lithium and potassium perchlora­

tes were reagent grade. They were

further purified by recrystalli- .

zation.

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
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COMPONENTS:

(11 Lithium perchlorate; LiCl04 ;

(7791-0J-9]
(~I Ammonium perchlorate; NH 4Cl04 ;

[7790-98-9]

(31 Water; H20; [7732-18-5]

VARIABLES:
Temperature: 298 K

Composition

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Ganlna, G.I.

Uch. Zap. Yarosl. Gas. Ped. Inst.

ill.a, 66, 101-6

PREPARED BY:
N.A. Kozyreva

EXPERIHENTAL VALUES:

Solubility system : NH 4ClO4-LiClO4-H 2O at 25 0 C

Liquid phase composition Solid
Point mass " mol "a molalitya/mol kg- 1 phase

(1) (2 ) ( 11 ( 2 ) ( 1 ) ( 21

1 - 19.96 - 3.683 - 2.123 NH 4ClO4
2 1.39 18.82 0.284 3.481 0.164 2.008 "
3 2.59 18.22 0.532 3.390 0.307 1.958 "
4 5.72 15.23 1.176 2.836 0.680 1.640 "
5 8.54 12.64 1. 759 2.358 1.018 1. 365 "
6 12.24 9.36 2.530 1.752 1.467 1.016 "
7 16.41 7.34 3.467 1.404 2.023 0.819 "
8 20.82 5.89 4.536 1.162 2.670 0.684 "
9 25.98 4.49 5.896 0.923 3.512 0.550 "

10 32.68 3.61 7.928 0.793 4.821 0.482 "
11 35.95 3.24 9.033 0.737 5.557 0.453 NH 4Cl04 + LiClO4 ·3H2O
12 35.74 2.93 8.922 0.662 5.478 0.407 "
13 35.79 2.95 8.942 0.667 5.491 0.410 "
14 35.61 2.94 8.877 0.664 5.447 0.407 "
15 35.76 2.97 8.934 0.672 5.486 0.413 "
16 35.43 2.94 8.812 0.662 5.404 0.406 "
17 36.18 1.99 8.975 0.447 5.500 0.274 LiClO4·3H20
18 36.49 1. 25 9.003 0.279 5.509 0.171 "
19 37.30 - 9.152 - 5.592 - "

a Editors' calculations.

AUXILIARY INFORHATION

HETHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF HATERIALS:
Isothermal solubility. Details ot Not stated.

saturation method were not given. NH~ ~---------------------------------------------~
was determined by distilling ott NH 3 ESTIHATED ERROR:

into 4" H3B03 solution and then ti- Not stated.

trating with 0 •2 mol dm-3 H2504 ; 1-------------------------------------1
ClO; was determined by nitron preci- REFERENCES:
pitation ; Li+ by ditterence. The None.

compositions ot the solid phases were
determined by Schreinemakers' method

ot "residues". The densitios, visco-

sities and electric conductivities ot
the saturated solution. were measured



COMPONENTS:
(1) Lithium perchlorate; LiCl04 ;

[7791-03-9)
(2) Ammonium perchlorate: NH4Cl04;

[7790-98-9)
(3) Water; H20: [7732-18-5)

VARIABLES:
One temperature: 303.15 K.
Composition.

ORIGINAL MEASUREMENTS:
Aravamudan. G.

Ind. J. CheDl. Uli. 43.

475-507.

PREPARED BY:
C.Y. Chan

71

EXPERIMENTAL VALUES:

Solubility system LiC104-NH4C104-H20 at 303.15 K :

Solution composition Solid
mass " mol "a molalitya/mol kg- 1 phase

(1) (2 ) (1 ) (2 ) ( 1) ( 2)

38.87 - 9.72 - 5.977 - LiCl~4·3H20
38.23 1.457 9.66 0.3334 5.958 0.2056
37.85 2.591 9.66 0.5986 5.973 0.3703 LiCI04 ·3H 2O

+ NH 4ClO4
36.22 2.880 9.09 0.6545 5.590 0.4025 NH4~104
30.22 4.228 7.175 0.9090 4.333 0.5490
22.99 6.563 5.167 1.336 3.067 0.7929 "
17.24 9.046 3.742 1.778 2.198 1\045 "
15.42 10.20 3.324 1.991 1.949 1.117 "
10.50 13.31 2.222 2.551 1.295 1.487 "

4.96 17 .55 1.037 3.321 0.602 1.928 "- 22.00 - 4.146 - 2.401 "
a Compiler'. calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Saturated solutiona were variously prepa~ed aa tollows:
(i) addition ot LiCl04 .3H20 cryatala to .atd NH 4C104 .olution. at 30oC;
(ii) trom admixture ot water and cryatal. ot both salts;
(iii) alow evaporation ot solutions containing both salta at 300 C until
alightly beyond the point ot incipient crystallization.
They were then agitated continuoualy at 30.00 0 C until equilibrium was
attained. ,enerally atter leaa than 24h. Saturated solution. were then
.eparated troll the solid pha•••• whose compositions were ascertained uaing
Schreinellakera' lIethod. Alllloniull ion waa analyaed u.ing the tormalin
lIethod (ret.1) and lithiull by wei,hin. aa sulphate atter volatilization of
ammonia and perchorate u.in. aulphuric acid.

SOURCE AND PURITY OF MATERIALS:
LiCl04 .3H20 waa prepared trom dilute HC104 and Li 2C03 and NH 4C104 troll
ammonia and HC104 • No details ot purity ot startin, materials were ,iven.

ESTIMATED ERROR: REFERENCES:
Temp. preciaion: ± 0.02 K. 1. Stockdale. D. Analyst lili. 84. 667.
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COMPONENTS:
(1) Lithium perchlorate; LiCl04 ;

[1791-0'3-1I )
(2) Ammonium perchlorate; NH 4Cl04 i

[7790-98-S)
(3) Water; H20; [7732-18-5)

VARIABLES:
Temperature: 308 K
Composition

ORIGINAL MEASUREMENTS:
Guseva, A.D.; Lepeshkov, I.N.

Uch. Zap. Yarosl. Gas. Ped. Inst.

.l.i§.i, 66, 3-22

PREPARED BY:
1.5. Bodnya ; N.A. Kozyreva

EXPERIMENTAL VALUES:
Solubility system : NH 4Cl04-LiCl04-H 2O at 35 0 C

Liquid phase composition Solid

, Point mass " mol "a molali tya/mol kg- 1 phase
( 1 ) (2 ) ( 1 ) (2) (1) (2 )

1 - 22.43 - 4.246 - 2.461 NH 4Cl04
2 3.34 20.62 0.709 3.964 0.413 2.308 ..
3 4.80 19.46 1.022 3.752 0.596 2.187 ..
4 9.90 15.90 2.141 3.113 1.254 1.824 ..
5 17.15 11.35 3.814 2.286 2.255 1.351 ..
6 21.20 9.42 4.824 1.941 2.872 1.156 ..
7 25.76 7. 31 6.024 1.548 3.618 0.930 ..
8 30.05 5.00 7.187 1.083 4.349 0.655 ..
9 31.40 4.66 7.599 1.021 4.616 0.620 ..

10 35.13 3.62 8.780 0.819 5.391 0.503 ..
11 39.80 2.43 10.39 0.574 6.476 0.358 NH 4Cl04 + LiCl04 ·3H20
12 40.10 2.19 10.47 0.518 6.531 0.323 ..
13 40.35 1. 99 10.54 0.471 6.578 0.294 ..
14 40.38 2.17 10.58 0.515 6.607 0.321 ..
15 40.7'0 1.88 10.67 0.446 6.662 0.279 LiCl04 ·3H2O
16 40.80 0.97 10.58 0.228 6.586 0.142 ..
17 41.09 - 10.56 - 6.556 - ..

a Editors' calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE;

Isothermal method. Details of satu­
ration were not given. Li+ was
determined by precipitating as

lithium zinc uranyl acetate; NH4 by
distillation of NH3; Cl04 by
difference.

SOURCE AND PURITY OF MATERIALS:
The chemically pure salts were

further purified by recrystalli­
zation. The hydrate of lithium
perchlorate was dehydrated.

ESTIMATED ERROR:
Not stated.

REFERENCES:
None.



COMi'ONENTS:
(1) Lithium perchlorate; LiC104 ;

l7191-03-91
C2) Thallium perchloratej T1C104 ;

[13453-40-2]
(3) Waterj H20j [7732-18-5]

VARIABLES:
One temperature: 298 K.
Compollition.

EXPERIMENTAL VALUES:
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ORIGINAL MEASUREMENTS:
Ivanov, S.A.j Smirnov, V.N.

Uch. Zap. Yarosl. Gos. Ped. Inst.

lila, 203, 33-5.

PREPARED BY:
N.A. Vallina

Liquid phalle composition Solid

mallll " IDol "a molalitya/lDol kg- 1 phase
Point (1) (2 ) (1 ) (2 ) (1 ) (2 )

1 - 14.09 - 0.9631 - 0.5398 Tl~104
2 9.35 5.26 1.814 0.357 1.029 0.203
4 18.67 3.33 3.886 0.243 2.250 0.141 ..
5 28.17 1.99 6.383 0.158 3.791 0.0938 ..
6 36.76 1. 78 9.182 0.156 5.622 0.0953 ..
7 37.14 1. 70 9.310 0.149 5.708 0.0915 TlC104 +

LiC104 ·3H 2O
9 36.92 1.58 9.215 0.138 5.643 0.0846 ..

10 37.12 1.83 9.320 0.161 5.715 0.0987 LiC~04·3H20
11 37.78 - 9.323 - 5.707 -

a Value II calculated by C.C. Ho.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
No detail. were given.

SOURCE AND PURITY OF MATERIALS:
Nothing IIpecified.

ESTIMATED ERROR:
Nothing IIpecified.

REFERENCES:
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COMPONENTS:
(1) Lithium perchlorate; LiCI04 ;

[7791-03-9)
(2) Calcium perchlorate; Ca(CI04 )2:

(13477-36-6 )
(3) Water: H20; (7732-18-5)

VARIABLES:
'One temperature: 298 K
Composition.

EXPERIMENTAL VALUES:

ORIOINAL MEASUREMENTS:
Ivanov, S.A.

Uch. Zap. Yarosl. Gos. P~d. Inst.

ll1.l, 95, 11-13

PREPARED BY:
Kozyreva, N.A.

Liquid phase composition Solidb

phase

mass " mol "a molalitya/mol k,-l
( 1 ) (2 ) ( 1 ) (2 ) ( 1 ) (2 )

37.52 0.00 9.230 0.00 5.644 0.000 A
29.56 11. 73 7.748 1,369 4.733 0.836 A
14.24 31.58 4.089 4.037 2,470 2,439 A
10.18 39.44 3,130 5.398 1,899 3.276 A

8.89 48.35 3.14 7.608 1. 954 4.731 A + B

3.26 52.71 1.14 8.183 0.696 5.009 B
0.00 65.50 0.00 12.52 0.00 7.944 B

a Compiler's calculations. b A • LiC104 .3H20

B • Ca(Cl04)2.4H20

The solid phases at the isothermal double *aturation point are

Ca(CI04)2.4~20 and LiCI04.3H20.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method. Conditions ot
saturation were not given. The
chemical, thermographic and X-ray
powder analyse. were employed.

SOURCE AND PURITY OF MATERIALS:
Not atated.

ESTIMATED ERROR:
Not stated.

REFERENCES:



COMPONENTS:

(1) Lithium perchlorate; LiCl04 ;
l7791-03'-9]

'(~2) B'ar'iulII' perchlorate; Ba( Cl04 )2;

[13465-95-71

(3) Water; H20; [7732-18-51

VARIABLES:
One temperature: 298 K
Composition

75

ORIGINAL MEASUREMENTS:
Ganina, G.I.; Pisarenko O.N.

Uch. Zap. Yarosl. Gos. Ped. Inst.

llli. 154, 41-4.

PREPARED BY:
N.A. Kozyreva

EXPERIMENTAL VALUES:

Solubility system: Ba(Cl04)2-LiCl04-H20 at 25 0 C

Liquid phase composition Solid
mass " mol "a molalitya/mol kg- 1 phase

(1 ) (2 ) (1) (2 ) (1 ) (2)

37.34 9.166 5.601 LiCl04,~3H2O
29.90 15.77 8.405 1.403 5.173 0.863
19.52 33.43 6.339 3.435 3.900 2.113
14.71 42.96 5.286 4.885 3.270 3.018
11.49 51. 21 4.634 6.534 2.895 4.083
6.16 58.24 2.623 7.847 1.626 4.865 LiCl04 .3H 20 + Ba(~l04)2·3H20

5.25 60.06 2.291 8.294 1.423 5.149 Ba(C~04)2·3H20
1. 41 62.17 0.597 8.330 0.364 5.077

62.63 8.240 4.984

a Editors' calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE
The isothermal method was used.
The densities and viscosities ot the
saturated solutions were measured. No

description ot the chemical analysis
was given but literature reterences
were cited [1,2].

SOURCE AND PURTTY OF MATEkIALS:
Not stated.

ESTIMATED ERROR:

Not stated.

REFERENCES:
1. Hillebrand, W.F.; Lundell, a.

G.E.F. Appl. Inor,. Anal.,
New-York-London, Wiley, ~.

2. Pribil,R. Komplexone in der

chemischen Analyse. Berlin,
Deut. Verl. der WisHens., ~.

COMMENTS AND/OR ADDITIONAL DATA:
The solubility isotherm (mass X)

is shown below. The eutnnic com­
position is 6.16 "liCl04 , 58.24

" Ba(Cl04 )2 and 35.60 X H20.

20
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COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

[7791-u3-9]
(2) Manganese perchlorate; Mn(C104 )2;

[13770-16-6]
(3) Water; H20; [7732-18-5]

VARIABLES:
One temperature: 298 K.

Composition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Ganina, G.I.

Sb. Tr. Yarosl. Gos. Ped. Inst.

lill, 164, 58-60.

PREPARED BY:
E.S. Gryzlova

Liquid phase composition Sol1db

mass " mol "a molalitya/mol kg- l phase

Point ( 1 ) ( 2 ) (1) (2 ) (1) (2 )
1 37.34 - 9.166 - 5.601 - A
2 34.81 4.23 8.777 0.447 5.367 0.273 A
3 30.87 9.07 7.928 0.976 4.831 0.595 A
4 26.43 13.00 6.784 1.399 4.101 0.8455 A
5 23.72 16.91 6.219 1.858 3.755 1.122 A
6 20.48 21.19 5.478 2.376 3.300 1.431 A
7 13.83 30.76 3.907 3.642 2.346 2.187 A
8 9.60 39.25 2.926 5.014 1.784 3.023 A
9 5.30 44.36 1.650 5.789 0.990 3.472 A

10 4.02 47.74 1. 301 6.477 0.783 3.899 A

11 3.38 49.95 1.13 6.980 0.681 4.216 A + B

12 1. 54 50.84 0.506 7.008 0.304 4.206 B
13 - 51.91 - 7.116 - 4.252 B

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The i80thermal method was u8ed.
The comp08ition8 of liquid phases
and re8idue8 were analY8ed for
perchlorate ion (ref. 1) and
mangane8e ion (ref. 2). Densities
and visc08itie8 of the solutions
were lIea8ured.

SOURCE AND PURITY OF MATERIALS:
No detai18 were given.

ESTIMATED ERROR:
Nothing 8pecified.

REFERENCES:
1. Hillebrand, W.F.; Lundell, G.

E.F. Applied Inor6an1c AnalT­
sis, 2nd edi, New York, Wiley,

lll1.
2. Pribil, R. Ko_plexone in der

che_ischen AnalTse, Berlin,

Ull.



COMPONENTS:

(1) Lithium perchlorate: LiCl04 :

["7'191-03-9)

(2) Cobalt perchlorate; Co(Cl04 )2;

[13455-31-7)
(3) Water; H20: [7732-18-5)

VARIABLES:

One temperature: 298 K.
Composition.

ORIGINAL MEASUREMENTS:
Druzhinina, G.V.: Guseva, A.D.

Sb. Tr. Yarosl. Gas. Ped. Inst.

.li.lQ. 79. 32-5.

PREPARED BY:
E.S. Gryzlova

77

EXPERIMENTAL VALUES:

Solubility system LiCl04-Co(Cl04)2-H20 at 25 0 C :

Liquid phase composition Sol1d b

mass " mol "a molalitya/mol kg- 1 phase

Point (1 ) (2 ) (1 ) (2 ) ( 1 ) ( 2)

1 37. 53 - 9.23 - 5.647 - A
2 30.73 8.02 7.765 0.836 4.716 0.508 A
3 26.11 13.60 6.733 1. 447 4.071 0.875 A
4 17. 75 23.74 4.758 2.626 2.851 1. 574 A
5 13.24 32.71 3.827 3.902 2.302 2.347 A
6 6.67 43.72 2.10 5.679 1. 264 3.418 A

7 5.29 46.64 1. 715 6.240 1.034 3.763 A + B
8 5.41 46.48 1. 752 6.213 1.057 3.747 A + B

9 4.54 47.90 1.488 6.477 0.897 3.906 B
10 - 51. 93 - 7. 018 - 4.190 B

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Co2+ was determined by complexo­
metric titration; Cl04 by precipi­

tating with nitron. The compositions

of the true solid phases were
determined by Schreinemakers' method

of residues.

SOURCE AND PURITY OF MATERIALS:

Nothing stated.

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
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COMPONENTS:

/1) Lithium perchlorate; LiC104;
r7791-0:S-9)

(2) Nickel perchloratei Ni(C104 )2 i
[ 13637-71-3)

(3) Water; H20; [7732-18-5)

VARIABLES:
One temperature: 298 K.

Composition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Druzhinina, G.V.; Guseva, A.D.

Uch. Zap. Yarosl. Gos. Ped. Inst.

lJUQ. 79, 32-5.

PREPARED BY:
E.S. Gryzlova

Liquid phase composition Solidb

mass " mol "a molalitya/mol kg- 1 phase

Point ( 1) ( 2) (1 ) ( 2) ( 1) ( 2)

1 37.58 - 9.252 - 5.659 - A
2 32.96 4.97 8.208 0.511 4.991 0.311 A
3 28.41 11.02 7.272 1.165 4.409 0.706 A
4 21.11 20.22 5.615 2.221 3.382 1.338 A
5 14.40 29.12 4.000 3.341 2.396 2.001 A
6 10.33 36.90 3.063 4.519 1. 840 2.714 A
7 7.86 41.11 2.410 5.205 1.448 3.127 A

8 6.62 45.15 2.135 6.013 1.290 3.634 A + B
9 6.76 45.03 2.180 5.998 1.318 3.626 A + B

10 3.19 47.98 1.025 6.364 0.614 3.814 B
11 - 52.05 - 7.056 - 4.214 B

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Ni 2+

was determined by complexometric

titration. C104 by precipitating

with nitron. The compositions of the
true solid phases were determined by

Schreinemakers' method of residues.

SOURCE AND PURITY OF MATERIALS:

Nickel perchlorate was synthesized

from nickel carbonate by treating

the latter with perchloric acid

followed by recrYstallization.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



COMPONENTS:
(1) Lithium perchloratei LiC104 i

[7791-03-9]

(2) Copper perchlorate; CU(C10~)2i

[13770-18-8)
(3) Water; H20; (7732-18-5)

VARIABLES:
One temperature: 298 K.
Composition.

EXPERIHENTAL VALUES:
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ORIGINAL MiASUREMENTS:
Karnaukhov, A.S.; Kosheleva, N.l.;

Pisarenko, O.N.

Sb. Nauch. Tr. Yarosl. Gas. Ped.
Inst., llll, 144, 3-7.

PREPARED BY:
E.S. Gryzlova

Liquid phase composition Sol1db

mass " mol "a molal1 tya/mol kg- 1 phase

Point (1 ) (2 ) ( 1 ) (2 ) (1 ) (2 )

1 37.58 - 9.252 - 5.659 - A
2 34.37 4.18 8.615 0.425 5.257 0.259 A
3 29.60 6.60 7.236 0.654 4.361 0.394 A
4 23.10 12.10 5.625 1.194 3.351 0.7115 A
5 17.33 19.50 4.351 1. 985 2.579 1.176 A
6 14.26 22.80 3.608 2.339 2.130 1.380 A
7 12.29 28.10 3.271 3.032 1. 938 1. 796 A
8 10.00 32.50 2.757 3.632 1.635 2.154 A
9 8.94 40.00 2.737 4.963 1. 646 2.985 A

10 7.62 49.30 2.702 7.087 1. 663 4.360 A + B
11 8.0C 49.25 2.85 7.110 1. 759 4.390 A + B

12 2.94 51.40 1.00 7.101 0.605 4.289 B
13 - 63.20 - 10.55 - 6.544 B

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
The isothermal method was used.

Equilibrium of the saturated
solutions was reached in 2h. Cu2+
was determined spectrophotome­

tricallYi C104 gravimetrically by
precipitating with nitroni Li+ was
determined by difference.

SOURCE AND PURITY OF HATERIALS:
No details were given.

ESTIHATED ERROR:
Nothing specified.

REFERENCES:
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COMPONENTS:

(1) Lithium perchlorate; LiC104 ;
[7791-03-9)

(~) Cerlum perchlorate; Ce(C104 )3;

[14017-47-1)

(3) Water; H20; [7732-18-5)

VARIABLES:

One temperature: 298 K.
Composition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Druzhinina. G.V.; Rybina. T.V.

Uch. Zap. Yarosl. Gas. Ped. Inst.

l.lli. 154. 52-5.

PREPARED BY:

N.A. Vasina

Solubility system LiC104-Ce(C104 )3-H20 at 25 0 C :

Liquid phase composition Solidb

mass " mol "a molali tya/mol kg- 1 phase

Point (1 ) ( 21 ( 1 ) (2 ) ( 11 (2 )

1 37. 34 - 9.17 - 5.601 - A
2 30.69 5.04 7.459 0.297 4.488 0.179 A
3 22.57 17.80 5.955 1.139 3.558 0.681 A
4 17.24 24.94 4.727 1. 659 2.803 0.984 A
5 9.44 39.50 2.945 2.990 1.738 1.764 A
6 6.63 47.42 2.290 3.974 1. 356 2.354 A
7 4.06 59.38 1. 732 6.147 1.044 3.704 A

8 3.35 64.05 1.585 7.351 0.966 4.481 A + B
9 3.16 64.14 1.492 7.347 0.908 4.473 A + B

10 - 64.78 - 7.026 - 4.195 B

a Values calculated by C.C. Ho; b A .. LiC104 ·3H2O; B = CeIC104 )3· 9H 20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used.

Equilibrium was reached after 1-2

days. C104 was determined gravime­

trically by precipitating with

nitron, Ce3+ by titrating with

Trilon B using the indicator

xylenol orange.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:



COMPONENTS:
(1) Lithium perchlorate; LiCl04;

[7791-03-9]
(2) Gadolinium perchlorate;

Gd(Cl04 )3; [14017-52-8]
(3) Water; H20; [7732-18-5]

VARIABLES:
One temperature: 298 K.
Composition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Rybina, T.V.; Druzhinina, G.V.

Sb. Tr. Yarosl. Gas. Ped. Inst.

u.n, 169, 26-8.

PREPARED BY:
E.S. Gryzlova
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Liquid phase composition Solid
mass " mol "a molalitya/mol kg- l phase

Point (ll (2 ) (1 ) (2 ) (1) (2 )

1 37.34 - 9.166 - 5.601 - LiC~04·3H20
2 26.16 11. 73 6.611 0.6922 3.959 0.4145
3 15.10 27. 36 4.179 1. 768 2.467 1.044 "
4 10.74 35.03 3.167 2.412 1.862 1. 418 "
5 6.07 44.45 1. 967 3.363 1.153 1.972 "

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used.
Samples of liquid phases and residues
were taken one or two days after a

second salt was added and then analy­

sed. C104 was determined gravimetri­
cally as nitron perchlorate (ref. 1).
Gd 3+ by complexometric titration with

Trilon B in the presence of xylenol
orange with urotropin buffer
(ref. 2).

SOURCE AND PURITY OF MATERIALS:
Gadolinium perchlorate was pre­
pared in the laboratory (ref. 3).
Analysis revealed the gadolinium

perchlorate and water contents

to correspond to Gd(C104)3.9H20.

ESTIMATED ERROR:

Temperature: ± O.loC.
Solubility : Nothing specified.

REFERENCES:
1. Muller, G. Praktlkum der Quan­

tltatlven Chemlschen Analyse,
Leipzig, lill, 328.

2. Nikolayev (ed) A Short Course

of Radlochemlstry, Vysshaya sh­
kola, Moscow liii (in Russian).

3. Paraguzova, T.V.; Druzhinina,
G.V. Sb. Tr. Yarosl. Gas. Ped.

Inst. 1i11, 164, 62.
(continued next pager
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COMPONENTS:
(1) Lithium perchlorate; LiC104 ;

[7791-03-9]

(2) Gadolinium perchlorate;

Gd(Cl04 )3; [14017-52-8]

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:
Rybina, T.V.; Druzhinina, G.V.

Sb. Tr. Yarosl. Gos. Ped. Inst.

lila, 169, 26-8.

Liquid phase composition Solid

mass " mol "a molalitya/Dlol kg-1 phase

Point (1 ) (2 ) (1 ) (2 ) (1 ) (2)

6 2.07 52.28 0.729 4.301 0.426 2.514 LiCt,°4· 3H20
7 2.09 55.27 0.783 4.837 0.461 2.845

8 0.89 61.18 0.372 5.973 0.221 3.540 LiC104 ·3H20 +

Gd(C104 )3· 9HZO

9 0.93 61.28 0.390 6.002 0.231 3.559 "
10 0.90 61.04 0.375 5.941 0.222 3.520 "

11 64.62 6.736 4.009 Gd(C104 )3,9H2O

a Values calculated by C.C. Ho.

COMMENTS/ADDITIONAL DATA:
The solubility isotherm (see Figure below) shows a strong salting-out

action of gadolinium perchlorate.

mass "



COMPONENTS:
(1) Lithium perchlorate; LiCl04 ;

[7791-03-9]

(2) Terbium perchlorate;

Tb(Cl04 )3; [14014-09-6]

(3) Water: H20: [7732-18-5]

VARIABLES:

One temperature: 298 K.

Composition.

ORIGINAL MEASUREMENTS:
Andronova, N.P.

Sb. Hauch. Tr. Yarosl. Gos. Ped.

Inst. ~. 144, 24-6.

PREPARED BY:

I.S. Bodnya
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EXPERIMENTAL VALUES:

Solubility system LiCl04-TbICl04)3-H20 at 25 0 C :

Liquid phase composition Solidb

mass " mol "a molalitya/mol kg- 1 phase

Point ( 1 ) (2) ( 1 ) (2 ) (1) (2 )

1 37.66 - 9.280 - 5.678 - A
2 24.17 18.87 6.623 1.203 3.988 0.7245 A
3 19.87 24.26 5.590 1. 588 3.343 0.9496 A
4 18.16 28.62 5.355 1.964 3.207 1.176 A
5 11. 82 38.20 3.742 2.814 2.223 1. 671 A
6 4.61 50.70 1.645 4.208 0.970 2.481 A
7 3.09 56.48 1. 212 5.153 0.718 3.055 A
8 2.10 60.25 0.881 5.878 0.524 3.500 A

9 3.19 62.87 1.462 6.702 0.883 4.051 A + B
10 3.42 62.53 1. 561 6.641 0.944 4.016 A + B
11 3.05 62.54 1. 38 6.590 0.833 3.975 A + B

12 1. 63 63.73 0.737 6.709 0.442 4.023 B
13 - 64.21 - 6.602 - 3.923 B

a Values calculated bf e.c. Ho; b A =

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used.

Cl04 was determined gravimetrically

as nitron perchlorate. Tb 3+ was

determined by complexometric

titration with Trilon B in the
presence of indicator xylenol

orange with urotropin buffer.

SOURCE AND PURITY OF MATERIALS:

Terbium perchlorate was prepared

by heating terbium nitrate and

then dissolving the terbium oxide

in 56" perchloric acid. The salt

was recrystallized from distilled

water and washed with chloroform.
After desiccating over P205 , the

salt contained 72.52 mass"

Tb1Cl04 )3

-
ESTIMATED ERROR:

Nothing specified.

REFERENCES:



ORIGINAL ~EASUREMENTS:

Ganina, G.I.: Karnaukhov, A.S~:

Lepeshkov, I.N.
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COMPONENTS:

(1) Lithium perchlorate: LiC104i

[7791-03-91

(2) Lithium nitrate: LiN0 3 :

[7790-69-4)

(3) Water: H20: [7732-18-5]

Zh. Neorg. Khim.

2825-7; *Russ.
( Engl. Transl.
1469-70.

ill.Q., 15,

J. [norg. Chem.,
) ill.Q., 15,

VARIABLES:

One temperature: 298 K.

Composition.

EXPERIMENTAL VALUES:

Andronova, N.P.j Ganina, G.I.

Sb. Tr. Yarosl. Gos. Ped. Inst.

illl, 78, 55-8.

PREPARED BY:

C.Y. Chan, 1.5. Bodnya

Solubility system LiC104-LiN03-H2O at 25 °c :

Solution composition Solid
mass " mol "a molalitya/ mol kg- 1 phase

(11 ( 21 ( 1) ( 2) ( 1 ) ( 21
37.34 - 9.17 - 5.601 - LiC~04·3H20
35.52 2.40 8.75 0.91 5.378 0.561
32.88 5.68 8.13 2.17 5.030 1.341 "
30.19 8.41 7.44 3.20 4.622 1. 987 ..
26.79 11.98 6.58 4.54 4.113 2.838 "
25.04 14.29 6.18 5.44 3.879 3.416 "
21.32 18.23 5.25 6.92 3.315 4.374 "
17.91 22.28 4.417 8.48 2.815 5.403 "
15.47 26.78 3.889 10.39 2.518 6.726 "
13.41 30.98 3.441 12.27 2.267 8.08 "
10.29 36.82 2.712 14.97 1.829 10.10 "
7. 86 39.69 2.075 16.17 1. 409 10.98 "
7. 68 42.43 2.086 17.80 1. 447 12.34 "

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Details of saturation method were

not given. The composition and

nature of the solid phases were

determined using Schreinemakers'

method, chemical analysis and X-ray

and optical crystallography methods.

Nitrate was determined using Devar­

da's method (no ref. givenl, lithium

by lithium zinc uranyl acetate pre­

cipitation (ref.l), and perchlorate

by difference.

SOURCE AND PURITY OF MATERIALS:

No information given.

r------------------!
ESTIMATED ERROR:

Not stated.

REFERENCES:

1. Gruttner, B. Z. Analyt. Chem.

lll.ll, 133, 40.

(continued next pagel



ORIGINAL MEASUREMENTS:

Ganina, G.I.; Karnaukhov, A.S.;

Lepeshkov, I.N.

COMPONENTS:
(1) Lithium perchlorate; LiCl04 ;

[7791-03-9]

(2) Lithium nitrate; LiN03 ;

[7790-69-4]

(3) Water; H20; [7732-18-5]

Zh. Neorg. Khim.

2825-7; "Russ.
( Engl. Transl.

1469-70.

llli, 15,

J. Inorg. Chem"
) lj,lQ, 15,
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Andronova, N.P.; Ganina, G.I.

Sb. Tr. Yarosl. Gos. Ped. Inst.

l.lU.Q., 78, 55-8.

EXPERIMENTAL VALUES: (continued)

Solubility system LiCI04-LiN03-H20 at 25 °c

Solution composition Solid

mass " mol "a molal1 tya/ mol kg- l phase

(1) (2) /ll (2) (1 ) (2 )

7.66 42.35 2.080 17. 75 1.440 12.29 LiCI04 ·3H 20 +

LiN03 ·3H2O

7. 83 42.11 2.125 17.64 1. 470 12.20 "
7. 55 42.78 2.058 17.99 1.429 12.49

7.71 42.53 2.100 17.87 1. 456 12.40 L1N~3' 3H 2O
4.51 44.61 1. 206 18.42 0.833 12.72
2.76 45.52 0.729 18.56 0.502 12.77

46.99 18.81 12.86

COMMENTS ANP/OR ADPITIONAL PATA
LiN03

mass %

Isothermal phase diagram for the system LiCl04-LiN03-H20 at 25 °c :
region a - unsaturated sIn mixt'Jre.

~ - mixed sln (LiCl04 satd ) + so~id LiCI04 .3H20.

c mixed sln (LiN0 3 satd ) + solid LiN03 .3H 20;

d - mixed sln (both salts satd ) + solid

LiCl04.3H20 + solid LiN03 .3H 20.
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COMPONENTS:

( 1 ) Li thium perchlorate; LiCl04 i

[7791-03-9J

(2) Lithium nitrate; LiN0 3 ;

[7790-69-4J
(3) Water; H20; [7732-18-5J

ORIGINAL MEASUREMENTS:

Andronova, N.P.

Uch. Zap. Yarosl. Gos. Ped. Inst.

lill, 120, 44-6.

VARIABLES: PREPARED BY:

One temperature: 323 K. N.A. Vas ina

Composition.

EXPERIMENTAL VALUES:

Solubility system LiN03-LiClO4-H 2O at 50 0 C :

Liquid phase composition Solid

mass " mol "a molalitya/mol kg- l phase

Point ( 1 ) (2 ) ( 1 ) (2 ) ( 1 ) (2 )

1 45.27 - 12.29 - 7. 775 - Li~104·3H20
2 38.08 8.98 10.45 3.801 6.761 2.460
3 35.75 12.74 9.942 5.467 6.524 3.587 ..
4 27.80 20.84 7.653 8.853 5.088 5.885 ..
5 22.90 27.73 6.410 11.98 4.360 8.147 ..
6 12.80 51. 21 4.206 25.96 3.343 20.64 ..
7 12.92 52.07 4.306 26.78 3.469 21.57 LiClO4 ·3H2O

+ LiN03
8 12.70 52.30 4.232 26.89 3.411 21.67 ..
9 13.03 52.17 4.357 26.92 3.519 21.74 ..

10 11. 33 53.32 3.747 27.21 3.013 21.88 L~N03
11 8.30 55.98 2.716 28.26 2.184 22.73
12 4.18 60.03 1.356 30.06 1.098 24.33 ..
13 1. 20 61. 98 0.382 30.43 0.306 24.42 ..
14 - 62.77 - 30.58 - 24.46 ..

a Values calculated by C.C. Ho.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used.

Equilibrium was reached in 6-8 days,

and in the LiN03 crystallization

field in 10 days. The solubility

isotherm was constructed using data

from chemical analysis. Analytical

methods were not stated.

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

ESTIHATED ERROR:

Nothing specified.

REFERENCES:



COMPONENTS:

(1) Lithium perchlorate; LiCI04 ;

177111-03-9)

(2) Lithium chromate; Li2Cr04;

[14307-35-8]
(3) Water; H20; [7732-18-5)

VARIABLES:
One temperature: 298 K.

Composition.

ORIGINAL MEASUREMENTS:

Lepeshkov, I.N.; Ganina, G.I.

Sb. Tr. Yarosl. Gos. Ped. lnst.

~, 66, 96-100.

PREPARED BY:

1.5. Bodnya
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EXPERIHENTAL VALUES:

Solubility system Li2Cr04-LiCI04-H20 at 250 C :

Liquid phase composition Solidb

mass " mol "a molalitya/mol kg- 1 phase

Point (1 ) (2 ) (1 ) (2 ) (1 ) (2)

1 37.34 - 9.166 - 5.601 - A
2 36.24 1.81 8.980 0.367 5.499 0.225 A
3 35.42 3.34 8.859 0.684 5.436 0.420 A
4 32.72 6.74 8.268 1.395 5.080 0.857 A
5 29.62 2.38 6.838 0.450 4.094 0.269 A
6 24.82 14.71 6.300 3.059 3.858 1.873 A
7 16.99 22.01 4.298 4.562 2.618 2.778 A
8 12.50 27.00 3.190 5.644 1. 942 3.436 A
9 7.54 32.79 1.949 6.945 1.188 4.231 A

10 4.81 37.32 1. 275 8.106 0.781 4.966 A
11 2.75 40.97 0.746 9.104 0.459 5.605 A
12 1. 99 42.32 0.544 9.484 0.336 5.851 A
13 1.45 45.90 0.414 10.74 0.259 6.713 A

14 1.56 47.17 0.455 11.27 0.286 7.084 A + B
15 1. 56 47.17 0.455 11. 27 0.286 7.084 A + B
16 1.56 47.17 0.455 11. 27 0.286 7.084 A + B
17 1.56 47.17 0.455 11. 27 0.286 7.084 A + B

18 0.91 48.15 0.27 11. 56 0.168 7. 278 B
19 - 48.88 - 11. 71 - 7.363 B

a Values calculated by C.C. Ho; b A • LiCI04 ·3H2O; B • Li2Cr04·2H20

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used.
Equilibrium was reached atter 5-6

days. The solutions and solid resi­

dues were analysed tor the chromate

ions and lithium ions. The composi­

tions ot the solid phases were deter­

mined by Schreinemakers' method of
residues. The densities, viscosities

and electric conductivities ot the

saturated solutions were measured.

SOURCE AND PURITY OF HATERIALS:
No details were given.

ESTIHATED ERROR:
Nothing opecified.

REFERENCES:
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COMPONENTS:
( 1 ) Lithium perchlorate; LiC104 ;

{7791-03-9j

(2) Lithium chromate; Li 2Cr04;
[14307-35-8]

(3) Water; H20; [7732-18-5]

VARIABLES:
One temperature: 308 K.
Composition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Guseva, A.D.;Lepeshkov, I.N.

Uch. Zap. YaroBl. Gas. Ped. Inst.
~, 66, 3-22.

PREPARED BY:
N.A. Vasina

Liquid phase composition SaUd

mass " mol "a molalitya/mol kg- 1 phase

Point (1 ) (2) (1 ) (2 ) (1) (2)
1 41.09 - 10.56 - 6.556 - LiC~04·3H20
2 38.35 3.34 9.950 0.710 6.182 0.441
3 36.23 4.89 9.339 1.033 5.784 0.639 "
4 32.32 9.41 8.414 2.007 5.214 1.243 "
5 25.51 17.67 6.793 3.855 4.220 2.395 "
6 17.48 25.16 4.639 5.470 2.864 3.377 "
7 7.97 36.09 2.166 8.036 1.339 4.968 "
8 4.01 4~.48 1.130 9.808 0.704 6.113 "
9 1.18 49.36 0.354 12.12 0.224 7.684 LiC104 ·3H20 +

Li2Cr04·2H20
10 1.20 49.19 0.359 12.05 0.227 7.635 "
11 1.22 49.18 0.365 12.05 0.231 7.635 "
12 1.06 49.34 0.317 12.09 0.201 7.660 "
13 1.09 49.48 0.327 12.15 0.207 7.708 "
14 1.02 49.54 0.306 12.17 0.194 7.715 Li2Cf,°4·2H20
15 - 50.56 - 12.42 - 7.874

a Values calculated by e.c. Ho.

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used.
Details of saturation method were
not given. Li+ was determined by

precipitating with lithium zinc

uranyl acetate; CrO~- by iodine
titration; C104 by difference.

SOURCE AND PURITY OF MATERIALS:
Chemically pure salts were further
purified by recrystallization.
Hydrates of lithium salts were
dehydrated.

ESTIHATED ERROR:
Nothing specified.

REFERENCES:
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COMPONENTS: ORIGINAL .MEASUREMENTS:
( 1 ) Lithium perchlorate; LiCI0 4 Smith, a.F.

(7791-03-9)
(2 ) Water; H20i (7732-18-5) J. Am. Chem. Soc. llli, 47,

(3 ) Ethanol ( ethyl alcohol); 762-9.

C2H6O; (64-17-5)

(4 ) Ethyl acetate; C4H80 2 ; (141-78-6)

VARIABLES: PREPARED BY:

One temperature: 298.2 K C.Y. Chan

EXPERIMENTAL VALUES:

Solubility of lithium perchlorate trihydrate in ethanol-ethyl acetate

mlxtures at 25.0 °c :

Volume %

Ethanol (abs) : 0 5 10 20 30 40 50
Ethyl acetate : 100 95 90 80 70 60 50

--- --- --- --- --- -- --
mass %(LiC104 .3H 2Ol a

26.35 - 31.05 33.59 35.10 36.51 37.96

Volume %

Ethanol (abs) : 60 70 80 90 95 100
Ethyl acetate : 40 30 20 10 5 0--- --- --- --- -- ---

mass %(LiC104 .3H 20)a

38.58 39.79 40.84 41.77 - 42.16
-

a Solute and solid phase were the trihydrat.e.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
The experimental technique used was Lithium perchlorate trihydrate was
essentiallY the same as that repor- prepared in the same manner as
ted in ref. 1 ( see compilation ) . that reported in ref. 1.
Duplicate measur~ments were made.

ESTIMATED ERROR:
Temperature ± 0.1 °c . Precision in solY determination not stated.

REFERENCES:
1. Willard, H.H. ; Smith, a.F. J. Am. Chem. Soc. illl., 45, 286.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Lithium perchlorate: LiC104 : Kosheleva. N.I

[7791-03-9)

(2) Magnesium perchlorate; MgIC104 )2 i Sb. Tr. Yarosl. Gas. Ped. Inst.

[10034-81-8) .1Jl.1..1. 164, 5-7.

(3) Hexamethylenetetramine; C6 H12N4 i

[100-97-0)

(4) Water: H20; [7732-18-5)

EXPERIMENTAL VALUES: (continued)

Liquid phase composition Solidb

mass " mol "a phase

Point III (2) (3) III (2) (3)
\

7 6.03 0.22 44.80 1.832 0.0319 10.33 A + B + C

8 10.21 0.35 15.84 2.234 0.0365 2.630 A + C + 0

9 35.58 0.41 4.23 9.076 0.0499 0.819 A + D + E

10 3.63 46.76 1. 56 1.168 7.170 0.381 F + A + E

molalitya/mol kg- l Solidb

Point 11) (2 ) (3) phase

1 - 0.091 6.338 A + B

2 1.285 - 7.514 B + C

3 3.667 - 5.458 C + D

4 5.541 - 1.305 o + E

5 0.461 3.924 - E + F

6 - 3.046 0.154 F + B

7 1.158 0.0201 6.528 A + B + C

B 1. 304 0.0213 1. 535 A + C + D

9 5.594 0.0307 0.505 A + D + E

10 0.710 4.360 0.232 F + A + E

a Values calculated by C.C. Ho:
b A = Mg(C104)2·2CaH12N4·8H20: B = C6H12N4i C = LiC104·2CaH12N4·5H20:

o = LiCl04,C6H12N4.3H20: E = LiCl04 .3H 2O: F = MgIC104 )2· aH 20.

COMMENTS/ADDITIONAL DATA:

The nodal points and monovariant lines of the solubility isotherm Isee

Figure) shows the crystallization fields of six solid phases:

(1) CaH12N4 : (2) LiCl04.2C6H12N4.5H20; (3) LiC104,CaH12N4.3H20;

(4) MgICl04)2.2C6H12N4,8H20: (5) MgICl04)2.6H20 and (6) LiCl04 .3H 20.

(continued next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:
(11 Lithium perchlorate; LiCl04 ; Kosheleva, N.I

[7791-03-9J
(2) Magnesium perchlorate; Mg(Cl04 )2; Sb. Tr. Yarosl. Gos. Ped. Inst.

[10034-81-8J l.lUl, 164, 5-7.
(3) Hexamethylenetetramine; C6H12N4;

(100-97-0J
(4) Water; H20; (7732-18-5J

VARIABLES:
One temperature: 298 K.
Composition.

PREPARED BY:
E.S. Gryzlova

EXPERIMENTAL VALUES:

Solubility system LiClO4-Mg(ClO4)2-C6H12N4-H20 at 25°C :

Liquid phase composition Solidb

mass " mol "a phase

Point ( 1 ) (2 ) (3) ( 1) (2 ) (3 )

1 - 1.06 46.55 - 0.146 10.23 A + B

2 6.24 - 48.10 1.998 - 11.69 B + C

3 18.10 - 35.50 5.673 - 8.444 C + D

4 33.26 - 10.32 8.886 - 2.093 D + E

5 2.55 45.50 - 0.770 6.551 - E + F

6 - 39.96 to 27 - 5.189 0.263 F + B

AUXILIARY INFORMATION

1-----------,--------,-----------------1
METHOD/APPARATUS/PROCEDURE:

The isothermal method was used.
Details not given.

SOURCE AND PURITY OF MATERIALS:
No details were given.

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
1. Karnaukhov, A.S.; Kosheleva,

N.I. Sb. Fiziko-khim. issled.

ravnov. v rastvorakh. ~,

144, 107.

2. Voron1na, T.N.; Karnaukhov,
A.S. ibid, U1,Q, 78, 27·31

3. Karnaukhov, A.S.; Kosheleva,

N.I. ibid, ~, 15~ 62
(continued next pagel
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COMPONENTS:

(1) Lithium perchlorate: LiC104 :
[7791-03-91

(2) Magnesium perchloratei MglC104 )2:

[10034-81-8J

(3) Hexamethylenetetramine: C6 H12N4 i

[1QO-97-0J

(4) Water: H20i [7732-18-5J

COMMENTS/ADDITIONAL DATA: lcontinued)

ORIGINAL MEASUREMENTS:

Kosheleva, N.I

Sb. Tr. Yarosl. Gos. Ped. Inst.

.l.i11. 164. 5-7.

50 Zl

Editors' note: Only 10 origlnal data pOlnts were tabulated for the
solubillty system in this compilatlon but the above diagram appears
to have been constructed from more data. the orlglnal reference
source of which was not stated.



COMPONENTS:
(1~ Lithium perchlorate; LiC104 ;

r7791-0~-9)

(2) Copper perch!orate; Cu(C104 )2;
(13770-18-8)

(3) N(l), N(l)-dimethrlcarbamide;

C3H8N20; (1320-50-9)
(4) Water; H20; (7732-18-5)

VARIABLES:
One temperature: 298 K.
Compoait1on.

EXPERIHENTAL VALUES:

93

ORIGINAL MEASUREMENTS:
Bestuzheva, I.H.; Kinderov, A.P.;

Bestuzheva, I.L.

Sb. Tr. Yarosl. Gas. Pad. Inst.

illl, 164, 5-7.

PREPARED BY:
E.S. Grrzlova

Liquid phase composition

mass " mol "a

Solidb

phase
Point (1) (2) (3 ) (1 ) (2 ) (3 )

1 7.81

2 -

3 -

4 25.40

5 36.79

6 7.80

7 5.91

8 5:90
9 8.15
10 8.67
11 10.18

12 12.21

13 13.12

14 15.58

49.27

58.65

19.17

48.16

45.47

41.60
36.42
32.53
27.22

22.68

18.52

13.97

3.88

19.69

47.19

22.93

2.21

6.05

11.28
14.41
18.37
22.73

23.26

26.52

28.61

2.777

10.40

12.17

2.816

2.088

2.109
2.884
3.066
3.583

4.116

4.377

5.144

7.102

9.520

1.979

7.047

6.512

6.027
5.225
4.663
3.884

3.099

2.505

1.870

1.876

6.056

23.33

9.157

0.963

2.581

4.868
6.158
7.843
9.660

9.468

10.68

11.41

A + B

A + C

C + D

D + E

E + B

A + B

A + B + C

C + B
C + B
C + B
C + B

B + C + D

B + D

B + D + E

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used. The
compositions ot the liquid phases
were determined br the content ot the
ions in solution. (3) was determined
br Kjeldahl's method; Cu 2+ br iodine
titration; ClO; gravimetricallr with
nitron; Li+ by ditterence.

SOURCE AND PURITY OF MATERIALS:
No details were given.

ESTIMATED ERROR:
Nothing specitied.

REFERENCES:
(continued next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:
( 1 ) Lithium perchlorate; LiCl04; Beatuzheva, I.H.; Kinderov, A.P. ;

[7791-03-9] Bestuzheva, I.L.
( 2 ) Copper perchlorate; Cu(Cl04)2l

[13770-18-8] Sb. Tr. Yarosl. Gas. Ped. Inst.

( 3 ) N(l). N(l)-dimethylcarbamide; Ull. 164, 5-7.
C3H8N2O; [1320-50-9]

(4 ) Water; H2O; [7732-18-5]

EXPERIMENTAL VALUES: (continued)

Liquid phue compoaition Solidb

mass " mol xa phase
Point ( 1 ) ( 2 ) ( 3 ) ( 1 ) (2) (3)

15 17.21 9.20 31. 71 5.614 1.217 12.49 E + D
16 18.03 5.08 34.19 5.751 0.657 13.17 E + D

17 5.18 29.05 28.93 1.922 4.370 12.96 C + D
18 8.26 24.75 21.15 2.626 3.190 8.119 C + D

19 18.22 3.950 26.52 5.135 0.4512 9.024 B + E
20 20.82 7.290 27.16 6.492 0.9214 10.23 B + E
21 17.59 12.03 26.51 5.610 1.555 10.21 B + E

22 1.78 51. 76 4.44 0.644 7.595 1. 941 A + C
23 4.11 48.33 3.73 1.432 6.825 1.569 A + C

molalitya/mol kg- 1 Solidb

Point (1) (2 ) (3) ph"ae

1 1. 710 4.374 - A + B

2 - 5.964 1.175 A + C

3 - 1.195 3.655 C + D

4 8.710 - 19.54 D + E

5 8.585 - 6.461 E + B

6 1.753 4.387 0.600 A + B

7 1.305 4.070 1.613 A + B + C

8 1.345 3.845 3.106 C + B
9 l.868 3.383 3.987 C + B

10 2.016 3.066 5.157 C + B
11 2.400 2.601 6.470 C + B

12 2.742 2.065 6.308 B + C + D

13 2.947 1.687 7.194 B + D

14 3.500 1. 272 7.761 B + D + E

15 3.863 0.837 8.593 E + D
16 3.969 0.453 9.088 E + D

17 1.322 3.005 8.913 C + D
18 1.694 2.057 5.236 C + D

(continued next page)



COMPONENTS:

(1) Lithium perchlorate: L1C104 :
[7791-03-9)

(2) Copper perchlorate: Cu(C104 )2;
[13770-18-8)

(3) NIl), N(1)-dimethy1carbamide:

C3H8N20: [1320-50-9)

(4) Water: H20; [7732-18-5)

95

ORIGINAL MEASUREMENTS:

Bestuzheva, I.M.: Kinderov, A.P.:
Bestuzheva, I.L.

Sb. Tr. Y4rosl. Gas. Ped. Inst.

ill.1, 164, 5-7.

EXPERIMENTAL VALUES: (continued)

molali tya /mol kg- 1 Solidb

Point I 1 ) (2) (3) phase

19 3.338 0.2933 5.866 B + E
20 4.375 0.6210 6.891 B + E
21 3.769 1.045 6.858 B + E

22 0.398 4.694 1.199 A + C
23 0.881 4.202 0.966 A + C

a Values calculated by C.C. Ho;

b A = Cu(C104)2.6H20; B = LiC104 .3H 20; C • CUIC104)2.2NH2CON~CH3)2.4H20:
o = NH 2CONICH 3 )2; E = LiC104.3NH2CON(~H3)2.H20;
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COMPONENTS:

III Lithlllll\ perchlorate; LiCl04 ;

f7791-03-9)
(~J Llthium chromate; Li2Cr04;

(14307-35-8)

131 Potassium perchlorate; KCl04 ;

(7778-74-7)

141 Potassium chromate; K2Cr04;
(7789-00-6)

(51 Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Voronina, T.N.; Karnaukhov, A.S.;

Lepeshkov, I. N.

Zh. Neorg. Khim. lill, 16, 871-3;
*Russ. J. [norg. Chem., ( Engl.

Transl. ) illl, 16, 466-7.

VARIABLES:

One temperature: 298 K.
Composition.

PREPARED BY:

C.Y. Chan

EXPERIMENTAL VALUES:

It tI

A + E

Solid

phaseb

A + D + C

A + D

D + E
A + D + E

35.44

98.16

34.09

98.02
85.70

1.84

65.91

1. 98

14.30

64.56

100.00

100xs (anion)
2.-

(2Cl04) (Cr04 )
0.26 99.74 A + B

1. 27 98.73 " "
2.72 97.28 II II

- 100.00 B + C

2.20 97.80 A + B + C

- 100.00 C + D

3.22

0.29

0.46

0.29

10'.06

20.08

11. 57

31. 05

89.94

99.71

99.54

79.82

89.43

68.95

96.78

100.00
99.71

Solution composition
mass X solute ion mol X a

100x.lcation)
( 2Li + I I 2K+ I

- 100.00
25.71 74.29

62.08 37.89

111 121 ( 3 ) (4 )

- - 0.15 39.68

- 7.02 0.74 29.82

- 22.46 2.10 19.02

- 32.87 - 19.43

- 34.15 2.01 11.47

- 44.28 - 7.91

- 45.29 1. 98 3.12

28.90 9.59 1.93 -
1. 56 47.17 - -

12.40 46.71 0.34 -
28.64 9.64 0.17 -
31.66 - 0.19 -

C = Li2Cr04.K2Cr04.H20
E = LiCl04 .3H 20
values appear to be in error

a

b

c

XS[2Li+) • [n(Li+)/{n(Li+' + n(K+)}) = (l-xs [2K+)}

xs[2Cl~) = (0.5n(Cl04)/{O.5n(Cl04) + n(cro~-)}) = {l-xs[CrO~-I}

n( ) • amount

A = KCl04 ;
D = Li2Cr04.2H20

Values in parentheses () original
appear to be in error.

(continued next page)



COMPONENTS:

(11 Lithl"," perchlorate: LiCl04 ;
f7791-03-9)

(1) Llthium chromate: Li2Cr04:
[14307-35-8)

(3) Potassium perchlorate; KCl04 ;

[7778-74-7)
(4) Potassium chromate; K2Cr04:

[7789-00-61
(5) Water; H20: [7732-18-51

EXPERIMENTAL VALUES: (continued)
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ORIGINAL MEASUREMENTS:
Voronina, T.N.; Karnaukhov, A.S.;

Lepeshkov, LN.

Zh. Heorg. Kh111J. ll11, 16, 871-3;
*RuBB. J. Inorg. ChellJ., ( Engl.

TranBl. ) ll11, 16, 466-7.

Solution composition Solid
molality / mol kg-1 phaseb

(1) (2 ) (3 ) (4)

- - 0.018 3.396 A + B

- 0.866 0.086 2.460 " "
- 3.065 0.269 1. 736 " "
- 5.306 - 2.098 B + C

- 5.021 0.277 1.128 A + B + C

- 7.131 - 0.852 C + D

- 7.029 0.288 0.324 A + D + C
4.559 1.239 0.234 - A + D
0.286 7.084 - - D + E
2.874 8.870 0.061 - A + D + E
4.374 1.206 0.020 - A + E
4.367 - 0.020 - A + E

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: •
Details of method of saturation not given. K+ was determined gravimetri­
cally using sodium tetraphenylborate, Li+ by the periodate method, crOl­
iodometrically, and C104 by difference. For certain data, Li + was
determined gravimetrically as lithium zinc uranyl acetate. Saturated
solutions with compositions corresponding to the 'nodal' points of the
quaternary reciprocal aqueous system were gradually treated with a third
salt until a new solid phase appeared. With constant stirring, periods of
equilibrium varied from 4 - 12 days. Solid phases were examined under a
microscope.

SOURCE AND PURITY OF MATERIALS:
Not stated.

ESTIMATED ERROR:
Not stated.
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COMPONENTS:

(1) Ll.~h'ium perch1orat.e; LiCl04 ;
(7791-03-~1

(2) Lit.hium chromat.e; Li2Cr04;

'r 1'4307-3'5-8)
(3) Ammonium perchlorate; NH 4CI04 i

(7790-98-9]

(4) Ammonium chromate; (NH4)2Cr04;
(7788-98-9]

(5) Water: H20; [7732-18-5)

VARIABLES:

Temperature: 298 K
Composition

ORIGINAL MEASUREMENTS:
Ganina, G.I.; Karnaukhov, A.S.;

Lepeshkov, I.N.

Uch. Zap. Yarosl. Gos. Ped. Inst.

.l.lli, 79, 151-6

PREPARED BY:

N.A. Kozyreva

EXPERIMENTAL VALUES:
Solubility system 2NH4' 2Li+//2ClO;j, 2- at 25 0 C: Cr04 -H2O

.
Liquid phase composition Solid

Point. lDass " mol "a phase
( 1 ) (2 ) ( 3 ) (4 ) ( 1 ) ( 2 ) (3 ) ( 4 )

1 35.77 - 3.01 - 8.94~ - 0.681 - NH 4C104 +

LiC104 • 3H 20
2 33.09 3.72 2.54 - 8.343 0.768 0.580 "-
3 26.83 11.14 2.67 - 6.899 2.326.0.622 "-
4 18.55 19.78 2.86 4.823 4.213 0.673 "- -
5 10.12 28.42 3.06 2.656 6.110 0.727 "- -
6 8.58 28;27 2.80 - 2.196 5.928 0.649 "-7 0.61 43.94 3.45 - 0.176 10.38 0.901 - NH4C104 +

LiC104 ·3H20 +

Li2Cr04·2H20
8 1.56 47.17 - - 0.455 11. 27 - - Li2Cr04·2H20 +

LiC104• 3H 20
9 - 47.81 1.37 2.27 - 11.92 0.3770.483 Li2Cr04·2H20 +

NH 4CI04
10 - 43.51 1. 36 4.43 10.50 0.363 0.913 "-
11 - 31.44 3.12 3.38 - 6.480 0.711 0.595 Li2Cr04·2H20 +

NH 4C104 +

(NH4'2Cr04
12 - 46.tlO 2.99 6.93 - 12.62 0.895 1.603 Li2Cr04·2H20 +

(NH 4 )2Cr04'
Li2Cr04·2H20 +

(NH 4 )2Cr04
13 - 43.79 0.85 9.52 - 11.42 0.245 2.121 (NH 4 )2Cr04 +

(NH 4 )2Cr04'
Li 2Cr04 ·2H 2O

14 43.14 0.52 10.51 11. 26 0.150 2.343 "- -
15 42.08 11.27 10.85 2.481 "- - - -

(continued next page)



COMPONENTS:

(1) Llthlum.. perchlorate; LiC104 ;

[7791-03-9)

(2) Lithium chromate; Li2Cr04i

rl'4301:"~5-8)

(3) Ammonium perchloratei NH 4C104 ;

[7790-9B-9)

(4) Ammonium chromate; (NH4)2Cr04i
[77BB-9B-9)

(5) Water; H20; [7732-1B-5J

99

ORIGINAL MEASUREMENTS:

Ganina. ~.I.i Karnaukhov, A.S.;

Lepeshkov, I.N.

Uch. Zap. Yarosl. Gas. Ped. Insc.
lllQ, 79, 151-6

EXPERIMENTAL VALUES: (continued)

Solubility system: 2NH:, 2Li+//2C10;, CrO~--H20 at 25 0 C (cont.)

Liquid phase composition Solid
Point mass " mol "a phase

( 1 ) (2 ) (3 ) (4 ) ( 1 ) (2 ) (3 ) (4 )

16 - 46.86 - 7.95 - 12.35 1. 789 - LitrO~.2H20 +
(N ~)~ ref

17 45.76 0.97 7. 34 11. 91 1. 632 0.279
Li2 r .. 4· 2 20- -18 - 46.97 1. 63 7.29 12.59 1.669 0.483 ..-19 - 44.54 5.79 4.45 - 11. 70 0.998 1.681 (NH 4 )2Cr04 +

21 25.64 9.70 1. 50 5.201 0.260 2.175
NH4Cl~4- -23 - 14.32 12.05 0.90 2.591 0.139 2.410 "-24 - 11. 98 12.27 1.02 - 2.120 0.154 2.400 (NH 4 )2Cr04 +

NH 4C104 +

NH 4C104 •

(NH 4 )2Cr04
25 - 7.48 12.70 1. 54 - 1. 274 0.224 2.391 NH 4C104 +

NH 4C104 ·

27 3.65 16.B7 2.61 0.631 0.3B5 3.223
(NH4)2~r04- -29 - 1. 7B 17.32 2.B2 0.304 0.411 3.266 ..-

31 - - 0.72 26.1B - - 4.064 0.145 (NH 4 )2Cr04 +

NH 4C104•

33 2.99 0.7B 19.24 0.520 2.B56 0.150
(NH4)2~r04

- -35 - B.61 6.90 6.16 1. 469 0.B97 1. 301 ..
i-37 - 11.04 11.64 1. 66 1. 934 0.248 ?254 "-

a Editol's' calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method. To the starting solutions corresponding to the' non­

variant points of the ternary systems a third salt was added until a new

solid phase appeared. Details of the satur~tion method were not given. NH:

was determined by distilling off ammonia unto 4 " boric acid solution, and

then titrating with 0.2 mol L- 1 H2S04 : cro~- iodimetricallYi Li+ gravJ­

metrically as lithium zinc uranyl acetate; CIO; by dtrference. The cry's­

tals were examined under a microscope.



100

ICOHPONENTS:

(1) L,ithium perchlorate; L1Cl04 ;

(7791-03-!1 1

(2) Lithium chromate; Li2Cr04;

l14307-3'5-8 )
(3) Ammonium perchlorate; NH 4C104 i

[7790-98-9]

(4) Ammonium chromate; (NH 4 )2Cr04;
[7788-98-9)

(5) Water; H20; [7732-18-5)

VARIABLES:

Temperature: 308 K

Composition

ORIGINAL HEASUREHENTS:

Guseva, A.D.; Lepeshkov, I.N.

Uch. Zap. Yarosl. Gos. Ped. Inst.

illi, 66, 3-22

PREPARED BY:

N.A. Kozyreva

EXPERIHENTAL VALUES'

Solubillty system + 2Li+//2C104, CrO~--H20 at 35 0 C: 2NH 4 ,

LiqUld phase composltion Solid
Point mass " mol "a phase

( 1 ) (2 ) ( 3 ) (4 ) ( 1 ) (2 ) (3 ) (4 )

1 - - 1.19 28.00 - - 0.246 4.464 NH 4ClO4 ·

(NH 4 )2Cr04
2 - 2.99 1.56 15.70 - 0.504 0.291 2.261 NH 4Cl:°4 ·

(NH 4 )2Cr04 +

(NH 4 )2Cr04
3 - 5.24 2.41 12.87 - 0.885 0.450 1.857 00

4 - 6.08 3.25 10.58 - 1.0200.603 1. 516 00

5 - 8.89 6.38 6.49 - 1.518 1.204 0.947 00

6 - 11.70 9.64 2.40 - 2.038 1.856 0.357 00

7 - 13.38 10.94 1. 73 - 2.3892.159 0.264 NH 4C104 ·

(NH 4 )2Cr04 +

NH 4C104 +

(NH 4 )2Cr04
8 - 10.4812.11 1.85 - 1.8382.348 0.277 NH 4C104 •

(NH 4 )2CrO lj +
NH 4CI0 4

9 - 5.43 14.91 3.32 - 0.944 2.866 0.493 00

10 - 2.71 19.54 3.88 - 0.484 3.856 0.592 NH 4C104 •

(NH 4 )2Cr04 +

NH 4C104
11 - - 20.45 3.62 - - 3. 945 0.539 NH 4C104 ·

(NH 4 )2Cr04
12 - 16.66 8.73 2.04 - 3.0221.751 0.316 (NH 4 )2Cr04 +

NH 4C104
13 - 17.78 5.60 3.58 - 3.2121.118 0.552 00

14 - 19.93 4.75 3.41 - 3.6470.961 0.533 00

(contlnued next page)



COMPONENTS:

(1) Lithium perchlorate i LiCI04 ;
[.7791-03-P 1

(2) Lithium chromate: Li2Cr04i

L14307-3'5-8 J
(3) Ammonium perchlorate; NH 4CI04 ;

[7790-98-9J

(4) Ammonium chromate; (NH4)2Cr04;
[7788-98-9J

(5) Water; H20; [7732-18-5J
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ORIGINAL MEASUREMENTS:
Guseva, A.D.; Lepeshkov, I.N.

Uch. Zap. Yarosl. Gos. Ped. Inst.

ill.i, 66, 3-22

EXPERIMENTAL VALUES: (continued)
Solubility system: 2NH4. 2Li+//2CI04. CrO~--H20 at 35 0 C (cont.'

Liquid phase composition Solid
Point mass " mol " phase

( 1) (2 ) (3 , (4 ) ( 1) (2 ) (3 ) (4 )

15 - 20.96 4.04 3.91 - 3.873 0.825 0.617 (NH4 )2Cr04 +
NH 4CI04

16 - 22.27 2.67 5.20 - 4.176 0.553 0.833 (NH 4 ).2Cr04 +
NH 4CI04 +

Li2Cr04 ..2H20
17 - 27.52 0.46 5.74 - 5.388 0.099 0.960 (NH 4 ',2Cr04 +

Li2Cr04·2H20
18 - 46.63 - 8.73 - 12.41 - 1.983 ..
19 - 49.37 - 1.12 - 12.11 - 0.335 Li2Cr04·2H20

+ LiCI04 ·3H 2O

20 1.5348.91 3.65 - 0.48412.68 1.046 - ..
21 1.3832.07 5.73 - 0.352 6.702 1. 324 - ..
22 0.7721.28 6.58 - 0.1733.912 1. 337 - Li2Cr04·2H20

+ NH 4CI04 +

LiClO4·3H 2O

23 4.4518.17 6.32 - 1.001 3.347 1.287 - LiCI04 ·3H 2O
+ NH 4CI04

24 9.5114.07 5.86 - 2.147 2.602 1.198 - ..
25 15.649.39 5.41 - 3.5621.752 1.116 - ..
26 17.786.76 4.49 - 3.982 1.240 0.911 - ..
27 21.93 3.21 3.97 - 4.9080.589 0.805 - "

28 40.26 - 2.13 - 10.53 - 0.504 - ..

METHOD/APPARATUS/PROCEDURE:
Isothermal method. Details of saturation method were not given. Li+ was

determined by precipitation as lithium uranyl acetate; NH4by distil~a-

tion: cro~- iodimetrically; CI04 by difference.

SOURCE AND PURITY OF MATERIALS: ESTIMATED ERROR:
The chemically pure salts were Not stated.
further purified by recrystalliza-

tion. The hydrates of lithium salts REFERENCES:
were dehydrated. None.
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COMPONENTS:

(1) Lith1um perchlorate; LiCl04 ;
[7791-03-9)

(2) Magnesium perchlorate; Mg(Cl04 )2;
[10034-81-8)

(3) Lithium chromate: Li 2Cr04;
[14307-35-8)

(4)Magnesium chromate; M,Cr04 i

[13423-61-5)
(5) Water; H,O; [7732-18-5)

VARIABLES:
One temperature: 298.2 K

Composition

ORIGINAL MEASUREMENTS:

Voronina. T.N.

Uch. Zap. Yasosl. Gos. Ped. Inst.
il.12, 79, 3-8.

PREPARED BY:
E. S. Gryzlova

EXPERIHENTAL VALUES:
2&.00CSolubility system : H,(CI04)2-H,Cr04-LiCI04-Li2Cr04-H20 at

Liquid phaae compos i tion Solid

Phaaeb

mails " mol "a
( 1) ( 2) ( 3) (4 ) ( 1 ) ( 2 ) ( 3 ) (4 )

4.03 - 46.45 - 1.269 - 7.003 - A + B
8.16 - 46.24 0.28 2.738 - 7.395 0.071 A + B
33.24 - 46.34 0.32 19.07 - 12.67 0.139 A + B
34.19 - 46.35 0.73 20.42 - 13.19 0.331 A + B + C- - 49.71 - - - 7.389 - B + C
22.84 - 42.10 2.94 9.727 - 8.546 0.949 B + C
36.95 - 41.50 0.99 20.66 - 11.06 0.420 A + C
37.11 -. 26.98 4.36 15.49 - 5.367 1.380 A + C
37.19 - 17.61 5.04 12.98 - 2.929 1. 334 A + C
37.38 - 5.68 12.47 11. 97 - 0.867 3.029 A + C
37.42 17.78 - 31. 38 24.14 9.394 - 15.35 A + C
31.28 21. 99 - 25.79 16.25 9.357 - 10.16 A + C
12.12 31.11 - 12.31 3.916 8.234 - 3.016 A + C

a Editors' calculationa.
b A • LiCI04 , 3H 20 ; B • Hg(Cl04 )2· 6H 20 ; C • HgCr04.5H20.

AUXILIARY INFORHATION

METHOD/PROCEDURE/APPARATUS:

The isothermal method was used.
Periods ot equilibration were 4~6

days. cro~~ was determined iodimetri­
cally, Hg 2+ by titration with EDTA,

Li+ as lithium zinc uranyl acetate,
and CI04 by dirterence.

SOURCE AND PURITY OF HATERIALS:

The salts were recrystallized.

ESTIHATED ERROR:
Temperature: ±O.loC.

REFERENCES:

None.

(continued next page)



COMPONENTS:

(1) L1thlum perchlorate; LiC104 ;
(7791-03-9J

(2) Magnesium perchlorate; Mg(C104 )2 i

[10034-81-8)

(3) Lithium chromate: Li2Cr04i
(14307-35-8J

(4) Hagnesium chromate; HgCr04i

(13423-61-5]
(5) Water: H,O; (7732-18-5]
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ORIGINAL MEASUREMENTS:

Voronina. T.N.

Vch. Zap. Yasosl. Gas. Ped. Inst.

UlQ, 79, 3-8.

EXPERIHENTAL VALUES: (continued)

Solubility system: Hg(C104)2-HgCr04-LiC104-Li2Cr04-H20 at 25.0oC (cont.)

Liquid phase composition Solid
iPhase b

mass " mol "a
( 1 ) (2 ) (3 ) (4 ) ( 1 ) (2 ) (3 ) (4 )

2.45 34.40 - 0.88 0.614 7.062 - 0.167 A + C
1. 83 44.27 - 4.79 0.552 10.93 - 1.095 A + C + 0- 44.52 - 4.83 - 10.75 - 1.080 C + 0
2.75 46.80 - 1. 76 0.833 11. 62 - 0.404 A + 0
1. 56 47.17 - - 0.455 11. 27 - - A + 0

a Editors I calculations.
b A = LiC104 .3H 2O : C = HgCr04.5H20 ; 0 = Li2Cr04·2H20.
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COMPONENTS:

(1) Sodium percWorate; NaCI04;

[7601-89-0J

(2) Water; H:!,O; [7732-18-5]

CRITICAL EVALUATION

J BINARY SYSTEMS

EVALUATOR:

C.Y. Chan

Department of Chemistry

University of Malaya

Kuala Lumpur, Malaysia

System NaCI04:H2Q

The original values in mass % of the solubility of sodium percWorate in water at various

temperatures reported by different groups as well as the corresponding calculated mean values

are given in Table 1. Original data listed which differed by more than twice the standard

deviation of the initial mean at the temperature concerned were omitted in the computation of

the fmal mean values. Twenty-six references to the solubility of NaCI04 in water at 298 K

were found. However, it should be noted that, as seen in Table 1, certain values have been

obtained from more than one compilation reference source and in such cases, it is of the

evaluator's opinion that the solubility determination had been carried out only once and that

these reports had referred to the same result. Only Willard and Smith (6) indicated the

precision of their solubility determination (± 0.05 %). None of the other groups gave any

indication of the. precision of their experimental results and insufficient information was

available for obtaining fair estimates of the error limits of their data in the compilation. The

solid phase in equilibrium with the saturated solution at temperatures below 328 K is the

monohydrate, NaCI04.H20, but at this temperature and above, the solid phase is the

anhydrous salt.

Table 1. Solubility of sodium percWorate in water at various temperatures

T/K mass % Solid Phase ~

273 (60.14)a NaCI04·H20 Mikheeva and Titova (79)

ft 62.54 ft Freeth (7)

ft 62.87 ft Cornec and Dickely (10)

ft 62.89 ft Karoaukhov and Makin (20)

~ fikJJ..

a rejected in computation of the mean value

(continued)
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CRITICAL EVALVAnON (continued)

Table 1 (continued)

T/K mass % Solid Phase Source

288 65.51 NaCI04'H20 Freeth (7)

" 65.63 " Comec and Dickely (10)

" 64.63 " Carlson (2)

~: ~

293 66.84 NaCI04'H20 Kamaukhov (21)

" (67.48)a " Zaitseva and Lepeshkov (50)

" 67.58 Kamaukhov (17)

" 67.60 Freeth (7)

" 67.63 Comec and Dickely (10)

" 67.64 Kudryakova and Kamaukhov (57)

" 67.65 Leboshchina and Kudryakova (85)

" 67.70 " Molchanov (28)

298.15 67.70 WiIlard and Smith (6)

298 67.70 Chemykh, Ivanov and Alekseeva(51)

" 67.79 " Lilich and Ovtrakht (27)

" 67.80 " Lepeshkov and Drozhinina (34)

Dmzhinina and Paraguzova (82)

Sal'nikova, Kamaukhov and

Lepeshkov (65); Kamaukhovand

Sal'nilova (55)

" 67.82 Kamaukhov and Makin (20)

" 67.84 " Bestuzheva, Kinderov and

Kamaukhov (87); Bestuzheva (88)

298.2 67.86 " Kamaukhov and Kudryakova (32)

298 67.89 Kamaukhov and Tarakanov (56,64)

Lepeshkov and Tarakanov (70)

" 67.89 Andronova (62); Andronova,

Bogomolova and Gulyakova (40)

" 67.89 " Smimov, Ivanov and Chechneva (78)

" 67.92 Andronova (84)

(continued)
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CRITICAL EVALUAnON (continued)

Table 1 (continued)

T/K mass % Solid Phase ~

298 (68.84)a NaCI04·HZO Druzhinina (67)

~: 67.76

303 Abdukarimova, Nogoev and

Sulaimankulov (74)

" 68.71 " Freeth (7)

" 68.25 Caven and Bryce (11)

~: 68.56

308 69.8 NaCI04·H20 Kudryakova and Karnaukhov (57)

Karnaukhov and Guseva (31)

311 70.38 Comec and Dickely (10)

313 70.88 Freeth (7)

" 70.87 " Karnaukov (17)

67.63 " Ivanov (44)

~: 70.88

323 (71.28)a NaCI04·H20 Carlson (2)

323 73.26 " Comec and Dickely (10)

323 73.16 " Freeth (7)

323 73.15 " Zaitseva and Lepeshkov (50)

323 73.53 " Andronova (62)

323 73.75 " Andronova (75)

323 73.2 " Molchanov (28)

323.2 73.2 Lepeshkov, Druzhinina and

Troitskii (34); Dmzbinina (30)

~ TI.12 std. dey. : 0.21

323.95 73.3 NaCI04+NaCI04.H20 Freeth (7)

328 73.94 NaCI04 Comec and Dickely (10)

333 74.30 " Freeth (7)

" 74.2 " Loseva(71)

~ ~

335.8 74.33 NaCI04 Molchanov (28)

348 75.00 " Freeth (7)

(continued)
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CRITICAL EVALUAnON (continued)

Table 1(continued)

T/K mass %

348 75.01

~ ll.Ql

363 76.27

" 75.85

" 75.85

~ ~

373 K 76.75

416 79.08

Solid Phase

NaCI04

"

"

Comec and Dickely (10)

KudIyakovaaod Lepeshkov (46)

KudIyakova and Kamaukhov (57)

Karnaukhov and Troitskii (33)

Comec and Dickely (10)

Carlson (2)

a rejected in computation of the mean value

Basedon theoretical treatments described ID ref. (76), (90) a semi-empirical equation on the

form given by Equation (1) was used to fit the combined original data given in table I, after

conversion of the mass %data to mole fractions. Data were selectively rejected until all the

values were fitted to within ±2s of the calculated value at each selected temperature, s being

the standard error defIDed by s2 = (Xabs-Xcalc~/(N-3), where N is the total number of data

points.

F(x) =ao + 01 (1TK.r1 + 02 In (TIK.) (1)

where F(x) =In (XV (l-x!,/(l +(v-lJxln+v) ), T =temperature, x =mole fraction, v =2 for

NaCI04 (stoichiometric number for salt), the mole ratio water: salt is n = 1 when the solid

phase is NaCI04.H20 and n =0 when the anhydrous salt is the solid phase.

ttJ, 01 and 02 are the best-fit parameters, obtained using least-squares linear regression

analysis. The results of the analysis are given in Table 2 for n =1 and n =0 in Eq. (1).

Table 2 Values of best-fit parameters with reference to Equation I,

pertaining to data in Table 1

Temperature :

Solid phase:

Correlation coefficient:

Parameters t\') = -31.828

01 = 6.33X1oZ

tl2 = 4.55

273 K- 323 K

NaCI04·H20

0.999 (37 data points)

std. error in F(x) =0.005

" " "01 = 1.7xloZ

" " "02 = 0.57

(continued)
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CRITICAL EVALUAnON (continued)

Table 2 (continued)

Temperature :

Solid phase:

Correlation coefficient:

Parameters

328 K - 416 K

NaCI04

0.996 (11 data points)

ao =-17.854 std. error in F(x) =0.008

al =4.09x1()2 " " "al =3.4x1()2

a2 = 2.355 """ a2' = 0.94

The average difference between calculated and observed values was 0.38 % of the observed

solubility value.

Figure 1. Solubility-temperature plot for the NaCI04-water system

Solid line represents smoothed data based on Equation 1.
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The solubility-temperature plot is shown in Figure 1 and Table 3 lists recommended and

tentative smoothed values of the solubility of sodium perchlorate in water, computed based

on Equation 1 using the appropriate parameters at the selected temperatures. The recom­

mended values are for the solubilities at 298.15 K and 323.15 K, where original data were
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reported by more than three independent groups at each of these temperatures.

Table 3. Smoothed data calculated for the solubility of NaCI04

in water at selected temperatures.

tfOC TIK Solubility Solid phase Status
mol fraction molality

0 273.15 0.1987 13.77 NaCI04·H20 tentative

5 278.15 0.2056 14.36 .. ..
10 283.15 0.2126 14.99 .. ..
15 288.15 0.2200 15.66 .. ..
20 293.15 0.2278 16.38 .. ..
25 298.15 0.2362 17.16 .. recommended

30 303.15 0.2451 18.02 .. tentative

35 308.15 0.2545 18.95 ..
40 313.15 0.2647 19.98 .. ..
45 318.15 0.2757 21.13 .. ..
SO 323.15 0.2876 22.41 .. recoounended

51.8 324.95 0.2922 22.91 NaCI04·H20 +

NaCI04 tentative

55 328.15 0.2942 23.14 NaCI04 ..
60 333.15 0.2975 23.50 ..
65 338.15 0.3008 23.87 ..
70 343.15 0.3041 24.26 ..
75 348.15 0.3075 24.65 It-

80 353.15 0.3109 25.04

85 358.15 0.3144 25.45 ..
90 363.15 0.3179 25.87 ..
95 368.15 0.3215 26.30 ..
100 373.15 0.3251 26.74 ..
105 378.15 0.3287 27.19

110 383.15 0.3324 27.64 ..
115 388.15 0.3362 28.11 ..

(continued)
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Table 3. (continued)

tJOC TIK Solubility Status

mol fraction molality Solid phase

120 393.15 0.3400 28.59 NaCI04 tentative

125 398.15 0.3438 29.08 " "

130 403.15 0.3477 29.59 " "
135 408.15 0.3516 30.10 " "

140 413.15 0.3556 30.63 " "

145 418.15 0.3596 31.17

The peritectic transition from the monohydrate to anhydrous sodium perchlorate was

determined to occur at 324.96 K and at this point the mole fraction of the salt in the solution

at equilibrium is 0.2922, molality was 22.91 mol kg- l , based on the evaluator's analysis. It

should be noted that these values are slightly higher than the values of 0.2877 (mole fraction)

and 22.42 mol kg- l calculated from Freeth's data (7) at 323.95 K for the saturated solution in

equilibrium with both the anhydrous salt and its monohydrate. The peritectic temperature

reported by Comec and Dickely (10) was 325.90 K.

Comec and Dickely (10) also reported solubility data in mamouot concentration units and

saturated solution densities (see compilation) over the temperature range 273 K - 373 K while

similar data were reported by Carlson (2) a~ 288 K, 323 K and 416 K. Carlson's solubility

values of 8.79 mol dm-3 at 288 K and 10.08 mol dm-3 at 323 K are somewhat lower than

Comec and Dickely's values of 8.91 mol <ho-3 and 10.46 mol dm-3 at the corresponding

temperatures. There is better agreement between Willard and Smith's value (6) of 9.301 mol

<ho-3 at 298.15 K, Comed and Dickely's value of 9.33 mol dm-3 and the value of 9.309 mol

<ho-3 converted from the recommended molal solubility (Table 3) using Willard and Smith's

value of 1.6821 g cm-3 for the saturated solution density (6) at the same temperature. Table 4

compares solubility values (in mol <ho-3) reported by Comec and Dickely (10) and those

calculated using the smoothed data given in Table 3 and Comec and Dickely's saturated

solution density values at various temperatures.
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Table 4. Comparison of data for the solubility (in mol dm-3) of NaCI04

in water at selected temperatures

tJOC

15

25

50

75

100

TIK

288.15

298.15

323.15

348.15

373.15

Solubility I mol dm-3

[calc. smoothed data] [Coroec and Dickely (10)]

8.94 8.91

9.309 9.33

10.47 10.46

10.78 10.76

11.00 10.86

1.2. Solubility in ICO

There is only one report of the solubility of sodium perchlorate in water-d2' 020, over the

temperature range.298-363 K, that of Selecki and Tyminski (60), (see relevant compilation).,

1.3. Solubility of sodium perchlorate in other solvents

Data have been reported for the solubility of sodium perchlorate in each of the following

solvents :

T = 240-323 K ammonia (22)

T = 272 K perchloric acid (39), hydrogen peroxide (91), hydrazine (59) ;

T = 298 K methanol (6), ethanql (8). I-propanol (6), , .1~butanol (6), 2-methyl.l-.

propanol (6), sulfmylbis-methane (DMSO) (23,83), 1,2-ethanediol (14),

1.2-ethaoediamine (14), 2-amino-ethanol (14), hydrazine (72), ethyl ~cetate;

T= 308 and 318 K sulfmylbis-methane (DMSO) (23);

T= 313 K tetrahydrothiopheoe 1-1 dioxide (sulfolane) (73);

T = 373 K acetamide (60);

T= 283-323 K 2-butaoone (methyl ethyl ketone) (69);

T =283-323 K acetone (48).•

The only data compilations for the solUbility of NaCI04 in non-aqueQus solvents that have a

basis for comparison were those for solubility in acetone at 298 K. Willard and Smith (6)

reported that the solubility of sodiwn perchlorate in acetone at 298.15 K was 4.228 mol kg- l

while Krwngal'z et at. (69) reported a value of 4.422 mol kg- l, the solid phase being the

(continued)
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anhydrous salt in both reports. Information on source and purity of materials as well as

details of method were available in the former's report but not in the second.

II. TERNARY SYSTEMS

Solubility ip mixed solVents

Systems NaCl04 - organic solvent - H20

Data for such systems were reported in which the organic omponent was one of the following

T =298 K dimethylurea (88), thiocarbamide (64), acetamide (70), beozamide (87) and

hexamethylenetetramine (65).

T =303 K carbamide (74), thiocarbamide (74).

No critical evaluation could be carried out for lack of relevant information.

Systems NaCl04 - alcohol- ethyl m:etate

The solubility at 298 K in mixed solvent ethyl acetate -alcohols (methanol, ethanol, 1­

butanol has been determined by Smith (8).

Systems NaCI04 - inOfJapic compound - water

The data concerning isothermal sections of the ternary systems involving a second salt are

summarized in the following pages and some anomalies are mentioned but a critical

evaluation of data could not be carried out because of insufficient information.

Systems involving the same anion

Systems NaCI04-MCl04-H20 with M = H, Li. K, Cs, NH4, n

NaCI04-HCI04-H20

At 298 K (51) the solid phases are NaCI04, NaCI04'H20 and NaCI04·HCI04.

NaCI04-LiCl04-H20

The results are presented in the critical analysis of LiCI04.

NaCl04-KCl04-H20

T =273 K (20), the observed solid phases are NaCI04, NaCI04'H20, KCI04 aid

mNaCI04·nKCI04. The data are scattered; furthermore, the double saturation point cannot

involve KCI04 and NaCI04

T=298 and 323 K (34,30) the observed solid phases are NaCI04, NaCI04'H20, KCI04.
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NaCI04-CsCI04-H20 (81)

At 298 K the solid phases in equilibrium with liquid are NaCI04'H20, CsCI04 and two

double salts 3CsCI04'NaCI04 and CsCI04,NaCI04,

At 348 K 3CsCI04,NaCI04 is no longer observed.

NaCI04-NH4C104-H20 (57)

Two intennediate compounds are mentioned C=n(NH4CI04)'m(NaCI04'H20) and

D=n<NH4CI04)'m(NaCI04); their stoichiometry is not knoWD; their fields of existence are

small and the phase diagram presents some anomalies so that the data must be considered

very cautiously,

T = 298 K the observed solid phases are NaCI04'H20. NH4CI04 and C,

T = 308 K the solid phases are NaCI04'H20. NH4CI04t C and D,

T =363 K three solid phases can crystallize NaCI04. NH4CI04 and D,

NaCI04-17CI04-H20 (78)

At 298 K the observed solid phases are NaCI04'H20 and nCI04.

Systems NaCI04-M(CI04)2-H20 with M = Mg, Ca, Sr, Ba, Zn, Ni

NaCI04-Mg(CI04)2-H20

T = 298 K (32) the observed solid phases are NaCI04'H20 and Mg(CI04)z'6H20,

T =363 K (46) ~e solid phases are NaCI04 and Mg(CI04)z'6H20,

NaCI04-Ca(CI04J2-H20

T = 298 K (27) the observed solid phases are NaCI04'H20 and Ca(CI04)z'4H20,

T= 313 K (44) the same phases can crystallize,

NaCI04-8r(CI04)2-H20 (67)

At 298 K the observed solid phases are NaCI04'H20 and Sr(CI04)z'4H20,

NaCI04-Ba(Cl04J2-H20 (50)

T =298 K the solid phases are NaCI04'H20 and Ba(CI04)z'3H20,

T = 323 K two other salts can also crystallize according to the composition NaCI04 and

Ba(CI04)z'2HzO,

NaCI04-Zn(CI04)2-H20 (85)

At 298 K the observed solid phases are NaCI04'H20 and Zn(CI04)z'6H20,
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NaCI04-Ni(CI04)2-H20 (56)

At 298 K the observed solid phases are NaCI04'H20 and Ni(CI04l2'6H20,

Systems NaCI04-M(CI04)3-H20 where M =AI, Ce, 1'b

NaCI04-AI(CI04)3-H20 (11)

At 303 K the solid phases are NaCI04'H20, AI(CI04)J'nH20,

NaCI04-Ce(CI04)3-H20 (82)

At 298 K three solid phases are observed NaCI04, NaC104'H20 and Ce(CI04)3'9H20,

NaCI04-1'b(CI04)3-H20 (84)

At 298 K the solid phases NaCI04, NaCI04'H20 and Th(CI04)3'9H20 can be observed,

Systems involving the same cation

NaCI04-NaCI-H20

The solubilities have been measW'ed between 273 and 373 K (lO, 21, 32, 33, 71), At low

temperatures the solid phases are NaCI04'H20 and NaCI, at higher temperatures NaCI04 ard

NaCI The nature of the solid perchlorate indicated on the 293 K data sheet (21) is erroneous,

NaCI04-NaNOj-!J20 (62)

Two isothermal sections have been investigated,the solid phases are NaCI04'H20 and

NaN°3,

NaCI04-NaCI03-H20 (71)

At 333 K the solubility curves of pure components, NaCI04 and NaCI03, are observed,

NaCI04-Na2S04-H20 (7)

Two isothermal sections have been investigated, At 298 K three solid phases are observed,

NaCI04'H20, Na2S04 and Na2S04'lOH20, At 333 K the solid phases are the anhydrous

salts NaC104 and Na2S04,

NaCI04-Na2Cr04-H20

The system has been investigated at three temperatures,

T= 298 K, Karnaukhov (31) mentions the existence of NaC104'H20 and Na2Cr04'4H20

while Molchanov (28) indicates also a solubility field of Na2Cr04,
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T = 323 I( (28, 30) the observed solid phases are NaCI04'H20, Na2Cr04'4H2o and

Na2Cr04,

T =335 I( (28) the dehydrated salts NaCI04 and Na2Cr04 are observed,

NaCI04-Na2Cr20rH20 (55)

At 2981( the solid phases are NaCI04'H20 and Na2CJ'207'2H20,

NaCI04::N13l!Q.4:H2Q (66)

At 298 I( the solid phases are NaCI04,H20, Na3P04,l2H20 and a solid solution is

observed,

Systems NaCI04-;norgan;c compound-NH]

~4-NaCI-NH3 (22)

In the range 240-323 I( the solid phases are the pure components NaCI04 and NaCI.

The system has been investigated between 240 and 323 K , The solid phases are the pure

components NaCI04 and NH4CI04,

III QUATERNARY SYSTEMS

Simple quaterxugy IiYStems

NaCI04-Waler-alcohols-ethyl acetale (8)

The solubility of NaCI04'H20 in alcohol-methyl acetate mixtures has been determined at

298 K, The investigated alcohols were methanol, ethanol (abs, and 93 %), I-butanol, The

solid phase was NaCI04,H20,

NaCI04-NH4CI04-Hexamethyknetetram;ne-Waler (77)

At 298 K eight solubility fields were found corresponding to:

NH4CI04, NaCI04'H20, C6H12N4, NH4CI04'C6H12N4. NH4CI04'2C6H12N4t

NaCI04'C6HI2N4, n(NH4CI04rm(NaCI04) and S(NaCI04)'2(C6H12N4)'3H20,

NaCI04-CU(CI04)2-BenlPmide-Water (87)

The system was investigated at 298 K, Three solid phases were observed, NaCI04'H20,

C6HSCONH2 and Cu{CI04>2,
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NaCI04-Ni(C104)2-Urea-Water (86)

At 298 K seven solubility fields were found corresponding to NaCI04'H20,

Ni(CI04>2'6H20, CH4N20, NaCI04'2CH4N20. 2NaCI04'3CH4N20.

Ni(CI04>2'4CH4N20'2H20 and Ni(CI04>2'6CH4N20,

NaCI04-NaCI03-NaCI-Water (41-43)

The isothermal section was investigated at two temperatures, At 313 K three compounds are

observed NaCI04'H20. NaCI03. NaCl. At 333 K a solubility field of NaCI04 is also

observed

Reciprocal qyaterrugy systems

The data concerning the reciprocal quaternary systems must be considered very cautiously •

due to the incoherence of several data and to the erroneous attribution of the crystallization

fields of some solid phases,

The isothermal section 363 K was investigated, According to the composition five solid

phases can crystallize: NaCI. KCI. Na CI04. KCI04 and a double salt mKCI·nKCI04.

Na+, K+ II C104-, ero;- -H20 (30)

At 323 K five salts are observed in the diagram Na CI04'H20. KCI04. K2Cr04. Na2Cr04

and a double salt 3K2Cr04'Na2Cr04,

Na+, Cs+ II CI04-, Ct' - H20 (81)

The isothermal section was investigated at two temperatures, At 298 K the components

CsCI. NaCI. CsCI04. a solid solution CSl-xNaxCI and two double salts 3CsCI04·NaCI04.

CsCI04'NaCI04 have a crystallization field. At 348 K NaCI04'H20 and 3CsCI04'NaCI04

are no longer observed and there is a solubility range for anhydrous NaCI04'

Na+, NH4+ 1/ CI04-, Cl" - H20 (54,63)

The system has been investigated by the same authors at three temperatures, The observed

solid phases are indicated in the following table by x:
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System Na+, Nl4+ 1/ CI04-, CI- - H2O

observed solid phases

TIK (I) (ll) (Ill) (IV) (V) (VI)

298 x x x x x

308 x x x x x

363 x x x x x

(I) = NH4CI, (II) = Nl4CI04, (III)= NaCI, (IV) = NaCI04, (V) = NaCI04'H20

(VI) =mNH4CI04'nNaCI04'H20

Na+, NH4+ II C104-, S042- - H20 (7)

Two isothermal sections of the diagram have been investigated, The observed solid phases are

indicated in the following table by x:

System Na+, NH4+ 1/ CI04-, S042- - H2O

observed solid phases

TIK A B C D E F

298 x x x x x x

333 x x x

G

x

A=NH4CI04, B={Nl4>2S04, C=Na2S04'(NH4>2S04'lOH20, D=Na2S04'lOH20

E=Na2S04, F=NaCI04'H20, G=NaCI04

Na+, NH4+ II C104-, CrO;- - H20 (35, 52)

Two sets of data are found in literature, at 298 and 308 K, The isothennal sections are very

similar, At 298 K the solid phases shown in the comer closest to of NaCI04 are NazCr04,

NaCI04'HZO and a mixture represented by n(NH4CI04)'m(NaCI04'H20), At 303 K the

solubility surface of anhydrous NaCI04 is no longer observed, This difference is surprising

since the increase of temparature ought to favor the dehydration of NaCI04'H20,

Na+, NH4+ II C104, Cr20iJ- - H20 (58)

The crystallization fields of mixtures are not clearly represented on the phase diagram,

Furtbennore, in the last column of the compilation sheet the double saturation lines are

problably D+F and A+F instead of D+E and A+E,
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Na+, Mg2+ II CI04-, CZ- - H20 (46)

At 363 K the diagram shows four solubility ranges corresponding to NaCI, NaCI04,

Mg(CI04>2'6H20 and MgC12'6H20

Na+, &2+ I CI04-, cr -H20 (50,61)

The assessment of phases in the last column of the data sheets is not correct. For example, at

298 K Ba(CI04)2 crystallizes from aqueous solution as a dihydrate and it is not possible to

pass continuously from an hydrated salt to an anhydrous solid solution. as shown on the

diagram.

Na+, Ni2+ II CL04-, N03- - H20 (68)

At 363 K the diagram shows four solubility ranges corresponding to NaN03, NaCI04'H20,

Ni(CI04>2'6H20 and Ni(N03)2'6H20

Na+, Zn2+ II CL04-, SO;- - H20 (89)

ZnS04'H20 mentioned iIi the data sheet is not observed on the phase diagram

Na+, NH4+ II CL04, cr - NH3 (22)

At 240 and 323 K only the pure components are observed.
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COMPONENTS:
(1) Sodium perchlorate; NaCl04 ;

(7601-89-0)

(2) Waterj H20; [7732-18-5)

VARIABLES:

One temperature: 298.15 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Willard, H.H.j Smith, G.F.

J. Am. Chem. Soc. lila, 45,

286-96.

PREPARED BY:

C.Y. Chan
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Solubilitya of sodium perchlorate in water at 2S.00oC :

mass X

67.70

g/100 cm- 3 sln

113.88

mol X

9.301 b 17.118b

satd sln.
density/g cm- 3

1.6821

ESTIMATED ERROR:
Precision in temp. was ± 0.01 °c
Precision in solubility data was

± 0.05 X.

REFERENCES:

1. Willard, H.H.; J. Am. Chem.
Soc. ~, 34, 1480.

2. Willard, H.H.j Smith, G.F.
J. Am. Chem. S~C. ~, 44,
2816.

SOURCE AND PURITY OF MATERIALS:
Anhyd. NaCl04 was prepared from

pure sodium carbonate and slight

excess of purified HCl04 (ref.1)

by crystallization above 50 °c
(ref. 2). After centrifugal sep­

aration, the solid was dried in a

current of dry air at 250 °C.

A The solid phase was mixture of the anhydrous salt and that crystallized

from the sat. sln (probably NaCl04.H20).
b Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A satd sln of the salt was prepared

at a temperature slightly above 25°C
and sealed together with about 1 g of

the anhydrous salt in a solubility

tube, capacity 18-20 cm3• This tube

was then rotated end-over-end in the

thermostat bath at 2S.00oC for 24-48h
and stood vertically to allow the.
solids to settle. Samples of the

clear satd sln were then analysed
for solute content by an evaporation­

to-dryness method using Pt crucibles.
The Ralt was dried to const. wt. at

250 °c in a current of air dried with 1-----------------­
P20S' Duplicate soly determinations

were made, those analyses in which

chloride was found present being re­

Jected.
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COMPONENTS:
(1) Sodium perchlorate; NaCI04 i

[7601-89-0)
(2) Water; H20; [7732-18-5J

VARIABLES:
Temperature: 241 - 348 K.
Composition.

ORIGINAL MEASUREMENTS:
Freeth, F.A.

Rec. Trav. Chim. Pays-Bas .l.ill,
43, 475-507.

PREPARED BY:
C.Y. Chan

ESTIMATED ERROR:
No estimation.

SOURCE AND PURITY OF MATERIALS:
NaCI04 was prepared from very pure
ammonium perchlorate (" purity not
stated) and an aqueous sln of pure
NaOH. Source and other details
not given.

REFERENCES:
1. Van't Hoff, J.H. Zur Bildung

del' Ozeanischen Salzablagerun­

gen Wieweg, Braunschweig liQi,
1j 1.i2l, 2.

(continued next page)

EXPERIMENTAL VALUES:

Solubility system NaCI04-H 20 at various temperatures :

Solubility of NaClO4 Solid
t/ °c mass " mol " a molalitya/ mol kg- 1 phase
75 75.0 30.62 24.50 NaC~04
60 74 .3 29.84 23.61

50.8 73.3 28.77 22.42 NaCl04 + NaCI04 ·H2O

50 73.16 28.63 22.26 NaCl~4·H20
40 70.88 26.37 19.88
30 68.71 24.42 17.94 ..
15 65.51 21.84 15.51 ..
0 62.54 19.72 13.64 ..

-0.3 10 1.6 0.91 ice
-6.8 20 3.5 2.0 ..

-11.1 30 5.9 3.5 ..
-11 .8 40 8.9 5.5 ..
-22 45 10.7 6.7 ..
-32 56 15.8 10.4 NaCI04 ·H 2O + ice
a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The saturation apparatus was similar
to that used by Van't Hoff (ref.1)

and samples of clear satd sln were
taken' using a weight-pipette. Na+
was determined as Na2S04 by addition
of pure sulphuric acid to the sln in

silica basins and evaporating at a ~----------------------------------~

low red heat. All analyses were
carried out in duplicate.
Solid phase compositions were deter-
mined using Schreinemakers' method.

Gas-heated thermostats were used and
thermometers were checked against

N.P.L. Standards.



COMPONENTS:
(1) Sodium perchlorate; NaCl04 ;

[7601-89-0)
(2) Water: H20; [7732-18-5)

EXPERIMENTAL VALUES: (continued)

COMMENTS AND/OR ADDITION DATA:

125

ORIGINAL MEASUREMENTS:
Freeth. F.A.

Reel. Trav. Chim. Pays-Bas lili.
43. 475-507.

The temperature-composition phase diagram tor the system NaCl04-H20
(Pressure. 101325 Pal is liven'below.

x - ref. B. Carlson

140

120

100

>- - - - - - - - - -,At- - -..
51n + vapour .......................

~ .....

80

40

20

unsaturated sln +
sln

- .... -
I
I
I

o
I

I --NaCl04 + NaCl04.H20
I

20 ice I
- + sln

------- ---.4
ice + NaCl04.H20-~-~~~~~~~~_~I::-___

o 20 40 GO 60 100 NaCl04·H20

H20 mass S NaCl04
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COMPONENTS:
(11 Sodium perchlorate; NaC104 ;

(7601-89-0)
(2) Water; H20; [7732-18-5)

VARIABLES:
Temperature: 273 - 373 K

ORIGINAL MEASUREMENTS:
Cornec, E.; Dickely, J.

Bul. Soc. Chim. (France) liZl,
41, 1017-27.

PREPARED BY:
C.Y. Chan

EXPERIMENTAL VALUES:
Solubility of sodium perchlorate in water at various temperatures :

Solubility of NaC104 densityl Solid

t/ °c g dm- 3
mass " mol " a mol dm-3 g cll-3 phase

100 1330 76.75 32.69 10.86 1. 758 NaC104

75 1318 75.01 30.63 10.76 1.757 ..
55 1298 73.94 29.45 10.60 1.756 ..
50 1281 73.26 28.73 10.46 1. 749 NaC104· H20

38 1206 70.38 25.90 9.85 1. 713 ..
25 1142 67.63 23.67 9.33 1.683 ..

15 1091 65.63 21.93 8.91 1.663 ..
0 - 62.87 19.94 - - ..

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
No details of saturation method given. The saturated solutions were
evaporated in a water-bath and the solids dried in an oven at 110 °C,
cooled and weighed in stoppered flasks.
Transition temperature detn: A mixture (about 40,) of hydrated sodiull

perchlorate with a small amount of water was put in a wide test-tube

placed inside a wider tube, and the whole apparatus was placed in a
thermostated oven set at a few degrees under the transition temperature.
Then some crystals of the salt were added. The transition tellperature
which remained steady to ± 0.03 °c for at least 20 min. was measured
using a Baudin thermometer.

SOURCE AND PURITY OF MATERIALS: Commercial sodium perchlorate was purified

by several recrystallizations before use.

ESTIMATED ERROR: Not stated. REFERENCES:

(continued next pagel
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) SQdium perchlorate; NaCI041 Cornec. E•• Dickely. J.

[7601-89-0)
(2 ) Water; H2O; [7732-18-5) Bul. Soc. Chim. (FrAnce) illl.

41. 1017-27.

EXPERIMENTAL VALUES: (continued)

COMMENTS AND/OR ADDITIONAL DATA

The transition temperature tor the transtormation NaCI04 ·H20 • NaCI04
was measured .s 52.75 OCt

Compositions ot super-saturated aqueous NaCI04 solutions ( Bolid phase
waB the anhydrouB Balt) are as tollows :

t / °c mass " (1 ) mol " (1) a
38 72.83 28.28
25 72.21 27.66
15 71.68 27.14

a Compiler's calculations.

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) SodiulD perchlorate; NaCI04 ; Carlson. B.

[7601-89-0]
(2) Water; H2O; [7732-18-5] Festkritt edt Klason, P. ,

(Norstedt, Stockholm, lilQ),
262-3.

VARIABLES: PREPARED BY:
Temperature: 288 K, 323 K and 416 K. C.Y. Chan

EXPERIHENTAL VALUES:
Solubility Bystem NaCI04-H 20 at various temperatures :

Solubility ot NaCI04 density/ Solid

t/ °c g dlD-3
maSB " mol " a mol dlD- 3 g cm- 3 phase

15 1076 64.63 21.19 8.79 1.666 NaCI04 ·H2O
50 1234 71.28 26.75 10.08 1. 731 "

143 1414 79.08 35.74 11. 55 1.789 NaCI04

a Compiler's calculations.

AUXILIARY INFORHATION

HETHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF HATERIALS:
No details given. Not stated.

ESTIHATED ERROR: REFERENCES:

Not stated.
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COMPONENTS:

(11 Sodium perchlorate; NaCI04

(7601-89-01
(2) Water-d 2 , D20; (7789-20-01

VARIABLES:

One temperature: 298 - 363 K.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Selecki, A., Tyminski, B.;
Mariankowska, B.

J. Chem. Eng. Data lilQ, 15,
130-4.

PREPARED BY:

C.Y. Chan

Solubility of NaCI04 in D20 at various temperatures :

t/ °c mol X molality/ mol kg- 1 a Refractive Index

25 23.38 ±. 0.04 15.24 1.3892

30 25.1 .±. 0.1 16.7 1.3896
45 27.2 .±. 0.2 18.7 1.3903

60 29.4 ±. 0.2 20.8 1. 3903
75 30.1 .±. 0.3 21.5 1.3883

90 30.8 .±. 0.2 22.2 1.3862

a Compiler's calculations.

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
Method of saturation not given.

Solubility was determined by plot­

ting refractive indexes of standard

and equilibrated solutions versus

concentrations at each temperature,
the saturation point being the con­

centration at which a break occurr­
ed in the curve, followed by obser­
vatlon of constant values of the

refractive lndex. Refractive index
measurements were made using a RL

refractometer (PZO. Warsaw).

Accuracy of measurements was diffl­
cult to estimate because of inde-

SOURCE AND PURITY OF HATERIALS:
Heavy water, purity 99.8 mol X.

was of Russian manufacture.

The salt was analytical grade and

was used without further purific­

ation.

ESTIMATED ERROR:
Errors as tabulated were maximum

deviations from mean values.
Temperature precislon not stated.

REFERENCES:

terminate errors arlsing

ent evaporation from the

meter prisms.

from solv­

refracto-



COMPONENTS:

11) Sodium perchlorate: NaC104 ;

[7601-89-0)
(2) Alcohols:

ORIGINAL MEASUREMENTS:

Willard, H.H.: Smith. G.F.

J. Am. Chem. Soc. ~, 45.

129

I AI Methanol I meth,vl alcohol); 286-96.

CH 40: (67-56-1 J

(B) Ethanol (ethyl alcoholl:

C2H60: (64-17-5)

IC) I-Propanol (n-propyl alcohol);

C3H80; [71-23-81

(D) I-Butanol (n-butyl alcohol);

C4H100; [71-36-3)

(E) 2-Methyl-l-propanol (iso­

butyl alcohol); C4HlOO;
[78-83-11

VARIABLES: PREPARED BY:

One temperature: 298.15 K C.Y. Chan

I-----------------------....----------------~
EXPERIHENTAL VALUES:

Solubilitya of sodium perchlorate in various alcohols at 25.00oC.

the solid phase being the anhydrous salt :

soly in : methanol ethanol I-propanol I-butanol 2-lIlethyl-

I-propanol

mass " 33.93 12.82 4.66 1.83 0.70

g/100 cm- 3 sin 35.833 11. 134 3.871 1. 495 0.6264

mol "a 11. 85 5.243 2."34 1.12 0.47

mol dm-3 a 2.927 0.9093 0.3162 0.1221 0.05116

mol kg-1 a 4.194 1. 201 0.399 0.152 0.064

a Compiler's calculations.

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:

A satd sin of the salt was prepared

at a temperature slightly above 25 0 C

and sealed together with about 1 g of

the anhydrous salt in a solubility

tube, capacity 18-20 cm3 • This tube
was then rotated end-over-end in the

thermostat bath at 25.00oC for 24-48h

and stood vertically to allow tile

SOURCE AND PURITY OF MATERIALS:
Anhydrous (1) was prepared by

neutralizing pure Rodium carbon­

ate with a slight excess of a di­

lute sin of purified HCI04 and

crystallization above 50 OCt

After centrifugal separation. the

solid was dried at 250 °c (ref.l)

in a current of drr air.

(continued next pagel



130

COMPONENTS:

(1) Sodium perchlorate; NaCI04 ;

(7601-89-0)

(2) Alcohols:

(A) Methanol (methyl alcohol):

CH40; (67-56-1)

(B) Ethanol (ethyl alcohol);

C2H60: (64-17-5)

(e) 1-Propanol (n-propyl alcohol);

C3H80; (71-23-8)

(D) 1-Butanol (n-butyl alcohol):

e4H100: (71-36-3)

(E) 2-Methyl-1-propanol liso­

butyl alcohol); e4H100;

(78-83-1)

ORIOINAL MEASUREMENTS:

Willard, H.H.; Smith, O.F.

J. Am. Chem. Soc. ~. 45,

286-96.

.--. --.1. 1

EXPERIMENTAL VALUES:lcontlnued)

satd sln

density/g cm- 3

pure solvent

density/g cm- 3

methanol

1.0561

0.78705

ethanol

0.8685

0.78515

1-propanol

0.8308

0.8026

I-butanol

0.8167

0.8059

2-methyl­

1-propanol

0.8031

0.7981

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

Precision in temp. was ±0.01 0 C.

METHOD/APPARATUS/PROCEDURE: (continued)

solids to settle. Samples of the

clear satd sln were then analysed

for solute content by an evaporation­

to-dryness method using Pt crucibles,

making sure that organic solvent was

completely removed before the salt

was dried to constant weight at 250 0 C

in a current of air dried with P205'

Duplicate soly determinations were

made, those analyses in which chlo­

ride (from thermal decomposition) was

found present being rejected.

Alcohols were purified

ing with calcium and

distillation.

by reflux­

fractional

REFERENCES:

1. Willard, H.H.j Smith, O.F. J. Am. Chem.Soc. liZl. 44, 2816.



COMPONENTS :
(1) Sodium perchlorate ; NaCl04 :

[7601-89-0]
(2) a) 1,2-ethanediol (ethylene­

glycol) ; C2H602 ; [107-21-1]

b) 2-amino-ethanol (lIlOnoet:hanol­
amine) ; C2H7NO ; [141-43-5]

VARIABLES

one temperature 298 K

EXPERIMENTAL VALUES :

131
ORIGINAL MEASUREMENTS:

Isbin, H.S. ; Kobe, K.A.
J. Am. Chem. Soc. ll.iS" 67, 464

PREPARED BY :

C.C. Ho

Solvent 9 salt/loog solventa molalityb/mol kg- l

1,2-ethanediol 75.5 6.166
2-amino-ethanol 90.8 7.416

a Solid phase at equilibrium not specified
b Compiler's calculation

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solvent and excess solid phase
were sealed in soft-glass test-tubes

and rotated for at least 7 days in
a water thermostat at 2S oC. Analyses

of a series of tubes were made at
regular intervals until values

became consistent. All analyses were

made on a weight basis by use of
weighing pipets. The perchlorate was

first reduced to the halide by fusing
with sodium carbonate in a platinum

crucible and determined with both
the standard gravimetric detn of

halide and the volumetric method,
using dichlorofluorescein as indi­

cator. The presence of (2) did not
affect the accuracy of the detns.

The solid phase was analysed by dry­

ing the excess solute on filter pa­
per, weighing, titrating with HN03
to the methyl orange end-point and

determining the halide with AgN03 to
the dichlorofluorescein end-point.

SOURCE AND PURITY OF MATERIALS:
(1) was purified by recrystalli­
zation from water above SOOC and

dehydrated at 2S0oC. (2) was

technical grade chemical and

purified by careful fractiona­
tion (re f. 1).

ESTIMATED ERROR:
Temperature: ~ 0.08 oC.
Solubility : Insufficient infor­

mation for reliable
estimates.

REFERENCES :
1. Reitmeier, R.E. ; Sivertz, V. ;

Tartar, H.V. J. Am. Chem. Soc.

~, 62, 1943-4
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ORIGINAL MEASUREMENTS:
Isbin, H.S.; Kobe, K.A.

CO~IPONENTS :
(1) Sodium perchlorate; NaCl04 ;

r7601-S9-0]
(2) 1,2-ethanediamine (ethylene­

diamine); C2HSN2; (107-15-3]

J. AlII. Chem. Soc.

464-5

lli.1, 67,

VARIABLES:
One temperature: 29S K

PREPARED BY:
C.C. Ho

EXPERIMENTAL VALUES:

Solubility of (1) in (2) at 25 0 C :

g Balt/100g solventa

30.1 2.45S

a Solid phase at equilibrium is the solvate NaCl04 .3C2"SN2 •
b Compiler's calculation.

AUXILIARY INFORMATION

REFERENCES:
1. Putnam, G.L.; Kobe, K.A.

Trans. Electrochem. Soc.
Ull, 74, 609-24.

ESTIMATED ERROR:
Temperature: ± O.OSoC.
Solubility : insufficient infor­

mation for reliable
eatimates.

SOURCE AND PURITY OF MATERIALS:
(1) was purified by recrystalli­
zation from water above 50°C and
dehydrated at 250°C. (2) was
dehydrated and purified by the
method given in ref. 1.

METHOD/APPARATUS/PROCEDURE:
The solvent and excess solid phase
were sealed in soft-glass test-tubes
and rotated for at least 7 days in
a water thermostat at 25 0 C. Analyses
of a series of tubes were made at
regular intervals until values were
obtained which were within 0.5X. All
analyses were made on a weight basis
by use of weighing pipets. The per­
chlorate was first reduced to the
halide by fusing with sodium carbon­

ate in a platinum crucible and deter- ~--------------------------------~

mined with both the standard gravime­
tric detn of halide and the volumet­
ric method, using dichlorofluorescein
as indicator. The presence of (2)
after being neutralised with HN03,
did not affect the accuracy of the

detns. The solid phase was analysed
by drying the excess solute on filter

paper, weighing, titrating with HN03
to the methyl orange end-point and
determining the halide with AgN03 to
the dichlorofluorescein end-point.



COMPONENTS:
(1) Sodium perchlorate; NaC104

[7601-89-0]

(2) Acetone; C3H60; [67-64-1J

VARIABLES:
One temperature: 298.15 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Willard, H.H.; Smith, G.F.

J. Am. Chem. Soc. liZl, 45,

286-96.

PREPARED BY:
C.Y. Chan

133

Solubilitya of sodium perchlorate in acetone at 25.00 0 C :

mass % g/100 cm- 3 sln mol % mol dm- 3 mol kg- 1 satd sln

density/g cm- 3

34.10 36.596 1.0732

ESTIMATED ERROR:

Precision in temp. was ±0.01 0 C •

REFERENCES:
1. Willard, H.H. J. Am. Chem.

Soc. lill, 34, 1480.

2. Willard, H.H.; Smith, G.F. J.
Am. Chem. Soc. liZZ, 44, 2816.

SOURCE AND PURITY OF MATERIALS:
Sodium perchlorate was prepared

by neutralizing pure Na2C03 with

a slight excess of a dilute sln
of purified HC104 (ref. 1) and

crystallization above 50 OCt

After centrifugal separation, the

solid was dried in a current of
dry air at 250 °c (ref.2).

Acetone was purified using the bi­

bisulfite process and ref1uxing

with powdered potassium hydroxide.

Density of (2) at 250 C was 0.7852
g cm- 3 ; b.p. 56.16 - 56.51 OCt

a The solid phase was the anhydrous salt.

b Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A satd sln of the salt was prepared
at a temperatur~ slightly above 25 0 C

and sealed together with about 1 g of

the anhydrous salt in a solubility

tube, capacity 18-20 cm3• This tube

was then rotated end-over-end in the
thermostat bath at 25.00 0 C for 24-48h

and stood vertically to allow the

solids to settle. Samples of the

clear satd sln were then analysed for

solute content by an evaporation-to­

dryness method using Pt crucibles.

The salt was dried to constant wt. at

250 0 C in a current of air dried with ~----------------------------------~

P205' after ensuring that organic
solvent was removed completely enough

to avoid any danger of explosions.

Duplicate soly determinations were ~----------------------------------~

made, those analyses in which chlo­
ride (from thermal decomposition) was
found present being rejected.
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COMPONENTS:
(1) Sodium perchlorate; NaCI04

(7601-89-0]

(2) Ethyl acetate; C4H802;
(141-78-6]

VARIABLES:
One temperature: 298.15 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Willard, H.H.; Smith, G.F.

J. Am. Chem. Soc. ~, 45,

286-96.

PREPARED BY:

C.Y. Chan

Solubilitya of sodium perchlorate in ethyl acetate at 25.000C :
mass X g/100 cm- 3 sln mol X mol dm- 3 mol kg- 1 satd sln

density/g cm- 3

8.80 8.425 0.9574

a The solid phase was the anhydrous salt.

b Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A satd sln of the salt was prepared
at a temperature slightly above 25°C
and sealed together with about 1 g ot
the anhydrous salt in a 80lubility

tube, capacity 18-20 cm3 • This tube
was then rotated end-over-end in the
thermostat bath at 25.000 C tor 24-48h
and stood vertically to allow the
solids to settle. Samples ot the

clear 8atd sln were then analysed tor
solute content by an evaporation-to­
drynes8 method using Pt crucibles.
The salt was dried to constant wt. at
250°C in a current ot air dried with
P205 , atter ensuring that organic
solvent was removed completely enough
to avoid any danger ot explosions.
Duplicate 801y determinations were
made, those analyses in which chlo­

ride (from thermal decomposition) was
found present being rejected.

SOURCE AND PURITY OF MATERIALS:

Sodium perchlorate was prepared

by neutralizing pure Na2C03 with
puritied HCl04 (ret.l). The anhy­
drous salt was obtained by crys­

tallization above 50°C and atter
centritugal separation, dried in

in a current ot dry air at 250°C
(ret.2). Ethyl acetate was puri­

tied by re-tluxing with P205 and

fractional distillation. Its den­
sity at 25°C was 0.8945 g cm- 3 ;

and b.p. 77.14 - 77.16 °C.

ESTIMATED ERROR:
Precision in temp. was ±O.OloC •

REFERENCES:

1. Willard, H.H.; J. Am. Chem.

Soc. lill, 34, 1480.

2. Willard, H.H.; Smith, G.F.
J. Am. Chem. Soc. li44, 44,
2816.



COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

['7'601-89-0)

(2) 2-butanone (methyl ~thyl ketone);

C4H80; [78-93-3 )

VARIABLES:
One temperature: 283-323 K

EXPERIHENTAL VALUES:
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ORIGINAL MEASUREHENTS:
Krumcal'z, B.S.; SmirnovA, V.A.;

Gerzhvert, Yu. I.

Zh. Neorl. /Chil1l. ill1, 17, 1778­
80; *Ru••• J. Inorl. Chel1l. (Engl.
Tran.l.) ill1, 17, 924.

PREPARED BY:
C.C. Ho

Solubility of (1) in (2) at various temperatures:

Liquid phaae compositiona

molality/mol kg- 1

10
20
25
30
40
50

1,944
1.836
1.790
1. 749
1.682
1.630

a Solid phaae at equilibrium was NaC104 over the temperature
range inveatigated.

AUXILIARY INFORHATION

HETHOD/APPARATUS/PROCEDURE:
The method and apparatus were aa

described in ref. 1.

SOURCE AND PURITY OF HATERIALS:
No details given.

ESTIHATED ERROR:
Nothing specified.

REFERENCES:
1. Krumgal'z, B.S.; Gerzhvert, Yu.

I; Nikitina, I.P.; Derevakaya,
V.I.; Fedotova, G.F.; Traber,

D.G. Zh.6 Prikl. Khil1l. li§i,
42, 1414.
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COMPONENTS:
(11 Sodium perchlorate; NaCl04;

(7601-89-0)
(21 ~eetone; C3H60; (67-64-1)

VARIABLES:
One temperature: 283-323 K

EXPERIMENTAL VALUES:

ORIGINAL'MEASUREMENTS:
Krumgal'z, B.S.; Smirnova, V.~.;

Gerzhvert, Yu. I.

Zh. Neorg. Khim. lill, 17, 1778­
80: .Russ. J. [norg. Chem. (Engl.

Transl.l lill, 17, 924.

PREPARED BY:
C.C. Ho

Solubility of (11 in acetone at various temperatures:

Liquid phase compositiona

molality/mol kg- 1

10
20
25
30
40
50

4.242
4.346
4.422
4.508
4.604
4.666

a Solid phaae at equilibrium waa NaCl04 over the temperature
range inveatigated.

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
The method and apparatua were as
deacribed in ret. 1.

SOURCE AND PURITY OF HATERIALS:
No detaila given.

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
1. Krumgal'z, B.S.; Gerzhvert. Yu.

I; Nikitina, I.P.; Dereva~aya,

V.I.; Fedotova, G.F.; Traber.
D.G. Zh. PrJ.kl. KhJ.m. Ull,
42. 1414.



COMPONENTS:

(1) Sodium perchlorate; NaCl04 ;

[7601-89-0]
(2) Acetamide; C2HSNO;

[60-3S-S)

VARIABLES:
One temperature: 373 K.

EXPERIMENTAL VALUES:

Solubility of (1) in (2) at 1000 C :

ORIGINAL MEASUREMENTS:

Paul, R.C.; De~ R.

Rea. Bulletin PanJab Univ.

liii, 20, 139-48.

PREPARED BY:
C.C. Ho
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g salt/100g solvent

12.46

a Compiler's calculations.

L018

COMMENTS/ADDITIONAL DATA:
The solubility of sodium perchlorate in molten acetamide is strikingly
similar to that in water. A fairly high dielectric constant of aceta.ide
is responsible tor the ionization ot the salt dissolved in it. The ions
formed are assumed to be similar to those obtained in aqueous solution.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Solubility was determined by

preparing the saturated solution
in molten acetamide. The tubes
containing the solvent and the
solute were sealed and shaken
continuously tor several hours in
a bath at 1000 C. The cation and
anion estimated using standard
methods. No details were given.

SOURCE AND PURITY OF MATERIALS:
(1) and (2) were purified as
described in ref. 1 and 2.

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
1. Paul, R.C. : Dev, R. Ind. J.

Chelll. un, 3, 315.

2. Paul, R.C. j Dev, R. Ind. J.
Chelll. il.§1, 5, 267.
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COHPONENTS:
(1) Sodium perchlorate; NaC104 ;

[7601-89-0)
(2) Sulfinylbis-methane ( d1methyl

sulphox1de, DHSO ); C2"60S;
[67-68-5)

VARIABLES:
Temperature: 298, 308 and 318 K.

EXPERIHENTAL VALUES:

ORIGINAL HEASUREHENTS:
Kenttamaa, J.

PREPARED BY:
C.Y. Chan

Solubility of sodium perchlorate in DHSO at various temperatures :

( Solid phase was the anhydrous salt. )

t / °c mol/100 g(2) mol kg- 1

25 0.18 1.8

35 0.17 1.7

45 0.21 2.1

AUXILIARY INFORHATION

HETHOD/APPARATUS/PROCEDURE:
The soly measurements and the preparation of solvates was carried out in
glass-stoppered flasks immersed in a thermostat at an initial temperature
of 50 °c. The flasks were shaken from time to time to mix the contents.
About 2 weeks were allowed for the attainment ot equilibrium, after which
the temperature was lowered to 45, 35, or 25 °c as required. After one
more week of equilibration, the solutions were analysed. After the soly
measurements at 25 °c , the solids in the flasks were filtered and washed
with pure DHSO. Excess DHSO was removed from the solids in a vacuum of
about 0.05 torr and trapped in a U-tube immersed in a dry ice-acetone mix­
ture, care being taken to isolate the solvates from atmospheric moisture.
The solutions were analysed for sodium by flame photometry, using a
Beckman 4100 flame photometer. All analyses were carried out in duplicate
or triplicate to an accuracy of about ± 5 X. The solvates were also
analysed using flame photometry and ion exchanle methods (no details).

SOURCE AND PURITY OF HATERIALS:
DHSO of "practical quality" was purified by repeated recrystallization.
The melting point of the final product was 18.5 °c. The salt was dried in
a heating cabinet for a few days at a temperature high enough to remove
any moisture. No details of salt purity.

ESTIHATED ERROR:
Soly precision: about ± 5 X •



COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

[1601-89-0)
(2) Tetrahydrothiophene l,l-dioxide

(sulfolane); C4H802S; [126-33-0)

VARIABLES:
One temperature: 313 K

EXPERIMENTAL VALUES:
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ORIGINAL MEASUREMENTS:

Starkovich, J.A.; Janghorbani, M.

J. Inorl. Nucl. Chem. li11. 34,
789-91.

PREPARED BY:
C.C. Ho

The solubility of (1) in sulfolane at 400 C was 0.981 mol dm- 3•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A small amount of (1) sufficient to

saturate 3 cm3 of the solvent was
placed in 5 cm3 glass ampoules and
(2) added. The ampoules were sealed

and placed in a water bath maintained
at 40.0 ± 0.50 C. The soln was allowed
to equilibrate for 250-300h with per­
iodic shaking. At the end of the equ­
ilibration period, the ampoules were

opened and a 1 cm3 aliquot of each
supernatant soln was transferred in
the open atmosphere to a clean 1/2

dram polyvial. The 1/2 dram poly­
vials were sealed and placed ina ide

2 dram polyvials for activation. So­
lubility was determined by subjecting
the perchlorate sample to neutron ir­
radiation and subsequently meaauring
the amount of induced 38Cl activity.

Samples were activated twice for 30
min. each time at thermal neutron
fluxes of 2.8x10 10 and 5.8x109

neutrona cm- 2 s-l in the Oregon State
Univeraity Triga reactor. A set of 3

NH4Cl standards was used to obtain a
calibration'plot of 38Cl activity vs.

perchlorate concentration. After each

SOURCE AND PURITY OF HATERIALS:
Sulfolane (Shell Chem.) waa twice

distilled below 1000 C in vacuo.
The solvent prepared in this way,
was found to contain <0.02X by wt
water as determined by a Fisher
titration (ref. 1). The salt uaed
was of reagent grade quality or
purified according to published
procedures (ref. 2).

ESTIMATED ERROR:

Temperature: ± 0.50 C.
Solubility : relative standard

deviations range
between 2 and 6X which
is what may be expected

from INNA techniquea
without elaborate
sample handling.

REFERENCES:
1. Mitchell, J.; Smith, D.M.

Aquametry, Interscience. N.Y.,

liia, 65-78.
2. Mann, C.K. Electroanalyt1cal

ChemlatrT, Marcel Dekker, N.Y.,

~, 132-4.

(continued next page)
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COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

(7601-89-0]
(2) Tetrahydrothiophene l,l-dioxide

(aulfolane); C4H802S; [126-33-0]

HETHOD/APPARATUS/PROCEDURE: (continued)

ORIGINAL MEASUREMENTS:
Starkovich, J.A.; Jan,horbani. H.

J. Inorl. Nucl. Chem. li11, 34,
789-91.

activation the 1/2 dram polyvial. were placed in new 2 dram polyvial. and
counted with a 3 in x 3 in NaI(Tl) well detector coupled to a 400 channel
analyzer. The 1.64 and 2.16 MeV photopeak area. of 37-min 38Cl were
corrected for Compton .catterinl and decay and both peak. were u.ed
,enerally for analyai •• Where interference. were noted, only one y-ray
wa. u.ed. The number of perchlorate ion. per formula unit wa. taken
into con.ideration in calculatin, the .alt .olubilitie••



COMPONENTS:
(1) Sodium perchlorate; NaCl04

[13454-84-7)
(2) Hydrazine; N2H4; [302-01-2)

VARIABLES:
One temperature: 273.2 K

EXPERIHENTAL VALUES:
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ORIGINAL HEASUREHENTS:
Rosolovskii. V.Ya.; Sakk. Zh.G.

Zh. Neor,. Khim. lilQ. 15, 2262-4;
*RUBB. J. Inorg. Chem. (Engl.

Transl.) lilQ. 15. 1169-70.

PREPARED BY:
C.Y. Chan

Solubility ot sodium perchlorate in hydracine at 0.0 °c was reported as
74.3 g(1)/100 g(2). The corr.spondinl mol X and molality values are
16.3 X and 6.07 mol kl- 1 , respectively (calculated by compilerl. The
solid phase was reported to be NaC104.N2H4 (22475-89-4).

AUXILIARY INFORHATION

HETHOD/APPARATUS(PROCEDURE:
A sln of sodium perchlorate in
hydrazine with the solid phase
present was stirred for 2 h contin­
uously in a thermostat at 0 °c. The
liquid and solid phases were
separated and analysed tor Cl04- by
precipitation as nitron perchlor­
ate. Hydrazine in both phases was
analysed by titration with satd
iodine solution in the presence ot
excesS sodium bicarbonate.

SOURCE AND PURITY OF HATERIALS:
Sodium perchlorate was obtained

by reactinl 70 X HCl04 aq. sln
with sodium carbonate and recrys-
tallized twice. It was dried to

constant wt. in a vacuum at 200 ­
250 °c. Hydrazine was 99.5­
98.8 X pure.

ESTIHATED ERROR:
Temperature precision: ± 0.1 °C.
Insufficient details tor soly
error estimation.

REFERENCES:
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COMPONENTS:
(11 Sodium perchlorate; NaCl04

(13454-84-7J
(2) Hydrazine; N2H4 i [302-01-2J

VARIABLES:
One temperature: 298.2 K

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Sakk, Zh.G.; Rosolovskii, V.Ya.

Zh. Neorg. Khim. lil4, l7, 1783-4j

*Russ. J. Inorg. Chem. (Engl.
Transl.) lill. l7, 927-8.

PREPARED BY:

C.Y. Chan

Solubility of
85.1 g(1l/100

18'.22" and

sodium perchlorate in hydrazine at 25.0 °c was reported as
g(2). The ~orresponding mol" and molality values are
6.95 mol kg- 1 • respectively (calculated by compiler). ,

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
4-6 g of the sal~' and 8-11 cm3 of

hydratine were thermostated at 25°C
for 7-8h wtth continuous stirring in
a vessel isolated from atmospheric
moisture. ' Samples for analysis were
removed by withdrawing solution and
part of the solid phase into'another
vessel fitted with a porosity no. 4

filter at reduced pressure. After

separating the phases, the solution
was analysed! for hydrazine using the
procedure, given in ref. 1.
Repl'icate solubi·l1 ty determinations
were carried out.

SOURCE AND PURITY OF MATERIALS:
The methods of purification of the

perchlorate and of the preparation
of anhydrous hydrazine were as
described in ref. 1.

Salt purity was about 99.5-99.9 ".

ESTIMATED ERROR:

Absolute error in soly value was

0.4 ".
Precision in temp. was ±O.l'oC •

REFERENCES:

1. Rosolovskii, V.Va.j Sakk, Zh.G.

Zh. Neorg. Khlm. 1.lUQ, l5,
2262.



COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

[7601-89-0]
(2) Perchloric acid; HC104 ;

[7601-90-3]

VARIABLES:
Temperature: 273 K.

EXPERIMENTAL VALUES:
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ORIGINAL MEASUREMENTS:
Rosolovskii, V.Va.; Kristov, N.V.;

Lemesheva, D.G.

Zh. Neorg. Khim. illl, 13,

1115-8; *RUSB. J. [norg. Chem.

(Engl. TranBl.) ~, 13, 582-4.

PREPARED BY:

C.Y. Chan

Solubility of sodium perchlorate in
the solid phase being the anhydrous

mass X (1) g(1)/100 g(2)

anhydrous
salt :

mol "a

perchloric acid at 0 °C,

0.624 0.628 0.512 0.0513

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mixtures of 5-6 g of the salt with
10-12 g of the acid were kept in a

thermostat at 0 °c (melting ice)

for 10-15 h with continuous stir­
ring in tubes isolated from atmos­

pheric moisture. After equilibrium
haa been reached, the aolid and

liquid phasea were separated on a
glass filter. Perchlorate waa de­
termined gravimetrically aa nitron
perchlorate. The purity of the
acid before and after saturation
was determined by acid-base titrat­

ion. Concentration of the salt in
the satd sln was determined by

first diluting a weighed sampple of
the sln (5-8 g) in water and then
evaporating to dryness. The dry

residue was then dissolved in
concentrated sulphuric acid, evap­

orated to dryness and the resulting
sulfate heated to constant weight
at 600 °C. Triplicate determinat­
ions were made.

SOURCE AND PURITY OF MATERIALS:
NaC104 was prepared by dissolving

Na2C03 in 70 " HC104 , recrystalling
twice from water, and drying to

constant weight under vacuum at

200-250 °c. Analysis: Na 18.81 '"

C104 81.45 ".
Anhydrous HC104 was distilled from

a mixture of oleum and perchloric
acid dihydrate at 100 °c under va­
cuum (ref. 1). Acid purity was

99.79 ± 0.01 " (w/w).

ESTIMATED ERROR:

Precision in soly value : ± 0.3 ".
Temperature precision not stated.

REFERENCES:
(1) Rosolovskii, Y. Ya. KhimiJ'a

Bezvodnoi Khlornoi KislotJ',

( Moscow, ~ ).
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COMPONENTS:

(11 Sodiu~ perchlorate; NaC104 i

(7601-89-0)
(2) Hydrogen peroxide; H202 ;

(7722-84-1)

VARIABLES:
One temperature: 273 K

EXPERIHENTAL VALUES:

ORIGINAL HEASUREHENTS:
Titova. K.V.; Kol~akova. E.I.;

Rosolovskli. V.Ya.

Zh. Heorg. Khim. Ull. 31.
3213-5; -Russ. J. [norg. Chem.

( Engl. Transl. ) ~. 31.
1846-7.

PREPARED BY:
C.Y. Chan

Thi solubl1i tya of sodium perchlorate in hydrogen peroxide at 0 °c :

g(l)/ 100 g(21

42.12
mass "
29.64

mol "
10.48

molality/ mol kg- 1

3.440

a Maas". mol" and molality values calculated by compiler.
The solid phase was an unstable solvate.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

No details of saturation method waR
given. Solubility equilibrium was
established in 1-1.5 h. The concen­
centration of the solutions did not
change noticeably during the next 3h

but after that slow decomposition of

peroxide began. The concentration
of perchlorate in the satd solution
was determined from the mass of the
solid residue left after removal of
the solvent from a sample of the
solution under vacuum.

SOURCE AND PURITY OF MATERIALS:
Sources not given.

The H202 was 99.8" ± 0.2" pure.
No information on purity of salt.

ESTIMATED ERROR:
Not stated.

REFERENCES:



COMPONENTS:
(1) Sodium perchlorate; NaCl04 i

[7601-89-0)

(2) Ammonia: NH 3 : [7664-41-7]

VARIABLES:

Temperature: 240 - 323 K.

ORIGINAL MEASUREMENTS:
Marshall, P.R.; Hunt, H.

J. Che11J. Eng. DAtA llti, 4,

217-22.

PREPARED BY:

C.Y. Chan
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EXPERIMENTAL VALUES:
Solubility ot NaCl04 in NH 3 at various temperatures, the solid phase

being the anhydrous salt :

t/ °c g(l)/ 100g(2) mol "a molality/ mol kg- 1

-33 278.3 27.91 22.7
0 304.3 29.74 24.8

25 318.3 30.69 26.0
50 328.0 31. 33 26.75

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The solubility determinations were carried out using a specially
constructed apparatus (diagram given in original paper), involving a

gas line connected to the saturation cell. The cell consisted ot two

compartments separated by a sintered glass partition, the larger one of

which was connected to the gas line in such a way that the cell could be

inverted, with either one ot the compartments vertically above the other.

Weighed amts of the salt were sealed in the smaller compartment of the

cell which was then connected to the gas line via the larger compartment.

Excess of dry ammonia was condensed in the cell until the salt had com­

pletely dissolved at the set temperature. Coolants used were dry ice and

CC1 4 • The cell was thermostated in a liquid NH 3 bath for -33 °c deter­

minations, in an ice + water bath for 0 °C, and in a water bath tor the

other temperatures. Ammonia was bled from the solution until salt

crystals were formed, and the cell inverted so that the solution filtered

through the partition into the larger compartment. After filtration the

ammonia in the solution was all removed by condensation into a reservoir

in the apparatus and determined quantitatively by absorption in std. HCl

sIn and back-titrated with std. base. The cell was then opened and the
solids removed for analysis.

SOURCE AND PURITY OF MATERIALS:

Not stated. Ammonia was dried with sodium.

ESTIMATED ERROR: Reproducibility (3 detn) is within ± 2 " of the mean
value in most cases.
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COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

l7601-S9-lll
[2) Carbamide (urea); CH4N20;

[57-13-6)
(3) Water; H20: (7732-18-5)

VARIABLES:
One temperature: 303 K
Composition

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Abdukarimova, F.M.; Nogoev, K;

Sulaimankulov, K.

Zb. Neorl. Kb1.•• u.n, 18, 3102­
6; *Ru••• J. Inor,. Cbe•• (En,l.
Tranal.) u.n, 18, 1651-3.

PREPARED BY:
C.C. Ho

Liquid phase composition Solid
mass " mol " molalitJa/mol k.- l phaseb

( 1 ) ( 2 ) ( 1 ) (2 ) (1) (2)

- 57.50 - 28.87 - 22.53 A
7.86 54.09 1.91 28.61 1.687 23.67 A

(2.09)c (29.27)
14 .00 51.61 3.80 29.74 3.325 24.99 A

(3.97) (29.81 )
17.91 50.64 5.16 30.98 4.651 26.81 A

(5.35) (30.83)
24.04 49.10 7.60 32.79 7.310 30.44 A

(7.84) (32.64)
31.49 49.60 11. 71 38.96 13.60 43.68 A

(12.06) (38.73)
37.50 52.29 17.63 50.00 30.00 85.28 A

(17.56) (49.93)

37.57 52.46 17.80 50.82 30.78 87.62 A + B
(17.70 ) (50.38)

37.77 51.96 17.75 49.47 30.04 84.25 B
(17.69) (49.62)

39.13 43.81 16.07 36.62 18.73 42.76 B
(16.01) (36.55)

42.44 37.48 16.61 30.00 17.26 31.08 B
(16.62) (29.93)

46.52 31.19 17.80 24.38 17.05 23.30 B
(17.78) (24.31)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
No details were given.

SOURCE AND PURITY OF MATERIALS:
Nothin. specified.

ESTIMATED ERROR:
Nothing cpecified.

REFERENCES:

(continued next pa.e)



COMPONENTS:

(1) Sodium perchlorate; NaCl04 ;
(7'6(11':'89-0 ]

'r2) Carbamide (urea); CH4N20;

(57-13-6]
(3) Water; H20; (7732-18-5]

EXPERIMENTAL VALUES: (continued)
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ORIGINAL MEASUREMENTS:

Abdukarimova, F.M.; No,oev, K;
Su1aimankulov, K.

Zh. Neorg. Khim. lill, 18, 3102­
6; *RuBB. J. Inorg. Chem. (Engl.
Transl.) lill, 18, 1651-3.

Liquid phase composition Solid

mass " mol " molalitya/mol k,-l phaseb

(1 ) (2 ) (1 ) (2 ) (1 ) (2 )
52.43 25.72 20.61 20.76 19.60 19.60 B

(20.69)c (20.70)
62.40 19.02 37.62 23.50 27.43 17.05 B

(27.43) (17.05)

62.76 19.34 28.30 16.90 28.64 17.99 B + C
(28.04) (17.61)

62.35 19.28 27.40 17.30 27.72 17.48 B + C
(27.53) (17.35)

62.55 19.36 28.00 16.87 28.24 17.82 C
(27.80) (17.54)

64.26 9.96 24.83 7.86 20.36 6.43 C
(24.74) (7.82)

66.12 3.83 23.88 2.83 17.97 2.12 C
(23.77) (2.81)

68.71 - 24.4 - 17.94 - C

a Comp.iler'a calculations. b A .. CO(NHZ)2;
B .. NaClO•• 2CO( NH2)2;
C .. NaClO•• HZO.

c Values in brackets are compiler's calculations.

COHHENTS/ADDITIONAL DATA
The solubili~y curve ot the ternary aystem (see Fi,ure) shows that in
addition to the initial components, an anhydrous compound with sodium
perchlorate:urea ratio ot 1:2 crystallises out. The branch ot the curve
which belon,s to this compound occupies a lar,e part ot the dia,ram and
extends in the ran,e 19.02- 51.96" urea and 37.77-62.40" sodium
perchlorate. The strai,ht line rays which run trom this branch ot the
solubility curve meet at a sin,le point ot the dia,ram correspondin, to a
solid phase with the composition NaCl04.2CO(NH2)2'

(continued next pa,e)
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COMPONENTS:
(1) Sodium perchlorate; NaCl04;

[1'6dl-811-0)

f2) Carbamide (urea); CH4N20:
, [57-13-6)

(3) Water: H20: [7732-18-5)

EXPERIMENTAL VALUES: (continued)

t6

ORIGINAL MEASUREMENTS:
Abdukarimova, F.M.: Nogoev, K;

Sulaimankulov, K.

Zh. Neorl. Khim • .1.ill. 18, 3102­
6: *RuBB. J. [norl. Chem. (Enll.

TranBl.) .1.ill. 18, 1651-3.

Mass'

"J---~!r---~~-~~;:::~I--1A'IINaCl04
NaC104'~O



COMPONENTS:
II) Sodium perchlorate; NaCl04 •

[7601-89-0)

(2) Thiocarbamide (thiourea);

CH 4N2S: [62-56-6)
(3) Water; H20; [7732-18-5)

VARIABLES:
One temperature: 303 K
Composition

EXPERIMENTAL VALUES:
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ORIGINAL MEASUREMENTS:
Abdukarimova, F.M.; Nogoev, Kj

Sulaimankulov. K.

Zh. Neorg. Khim. ti11. 18, 3102­
6; *Russ. J. [norg. Chem. I Engl.

Transl.) lila, 18. 1651-3.

PREPARED BY:
C.C. Ho

Liquid phase composition Solid

mass " mol " molalitya/mol kg- 1 phase

I 1 ) (2) 11 ) (2 ) I 1 ) 121

- 18.20 . 5.27 - 2.923 CSINH 2 )2
(5.00)b

12.67 16.35 2.42 5.31 1.458 3.026 ..
(2.43) (5.04)

23.52 12.03 4.87 4.24 2.981 2.452 ..
(4.89) (4.02)

33.78 9.06 7.71 3.51 4.827 2.082 ..
(7.73) (3.34)

47.89 8.01 13.24 3.76 8.869 2.386 ..
(13.28) (3.57 )

60.56 5.07 19.97 2.83 14.39 1. 938 ..
(20.03) 12.70)

67.02 3.60 24.54 2.25 18.63 1. 610 to

(24.60) (2.13 )

67.50 3.51 25.06 2.21 19.02 1. 591 CSINH2 )2 +
124.98) (2.09) NaCl04 ·H 2O

68.06 2.80 25.11 1. 76 19.08 1.262 NaCl04 ·H 2O
(25.15) 11.66)

68.45 1.23 24.73 0.75 18.44 0.533 ..
(24.76) (0.72)

68.71 - 24.40 . 17.94 - ..
(24.42)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
No details were given.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
Icontinued next pag~)
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COMPONENTS:

(1) Sodium perchlorate; NaCl04 ;

[7601-89-0)

(2) Thiocarbamide (thiourea);

CH 4N2S: [62-56-6)

(3) Water: H20: [7732-18-5\

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Abdukarimova. F.M.i Nogoev, Ki

Sulaimankulov, K.

Zh. Neort. Khim. li11. 18. 3102­
6; *Russ. J. Inorg. Chem. (Engl.

Transl.)llli, 18.1651-3.

a Compiler's calculations.

b Values in brackets are compiler's calculations. The original

values appeared to be in error.

COMMENTS/ADDITIONAL DATA

The solubility isotherm of the ternary system (see Figure) consists of two

branches: one corresponding to CSlNH 2 )2 as solid phase in equilibrium and

the other to NaCl04 .H 20 as solid phase. The composition of the eutonic

solution, where crystals of thiourea and sodium perchlorate monohydrate

are 1n equilibrium, is characterized by the following mean composition of

init1al substances: 3.51~ thiourea and 67.50~ sodium perchlorate.

75

50

mass A'

25

o 25 50

maSs .f'

75 100 NaClO4

NaCl04'~O



COMPONENTS:

11) Sodium perchlorate; NaCl04;
(7601:'89-0)

12) Thiocarbamide; CS(NH2)2;
[62-56-6)

13) Wateri H20; (1132-18-5)

VARIABLES:
One temperature: 298 K
COlllposition

EXPERIMENTAL VALUES:

151

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Tarakanov. V.F.

Uch. Zap. rarosl. Goa. Ped. Inst.
.lll1., 95, 109-12.

PREPARED BY:
N.A. Kozyreva

Solubility system NaCl04-CSINH2)2-H20 at 298 K:.
Liquid phase composition

mass " mol " molality/mol k,-1

11 ) 12 ) 11 ) 12 ) 11 ) 12 )
0.00 14.70 0.00 3.92 0.000 2.264

21.79 11. 44 4.41 3.72 2.665 2.251
47.93 8.20 13.34 3.67 8.923 2.455
61.20 4.48 20.29 2.39 14.564 1. 715

64.19 3.84 22.80 2.11 16.868 1.608

61.89 0.00 23.73 0.00 17.268 0.000

Solid phase

CSINH 2 )2 + NaCl04 ·H 20

NaCI04· H20

Solution composition at the isothermal double saturation point

I .olid phases NaCl04.H20 and CS(NH2)2 ):
64.79 ma•• X NaCl041 3.84 ma.s X CS(NH2)2' and 31.37 ilia•• X H20.

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method. Details ot satura- Not stated.
tion technique are not liven. The I-----------------~
composition ot solid phases was deter- ESTIMATED ERROR:
mined by Schreinemakers' method or Not stated.
"residues". Thiocarbamide was deter- I-----------------~
mined by the KJeldahl method; CI04- REFERENCES:
Irav imetricall y, by ni tron prec i pi ta­

tion.
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COMPONENTS:

(1) Sodium p,rchl~rate; NaC104;
17601-89-01

(2) Acetamide; C2H5NO; (60-35-5)

(3) Water; H20; (7732-18-5J

VARIABLES:
One temperature: 298 K
Composition

ORIGINAL MEASUREMENTS:

Lepeshkov, I.N.; Tarakanov, V.F.

Uch. Zap. Yarosl. Gos. Ped. Inst.
Ull, 103, 78-82.

PREPARED BY:
1.5. Bodnya

EXPERIMENTAL VALUES:

Solubility system NaC104-CH3CONH2-H20 at 298 K:

Liquid phase composition Solid phase
maas X mol X

( 1 ) (2 ) (1 ) ( 2)

67.89 - 23.73 - NaC104 ·H20
62.10 9.70 22.68 7.34 ..
58.21 20.56 23.75 17. 39 ..
54.07 31.00 24.60 29.23 ..
48.22 45.14 25.80 50.06 Na~104
46.03 50.59 26.47 60.31
32.90 65.10 18.13 74.37 CH3CONH2
23.75 65.16 10.14 57.67 ..
11.00 68.35 3.75 48.35 ..

- 71. 24 - 43.03 ..
a Compiler's calculation.

AUXILIARY INFORMATION

METHOD!APPARATVS!PROCEDURE: SOURCE AND PURITY OF MATERIALS:
The solY was studied by the method of Not stated.

isothermal recrystallization. Addition

of sodium perchlorate monohydrate to ~---------------------------------1

the saturated solution of acetamide ESTIMATED ERROR:

resulted in dissolution of the solid Not stated.

phase. To avoid this, dried acetamide

was taken or anhydrous sodium perchlo- ~--------------------------------~

rate was added. Acetamide was deter- REFERENCES:
mined by the KJeldahl method; perchlo-
rate ion by the gravimetric method
with nitron. The density, viscosity
and electric conductivity of the satu-

rated solutions were measured.



COHPONENTS:
(1) Sodium perchlorate; NaC104 ;

[7601-89-0)
(2), Sultinylbis-methane ( dimethyl

sulphoxide, DHSO ); C2H60S;
[67-68-5)

(3) Water; H20; [7732-18-5)

VARIABLES:

Temperature: 298.2 K •
Composition.

EXPERIHENTAL VALUES:

ORIGINAL HEASUREHENTS:
Ferroni, G.; Villetard, H.

Ann. Chim. ~, 10, 33-5.

PREPARED BY:

C.Y. Chan

153

Solubility of sodium perchlorate in mixtures of water and DHSO at

25.0 °C, the solid phase being NaC104.H20 :

Solvent composition Solubility

mol ratio, DHSO:H2O g/100 cm3 mol dm- 3

2:1 23.27 1.90

1:1 25.59 2.09

1:2 34.53 2.82

1:5 60.12 4.91
1:10 82.12 6.71

pure DHSO 22.41 1.83
pure H2O 181.22 14.8

AUXILIARY INFORHATION

HETHOD/APPARATUS/PROCEDURE:

No details of saturation method.
Excess ot the salt was allowed to
saturate in 50 cm3 of solvent tor 8

days at 25 °C. The saturated slns
were tirst eluted through acidic
cation exchange resins and the
eluants analysed by potentiometric
titration (glass electrode used)
wit.h NaOH sln.

SOURCE AND PURITY OF HATERIALS:
Anhydrous NaC104 was obtained by

heating the monohydrate (Herck
product) gradually, then by fusing

to remove water ot crystallization

and turther dried at 120 °C.
Analytical grade DHSO was further
purified (ret. 1) before use.

ESTIHATED ERROR:
Temperature precision: ± 0.1 °C.
Precision in soly detn not stated.

REFERENCES:
1. Butler, J.N.

tical. Chem.

J. Electroanaly­

.l.ll.ll, 14, 89.
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COMPONENTS:
(1) Sodium perchlorate; NaCl04 ;

['1'601- 691..0').

(2) Dimethylurea; C3H80N2;
"-

[1320-50-91
(3) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:
BeBtuzheva, M.M.

Sb. Tr.farosl. GaS. Ped. InsC.

!..lUi, 178, 67-9.

VARIABLES: PREPARED BY:
One temperature: 298 K I.S. Bodnya

Compod tion

EXPERIMENTAL VALUES:

Solubility system NaClO4-C3H80N2-H20 at 298 K:

Liquid phase composition Solid phaseb

mass " mol "a molal i tya/mol kg- l

( 1 ) (2 ) ( 1 ) (2 ) (1) (2 )

67.84 - 23.69 - 17.228 - A
67.24 1.89 24.04 0.94 17.790 0.695 ..
65.27 3.81 23.25 1.89 17.240 1.398 A + B
65.19 3.85 23.20 1. 90 17.197 1.411 ..
65.04 4.16 23.22 2.06 17.247 1.533 B
55.99 6.89 17.62 3.01 12.319 2.107 ..
49.50 10.50 14.73 4.34 10.107 2.979 ..
43.29 14.38 12.33 5.69 8.352 3.855 ..
39.43 16.51 10.90 6.34 7.309 4.253 "
37.05 23.56 10.98 9.70 7.682 6.788 ..
37.07 23.50 10.98 9.67 7. 678 6.764 B + C
37.01 23.42 10.93 9.61 7.639 6.717 C
28.08 22.83 7.14 8.06 4.672 5.278 "
24.31 22.60 5.84 7. 54 3.740 4.831 ..
16.64 22.42 3.60 6.74 2.230 4.175 ..
12.94 22.30 2.67 6.40 1.632 3.908 ..
9.90 21. 71 1.96 5.98 1.182 3.603 C
5.43 22~16 1.03 5.83 0.612 3.473 ..
- 23.55 - 5.92 - 3.496 "

a
b

Compiler's calculations.

A = NaCl04 .H20; B. NaCl04.2C3H80NZ.HZO; C· C3H80NZ

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal recrystallization was used. Not stated.
Periods of equilibration vary trom Z

to 3 daYB. Perchlorate ion was deter- I----------------~
m1ned gravimetrically with n1tron, d1- ESTIMATED ERROR:
methylurea by KJeldahl's method. The Not stated.
density and viscosity ot saturated
solutions were determined.

REFERENCES:



COMPONENTS:

(1) Sodium perchlorate; NaC104 1

[7601-89-0J

(21 Hexamethylenetetramine;

C6"12N4 I [100-97-0)
(3) Water; "20; [7732-18-5)

VARIABLES:

One temperature: 298 K

Composition

EXPERIMENTAl. VALUES:

155

ORIGINAL MEASUREMENTS:

Sal'nikova, L.N.; Karnaukhov,

A.S.; Lepeshkov, I.N.

Zh. Neorg. Khim. lill. 16, 2840­
4; *Ru••• J. [norg. Cham. (Engl.
Tran.!.) lill. 16,1511-3.

PREPARED BY:

C.C. "0

Liquid phaBe cOllposition Solidc

mass " mol "a molalitya/mol kg- l densityb phase
(1 ) (2 ) (1 ) (2 ) (1) (2 )

- 46.52 - 10.05 - 6.205 1.1126 A
2.29 46.20 0.583 10.28 0.363 6.398 1.1250 A
6.83 45.18 1.834 10.60 1.162 6.716 1.1480 A
9.95 44 .10 2.758 10.68 1.769 6.846 1.1832 A

16.35 43.46 4.993 11, 59 3.323 7.714 1, 3217 A + B

19.67 39.78 5.960 10.53 3.96iZ 6.998 1,2510 B
21.43 38.70 6.569 10.36 4.390 6.924 - B
22.94 37.02 7.007 9.88 4.679 6.595 1.2764 B
30.34 28.53 9.062 7.443 6.025 4.948 1.3241 B
36.63 23,91 11. 26 6.435 7.593 4.340 - B
38.44 21.86 11. 74 5.83 7.908 3.928 1.3810 B
43.99 17.75 13.77 4.85 9.390 3.309 - B
47.71 15.74 15.40 4.44 10.66 3,072 1. 8382 B
52.72 13.50 17.93 4.01 12.75 2.851 - B

54.47 13.67 19.25 4.22 13.96 3.061 2.2410 B + C

56.28 12.04 19.95 3.73 14.51 2.711 1.6005 C
59.50 9.37 21. 31 2.93 15.61 2.147 1.5907 C

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Eq­
uilibrium was reached after 20 days.
The solid phases were analysed for

C104 ion (determined as nitron

perchlorate) and C6"12N4' by acid
hydrolysis followed by distillation

of the ammonia into saturated boric

acid soln and titration with "2S04'
The density was measured pyknolletri­

cally in benzene.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Nothing specified,

REFERENCES:

(continued next page)
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COMPONENTS:

(1) Sodium perchlorate; NaC104 ;

[7601-89-0J
(2) Hexamethylenetetramine:

C6"12N4; [100-97-0)
(3) Water; "20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Sal'nikova, L.N.; Karnaukhov,
A.S.j Lepeshkov, I.N.

Zh. Neorl. Kh1m. lill, 16, 2840­
4j *Russ. J. [norl. Chem. (Enll.
Tranal.) lill, 16, 1511-3.

EXPERIMENTAL VALUES: (continued)

Liquid pha-e composition Solidc

mass " IDol "a molalitya/mol kg- 1 densityb phase

( 1 ) ( 2 ) ( 1 ) (2 ) ( 1 ) ( 2 )

61.72 7.97 22.47 2.53 16.63 1.876 1.6127 C
64.95 5.55 24.03 1. 79 17.98 1.342 - C

67.11 5.44 25.97 1.84 19.97 1.414 1.7310 C + D

67.02 4.27 25.21 1.40 19.07 1.061 - D
66.86 3.50 24.64 1.13 18.42 0.842 - D
67.80 - 23.65 - 17.20 - 1.6840 D

a Compiler's calculation. b in 103 kg m- 3

cA. C6"12N4; B • NaC104,C6"12N41 C • 5NaC104.2C6"12N4.3"20:
D • NaC104'"20.

denaity is

46.45": C6"12N4 53.32"

46.62": C6"12N4 53.38"
elongated cryatals and ita

COMMENTS/ADDITIONAL DATA:

The solubility isotherm ot the system has tour crystallization branches

(aee Figure). The tirat and tourth correspond to the cryatallization in

the solid phaae ot the initial subtances. The second (the longest) branch

corresponds to the crystallization ot congruently soluble NaC104,C6"12N4'
the compoaition ot which was contirmed by chemical and thermographic

analyses:

Found " : NaC104
Calculated " : NaC104

The compound was isolated as
1.703x103 kg m- 3 •

When the concn ot aodium perchlorate waa increased a co.plex

formula 5NaC104.2C6"12N4.3"20 was tormed. The composition ot
compound waa contirmed similarly:

Found" : NaC104 64.69": C6"12N4 29.49": H20

Calculated" : NaC104 64.67": C6"12N4 29.62"j "20
The compound crystallized out as rectangular platea and ita
1.8639x103 kg m- 3•

with the

this

5.81"

5.71"
density is

(continued next page)



COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

[7S01-89-0)
(2} Wexamethylenetetramine;

CSH12N4 ; [100-97-0]
(3) Water; H20; [7732-18-5)

COMMENTS/ADDITIONAL DATA: (continued)

157

ORIGINAL MEASUREMENTS:
Sal'nikova, L.N.; Karnaukhov,

A.S.; Lepeahkov, I.N.

Zh. Neorg. Khllll. lill, 16, 2840­
4; *Ru••• J. Inorg. Chelll. (Engl.
Tran.l.) lill, 16, 1511-3.

80
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Mass $
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COMPONENTS:
t 1) Sodium perchlorate: NaCl04;

[7601-89-0)

(2) Benzamide: C7H7NO: [55-21-0)

(3) Water: H20i [7732-18-5)

VARIABLES:
One temperature: 298 K

Composition

ORIGINAL MEASUREMENTS:
Bestuzh~va, H.H.: Klnderov, ~.B.:

Karnaukhov, A.S.

Uch. Zap. Yarosl. Gas. Ped.

Inst. U1j. 169, 37-41.

PREPARED BY:
E.S. Gryzlova

ESTIMATED ERROR:
Not stated.

SOURCE AND PURITY OF MATERIALS:
Not stated.

REFERENCES:

1. Hillebrand, W. F.: Lundell
G.B.F. Applied Inorganic
Analysis, 2nd edit.Wiley,
N.Y.-London~

2. Loebich, O.L. Anal. Chem.,

till, 68, 34.

EXPERIMENTAL VALUES:
Solubility system NaCl04-C6H5CONH2-H20 at 298 K:

Liquid phase cOMposition Solid phase

mass " mol "a molali tya/mol kg- 1

( 11 (2 ) ( 1 I (2 ) ( 1 ) (2 )

- 1. 57 - 0.24 - 0.132 C6H5:0NH 2
4.36 1.42 0.67 0.22 0.378 0.124

12.66 1. 40 2.12 0.24 1.203 0.134 ..
21. 30 1.63 3.90 0.30 2.257 0.175 ..
30.42 1. 60 6.16 0.33 3.655 0.194 ..
45.07 1. 57 11. 01 0.39 6.898 0.243 ..
57.70 1. 88 17.26 0.57 11. 659 0.384 ..

64.61 1.87 21.95 0.64 15.742 0.461 NaClO4 ·H 2O + C6HSCONH 2
65.12 1. 84 22.34 0.64 16.097 0.460 ..

66.28 1. 32 23.03 0.46 16.708 0.336 NaClO4 ·H2O
67.84 - .23.69 - 17.228 - ..

a Compiler's calculation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method was used. Periods

of equilibration varied frOM 2 to 3 1-----------------­
days in the systpm and from 4 to 6

days at the eueenie points. Benza­

mide was determined by the KJeldahl ~-----------------­
method (ref. 1): Cl04 ion by nitron

precipitation (ref. 2). The density

and viscosity of saturated solutions

were measured. The maximum density

and viscosity values occurred at the

eueenie composition.



COMPONENTS:
(1) Sodium perchlorate; NaC104;

(7601.-89-01
(2) Perchloric acid; HC104 ;

[7601-90-3)
(3) Water; H20; [7732-18-5)

VARIABLES:
One temperature: 298 K
Composition

EXPERIMENTAL VALUES:
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ORIGINAL MEASUREMENTS:
Chernykh. L.V.; Ivanov. V.V.;

Alekseeva. E.A.

Zh. Neorg. KhJ.m • .1..l!1.Q.. 15. 1922­

27; .Rus•• J. Inorg. Chem. (Engl.
Transl.) .1..l!1.Q.. 15. 987-9.

PREPARED BY:
C.C. Ho

Liquid phase composition Solidb

lIIass " 11101 "a molalitya/Illol kg-1 phase
(1) (2 ) (1 ) (2) (1 ) (2)

67.70 - 23.57 - 17.12 - A
58.26 7.62 19.46 3.102 13.95 2.223 A
49.45 14.63 15.88 5.728 11.24 4.054 A
32.30 28.81 9.737 10.59 6.783 7.374 A
28.47 32.80 8.584 12.05 6.004 8.430 A
25.26 35.33 7.514 12.81 5.235 8.924 A

23.86 36.47 7.061 13.15 4.912 9.151 A + B

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
(1) was analysed on colulllns of KU-2
ion exchange resin and gravimetri­
cally. The solubility was found by
isothermal saturation at 250C. Equi­
librium was reached in 6-8h. In ana­
lyses of specimens of liquid and so­
lid phases. the H+ ion concn was
determined by titration with borax
solution and the sum of Na+ and H+
cations was determined on columns
of Ku-2 ion-exchange resin. then
the concn of Na+ ion in the specimen
was found by difference. Solid
phase composition was found by
Schreinemakers' method.

SOURCE AND PURITY OF MATERIALS:
Ch'mically pure grade 57" HC104 •
anhydrous HC104• and repeatedly
recrystallized NaC104 were used.
The anhydrous acid was made by the
recommended method (ref. 1). The
HC104 solutions were tested tor
Cl- ion. the anhydrous acid for
sulfur oxides and chloride oxides.

ESTIMATED ERROR:
Temperature: ± 0.050C
Solubility : noth1ng specified.

REFERENCES:
1. Brauer. G. Handbuch del' Prapa­

ratJ.ven anorganJ.achen chem!e
(Transl. into Rues.), Inost~.

Lit. Moscow. ~.
(continued next page)
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COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

[7601-89-0]
(2) Perchloric acid; HC104 ;

[7601-90-3]
(3) Water: H20: [7732-18-5]

EXPERIHENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Chernykh. L.V.; Ivanov. V.V.;
Alekaeeva. E.A.

Zh. Neorg. Kh1•• illQ.. l5. 1922­
27: *RuBB. J. Inorg. Che•• (En,l.
TranBl.) illQ.. l5. 987-9.

Liquid phase composition

mass " mol "a molalitya/mol k,-l
( 1 ) (2 ) (1) (2 ) (1 ) (2 )

23.12 37.15 6.832 13.38 4.753 9.308
19.40 40.88 5.720 14.69 3.989 10.25
16.60 43.42 4.865 15.51 3.391 10.81
13.56 46.29 3.955 16.46 2.758 11.48
10.45 50.06 3.075 17.95 2.161 12.62

4.60 58.13 1.399 21.55 1.008 15.53
3.00 63.26 0.970 24.92 0.7262 18.66
2.33 66.45 0.788 27.41 0.6095 21.19
2.03 69.01 0.717 29.72 0.5725 23.72
1.78 69.30 0.622 29.85 0.4967 23.84
1. 53 74.46 0.599 35.52 0.5204 30.87
1.57 76.34 0.641 38.02 0.5805 34.40

1.09 78.63 0.464 40.82 0.4390 38.60
1.40 78.51 0.599 40.96 0.5691 38.90
1.02 84.10 0.498 50.09 0.5599 56.26
1.00 91.60 0.614 68.52 1.104 123.22
1.26 93.80 0.845 76.65 2.083 189.01

Sol1db

phase

B
B
B
B
B
B
B
B
B
B
B
B

C
C
C
C
C

a Compiler'a claculationa. b A • NaC104 .H20;

B • NaC104 : C • NaCl04 .HC104 •

COMMENTS/ADDITIONAL DATA:

The solubility isotherm ot the ternary aystem (aee Fi,ure) doea not have a
branch with a salt solubility minimum but there is a monotonic decrease in

the solubility ot NaC104 • Evidently the Nat ion does not compete with the
"30+ as a saltinl-out alent and this part is played by the acid throu,hout
the whole relion. The isotherm has two eutonic pointa (B and C). Point B

corresponds to the change of the solid phas~ from the crystal hydrate
NaC104'"20 to the anhydroua salt and point C to the chanle trom Ha010. to
the compound HaC10•• H0104 • It was tound that the solubility ot Ha0104 in
the anhydrous acid is 0.624" (point D).

(continued next pale)



COMPONENTS:

(1) Sodium perchlorate; NaC104 ;

[7601-89-0)

(2) Perchloric acid; HC104 ;

[7601-90-3)
(3) Water; H20; [7732-18-5)

COMMENTS/ADDITIONAL DATA: (continued)

~o

161

ORIGINAL MEASUREMENTS:

Chernykh. L.V.; Ivanov. ~.v.;

Alekseeva, E.A.

Zh. Neorg. Khim. li12. 15, 1922­
27; -Russ. J. Inorg. Chem. (Engl.

Transl.) li12. 15. 987-9.

mass ,
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COMPONENTS:
(1) Sodium perchlorate; NaCl04 ;

17601-89-0)
(2) Potassium perchlorate; KCl04 ;

[7778-74-7]

(3) Water; H20; [7732-18-5]

VARIABLES:
Temperature: 273K and 298K

Composition.

ORIGINAL MEASUREMENTS:
Karnaukhov, A.S.; Makin, A.V.

Zh. Neorg. Khim. liil, 2, 910-4.

*Russ. J. [norg. Chem., (Engl.
Transl.) liil, 2, 311-6.

PREPARED BY:

C.C. Ho

EXPERIMENTAL VALUES:

Solubility system NaCl04-KCl04-H20 at OoC:

Liquid Phase composition Solid

mass " mol "a Molalitya/mol kg- l phase

Point ( 1 ) (2 ) ( 1 ) (2 ) ( 1 ) (2 )

1 - 0.75 - 0.098 - 0.0545 KClO4

2 5.15 0.63 0.797 0.0862 0.446 0.0483 II

3 6.94 0.55 1.091 0.0764 0.613 0.0429 II

4 9.23 0.45 1.480 0.0638 0.835 0.0360 II

5 11. 71 0.49 1.923 0.0711 1.089 0.0403 II

6 11.85 0.48 1. 949 0.0698 1.104 0.0395 II

7 19.54 0.51 3.468 0.0800 1.996 0.0460 II

8 21. 56 0.50 3.908 0.0801 2.259 0.0463 II

9 31.82 0.49 6.463 0.0880 3.839 0.0522 II

10 36.58 0.45 7.868 0.0855 4.744 0.0516 II

11 41.24 0.46 9.418 0.0928 5.777 0.0569 II

12 50.00 0.51 12.93 0.117 8.251 0.0744 II

b
13 55.37 0.52 15.57 0.129 10.25 0.0851 KCl04 + NaClO4

14 55.32 0.51 15.54 0.127 10.23 0.0833 II

15 55.35 0.51 15.56 0.127 10.24 0.0834 II

16 55.32 0.54 15.55 0.134 10.24 0.0883 II

AUXILIARY INFORMATION

ESTIMATED ERROR:
Nothing specified.

SOURCE AND PURITY OF MATERIALS:

Chemically pure sodium perchlorate
was purified by two recrystalliza­

tions. KCl04 was obtained from 30"
HCl04 and chemically pure KCl. The

salt obtained was twice recrystal­

lized. Purities of salts obtained
varied within the limits from

99.54-99.76".

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used. Eq­
uilibrium was attained after 5-6

days at 25 0 C, but after 10-12 days
at OoC. Cl04 was determined gravime­

trically by precipitation from a satd

sln of rubidium chloride, filtered,
washed with 96" alcohol and dried to
constant weight at 1050 C. Potassium

was determined by the gravimetric

method of cobalt nitrate in the form

of K2NaCoIN03)6.H20. Na+ was deter­
mined by the zinc-uranyl-acetate

gravimetric method. REFERENCE'): (continued next page)



COMPONENTS:

(1) S~dium perchlorate; NaCI04 :

(7601-89-0)

(2) Potassium perchlorate: KCI0 4 i

(7778-74-7)

(3) Water; H20; 17732-18-5)

EXPERIHENTAL VALUES: (continuedl

163

ORIGINAL MEASUREMENTS:

Karnaukhov. A.S.; Hakln. A.V.

Zh. Neorg. Khjm. ~. 2. 910-4.

*Russ. J. [norg. Chem .• I Engl.

Trans!.l ~. 2. 311-6.

----------

Liquid Phase composition So111i

mass " mol "a Holal1tya / mo l kg- 1 Iphase

PonH. ( 1 I ( 21 ( 1 I 121 ( 1 I ( 21

17 58.23 0.42 17.15 0.109 11. 50 0.0733 nKC10".mNaCI04

18 60.15 0.28 18.26 0.0751 12.42 0.0511
19 61. 46 0.16 19.06 0.0438 13.08 0.0301

20 62.89 19.96 13.84 'NaCI04 ·H 2O

a Compiler's calculations.

b (evaluator's remarkI the solid phase is not NaC104

Liquid Phase composition Solid

mass " mol "a Holal1tya / mo l kg- 1 phase

Point ( 1 ) ( 21 ( 11 (2 ) ( 11 ( 2)

2.30 0.305 0.170 KCI04

2 2.38 2.18 0.364 0.295 0.204 0.165
3 4.11 2.21 0.639 0.304 0.358 0.170
4 6.52 2.03 1.035 0.285 0.582 0.160
5 10.00 1. 36 1. 630 0.196 0.921 0.111
6 11. 95 1. 34 1.984 0.197 1.126 0.112
7 16.74 1.60 2.921 0.247 1.674 0.141
8 18.39 1. 60 3.263 0.251 1.877 0.144
9 26.06 1. 62 5.021 0.276 2.943 0.162

10 32.38 1. 45 6.699 0.265 3.997 0.158
11 40.82 1. 30 9.376 0.264 5.760 0.162
12 49.94 1. 26 13.05 0.291 8.358 0.186
13 58.37 1. 33 17.51 0.352 11.83 0.238
14 63.26 1. 34 20.74 0.388 14.59 0.273

15 66.32 0.47 22.68 0.142 16.31 0.102 NaCI04 ·H 2O

16 67.82 23.67 17.21

a Compiler's calculations.
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COHPONENTS:
(1) Sodium perchlorate; HaCl04 ;

[7601-89-0]
(2) Pota.lium perchlorate; KCl04;

[7778-74-7]
(3) Water; H20; [7732-18-5]

VARIABLES:
Temperaturel: 298.2 and 323.2 K
Compoli tion

EXPERIHENTAL VALUES:

ORIGINAL MEASUREMENTS:
a.Lepeshkov. I.N.: Druzhinina. G.V.;

Troitskii. E.N.
Yarosl. kn. lzd. ~. 37-45

b.Druzhinina. G.V.
Ucn. Zap. Yarosl. Gos. Ped. lnst.
~.S9. 73-82

PREPARED BY:
E.S. Gryzlova

REFERENCES:

ESTIHATED ERROR:
Temperature: ± 0.1 K

SOURCE AND PURITY OF HATERIALS:
The lalts were puritied by double
recrystallization.

Liquid phale compolition Solid phase

mall " mol "a molalitya/mol k,-l
(1 ) (2) (1 ) (2) (1) (2)

- 2.00 - 0.26 - 0.147 KC~04
3.00 1.28 0.46 0.17 0.256 0.097
6.150 0.64 1.02 0.09 0.572 0.0150 II

11.87 0.46 1.95 0.07 1.106 0.038 II

17.38 0.39 3.01 0.06 1.726 0.034 "
22.36 0.37 4.08 0.06 2.363 0.0315
26.20 0.36 4.98 0.06 2.914 0.0315
32.70 0.35 6.70 0.06 3.989 0.038
38.415 0.32 8.415 0.06 5.129 0.038
46.00 0.33 11.19 0.07 7.000 0.044
152.39 0.29 14.00 0.07 9.042 0.044
58.151 0.26 17.26 0.07 11.1590 0.046
63.50 0.22 20.47 0.06 14.295 0.044

67.63 0.21 23.61 0.06 17.1715 0.047 KC104 + NaC104 ·H20
67.62 0.20 23.60 0.06 17 .162 0.045 II

67.64 0.22 23.63 0.07 17.188 0.049 II

67.63 0.21 23.61 0.06 17.175 0.047 II

67.61 0.20 23.59 0.06 17.1154 0.045 II

67.80 - 23.65 - 17.197 - NaC104 ·H2O

a Compiler'l calculation.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
Isothermal method wal'uled. Equili­
brium ot saturated lolnl was reached
in 4 or 5 days tor 298K and in 2 or 3 1-----------------1
daYI tor 323K. Sodium ion wal deter­
~ined sravimetrically with zinc uranyl

acetate; potallium by precipitatins ~------------------t
with sodium tetraphenylacetate.

None.

(continued next pase)
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COMPONENTS: ORIGINAL MEAStJRKMEN'l'S;

(1 ) Sodium perchlorate; NaC104 ; a.Lepeahkov, I.N.; Druzhinina, G.V. ;

[7601-89-0) Troitakii, B.N.

(2) Potassium perchlorate; KC104 1 Yarosl. JeD. Izd. ~, 37-45

[7778-74-7) b.DruzhiniDa, G. V •

(3 ) Water; H2O; [7732-18-5) Uch. zap. Yarosl. Gos. Ped. Inst.

~,59, 73-82

EXPERIMENTAL VALUES: (continued)

Solubilitr srstem KC104-NaC104-H20 at 323.2 X:

Liquid phase composition Solid phase

mass " mol " molalit1/mol k,-l
(1) (2 ) (1 ) (2) (1) (2)

- 4.93 - 0.67 - 0.374 JCC104
3.11 3.60 0.49 0.50 0.272 0.279 "
7.47 2.38 1.20 0.34 0.677 0.191 "

12.31 2.02 2.06 0.30 1.174 0.170 "
17 .23 1. 79 3.03 0.28 1.738 0.160 "
26.20 1.18 5.03 0.20 2.947 0.117 "
30.73 0.99 6.20 0.18 3.676 0.105 "
36.50 0.87 7.88 0.17 4.760 0.100 "
40.53 0.65 9.19 0.13 5.628 0.080 "
45.28 0.62 10.95 0.13 6.836 0.083 "
51.43 0.64 13.61 0.15 8.764 0.096 "
56.91 0.61 16.44 0.16 10.942 0.104 "
60.61 0.62 18.67 0.17 12.768 0.115 "
67.00 0.60 23.29 0.18 16.889 0.134 "
71.05 0.62 26.90 0.21 20.483 0.158 "
72.52 0.61 28.36 0.21 22.043 0.164 KC104 : NaC104· H20
72.65 0.59 28.49 0.20 22.173 0.159
72.70 0.60 28.54 0.21 22.238 0.162 "
72.54 0.61 28.38 0.21 22.065 0.164 "
72.81 0.60 28.66 0.21 22.364 0.163 "
73.20 - 28.67 - 22.308 - NaC104· H20

a Compiler's calculation.
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COMPONENTS:

(1) Sodium perchlorate: NaC104 ;
[7601-89-0)

(2) Cesium perchlorate; C.C104 ;
(13454-84-7)

(3) Water; H20; [7732-18-5J

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:
Shklov.kaya, R.M.; Arkhipov, S.M.;

Kuzina, V.A.; Kirgintsev, A.N.

Zh. Neort. Khim. lili, 19, 846-9;
*RuBB. J. Inort. Chem. (Engl.
Tran.l.) lili, 19, 462-3.

Liquid pha•• composition Solid pha..b

Dla.s " Dlol "a molaUtya/mol kg- 1

( 1 ) ( 2 ) ( 1 ) ( 2 ) ( 1 ) (2 )

- 11. 667 - 1.0137 - 0.5684 A
10.950 5.046 1. 8733 0.4549 1.0646 0.2585 ..
25.725 3.816 5.0779 0,3969 2.9819 0.2331 ..
38.600 3.517 8.8970 0.4272 5.4464 0.2615 ..
'51.497 3.417 14.3158 0.5006 9.3286 0.3262 ..
55.502 3.413 16.4923 0.5344 11. 033 0.3575 ..
55.976 3.447 16.781 0.5445 11. 267 0.3656 A • C

56.450 3.381 17.042 0.5379 11.478 0.3622 C
57.883 2.921 17.766 0.4724 12.061 0.3207 ..
59.875 2.580 18.923 0.4297 13.025 0.2957 ..
67.044 1.278 23.689 0.2380 17.285 0.1736 ..
74 .080 0.808 30.215 0.1737 24.093 0.1385 ..
74.175 0.544 30.118 0.1164 23.963 0.0926 C • E

74.876 - 30.483 - 24.341 - E

a Compiler's calculation.

b A = CsCI04 ; B. 3C.C104 .NaCI04 ; C = CsCI04 .NaCl04
D = HaC~04.H20; E = HaC104

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: (continued)
ed gravimetrically with nitron (ref. l)i Cs· by precipitation as the

tetraphenylborate (ref. 2). The solid ~hase~ were identified by the
method of residues and by x-ray diffraction.

ESTIMATED ERROR:

Temperature: ± 0.1 °c.
REFERENCES:
1. Loebich, O. Z. An.lye. Chem.

il.2.§., 68, 34.
2. Yanson, E.Yu.; Levin'sh, A.F.

Uspekhi. Khim. lill, 28, 980.



167
COMPONENTS: ORIGINAL MEASUREMENTS:

( 1) Sodium perchlorate; NaClO4 ; ShklovskaYa, R.M. i Arkhipov, S.M. i

(7'601-89-0) Kuzina, V.A. i Kirgintsev, A.t-},
( 2) Cesium perchlorate; CsCI04 ;

03454-84-7) Zh. Neort. Khim. lill, 19, 846-9;
(3 ) Water: H2O; [7732-18-5) '" Russ. J. Inorll. Chem. ( En,l.

Transl.) lill, 19, 462-3.

VARIABLES: PREPARED BY:
Temperature: 298.2 K and 348.2 K. W.L. N,
Composition.

EXPERIHENTAL VALUES:

Solubility system NaCI04-CsCI04-H2O at 298.2 K:

Liquid phase composition Solid phaaeb

mass " mol "a molalitya/mol kg- 1

( 1 ) (2 ) ( 1) (2 ) ( 1) ( 2)

- 1. 96 - 0.1548 - 0.086 A
6.262 0.598 0.9791 0.0493 0.5019 0.0276 "

13.230 0.440 2.2043 0.0386 1. 252 0.0219 "
20.042 0.379 3.5719 0.0356 2.057 0.0205 "
32.377 0.468 6.6205 0.0504 3.938 0.0300 "
37.010 0.502 8.0113 0.0573 4.837 0.0346 "
39.359 0.528 8.7817 0.0621 5.348 0.0378 "
43.492 0.562 10.257 0.0698 6.349 0.0432 "
43.540 0.563 10.275 0.0700 6.362 0.0433 A + B
43.588 0.565 10.294 0.0703 6.374 0.0435 B
44.504 0.565 10.643 0.0712 6.61.7 0.0443 "
44.957 0.565 10.820 0.0717 6.740 0.0446 "
46.587 0.556 11.471 0.0721 7.198 0.0453 "
47.114 0.5~6 11. 689 0.0727 7.353 0.0457 "
47.138 0.552 11. 698 0.0722 7. 356 0.0454 B + C
47.162 0.548 11. 707 0.0717 7.366 0.0451 C
48.919 0.488 12.447 0.0654 7.897 0.0415 "
54.996 0.385 15.343 0.0566 10.067 0.0371 "
57.436 0.383 16.681 0.0586 11.121 0.0391 "
58.746 0.292 17.417 0.0456 11. 713 0.0307 "
60.413 0.237 18.420 0.0381 12.539 0.0259 "
62.117 0.201 19.514 0.0333 13.463 0.0230 "
67.246 0.168 23.284 0.0307 16.854 0.0222 "
68.388 0.128 24.214 0.0239 17.741 0.0175 C + D
68.464 0.129 24.279 0.0241 17.804 0.0177 C + D
68.516 - 24.254 - 17.774 - D

a Compiler's calculation.
b A. CsCI04 ; B. 3CsCl04 .NaCI04 ; C. CsCI04 .NaCI04

D = NaCI04.H20; E = NaCl04

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:

In the isothermal method used. the

mixtures were equilibrated in a

thermostated bath for 30 days. In

the analysi& of the solid and

liquid phases, C104 was determin-

SOURCE AND PURITY OF MATERIALS:
"Chemically pure" ,rade salts were

recrystallized twice from doubl~­

distilled water.

(continued next page1
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COMPONENTS:

(11 Sodium per~hlorate; NaCl04;

[7601-89-0)

(21 Ammonium perchlorate; NH4Cl04;
[7790-98-91

(31 Water; H20; [7732-18-5)

VARIABLES:
Temperature: 298.2, 308.2, 363.2 K.

Compositlon

ORIGINAL MEASUREMENTS:

Kudryakova, S.A.; Karnaukhov, A.S.

Uch. Zap. Yarosl. Gas. Ped. Inst.

lilQ, 79, 36-42.

PREPARED BY:
N.A. Kozyreva

EXPERIMENTAL VALUES:

Solubility system NaCl04-NH4Cl04-H20 at 298.2 K:

Liquid phase composition Solid phaseb

mass " mol "a molalitya/mol kg- 1

( 1 I ( 21 ( 11 (2 I 11 I (2 I

- 18.60 - 3.39 - 1.945 A
4.77 16.28 0.85 3.04 0.493 1.755 "
8.20 15.58 1.51 2.99 0.879 1.740 "

13.37 13.58 2.55 2.70 1.495 1.582 "
19.07 10.82 3.76 2.22 2.221 1.314 "
23.90 9.47 4.91 2.03 2.930 1.210 "
28.18 7.76 5.97 1.71 3.593 1.031 "
35.71 6.36 8.19 1.52 5.035 0.934 "
39.47 5.62 9.43 1.40 5.871 0.871 "
45.06 4.87 11.54 1.30 7.350 0.828 "
49.59 4.40 13.52 1.25 8.803 0.814 "
52.62 3.82 14.92 1.13 9.866 0.746 "
61.89 2.75 20.29 0.94 14.295 0.662 "

61.92 2.70 20.29 0.92 14.294 0.650 A + B

63.33 2.59 21.28 0.91 15.177 0.647 B
64.73 2 •. 11 22.15 0.75 15.943 0.542 "

66.52 1.63 23.37 0.60 17.058 0.436 B + C
66.82 1.49 23.55 0.55 17.221 0.400 "

66.58 1.70 23.45 0.62 17.143 0.456 C
67.27 0.68 23.54 0.25 17.142 0.181 "
67. 64 - 23.52 - 17.071 - "

a Compiler's calculation.
b A = NH 4Cl04 ;

D = NaCl04 ;

B = n(NH 4Cl04 1.mINaCl04 .H201 ;

E = nINH4Cl041.mINaCl041

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method was used. Equili­

brium in the system in the region of

solid solutions was reached in 30
days. Sodium ion was determined gra­

vimetrlcally as sodium zinc uranyl
acetate; ammonium ion by the volumet-

SOURCE ANU PURITY OF MATERIALS:
The salts were purified by two

recrystallizations and then ground

to fine powder.

(continued next ;agel
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COMPONENTS: ORIGINAL MEASUREMENTS:
( 1 ) Sodium perchlorate; NaCl04i Kudryakova, S.A. : Karnaukhov, A.S.

(7601-89-01
(2 ) Ammonium perchlorate; NH4Cl04i Uch. Zap. Yarosl. Gos. Ped. Inst.

[7790-98-9] ~, 79, 36-42.
(3 ) Water: H2O; [7732-18-5]

EXPERIMENTAL VALUES: (continued)

Solubility system NaCl04-NH4Cl04-H 2O at 308.2 K:

Liquid phase composition Solid phaseb

mass " mol "a molalitya/mol kg- l

(1 ) (2 ) (1) (2 ) (1 ) (2 )

- 22.43 - 4.25 - 2.461 A
3.16 21. 67 0.59 4.21 0.343 2.454 "
6.03 20.13 1.14 3.97 0.667 2.320 "
8.34 18.50 1. 59 3.67 0.931 2.152 "

15.88 15.63 3.19 3.27 1.894 1.942 "
20.90 13.33 4.34 2.88 2.595 1. 725 "
23.64 12.08 5.00 2.66 3.004 1.600 It

26.05 11.46 5.63 2.58 3.405 1. 561 It

28.46 10.78 6.29 2.48 3.826 1.510 It

34.11 8.41 7.87 2.02 4.847 1. 245 ..
36.20 7.88 8.53 1. 93 5.287 1.199 It

43.57 5.89 11.08 1. 56 7.041 0.992 It

50.05 5.36 13.95 1.56 9.167 1.023 "
56.18 4.71 17. 19 1.50 11.732 1. 025 "
60.60 4.38 19.99 1. 51 14.133 1.065 "

60.75 4.50 20.14 1.55 14.278 1.102 A + B

64.45 3.12 22.37 1.13 16.231 0.819 B
66.74 2.23 23.84 0.83 17.566 0.612 "

67.64 2.33 24.67 0.89 18.396 0.660 B + C.
67.58 2.27 24.59 0.86 18.~07 0.641 C
67.68 2.35 24.72 0.89 18.444 0.667 ..
69.20 0.85 25.29 0.32 18.871 0.242 "
69.80 - 25.38 - 18.877 - It

a Compiler's calculation.

b A = NH 4Cl04 ;

D = NaCl04 ;

METHOD: (continued)

B = n(NH 4Cl04 ).m(NaCl04 .H20); C = NaCl04 .H 20 ;

E = n(NH4Cl04).m(NaCl04)

AUXILIARY INFORMATION

ESTIMATED ERROR:
ric Formalin method; perchlorate ion Temperature: ± 0.1 K
by difference and occasionally by
nitron precipitation. Solid solutions
were studied by the differential ther- REFERENCES:

mal, microphotographic and X-ray pow-

der analytical methods.
(continued next page)
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COMPONENTS:

(1) Sodium percblorate; NaC104;

(7601-89-0J

(2) Ammonium perchlorate; NH4C104;
[7790-98-9J

(3) Water; H20; [7732-18-5J

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Kudryakova, S.A.; Karnaukhov, A.S.

Uch. Zap. Yarosl. Gos. Ped. Inst.
ll1..Q., 79, 36-42.

Liquid phase composition
mass X mol xa molalitya/mol kg- l

Solid phase b

( 1 )

4.18
9.82

14.14
20.69
25.40
30.75
37.50
40.85
43.60
46.76
51. 38
58.76
67.99

68.28

70.85
71. 94

73.67
73.78

73.58
74.40
75.20
75.85

(2 )

43.37
40.45
35.37
32.86
27. 65
24.80
21.80
18.40
16.93
14.93
13.20
11. 20
9.20
6.14

6.43

5.27
4.56

3.67
3.56

3.65
2.40
0.86

( 1 )

0.99
2.34
3.46
5.16
6.52
8.18

10.52
11. 83
12.79
14.06
16.19
20.54
27.17

27.66

29.69
30.43

31.82
31.87

31.70
31.72
31.49
31. 61

(2 )

10.51
9.97
8.79
8.38
7.19
6.63
6.04
5.38
5.11
4.56
4.14
3.68
3.35
2.56

2.71

2.30
2.01

1. 65
1.60

1.64
1.07
0.38

I 1 )

0.617
1.463
2.179
3.271
4.166
5.293
6.945
7.902
8.587
9.538

11.214
14.978
21.465

22.051

24.232
25.002

26.553
26.592

26.392
26.191
25.655
25.652

(2)

6.518
6.218
5.493
5.277
4.556
4.239
3.910
3.551
3.413
3.064
2.806
2.548
2.444
2.020

2.164

1.878
1.652

1.379
1. 337

1.364
0.880
0.306

A

A + E

E

E + D

D

a Compiler's calculation.

b A = NH 4C104 ; B = nINH4C104).mINaC104.H20) j C = NaC104.H20 ;

D = NaC104 ; E = nINH4C104).mINaC104)



COMPONENTS:

(1) Sodium p~rchlorate; NaC104;
[7601-89-0)

(2) Thallium perchlorate; T1C104;
[13453-40-2]

(3) Water; H20; [7732-18-5]

r;ARIABLES:
One temperature: 298 K

Composition

EXPERIMENTAL VALUES:
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ORIGINAL MEASUREMENTS:

Smirnov. V.N.; Ivanov, S.A.;
Chechneva, I.V.

Uch. Zap. rarosl. Gos. Ped. Inst.

liZl, 120, 13-5.

PREPARED BY:
N.A. Kozyreva

Liquid phase composition Solid phase

mas. " mol "a molalitya/lllo l k,-1

(1 ) (2 ) (1 ) (2 ) (1 ) (2 )

- 14.27 - 0.98 - 0.548 T1C104
14.62 6.43 2.64 0.47 1.512 0.268 "
35.51 4.65 8.00 0.42 4.847 0.256 "
53.13 2.81 15.02 0.32 9.849 0.210 "

66.41 2.38 23.76 0.34 17.379 0.251 NaC104 .H20 + T1C104

66.35 2.41 23.73 0.35 17.346 0.254 NaC104 ·H2O
67.89 - 23.73 - 17. 268 - "

a Compiler's calculation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method was used. Equili- Not stated.
brium was attained in 5-7 days. Thal-
lium ion was determined by bromate I------------------l
method; perchlorate ion gravimetrical- ESTIMATED ERROR:
ly by precipitation with nitron and Not stated.
sodium ion by difference.

REFERENCES:



ESTIMATED ERROR:
Temperature: ±O,l oC.

SOURCE AND PURITY OF MATERIALS:

The salts were recrystallized
twice. Purity: 95.58-99.75",
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Sodium perchlorate; NaCI04 ; Karnaukhov, A.S.; Kudryakova, S.A.

['t60l-89-0]
(2) Magnesium perchlorate; Mg(CI04 )2; Uch. Zap. Yarosl. Gos. Ped. Inst.

[10034-81-8] ~, 59, 119-36.
(3) Water; H20; (7732-18-5]

VARIABLES: PREPARED BY:
One temperature: 298.2 K E.S. Gryzlova

Composition

EXPERIMENTAL VALUES:

Solubility system: NaCI04-Mg(CI04)2-H20 at 25 0 C

Liquid phase composition Solid

phase

mass " mol "a molalitya/mol kg- 1
(1) ( 2 ) ( 1 ) ( 2 ) ( 1 ) ( 2 )- 49.80 - 7.413 - 4.444 Mg(CI04 )2· 6H20

2.95 47.88 0.812 7.228 0.490 4.363 "
9.12 43.76 2.581 6.793 1. 581 4.161 It

15.13 40.51 4.465 6.558 2.786 4.091 It

20.26 37.75 6.208 6.345 3.941 4.028 It

25.57 34.59 8.109 6.018 5.242 3.890 It

26.73 33.75 8.517 5.899 5.524 3.826 It

28.05 33.13 9.047 5.861 5.901 3.823 It

27.80 33.13 8.924 5.834 5.811 3.799 NaCI04· H20 + Mg(CI04 )2· 6H20
27.85 33.18 8.958 5.854 5.837 3.815 It

28.08 33.43 9.116 5.954 5.958 3.891 "
28.00 33.56 9.101 5.984 5.949 3.911 It

28.12 33.60 9.168 6.009 6.000 3.932 It

28.20 33.73 9.232 6.058 6.050 3.969 It

28.30 33.73 9.283 6.069 6.087 3.980 NaCI04 ·H2O
31.48 30.27 10.22 5.390 6.722 3.545 It

35.49 27.04- 11. 64 4.863 7.736 3.233 It

40.48 22.77 13.37 4.126 8.996 2.776 It

45.59 18.61 15.24 3.413 10.40 2.329 It

50.27 14.72 16.97 2.725 11. 73 1.884 It

54.38 11.01 18.39 2.043 12.83 1.425 "

a Editors' calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The isothermal method was used.
Periods of equilibration varied trom

20 to 70 h. Mg 2+ was determined by ~-------------------------------------~
complexometric titration. Na+ gravi­
metrically as sodium zinc uranyl

acetate, and CI04 gravimetrically by

nitron precipitation.

REFERENCES:

None.

(continued next page)



COMPONENTS:
(1) Sodium perchlorate; NaCl04 ;

[7601-89-0]
(2) Magnesium perchlorate; Mg(Cl04 )2;

[10034-81-8]
(3) Water; "20; [77~2-18-5]
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ORIGINAL MEASUREMENTS:
Karnaukhov, A.S.; Kudryakova, S.A.

Uch. Zap. Yarosl. Goa. Ped. Inse.
ill.§. , 59, 119-36.

E~PERIMENTAL VALUES: (continued)

Solubility system: NaCl04-Mg(Cl04)2-"20 at 25 0 C (continued)

[Solid phase: NaCl04'"20]

Liquid phase composition

mass " mol "a molali tya/mol k.- 1

(11 (2 ) ( 1 ) (2 ) ( 1 ) (2 )

57.58 8.35 19.60 1. 559 13 .80 1.098
60.37 6.12 20.71 1.152 14.71 0.818
64.51 2.38 22.18 0.449 15.91 0.322
67.86 23.70 17.24

a Editors' calculations.

COMMENTS AND/OR ADDITIONAL DATA:

The solubility isotherm (mass") is shown below.
Solution composition at the isothermal double saturation point

solid phases NaCl04 .H 20 and Mg(Cl04)2.6H20 ):

28.05 mass" NaCl04, 33.43 mass" Mg(Cl04 )2' and 38.52 maS8 " "20.

80-r.ar.a
m
60

40

20

20 40 60 mass' 80
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COMPONENTS:
(1) Sodium perchlorate; NaCl04 ;

[7601-89-01
(2) Magneslulll perchlorate; Mg(Cl04 )2;

[10034-81-8]
(3) Water; H20; (7732-18-5]

VARIABLES:
One temperature: 363 K
Composition

ORIGINAL MEASUREMENTS:
Kudryakova, 5.A.; Lepeshkov, I.N.

Sb. Tr. Yarosl. Gos. Ped. Inst.,

till. 66, 40-50.

PREPAR~D BY:
1.5. Bodnya

EXPERIMENTAL VALUES:

Solubility System: NaCl04-Hg(Cl04)2-H20 at 90 0 C

Liquid phase composition Solid
phase

mass " 11I01 "a molalitya/mol kg- 1
(1 ) (2 ) (1 ) (2 ) ( 1 ) (2 )- 55.57 - 9.167 - 5.603 MgICl04 )2· 6H20

4.40 52.15 1. 340 8.713 0.827 5.377 It

8.07 49.67 2.502 8.448 1.560 5.266 It

14.54 45.18 4.644 7.916 2.948 5.025 It

19.87 42.03 6.582 7.638 4.259 4.942 It

24.22 39.21 8.230 7.309 5.409 4.804 It

28.63 36.39 9.999 6.972 6.685 4.661 It

34.01 33.10 12.34 6.586 8.445 4.509 It

34.08 32.87 12.32 6.516 8.422 4.456 NaClO4 + Mg(Cl04 )2· 6H20
34.27 32.75 12.40 6.500 8.487 4.449 It

34.57 32.56 12.53 6.475 8.590 4.438 It

35.10 31.89 12.67 6.317 8.684 4.328 It

34.57 32.18 12.43 6.345 8.491 4.336 It

34.60 32.28 12.47 6.383 8.532 4.367 Na~104
37.58 29.81 13.64 5.934 9.412 4.095
41. 69 26.57 15.33 5.359 10.73 3.750 It

45.56 23.78 17.06 4.886 12.14 3.475 It

49.37 20.81 18.74 4.333 13.52 3.126 It

55.45 15.49 21.21 3.250 15.58 2.388 II

61. 75 11.03 24.43 2.393 18.53 1.815 II

69.13 5.45 28.23 1. 221 22.21 0.961 II

74.51 1.33 31.12 0.305 25.19 0.247 II

76.27 - 32.11 - 26.25 - II

a Editors's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
The isothermal method was used. Mg 2+ Not given.

was determined volumetrically by tit-

ration with Trllon B; Na+ gravi- 1----------------­
metrically by precipitation with zinc ESTIMATED ERROR:

uranyl acetate; and Cl04 gravimetri- Not given.
cally by nitron precipitation. The

densities and relative viscosities of ~----------------~
the saturated solutions were mea- REFERENCES:
sured. None.
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COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

(76Ul-89-0]
(2) CalClum perchlorate; Ca(C104 )2;

[13477-36-6]

(31 Water; H20; (7732-18-5]

ORIGINAL MEASUREMENTS:
Lilich, L.S.; Ovtrakht, N.V.

Vestn. LGU, Ser. Flz. Khlm.

llll, 10, 115-9.

VARIABLES:
One temperature: 298 K

Composition.

PREPARED BY:
N.A. Kozyreva

40 60

mass %

EXPERIMENTAL VALUES:
Solubility of the system NaC104-Ca(C104 )2-H20 at 25 0 C:

Liquid phase composition Solid

mass " mol "a molalitya/mol kg- 1 phaseb

( 11 (2 ) (1 ) ( 2) (1 ) (2 )

65.40 12.47 7.909 Ca(Cl?'4)2· 4H 20
1.92 64.14 0.72 12.38 0.462 7.908
3.28 62.91 1.24 12.15 0.792 7.786 "
5.61 61.76 2.17 12.22 1.404 7.920
5.82 61.47 2.24 12.13 1.453 7.864 "
5.84 61.47 2.25 12.14 1.459 7.868 "
6.01 61.26 2.31 12.08 1.500 7.832

6.45 61.16 2.50 12.15 1.626 7.901 NaC~04
6.77 60.30 2.59 11.82 1.679 7.662
9.15 57.59 3.46 11. 15 2.247 7.245 "

13.50 51.48 4.858 9.491 3.148 6.151 "
13.77 51.17 4.948 9.421 3.208 6.107 "
15.71 48.36 5.518 8.703 3.571 5.632 NaCI04 ·H 2O
17. 16 46.73 5.989 8.356 3.881 5.415
17.32 46.90 6.087 8.445 3.954 5.485
18.16 45.72 6.326 8.160 4.106 5.297
23.13 39.56 7.789 6.825 5.063 4.437
35.68 27.02 11.77 4.568 7.813 3.031
44.94 18.59 14.86 3.150 10.06 2.133
53.88 11. 15 18.13 1.922 12.58 1.334
67.79 23.64 17.19

a Compiler's calculations. H2O

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal. Equilibrium attained in
3-4h. C104 was determined by an
ion-exch~nge method using a KU-2
resin; Ca2+ by complexometric titra­
tion. The composition of the solid
phase was determined by Schreine­

makers' method of "residues".

SOURCE AND PURITY OF MATERIALS:

Not stated.
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COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

[7601-89-0]
(2) Calcium perchlorate; Ca(C104 )2;

[13477-36-6)
(3) Water; H20; [7732-18-51

VARIABLES:
One temperature: 313 K
Compod tion.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Ivanov, S.A.

Uch. Zap. Yaroal. Gos. Ped. In.t.
liU, 66, 82-95.

PREPARED BY:
N.A. Kozyreva

Liquid phase composition Solid

mas. " mol "a molalitya/mol k.- l phase
( 1 ) (2 ) (1) (2 ) (1) (2)

- 68.40 - 14.03 - 9.057 Ca(C104)2· 4H20
2.50 67.00 1.02 14.06 0.669 9.192 "
6.00 64.98 2.54 14.08 1.689 9.370 "

6.40 65.08 2.74 14.28 1.833 9.548 Ca(C104 )2· 4H20
+ NaC104

6.23 65.14 2.66 14.25 1.777 9.516 " "
5.90 64.90 2.48 13.99 1.650 9.300 " "
6.10 65.30 2.61 14.30 1.742 9.554 " "
6.15 65.20 2.63 14.26 1.753 9.523 Na~104

10.30 59.80 4.219 12.55 2.813 8.369
13.20 55.90 5.241 11. 37 3.489 7.570 "
15.20 50.04 5.486 9.253 3.571 6.024 "
20.17 45.70 7.320 8.497 4.827 5.603 "
23.04 42.20 8.202 7.697 5.413 5.080 "
29.82 35.00 10.40 6.251 6.923 4.163 "
36.05 31.71 13.28 5.986 9.132 4.116 "

a Compiler'. calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method. Period. ot equi­
librium varied from 3-5 days. The
solid phases were studied thermo­
graphically. The densities, vis­
cosities and refractive indexes of
saturated solutions were measured.

SOURCE AND PURITY OF MATERIALS:
Not atated.

ESTIMATED ERROR:
Not atated.

REFERENCES:

(continued next pale)
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COMPONENTS:
(1 I Sodium perchlorate; N_C104 :

['7601-89-0 )

(2) Calcium perchlorate; Ca(C104 )2:

(13477-36-6)

(3) Water; H20: (7732-18-5)

ORIGINAL MEASUREMENTS:

Ivanov, S.A.

Uch. Zap. Yarosl. Gos. Ped. Inst.

il.iS.. 66, 82-95.

E~PERIMENTAL VALUES: Icontinued)

Liquid phase composition Solid

mass " mol "a molalitya/mol kg- 1 phase
(1) (2) ( 1 ) (2 ) 11 ) (2)

40.60 26.70 14.68 4.947 10.14 3.417 NaCl~4·H20
47.10 19.80 16.69 3.595 11.62 2.503
53.70 14.05 19.17 2.570 13.60 1.823
59.40 8.90 21. 26 1. 63 15.30 1. 175
66.07 4.14 24.41 0.78 18.11 0.582
70.87 26.36 19.87

a Compiler 's calc~llations.

COMMENTS/APDITIONAL PATA:
The isotherm shows the branches or crystallization or CaIC104)2.4H20,
NaCI04 and NaCI04 .H 20.

80604020

20

80 L-_--,

40

mass ~

60

mass S

Solution composition at the isothermal double saturation point
solid phases NaCl04 and CaICl04)2.4H20 ):

6.18 mass" NaCI04 • 65.10 mass" Ca1C104)2' and 28.77 mass" H20.
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COMPONENTS:
(1) Sodium perchlorate: NaCI0 4 :

(7601-89-0]
121 Strontium perchlorate: SrIC!0412;

(13450-97-0)
(31 Water: H20: (7732-18-5]

VARIABLES: One temperature, 298 K.
Composition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Druzhinina. G.V.

Uch. Zap. Yarosl. Gos. Ped. Inst.

.lllZ.. 103. 39-41.

PREPARED BY:
1.5. Bodnya

Liquid phase composition

mass " Dlol "a molalitya/mol kg- l
(1) (2) (1) (2) I 1 ) (2)

68.84 24.53 18.04
55.51 12.80 20.09 10979 14.31 10 410
40.04 28.45 15.03 4.564 10.38 3.151
23.80 47.06 9.836 8.311 6.671 5.636
12.30 58.39 5.202 10.55 3.427 6.953

5.81 69.39 2.848 14.54 1. 913 9.765

75.01 15.88 10.48

a CompUer's calculations.

Solid phase

+ 5r1Cl04 12· 4H 20

SrICl04 )2· 4H 20

COMMENTS I ADDITIONAL pATA
The solubility isotherm consists of two branches, correspondinl to solid
phase. SrICl04)2.4H20 and NaCl04 .H 20. Average solution composition at

the isothermal double saturation point:

5.81 mass" NaCl041 69.39 mass" Sr1Cl04 )2 1 and 24.80 mass" H20

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
No detaUs.

SOURCE AND PURITY OF MATERIALS:
Not stated.

ESTIHATED ERROR: Not stated.

REFERENCES: None.

75

mass "
50

25

25 50
mass %

75



COMPONENTS:

(1) Sodium perchlorate; NaC104;

[7601-89-0]
(2) Barium perchlorate; Ba(C104)2;

[13465-95-7]
(3) Water; H20; [7732-18-5]

VARIABLES:

Temperature/K: 298 and 323

Composition

179
ORIGINAL MEASUREMENTS:

Zaitseva, S.N.; Lepeshkov, I.N.

Uch. Zap. Yarosl. Gos. Ped. Inst.
li§.i, 66, 113-21.

PREPARED BY:

N.A. Kozyreva

EXPERIMENTAL VALUES:

Solubility system: Ba(C104)2-NaC104-H20

Liquid phase composition

mass " mol "a molalitya/mol kg- l
(1 ) (2 ) ( 1 ) (2 ) ( 1 ) (2 )

At 25 0 C

- 66.89 - 9.767 - 6.008
0.96 66.34 0.388 9.766 0.240 6.034
6.74 60.85 2.705 8.893 1.698 5.584

19.68 50.08 8.084 7.491 5.315 4.925
29.40 42.20 12.36 6.462 8.455 4.419
35.95 36.59 15.24 5.648 10.69 3.963
39.89 33.00 16.89 5.088 12.02 3.620
40.67 32.19 17.17 4.949 12.24 3.527
40.67 32.73 17. 43 5.107 12.49 3.659
41.32 32.90 18.08 5.243 13.09 3.795
41. 30 32.02 17.63 4.977 12.64 3.569
41. 30 32.33 17.78 5.068 12.79 3.646
42.22 29.15 17.06 4.290 12.04 3.028
47.04 23.69 18.48 3.388 13.13 2.407
56.45 12.92 20.96 1. 747 15.05 1.254
61.46 4.45 20.85 0.550 14.73 0.388
67.48 - 23.39 - 16.95 -

At 500 C

- 72.52 - 12.39 - 7.849
0.13 71.65 0.060 11.97 0.038 7.551
4.50 68.27 2.099 11.59 1. 350 7.456
8.20 65.63 3.905 11. 38 2.559 7.458

14.69 59.31 6.897 10.14 4.614 6.784
21.67 53.17 10.22 9.132 7.034 6.285
28.32 48.04 13.72 8.472 9.784 6.044

Solid
phaseb

A
A
A
A
A
A

A + B
A + B
A + B
A + B
A + B

B
B
B
B
B
B

A
A
A
A
A
A
A

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
The isothermal method was used (1]. Not stated.
The densities and viscosities or the

saturated solutions were measured. REFERENCES:

1. Karnaukhov, A.S. Izv. SFKhA
ESTIMATED ERROR: AN SSSR, !iii, 25, 335.

Not stated. (con~inued next page)
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COMPONENTS:

(1) Sodium perchlorate; NaC104;

[7601-89-0)
(2) Barium perchlorate; Ba(C104)2;

[13465-95-7)
(3) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Zaitseva, S.N.; Lepeshkov, I.N.

Uch. Zap. Yarosl. Gas. Ped. InsC •
.l.ll.ll, 66, 113-21.

EXPERIMENTAL VALUES: (continued)

Solubilit1 s1stem : Ba(Cl04)2-NaCl04-H20 at 500 C (continued)

Liquid phase composition Solid
phasea

mass " mol "a molalit1a /mol kg- l
(1) ( 2) (1 ) (2 ) (1 ) (2 )

30.39 46.21 14.73 8.158 10.61 5.873 B
34.05 43.02 16.56 7.621 12.13 5.580 B
34.67 42.89 17.10 7.701 12.62 5.684 B
35.35 42.74 17.69 7.789 13.18 5.802 B
35.85 41.87 17.70 7.528 13.14 5.589 B + C
35.83 40.90 17.15 7.130 12.58 5.227 B + C
35.40 41. 71 17.17 7.367 12.63 5.419 B + C
35.14 41.84 16.99 7.366 12.47 5.405 B + C
36.68 41.76 18.49 7.664 13.90 5.761 C
37.43 40.19 18.33 7.168 13.66 5.341 C
43.50 33.34 20.42 5.699 15.34 4.281 C
47.97 28.00 21.66 4.603 16.30 3.465 C
51.46 22.79 21.92 3.535 16.32 2.632 C
61.01 13.31 25.38 2.016 19.40 1.541 C
64.15 10.01 26.35 1.497 20.28 1.152 D
68.79 4.14 27.05 0.593 20.76 0.455 D
71.50 2.23 28.50 0.324 22.23 0.252 D
73.15 - 28.62 - 22.25 - D

a Editors' c"alculations.
b B .. Ba(C104)2.2H20 ; C = NaC104 ; D .. NaC104 .H2O.



COMPONENTS:

(1) Sodium perchlorate; NaC104;
[7601-119-0]

(2) Zinc perchlorate; Zn(C104 )2;
[13637-61-1)

(3) Water; H20; r7732-18-5)

VARIABLES:
One temperature: 298 K

Composition

EXPERIHENTAL VALUES:
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ORIGINAL HEASUREMENTS:

Leboshchina, V.I.; Kudryakova, S.A.

Uch. Zap. Yarosl. Gos. oPed. Inst.
ll.1.§., 154, 68-71.

PREPARED BY:
N.A. Kozyreva

Liquid phase composition Solid phase

mass " mol "a molalitya/mol kg- 1

( 1 ) (2 ) (1 ) (2 ) (1 ) (2 )

- 53.17 - 7.18 - 4.296 Zn(C104)2· 6H 20
5.02 47.60 1.44 6.32 0.865 3.801 ..

11.68 43.00 3.44 5.87 2.105 3.590 "
20.29 38.71 6.40 5.66 4.042 3.573 ..
23.64 35.20 7.39 5.10 4.691 3.236 Zn(C104)2· 6H20 + NaC104 ·H20
29.38 30.71 9.33 4.52 6.012 2.912 NaC104· H20
36.14 26.38 11. 92 4.03 7.875 2.663 ..
39.58 23.00 13.00 3.50 8.639 2.326 ..
51. 70 12.48 17.18 1.92 11.788 1.318 ..
63.35 3.87 22.00 0.62 15.784 0.447 ..
67.65 - 23.53 - 17.079 - ..

a Compiler's calculation.

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF HATERIALS:
Isothermal method was used. Equili- Not stated.
brium was reached in 3 or 4 days. Zn2+

was determined by complexometric ti- I--------------------------------~

tration with the indicator eriochrome ESTIHATED ERROR:
black T at pH 9.7; C104 gravimetri- Not stated.
cally as nitron perchlorate.

REFERENCES:
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~OMPONENTS:

(1) Sodium perchlorate: NaCl04 :
[7601;'89-0)

(2) Nickel perchlorate: Ni(Cl04)2:
[ 13637-71-3)

(3) Water: H20: [7732-18-5)

IvARIABLES:
One temperature: 298.2 K

Composition

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.: Tarakanov, V.F.

Uch. Zap. Yarosl. Gos. Ped. Inst.
U1.Q, 79, 28-31.

PREPARED BY:
N.A. Kozyreva

REFERENCES:

ESTIMATED ERROR:

Temperature: ~0.1 K

SOURCE AND PURITY OF MATERIALS:
Not stated.

EXPERIMENTAL VALUES:

Solubility system NaCl04-Ni(Cl04)2-H20 at 298.2 K:

Liquid phase composition Solid phase

mass " mol " molal1 ty/mol kg- 1

( 1 ) ( 2) ( 1 ) ( 21 ( 11 ( 2)

- 52.42 - 7.15 - 4.277 Ni(Cl~4)2·6H20
5.08 47. 63 1.46 6.48 0.877 3.910
6.50 46.511 1. 87 6.37 1.131 3.854 "
9.33 44.58 2.71 6.16 1. 653 3.755 "

12.32 41.81 3. 58 5.78 2.194 3.538 "
17. 04 38.81 5.08 5.50 3.152 3.412 "
20.59 36.53 6.25 5.27 3.922 3.307 "
24.94 33.31 7.69 4.88 4.879 3.097 "
31.66 28.94 10.11 4.39 6.563 2.851 Ni(Cl0412·~H20 + NaCl04 ·H 2O
30.73 29.42 9.74 4.43 6.298 2.866
30.44 29.56 9.62 4.44 6.215 2.869 "
30.38 29.76 9.63 4.48 6.225 2.898. NaCl~4·H20
32.61 27. 59 10.31 4.15 6.692 2.691
44.72 17.43 14.41 2.67 9.650 1.788 "
51. 52 11.88 16.84 1.85 11.497 1. 260 "
64.71 1. 98 22.16 0.32 15.866 0.231 "
67.89 - 23.73 - 17. 268 - "

a Compiler's calculations.

Solution composition at the isothermal double saturation point

( solid phases NaCl04 .H20 and Ni(Cl04 )2).6H 20:

30.80 mass X, 29.42 mass X Ni(Cl04 )2' and 39.78 mass" H20.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method was used. The time

of equilibration varied from 4 to 51---------------­
days. N1 2+ was determined by titrat­

ing wlth Trilon B: CI04- gravimetri­

cally, by nitron precipitation. The 1-------------------4
composition of the true solid phase

was determined by Schreinemakers'

method of "residues".



COMPONENTS:

(1) Sodium perchlorate, NaC104,

[7601-89-0)
(2) Aluminium perchlorate, Al(C104)3,

[14452-39-2)
(3) Water; H20, [7732-18-5)

VARIABLES:
One temperature: 303.2 K
Composition

ORIGINAL MEASUREMENTS:
Caven, R.M.; Bryce, G.

J. Chem. Soc. 1i1i, 514-7.

PREPARED BY:
K.H. Khoo
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REFERENCES:

ESTIMATED ERROR:
Temperature: ±O.loC

SOURCE AND PURITY OF MATERIALS:
Nothin. specified.

EXPERIMENTAL VALUES:
Solubility system: NaCl04-Al(Cl04)3-H20 at 30.2oC

Liquid phase composition Solid phase
g/100 S(3) mo1a1itya/mo1 k.- 1

(1) (2 ) (1 ) (2 )

215.0 - 17.6 - NaCl04 ·H 2O
135.4 27.76 11.1 0.85 ..
116.6 37.30 9.52 1.15 ..
100.7 45.59 8.22 1.40 ..
50.64 72.46 4.14 2.23 ..
43.84 76.26 3.58 2.34 NaC104·H20+Al(Cl04)3·nH20
30.02 83.37 2.45 2.58 Al(C104 )3· nH 20

- 110.1 - 3.38 ..

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The isothermal method was used.
Aluminium was determined as the oxide.

Sodium was determined in the presence ~---------------------------------I

of aluminium as sodium magnesium
uranyl acetate. The method of ana­

lys is 0 f the solid phase was not 1-------------------------------1
mentioned.

None.
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COMPONENTS:
(1) Sodium perchloratej NaCI04;

(7601-89-0]
(2) Cerium perchlorate; Ce(CI04)3;

(14017-47-1]
(3) Water: H20; (7732-18-5]

VARIABLES:
One temperature: 298 K
Composition

ORIGINAL MEASUREMENTS:
Druzhinina, G.V.; Paraguzova, T.V.

Uch. Zap. Yarosl. Gas. Ped. Inst.
Ull, 144, 76-85.

PREPARED BY:
I.S. Bodny&

EXPERIMENTAL VALUES:
Solubility system Ce(CI04}3-NaCI04-H20 at 298 K:

Liquid phase composition Solid phase
mass " mol "a molalitya/mol kg-1

( 1 ) (2 ) ( 1 ) ( 2 ) ( 1 ) (2 )

67.80 - 23.65 - 17.197 - NaCI01 ·H 2O
60.56 6.12 20.97 0.59 14.844 0.419
47.28 16.30 15.79 1.52 10.603 1.021
31.98 28.99 10.47 2.65 6.692 1.694
19.56 42.34 6.74 4.07 4.193 2.535
12.15 51. 33 4.42 5.22 2.717 3.206
11.04 52.41 4.03 5.34 2.467 3.270
8.31 56.48 3.16 5.99 1.928 3.659
7.78 58.17 3.05 6.36 1.866 3.896
6.38 60.94 2.60 6.93 1.594 4.253 Ce(CI04 )3' H20 + NaCI04
6.07 60.60 2.43 6.78 1.487 4.147 "
2.32 63.01 0.91 6.89 0.547 4.145 Ce(CI?'4)3· 9H20- 64.33 - 6.90 - 4.113

a Compiler's calculations.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method was used. CI04- was Not stated.
determined gravimetrically as nitron
perchlorate; Ce 3+ trllonometrically 1----------------­
with the indicator xylenol orange. The ESTIMATED ERROR:
composition of solid phases was deter- Not stated.
mined graphically by Schreinemakers'

method. The heating curves were re- 1-----------------
corded using Kurnakov's pyrometer to REFERENCES:
confirm the character of solid phases.
I.R. spectra were studied using a IKS-
14A spectrophotometer.



COMPONENTS:
(1) Sodium perch10ratej NaC104 ;

[7601-89-0]

(2) Terbium perchlorate; Tb(Cl04 )3;

[14014-09-6]
(3) Water; H20; [7732-18-5]

VARIABLES:

9ne temperature: 298 K
Composition

EXPERIMENTAL VALUES:

185

ORIGINAL MEASUREMENTS:
Andronova, N.P.

Uch. Zap. Yarosl. Gos. Fed. Inst.

~, 154, 25-7.

PREPARED BY:

N.A. Kozyreva

Solubility system NaCl04-Tb(Cl04)3-H20 at 298 K :

Liquid phase composition Solid phase

mass " mol "a molalitya/mol kg- 1

( 1 ) (2 ) ( 1 ) (2 ) (1 ) (2)

67.92 - 23.75 - 17.292 - NaCl~4'"20
51.42 13.84 17.66 1.27 12.089 0.871
33.27 30.59 11. 59 2.85 7. 519 1. 851 "
18.52 45.37 6.71 4.40 4.189 2.748 "
17.75 47.57 6.67 4.79 4.180 3.000 "
16.36 49.46 6.25 5.06 3.909 3.165 "
13.85 51. 90 5.32 5.33 3.303 3.314 Na~l04
12.50 53.98 4.91 5.67 3.046 3.522
11. 81 55.40 4.73 5.95 2.942 3.695 ..
7.99 59.31 3.25 6.45 1.996 3.967 "
6.96 61. 34 2.91 6.88 1. 793 4.232 ..
6.68 63.39 2.94 7.48 1.823 4.632 NaClO4 + Tb(Cl04 )3· 9H20

3.53 63.70 1. 45 7.01 0.880 4.251 Tb(Cl~4)3·9H20- 64.30 - 6.63 - 3.939

a Compiler's calculation

Average solution composition at the isothermal double saturation point

( solid phases NaCl04 and TbICl04)3.9H20):

6.68 mass" NaCl04 , 63.39 mass Yo Tb(Cl04'3' and 29.93 mass" "20.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
No details glven. The solid phases

were studied under a microscope and

by differential thermal analysls.

SOURCE AND PURITY OF MATERIALS:

Not stated.

ESTIMATED ERROR:

Not stated:

REFERENCES:



Bul' Soc. Chjm. France llil,
41, 1017-27.
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COMPONENTS:
(1) Sodium perchlorate; NaCl04;

[7601-89-0J

(2) Sodium chloride; NaCl;
[7647-14-5J

(3) water; H20; [7732-18-5)

I

I
ORIGINAL

Cornec ..

HEASUREHENTS:

E.; Dickeley, J.

VARIABLES:

Temperature/K: 273-373

Composition

PREPARED BY:

K.H. Khoo

EXPERIMENTAL VALUES:

Solubility of sodium perchlorate monohydrate
at various temperatures (t)

t/oC 0 15 25 38 50
g(2)/100 g(3) 169 191 211 238 274

molalitya/

mol kg- 1 13.80 15.60 17.23 19.44 22.38

Solubility of anhydrous sodium perchlorate
at various temperatures (t)

t/oc 15 25 38 55 75 100
g(2)/lQO 9(3) 256 260 268 284 300 330
mollilitya/

mol kg- 1 20.91 21. 23 21.89 23.19 24.50 26.95

Solubility of sodium perchlorate in aqueous sodium chloride

(i) At OoC

9(2)/100 9(3) 0 6.70 10.21 17. 15 25.44
g(1)/100 g(3) 169.4 158.0 123.5 80.2 39.3

Solid phaseD A A+B B B B

(ii) At 1000 C

9(2)/100 g(3) 0 3.87 4.93 8.11 17.75

g(1)/100 g(3) 330.1 324.9 237.1 157.1 83. 3

Solid phaseb C C+B B B B

(iii ) At other temperatures

Temperature/oC 25 38 50 55 75

g(2)/100 9(3) 207.7 235.0 271. 5 278.3 296.7

g(l)/lOO 9(3) 4.27 3.57 3.03 2.97 3.32

Solid phaseb A+B A+B A+B C+B C+B

a Compiler's calculations.
b A = NaClO4 .H 2O; B = NaCl; C = NaCI04 (contlnued next page)



COMPONENTS:
(1) Sodium perchlorate; NaC104;

(7601- 89 - 0]

(2) Sodium chloride; NaCl;

(7647-14-5]
(3) Water; H20; (7732-18-5]

ORIGINAL HEASUREHENTS:
Cornec, E.; Dickely, J.

Bul·· Soc. Chim. (France) liZl,
41, 1017-27.
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VARIABLES: PREPARED BY:

Temperature: 273 - 373 K C.Y. Chan

Composition.

EXPERIHENTAL VALUES:

Solubility system NaCI-NaCI04-H2O at various temperatures :

Liquid phase composition Sln density Solid

t/ °c mass" mol " a mol k/C-1 A g cm- 3 phAse

(2) (1) (2) (1) (2) (1)

100 - 76.75 - 32.69 - 26.96 1. 758 NaCI04
" 0.88 75.79 0.78 32.09 0.65 26.53 1. 757 NaCI04 + NaCl

" 1.44 69.32 1.11 25.57 0.84 19.36 1.664 NaCl

" 3.06 59.23 1. 99 18.40 1.39 12.83 1.532 "
tl 8.81 41. 44 4.64 10.41 3.03 6.80 1.367 "
75 0.83 74.15 0.71 30.15 0.57 24.21 1. 757 NaCI04 + NaCl
55 0.78 73.00 0.65 28.87 0.51 22.74 1. 755 " "
50 0.81 72.46 0.66 28.32 0.52 22.14 1.749 NaCl+NaClO4 ·H2O
38 1.05 69.41 0.81 25.48 0.61 19.19 1. 713 " "
25 1.37 66.58 1.00 23.18 0.73 16.97 1.683 tl "

0 - 62.87 - 19.94 - 13.83 - NaClO4 ·H 2O
0 2.53 59.69 1.65 18.55 1.15 12.90 - NaCl+NaClO4 ·H 2O
0 4.37 52.82 2.59 14.97 1. 746 10.08 - NaCl
0 8.63 40.65 4.48 10.08 2.911 6.55 - tl

0 15.44 23.86 6.90 5.09 4.352 3.210 - ..

a Compiler's calculations.

AUXILIARY INFORHATION

HETHOD/APPARATUS/PROCEDURE:
No details of saturation method
given. The saturated solutions
were evaporated in a water-bath and
the solids dried at 110 °c in an
oven, cooled and weighed in stop­

pered flasks.

SOURCE AND PURITY OF MATERIALS:
Commercial sodium perchlorate w~s

purified by several recrystalliz­
ationa before use.

ESTIMATED ERROR:

Not stated.
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COMPONENTS:
(1) Sodium perchlorate: NaC104:

[7601-89-0)

(2) Sodium chloride: NaCl:
[7647-14-5]

(3) Water: H20: [7732-18-5)

VARIABLES:

One temperature: 293 K

Composition

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.

Izv. Vyssh. Uch. Zap, Khim. i.

Khim. Tekhnolog. ~, 3, 34-9.

PREPARED BY:

E.S. Gryzlova

ESTIMATED ERROR:

Not stated.

SOURCE AND PURITY OF MATERIALS:

Chemically pure salts were fur­

ther purified by double recry­

stallization. Analysis gave

99.41" to 99.63" purity.

Solubility system NaCl04-NaCl-H 20 at 293 K:

Liquid phase composition Solid phase

mass " mol "a molalitya/mol kg- 1

(2) (1) (2) (1) (2) (l)

66.84 22.87 16.463 NaClO4
b- - -

0.82 66.30 0.59 22.75 0.427 16.469 "
1.62 65.55 1.16 22.44 0.844 16.307 "
1.78 64.80 1. 26 21.92 0.911 15.836 ..

b
1.83 64.26 1.28 21.52 0.923 15.477 NaCl04 + NaCl
1. 77 64.23 1.24 21.48 0.891 15.429 ..
1.85 64.11 1.29 21.42 0.930 15.382 NaCl
3.97 53.43 2.37 15.21 1.595 10.244 ..

10.64 38.19 5.46 9.35 3.558 6.09~
..

13.53 31.86 6.57 7. 39 4.239 4.765 ..
14.83 25.12 6.69 5.41 4.226 3.417 ..
21.68 10.32 8.• 77 1. 99 5.455 1.239 ..
22.46 8.18 8.93 1. 55 5.541 0.963 ..
23.59 5.39 9.19 1.00 5.684 0.620 ..
26.50 - 10.00 - 6.169 - ..

a Compiler's calculation. b probably NaClO4'H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method (ref. 1) was used.

Equilibrium of the saturated solutions

was reached in 2 days. Na+ was deter­

mined gravimetrically as sodium zinc

uranyl acetate; Cl- by Mohr's method ~---------------------------------------I

and in the transitlon points, gravime­

trlcally as sllver chloride.

REFERENCES:

1. Karnaukhov, A.S. Zh. Neorg. khim. ~, 2, 915.



COMPONENTS:
(1) Sodium perchlorate; NaCl04;

(7601-89-0]

(2) Sodium chloride; NaCl;
[7647 -U-S]

(3) Water; H20; [7732-18-5]

VARIABLES:

One temperature: 298.2 K

Composi tion

189

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Kudryakova, S.A.

Uch. Zap. Yarosl. Gos. Ped. InsC.

l.2li, 59, 119-36.

PREPARED BY:

I.S. Bodnya

EXPERIMENTAL VALUES:

Solubillty system NaCl04-NaCl-H20 at 298.2 K:

Llquid phase composltlon
mass % mol ~a molalitya/mol kg- 1

Solid phase

(2)

26.45
24.33
21.09
18.32
14.73
11.20
8.49
5.19
1. 31
1. 33
1. 35
1. 38
1. 36
1. 41
1. 41
1. 42
0.91

(1)

4.27
11.39
17.50
25.49
33.18
40.41
49.88
66.34
66.29
66.18
66.11
66.11
65.69
65.92
66.03
66.66
67.84

(2)

9.98
9.43
8.59
7. 80
6.67
5.40
4.39
2.97
0.95
0.96
0.98
1.00
0.98
1. 01
1. 02
1. 03
0.66

(1)

0.79
2.21
3.56
5.51
7. 63
9.97

13.62
22.96
22.93
22.85
22.80
22.79
22.48
22.66
22.75
23.07
23.69

(2)
6.153
5.831
5.345
4.884
4.216
3.446
2.843
1.977
0.693
0.703
0.711
0.726
0.715
0.733
0.738
0.746
0.480

(1)

0.488
1. 378
2.227
3.482
4.872
6.459
9.067

16.749
16.720
16.646
16.608'
16.598
16.307
16.479
16.568
16.788
17.228

NaCl

a Compiler's calculation.

ESTIMATED ERROR:

Temperature: ~ 0.1 K

SOURCE AND PURITY OF MATERIALS:

The lnitlal salts were recrystall­

lzed twice. Purity of the salts

varled from 95.58 to 99.75~.

COMMENTS AND/OR ADDITIONAL DATA:
Solution composition at the isothermal double saturation point

I solid phases NaCl04 .H 20 and NaCl I:
1.36 mass % NaCl, 66.09 mass % NaCl04 , and 32.55 mass ~ H20.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method was used. Equili­
brlum was reached in 20-70 hours. Na+

was determlned gravimetrlcally as so­

dium Zlnc uranyl acetate; Cl- mercuri- 1------------------1
metrlcally; Cl04- gravlmetrically by

nitron preclpitatlon.

REFERENCES:
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COMPONENTS:

(1) Sodium perchlorate; NaC104;

[7601-89-0]

(2) Sodium chloride; NaCl;
[7647 -14 - 5]

(3) Water; H20; [7732-18-5]

VARIABLES:
One temperature: 333 K

Composition

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Loseva, G.K.

Tr. Novocberkassk. Politekhn. Inst.
~, 266, 78-81

PREPARED BY:

E.S. Gryzlova

Solubility, system NaC104-NaCl-H20

liquid phase composition solid phase
mass % mol %a molalitya/mol kg- 1

(1) (2) (1) (2) (1) (2)

13.70 20.40 2.72 8.47 1.698 5.297 NaCl
31.70 12.40 7.24 5.94 4.632 3.796 "41.30 8.50 10.32 4.45 6.719 2.897 "49.50 5.60 13.51 3.20 9.004 2.134 "55.70 3.70 16.41 2.28 11.205 1.559 "66.00 2.40 23.09 1.76 17.058 1.300 "
66.80 1.60 23.45 1.18 17.265 0.866 "69.60 1.20 25.72 0.93 19.467 0.703 "71.70 0.99 27.64 0.80 21.442 0.620 "
72.80 0.79 28.67 0.65 22.513 0.512 NaCl + NaC104

74.20 - 29.73 - 23.489 - NaC104

a Compiler I s calculation

AUXILIARY INFORMATION

METHOD IAPPARATUS IPROCEDURE:

Isothermal method was used. The comp­
position of the liquid phase was

determined by chemical analysis. The

composition of the solid phase was

determined using Schreinemaker 's
method.

SOURCE AND PURITY OF MATERIALS:

The reagents were purified by re­
crystallization ; final components
were 99.6-99.6 , pure.

ESTIMATED ERROR:

not stated

REFERENCES:



COMPONENTSl
(1) Sodium perchlorate: NaC104:

[7601-89-0)

(2) Sodium chloride: NaCl:

[7647-14-5)

(3) Water: H20: [7732-18-5]

IvARIABLES:
One temperature: 363 K

Compositlon

191

IORIGI~AL MEASuREMENTS
I

I I\ilrnauKhov. " S .. Troltsk~l, E.N.

I e,ch Zap. \'"r051 G05. Ped. [n5t.

ll.§.Q, 59. S-21.

PREPARED BY;

N.A, Kozyreva

EXPERIMENTAL VALUES:

Solubllity system NaCl04-NaCl-H20 at 363 K:

Llquid phase composition
mass % mol %a molal~tya/mol kg- 1

Sol1d phase

(2)

27.80
25. 11
22.95
18.97
14.80
12.10
9.12
6.80
6.00
5.53
4.60
3.78
3.15
1. 85
0.90
0.87
0.88
0.85
0.86
0.87
0.90
0.89

(1)

5.05
8.72

18.96
23.85
29.94
38.03
45.20
47.99
49.97
52.62
55.77
58.64
63.20
68.09
67. 34
66.93
67.31
68.06
67.17
66.42
66.95
75.85

(2)

10.61
9.88
9.23
8.27
6.57
5.64
4.59
3.69
3.37
3.18
2.73
2.34
2.03
1. 27
0.67
0.64
0.64
0.62
0.64
0.64
0.65
0.65

(1)

0.95
1. 67
3.95
5.05
6.66
9. 13

11 .72
12.86
13. 73
14.91
16.47
18.05
20.75
24.25
23.61
23.28
23.58
24.21
23.47
22.87
23.30
31.61

(2)

6.588
6.152
5.747
5.229
4.128
3.572
2.Cl53
2.424
2.231
2. 126
1 .840
1.599
1. 411
0.906
0.497
0.468
0.468
0.457
0.473
0.466
0.471
0.474

(1)

0.591
1.042
2.495
3. 175
4.219
5.877
7.691
8.519
9. 171

10.046
11.260
12.534
14.769
17.933
17.300
16.981
17.266
17.885
17.165
16.599
17.002
25.652

NaCl

NaCl +.. NaCl04

a
-------------------------------
Compiler's ca1culatlon.

METHOD/APPARAT~S/PROCEDURE

ISOlhelm~1 method was used.

Average solution composition at the isothermal double saturation pOlnt

( solid phases NaC104 and NaCl ):

0.87 mass % NaCl, 67.21 mass % NaCl04 , and 31.92 mass% H20.
-------_.__._------------------------\

AUXILIARY INFORMATION

-------------.------..,-------'--------------1

I
SOURCE AND P~RITY OF MATERIALS.

Con- ~()t stated.

dltlons of saturatlon were not given.

Na+ was determlned gravlmetrlcally as I------~-----------------~
sodlum zinc uranyl acetate; C104- gra- ESTIMATED ERROR:

Vlmetrlcal1y by ~reclpltatlng wlth Not stated.

nltron; Cl- mercurlmetrlcally. -------------------------4
RI:.FE.RENCES
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!cOMPONENTS:

(1) Sodium perchlorate; NaCl04;
[7601-89-0]

(2) Sodium nitrate; NaNO);

[7631-99-4]
(3) Water; H20; [7732-18-5]

tvARIABLES:
Temperature: 298 and 323 K

Compos i tion

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Andronova, N.P.

Uch. Zap. Yarosl. Gas. Ped. Inst.

llll. 95. 142-6.

PREPARED BY:

N.A. Kozyreva

mass " mol "a

(2) (1) (2) (1)

47.82 - 16.27 -
42.88 8.12 15.33 2.02

33.68 20.38 12.73 5.35

29.47 24.85 11. 24 6.58

25.82 35.56 11. 10 10.61

19.37 47.52 9.29 15.82

15.50 55.50 8.12 20.19

11. 59 59.19 6.08 21. 56

11. 53 59.28 6.06 21. 61

7.84 62.32 4.09 22.55

4.98 64.13 2.55 22.80

- 67.89 - 23.73

a Compiler's calculation.

Liquid phase composition

molalitya/mol kg- 1

(2) (1)

10.782 -
10.296 1.353

8.626 3.623

7.590 4.443

7.866 7.520

6.883 11.722

6.288 15.630

4.667 16.544

4.647 16.586

3.091 17.057

1.897 16.956

- 17.268

AUXILIARY INFORMATION

Solid phase

Not stated.

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Isothermal method was used. Satura- Not stated.
tion conditions were not given. The

composition of solid phases was deter- ~--------------------------------------1

mined graphically by Schreinemakers' ESTIMATED ERROR:

method of "residues". The solutions

and SOlld "residues" were analysed for
the nltrate 10n by Devarda's method.

The perchlorate ion was precipitated REFERENCES:

with nitron.

(continued next page)



COMPONENTS:

(1) Sodium perchlorate; NaCl04;

(7601-89-0]

(2) Sodium nitrate; NaN03;

(7631-99 -4]

(3) Water; H20; (7732-18-5]

EXPERIMENTAL VALUES: (continued)
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ORIGINAL MEASUREMENTS:
AndronovA, N.P.

Uch. Zap. Yarosl. Gos. Ped. Inst.

ll1l, 95. 142-6.

Solubility system NaN03-NaCl04-H20 at 323 K:

Liquid phase composition Solid phase

mass " mol "a molalitya/mol kg- l

(2) (1) (2) (1) (2) (1)
53.27 - 19.46 - 13.412 - NaN03
48.42 6.50 18.23 1. 70 12.637 1.178 "
41.70 18.30 17. 15 5.23 12.265 3.737 "
33.41 31.78 15.21 10.04 11 .292 7.456 "
24.40 43.67 11. 88 14.76 8.991 11.170 "
18.14 57. 23 10.42 22.82 8.665 18.977 "
16.98 59.07 9.93 23.98 8.341 20.144 NaN03 + NaC104

16.98 59.07 9.93 23.98 8.341 20.144 II

14.81 60.82 8.61 24.55 7.150 20.383 NaClO4

10.05 65.17 5.84 26.27 4.772 21.479 II

5.70 69.20 3.31 27.90 2.672 22.517 II

3.37 70.84 1. 93 28.23 1. 537 22.434 NaC104 ·H20

- 73.53 - 29.01 - 22.687 II

a Compiler's calculation.



194

COMPONENTS:

(1) Sodium perchlorate; NaCl04 ;

17601-89-0)

(2) Sodium sulfate; Na2S04;

[7757-82-61

(3) Water; H20; [7732-18-51

VARIABLES:

Two temperatures: 298 K and 333 K.
Composition.

ORIGINAL MEASUREMENTS:

Freeth. F.A.

Rea. Trav. Chim. Pays-Bas ~,

43, 475

PREPARED BY:

C.Y. Chan

ESTIMATED ERROR:
No estlmation.

REFERENCES:

1. Van't Hoff, J.H. Zur Bl1dung

der Ozeanlschen Salzablagerun­

gen Wleweg, Braunschweig ~.

1;~, 2.

(continued next page)

SOURCE AND PURITY OF MATERIALS:
NaC104 was prepared from very pure

ammonium perchlorate (X purity not

stated) and an aqueous sln of pure
NaOH. Source and other details

not given. NaS04 was recrystall­
ized from the reagent grade salt.

EXPERIMENTAL VALUES:

Solubility system NaC104-Na2S04-H20 at 25 °c :

METHOD/APPARATUS/PROCEDURE:

The saturation apparatus was similar

to that used by Van't Hoff (ref.1)

and samples of clear satd sln were
taken using a weight-pipette. Na+

was determined as Na2S04 by addition
of pure sulphuric acid to the sln in

silica basins and evaporating at a ~--------------------------------------------------­

low red heat. Sulfate was detor­

mined gravimetrically as BaS04'

Solid phase compositions were deter-

mined using Schreinemakera' method.
Gas-heated thermostats were used and

thermometers were checked against

N.P.L. Standards. All analyses were

carried out in duplicates.



COMPONENTS:

(1) Sodium perchlorate: NaCl04:

[7601-89-0]
(2) Sodium chlorate: NaCl03:

[7775-09-9]
(3) Water: H20: [7732-18-5]
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ORIGINAL MEASUREMENTS:

Losev!". G.K.

Tr. Novocherkassk. Politekhn. Inst.

lill, 266, 78-81.

1------------------+---------.-- -.--.--------
VARIABLES:

One temperature: 333 K

Compos it ion

PREPARED BY:

E.S. Gryzlova

1------------------------'----_·_--_·_----_··-----1
EXPERIMENTAL VALUES:

Solubility system NaCI04-NaCI03-H 20 at 333 K:

Liquld phase composition SOlld phase

mass " mol " molallty/mol kg- 1

(2) (1) (2) (1) (2) (1)

51.40 9.20 17.59 2.74 12.256 1. 907 NaCI03
40.10 23.00 14.42 7.19 10.210 5.091 ..
30.90 35.90 11.96 12.08 8.744 8.831 ..
23.40 47.70 9.93 17.60 7.607 13.480 ..
20.10 55.10 9.37 22.33 7.614 18.146 ..
16.80 59.90 8.13 25.21 6.774 20.996 ..

15.30 62.70 7. 66 27.28 6.534 23.277 NaCI03 + NaCI04

14.80 62.90 7. 35 27.17 6.235 23.037 NaClO4
14.10 63.50 6.99 27.38 5.914 23.153 ..

7. 90 68.30 3.80 18.56 3.118 23.438 ..

a Compiler's calculation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method was used. The com­

position of the liquld phase was de­

termined by chemical analysis. The

composition of the solid phase was de-

termined by Schreinemakers' method.

The viscosity, density and electrical

conductivity w~re measured. X-ray

powder analysis and optlcal crystallo­

graphy methods were used.

SOURCE AND PURITY OF MATERIALS:

The reagents were purlfled by

recrystallization until the content

of the main substance was 99.6-99 "

pure.

ESTIMATED ERROR:

Not given.

REFERENCES:
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COMPONENTS:

(1) Sodium perchlorate: NaCI04 i

[7601-89-0J

(2) Sodium sulfate: Na2S04i

[7757-82-6J

(3) Water: H20j [7732-18-5J

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Freeth, F.A.

Ree. Trav. Chim. Pays-Bas .l.9..2.i.

43. 475

Liquid phase composition Solid

lDass " mol " a molalitya/ mol kg- 1 phase

( 1 ) (2 ) (11 (2) ( 1 ) ( 2 )

74.30 29.84 23.61 NaCI04

74.40 0.290 30.16 0.101 24.01 0.081 NaCI00j + NaZSOoj

64.65 0.370 21.36 0.105 15.095 0.074 NaZ~Ooj
52.47 1.11 14.22 0.259 9.232 0.168
31.55 6.95 6.93 1. 315 4.181 0.796
17.70 14.90 3.622 2.629 2.145 1.556

31.2 5.44 3.19

a Compiler's calculations.

COMMENTS AND/OR ADDITIONAL DATA The solubility isotherms for the

system at 25 °c and 60 °c are reproduced below.

20 40 60

mass %

at 25°C

80 NaCl04

NaCl 04.H20

20 40

mass %

at 60 °c

60

mass %

80



I.;OMPONENTS:

(1) Sodium perchlorate: NaC104:

[7601-89-0)
(2) Sodium chromate: Na2Cr04:

[777 5-11- 3)

(3) Water: H20: [7732-18-5)
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ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Guseva, A.D.

Uch. Zap. Yarosl. Gos. Ped. Inst.

lili. 59, 96-103

ESTIMATED ERROR:

Not stated.

SOURCE AND PURITY OF MATERIALS:
The initial salts (reagent ~rade)

were purified by recrystallization.

VARIABLES: PREPARED BY:
One temperature: 298 K N.A. Kozyreva

Composition

EXPERIMENTAL VALUES:

Solubility system NaCI04-Na2Cr04-H20 at 308 K:

Llquid phase composition Solid phase
mass " mol " molality/mol kg- 1

(2) (1) (2) (l) (2) (1)
47.63 0.00 9.19 0.00 5.615 0.000 Na2Cr~4·4H20
45.69 2.82 8.92 0.73 5.478 0.447
40.63 10.20 8.19 2.72 5.101 1. 694 "
38.07 13.39 7. 73 3.60 4.842 2.253 "
33.14 20.35 6.93 5.63 4.399 3.573 "
30.60 24.04 6.51 6.76 4.165 4.328 "
27.84 28.22 6.05 8.11 3.912 5.245 "
24.81 33.26 5.57 9.87 3.653 6.478 "
20.43 39.60 4.73 12.12 3.156 8.092 "
15.82 46.45 3.80 14.75 2.589 10.055 "
13.80 49.77 3.39 16.17 2.339 11. 158 "
12.02 53.15 3.04 17.78 2.131 12.463 "
10.44 56.41 2.~2 19.48 1.944 13.898 "

9.38 59.27 2.54 21. 21 1. 847 15.441 "
8.63 61. 62 2.4l 22.79 1. 791 16.916 Na2Cr04·4~20 + NaC104 ·H20
8.61 61.48 2.40 22.66 1. 777 16.788
8.62 61. 52 2.40 22.70 1.782 16.827 "
8.60 61. 68 2.41 22.83 1.786 16.950 ..
8.61 61. 63 2.41 22.79 1.786 16'.914 "
5.63 64.32 1. 56 23.58 1.157 17.481 NaCI~4·H20
2.40 67.01 0.66 24.22 0.484 17.891
0.00 69.80 0.00 25.38 0.000 18.877 "

a Complier's calculation.

Solution composition at the isothermal double saturation pOlnt

( solid phases NaCl04 .H 20 and Na2Cr04.4H20):

61.58 mass" NaCI04 • 8.61 mass" Na2Cr04' and 29.81 mass" H20.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Isothermal method was used. Equili­
brium was reached ln 2-3 days. Na+

was determined gravimetrically as zinc ~--------------------------------~

uranyl acetate; Cr04-2 iodimetrically;

CI04- by difference.

REFERENCES:
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ljOMPONENTS:

(1) Sodium perchlorate; NaC104;

[7601-89-0]

(2) Sodium chromate; Na2Cr04;

[7775 -11- 3]

(3) Water; H20; [7732-18-5]

r.rARIABLES:
One temperature: 323 K

Compos it lon

ORIGINAL MEASUREMENTS:

Druzhinina, G.V.

Uch. Zap. Yarosl. Gos. Ped. Inst.

il.§.§., 59, 73-82.

PREPARE.!> BY:
N.A. Kozyreva

SOURCE AND PURITY OF MATERIALS:

Chemically pure grade (1) and (2)

were purified by recrystallization

and dehydrated.

EXPERIMENTAL VALUES:

Solubility in the system NaClO4-Na2Cr04-H20 at 323K:

Llquid phase composition SOlld phase
mass " mol "a molali tya /mol kg- 1

(2) (1) (2) (1) (2) [1)
50.76 - 10.29 - 6.364 - Na2Cr~4·4H20
49.38 2.51 10.18 0.68 6.337 0.426
48.19 4.58 10.06 1.27 6.299 0.792 "
46.11 8.73 9.94 2.49 6.303 1.579 ..
41.94 12.71 8.99 3.60 5.709 2.289 "
38.84 17 .05 8.48 4.92 5.436 3.157 ..
35.40 21.83 7.89 6.43 5.110 4.169 ..
31.91 26.44 7.23 7.92 4.730 5.185 ..
27.05 33.55 6.35 10,43 4.238 6.955 ..
23.02 40.88 5.73 13.46 3.937 9.249 ..
19.47 47.02 5.08 16.24 3.587 11.460 Na2~ro4
15.69 51.35 4.13 17.88 2.939 12.724
12.95 56.15 3.55 20.35 2.587 14.841 ..
10.82 58.98 3.00 21.65 2.212 15.950 ..
9.69 61.16 2.75 22.94 2.052 17.136 ..
7.71 64.58 2.25 24.96 1.718 19.034 Na2~r04
6.41 67.19 1.93 26.72 1.499 20.786
6.38 67.23 1.92 26.74 1.493 20.806 Na2Cr04 +.. NaClO4·H20
6.42 67. 28 1.93 26.82 1.507 20.893
6.37 67. 20 1.91 26.70 1.488 20.766 ..
6.40 67.21 1.92 26.73 1.497 20.800 NaCl~4·H20
2.40 70.73 0.71 27. 72 0.551 21.499
- 78.20 - 34.55 - 29.297 ..

a Compiler's calculation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility was studied by the

method of isothermal recrystallization

from supersaturated solutions. Condi­

tions of saturation are not stated.

Na+ was determined as sodium zinc 1------------------1
uranyl acetate and by flame

cro4-2 iodimet~ically and

difference.

photometry

Cl04- by

ESTIMATED ERROR:

Not stated.

REFERENCES: None.



COMPONENTS:

(1) Sodium perchlorate: NaCl04:

[7601-89-0]
(2) Sodium chromate: Na2Cr04:

[777s-H-3]
(3) Water: H20: [7732-18-5]

VARIABLES:

Temperature: 298, 323, 335.8 K

Composition

EXPERIMENTAL VALUES:

Solubility system NaCl04-Na2Cr04-H20:

ORIGINAL MEASUREMENTS:
Molchanov, s.N.

Tr. po Kimii i Khim. Tekhnolog.

Ull, 3(14), 27-9.

PREPARED BY:

E.s. Gryzlova
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Solid phaseLiquid phase composition
At 298 K

mass "
(2) (1)

45.78 -
7.82 53.91
6.18 60.71

- 67.70

At 323 K

mass "(2) (1)
50.76 -
15.98 52.15
6.39 67.82
- 73.20

At 335.8 K

mass "
(2) (1)

55.01 -
4.55 73.13
- 74.33

mol "a
(2) (1)
8.58 -
1. 85 16.85
1. 61 20.90
- 23.57

mol "a
(2) (1)

10.29 -
4.30 18.57
1. 95 27.35
- 28.67

mol "(2) (l)
11. 97 -
1. 51 32.04
- 29.88

molalitya/mol
(2) (1)

5.213 -
1.261 11.505
1.152 14.975

- 17.118

molalitya/mol kg- 1

(2) (1)
6.364 -
3.096 13.364
1. 530 21.477

- 22.308

molality/mol k~-l
(2) (1)

7.549 -
1.259 26.759

- 23.649

Na2Cr04·4H20
Na2Cr04

Na2Cr04 + NaCl04 ·H20
NaCl04 ·H 20

Na2Cr04·4H20
Na2Cr04

Na2Cr04 + NaCl04 ·H20
NaCl04 ·H20

Na2Cr04
Na2Cr04 + NaCl04

NaCl04

ESTIMATED ERROR:
Not stated.

SOURCE AND PURITY OF MATERIALS:
(1) was reagent grade and (2) was

• pure (no details). The salts were

twice recrystallized. Analysis

gave: (1) 99.78 ";

(2) 99.92 - 100.00 ".

a Compiler's calculation.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Isothermal method was used. Periods
of equilibrium varied from several

hours at 62.8 0 C to 15-25 days at 25 0 C.
Na+ was determined as sodium zinc ura­

nyl acetate; cr042- iodimetrically.

Solid phase was analysed m~croscopi- ~---------------------------------I

cally, the decomposition curves were
recorded with Kurnakov's pyrometer.

REFERENCES:

'--------------------,-------------"
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COMPONENTS:

(1) Sodium perchlorate; NaCl04;

[7601-S9-0]

(2) Sodium dichromate; Na2Cr207;

[1055S-01-9]
(3) Water; H20; [7732-1S-5]

I
ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Sal'nikova. L.N.
I

Uch. Zap. Yarosl. Gos. Ped. Inst.

ll.19.. 78, 65-70.

I-_V_~_:_~A_:_~_:_;_~_r_a_t_u_re__:_2_9_S_'_2__K JI P:~:~R::z::~v.
Composition .

EXPERIMENTAL VALUES:

Solubility system NaCl04-Na2Cr207-H20 at 298.2 K:

Liquid phase composition Solid phase

mass " mol " molality/mol kg- 1

(2) (1) (2) (1) (2) (1) I

65.16 - 11.40 - 7.139 - Na2Cf,207 .2H2O
64.06 1. 78 11.35 0.67 '1.158 0.426
62.68 4.69 11.45 1.83 7.332 1.174 "
53.26 15.50 9.85 6.13 6.508 4.052 "
45.63 27.95 9.32 12.21 6.592 8.640 "
36.16 36.87 7.13 15.55 5.118 11.165 "
33.37 40.80 6.72 17.59 4.931 12.901 "
31.89 42.90 6.50 18.72 4.S29 13.898 "

32.02 42.98 6.57 18.86 4.889 14.041 Na2Cr207·2H20 + NaCI04 ·H2O

23.23 49.04 4.37 19.75 3.198 14.444 NaC~04·H20
18.04 53.26 3.28 20.74 2.399 15.156
12.74 57.94 2.26 22.02 1.659 16.139 "
4.15 59.90 0.63 19.56 0.441 13.608 "
0.87 67.14 ·0.14 23.56 0.104 17.141 "- 67.80 - 23.65 - 17.197 "

a Compiler's calculation

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Isothermal method was used. Equili- Not stated
brium was reached in 4-6 days. Na+ was

determined with zinc uranyl acetate.

cr20~- iodimetricallYi Cl04 by differ- ESTIMATED ERROR:
ence. Solid compositions were deter- Temperature: ± 0.1 K

mined by Schreinemakers' method.

REFERENCES:
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COMPONENTS:

(1) Sodium perchlorate: NaCl04:

[7601-89-0]

(2) Sodium phosphate: Na3P04:

[7601-54-9]
(3) Water: H20: [7732-18-5]

ORIOINAL MEASUREMENTS:

Babayan, 0.0.; Darbinyan, O.M.

Arm. Khim. Zh. ,llll, 25,

482-7.

VARIABLES:

One temperature: 293 K

Composition

PREPARED BY:

E.S. Gryzlova

EXPERIMENTAL VALUES:

Liquid phase composition Solid phase
mass " mol "a molalitya/mol kg- l

(2) (1) (2) (1) (2) (1)

0.39 58.40 0.09 17.24 0.058 11.574 NaClO4 ·H 2O

0.40 52.80 0.08 14.23 0.052 9.214 solid solutions b
0.47 47.70 0.09 11. 92 0.055 7. 516 ..
2.14 41. 60 0.38 9.78 0.232 6.039 ..
1.80 41. 35 0.31 9.64 0.193 5.940 ..
2.54 35.87 0.42 7.86 0.252 4.757 ..
2.90 34.70 0.47 7.53 0.283 4.542 ..
3.20 26.00 0.47 5.10 0.276 2.999 Na3P04:.12H20
4.80 21. 80 0.68 4.16 0.399 2.426

12.46 9.80 1. 70 1.79 0.978 1.030 ..
18.42 4.48 2.54 0.83 1.457 0.475 ..
14.46 8.20 1. 98 1. 51 1.140 0.866 ..
23.90 1. 60 3.39 0.30 1. 957 0.175 ..

a Compller·'s calculation.
b Composition not known.

AUXILIARY INFORMATION

1------------------,---,.------------------1

REFERENCES:

ESTIMATED ERROR:

Not stated.

SOURCE AND PURITY OF MATERIALS:

The original salts were reagent

grade and were chemically pure.

Periods

of equilibration were 5-7 days. Phos­

phate ion was detrmined by preclplta-

tlng with ammonium molybdate in aCldic 1--------------------\
solution; perchlorate ion gravimetri­

cally. The composition of the solid

phase was determined by Schreine-

makers' method of residues The I-------------------t
composition of the solid phase was

confirmed by thermographic, optical

crystallographic and X-ray diffractlon

methods.

~ETHOD/APPARATUS/PROCEDURE:

Isothermal method was used.
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COMPONENTS:

(1) Sodium perchlorate: NaC104:

[7601-89-0)
(2) Sodium Chloride:

[7647-14-5)
(3) Ammonia: NH3; [7664-41-7)

VARIABLES:
Temperature: 240 - 323 K.

ORIGINAL MEASUREMENTS:

Marshall, P.R. i Hunt, H.

J. Chem. Eng. Dat8 ~. 4,

217-22.

PREPA~ED BY:
C.Y. Chan

EXPERIMENTAL VALUES:
Solubility system NaCl-NaC104-H 20 at various temperatures, the solid

phase being a mixture of the anhydrous salts :

t/ °c g / 100g(3) molality/ mol kg- 1 mol ~ (compiler)
(2) (1) (2) (1) (2) (1)

-3~ 1.88 236 0.322 19.25 0.411 24.61
0 0.20 298.4 0.0343 24.4 0.041 29.32

25 0.222 299 0.038 24.4 0.046 29.36
50 - 310.0 - 25.3 - 30.13

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility determinations were carried out using a specially
constructed apparatus (diagram given in original paper), involving a

gas line connected to the saturation cell. The cell consisted of two

compartments separated by a sintered glass partition, the larger one of

which was connected to the gas line in such a way that the cell could be
inverted, with either one of the compartments vertically above the other.

Weighed amts of the salts were sealed in the smaller compartment of the
cell which was then connected to the gas line via the larger compartment.

Excess of dry ammonia was condensed in the cell until the salts had all
dissolved at the set temperature. The coolants used were dry ice and

CC1 4 • The cell was thermostated in a liquid NH 3 bath for -33 °c deter­

minations, in an ice + water bath for 0 °C, and in a water bath for the

other temperatures. Ammonia was bled from the solution until salt

crystals were formed, and the cell inverted so that the solution filtered
through the partition into the larger compartment. After filtration the

ammonia in the solution was all removed by condensation into a reservoir

in the apparatus and determined quantitatively by absorption in std. HCl

sln and back-titrated with std. base. The cell was then opened and the

solids removed for analysis. Chloride was determined by titration with
AgN03 using dichlorofluorescein as indicator.

SOU"CE AND PURITY OF MATERIALS:

Not stated. Ammonia was dried with sodium.

ESTIMATED ERROR: Reproducibility (3 detn) is within ± 2 ~ of the mean
value in moat cases.



COMPONENTS:
(1) Sodium perchlorate: NaC104 :

( 7601-89-07)

(2) Ammonium perchlorate: NH 4C104

(7790-98-9)

(3) Ammonia: NH 3 ; (7664-41-7]

VARIABLES:

Temperature: 240 - 323 K.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Marshall, P.R.; Hunt, H.

J. Chem. Eng. Data llll, 4,

217-22.

PREPARED BY:

C.Y. Chan
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Solubility system NaC104-NH4C104-NH 3 at various temperatures, the solid
phase being a mixture of the anhydrous salts :

t/ °c g / 100g(3) molality/ mol kg- 1 mol " (compiler)
( 1 ) (2 ) ( 1 ) (2 ) (ll (2 )

-33 210.3 42.5 17.1 3.6 21.60 4.55
0 241. 7 45.7 19.75 3.89 23.97 4.72

25 267.0 47.0 21.8 4.00 25.80 4.73
50 292.2 49.6 23.8 4.22" 27.49 4.86

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The solubility determinations were carried out using a specially
constructed apparatus (diagram given in original paper), involving a

gas line connected to the saturation cell. The cell consisted of two
compartments sep~rated by a sintered glass partition, the larger one of

which was connected to the gas line in such a way that the cell could be

inverted, with either one of the compartments vertically above the other.
Weighed amts of the salts were sealed in' the smaller compartment of the

cell which was then connected to the gas line via the larger compartment.

Excess of dry ammonia was condensed in the cell until the salts had all
dissolved at the set temperature. The coolants used were dry ice and

CC14 • The cell was thermostated in a liquid NH 3 bath for -33 °c deter­

minations, in an ice + water bath for 0 °C, and in a water bath for the

other temperatures. Ammonia was bled from the solution until salt

crystals were formed, and the cell inverted so that the solution filtered
through the partition into the larger compartment. After filtration the
ammonia in the solution was ,all removed by condensation into a reservoir
in the apparatus and determined quantitatively by absorption in std. HCl

sln and back-titrated with std. base. The cell was then opened and the

solids removed for analysis. Ammonium ion was determined by a standard
Kjeldahl procedure.

SOURCE AND PURITY OF MATERIALS:
Not stated. Ammonia was dried with sodium.

ESTIMATED ERROR: Reproducibility (3 detn) is within ± 2 " of the mean

value in most cases.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Sodium perchlorate; NaCl04 Smith; G.F.

(7601-119-0J
(2) Water; H20; (7732-18-5) J. Am. Chem. Soc. llll, 47,

(3) Alcohols: 762-9.

(A) Methanol (methyl alcohol);

CH 40; (67-56-1]

(B) Ethanol (ethyl alcohol)j
C2H60; (64-17-5]

(C) 1-Butanol (n-butyl alcohol):

C4H100j (71-36-3)

(4) Ethyl acetatej C4H802; (141-78-6]

VARIABLES: PREPARED BY:

One temperature: 298.2 K C.Y. Chan

EXPERIMENTAL VALUES:

Solubility of sodium perchlorate in alcohol-ethyl acetate mixtures
at 25.0 °c :

Volume X

Alcohol : 0
Ethyl acetate: 100

5
95

10
90

20
80

30
70

40
60

50
50

Alcohol used mas. X(NaCl04 l b

methanol 8.80 - 19.39 23.37 25.85 27.81 29.38
ethanol labs •.) " 13.83 16.05 18.55 19.66 20.08 20.07
ethanol 193 Xl " 14.12 16.92 20.00 21.75 22.79 23.30
1-butanol " - 12.34 13.11; - 12.82 11.99
1-butanola " 11.97 13.00 14.32 14.75 14.71 13.98

mass XINaCI04 .H 2O)c

ethanol labs. l 26.32 - 29.32 31.16 32.44 33.26 33.63

(continued next page)

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE:
The experimental technique used was

essentially the same as that repor­
ted in ref.2 I see compilation ).

Duplicate measurements were made.

SOURCE AND PURITY OF HATERIALS:
Sodium perchlorate monohydrate

was prepared by recrystallization
of the salt from its aqueous sIn
below 50 OCt filtered centrifug­

ally and dried at room temp. in
contact with excess of the anhy­

drous salt. The anhydrous salt

was prepared in the same manner

Icontinued next page)



COMPONENTS:

(11 Sodium perchlorate; NaCI04
[7601-89-0]

(21 Water; "20; [7732-18-5)

(31 Alcohols:

(AI Methanol (methyl alcohol)j

C"40; [67-56-1J
(B) Ethanol (ethyl alcohol);

C2"60; [64-17-5J
(C) 1-Butanol (n-butyl alcohol);

C4"100: [71-36-3)
(4) Ethyl acetate; C4H80 2 ; [141-78-6J

ORIGINAL MEASUREMENTS:
Smith, G.F.

J. Am. Chem. Soc. ~, 47,
762-9.
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EXPERIMENTAL VALUES: (continued)

Solubility of sodium perchlorate in alcohol-ethyl acetate mixtures
at 25.0 °c :

Volume "Alcohol : 60 70 80 90 95 100
Ethyl acetate : 40 30 20 10 5 0-- -- -- - -- --
Alcohol used mass "(NaCI04 )b
methanol 30.50 31. 61 32.56 33.44 - 34.33
ethanol (abs.1 19.67 18.78 17. 53 15.82 14.80 12.83
ethanol 193 "I 23.39 22.73 21. 92 20.96 21. 31 20.60
1-butanol 10.54 - 6.70 4.35 - 2.19
1-butanola 13.09 11.66 9.85 7.87 6.97 4.27

mass "(NaCI04 ·H 2O)c

ethanol labs. I 33.61 33.20 32.56 31.56 31.10 29.80

a

b

c

Same quality as that reported in ref. 1.

Solute and solid phase were the anhydrous salt.
Solute and solid phase were the monohydrate.

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS: (continued)
as that reported in ref.2. Analysis yielded 12.87 " water of crystalliza­

tion for the hydrate prepared, compared to the theoretical value of

12.82 " for the monohydrate. Ethyl acetate and I-butanol were prepared
as reported in ref.2. Technical methyl alcohol was dried over solid KOH
and distilled before used (2). 93" ethanol was dehydrated with lime to

99.6 " before being made anhydrous by reaction with a slight excess of Ca
metal. B.p. of the ethanol thus obtained was 78.29 - 78.31 °C.

ESTIMATED ERROR: Precision in soly not stated. Temperature ± 0.1 °C.

REFERENCES:
1. Smith, G.F. J. Am. Chem. Soc. lill, 45, 2072.

2. Willard, H.H.; Smith, G.F. J. Am. Chem. Soc. ~, 45, 286.
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COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

[7601-89-0J

(2) Ammonium perchlorate; NH 4C104 i

[7790-98-9J

(3) Hexamethylenetetramine; C6H12 N4
[100-97-0J

(4) Waterj H20; [7732-18-5)

VARIABLES:

Temperature: 298 K
Composition

ORIGINAL MEASUREMENTS:
Lepeshkov, I.N.; Sal'nikova, L.N.

Uch. Zap. Yarosl. Gas. Ped. Inst.
ll.1.1, 120, 120-5.

PREPARED BY:

N.A. Kozyreva

EXPERIMENTAL VALUES:

Solubility system NaCI04-NH4CI04-C6H1204-water at 2& °c :

Liquid phase composition

mass " mol " a molali tya / mol kg- 1 Solid
(11 (2 ) (3 ) ( 1 ) (2 ) ( 3 ) ( 1 ) (2 ) ( 3 ) phaseb

- 22.66 22.78 - 5.700 4.802 - 3.535 2.978 A + B
- 6.96 43.27 - 1. 892 9.86 - 1.190 6.202 B + C- 6.07 46.12 - 1.703 10.84 - 1.081 6.881 C + D

16.35 - 43.46 4.99 - 11. 59 3.323 - 7.714 D + E
54.47 - 13.67 19.25 - 4.220 13.96 - 3.061 E + F
67.11 - 5.44 25.97 - . 1.839 19.97 - 1. 414 F + G
66.82 1.62 - 23.61 0.597 - 17.29 0.437 - G + H
61. 92 2.70 - 20.29 0.922 - 14.29 0.650 - A + H

9.25 4.09 41.94 2.61 1.204 10.35 1.689 0.778 6.690 B + C + D
14.15 3.71 41.12 4.25 1.162 10.79 2.817 0.770 7.151 B + D + E
42.39 3.23 15.95 13.21 1.049 4.34 9.009 0.715 2.961 A + B + E
50.87 3.58 12.'79 17.64 1. 294 3.87 12.682 0.930 2.785 A + E + F
61. 38 2.21 5.45 22.01 0.826 1.707 16.192 0.608 1.256 A + F + a
65.18 1. 95 2.58 23.67 0.738 0.818 17.575 0.548 0.608 A + a + H

a

b
Compiler's calculations.

A = NH 4C104 ; B = NH4C104,C6H12N4l C. NH4C104.2C6H12N4;
D = C6H12N4 ; E = NaC104,C6H12N4; F = 5(NaC104).2(C6H12N4).3H20i
a = NaC104 .H 20; H = n(NH 4C104 ).m(NaCI04 ) •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Method of "invariant points" used;
to the satd slns corresponding to

the eutonic and transition points

of the ternary systems, relevant
salt or hexamethylenetetramine was

added until a new solid phase

appeared. Periods of equilibration
varied from 2 weeks to 1 month.

SOURCE AND PURITY OF MATERIALS:
Not stated.

ESTIMATED ERROR:
Not stated.

REFERENCES:

(continued next page)



COMPONENTS:
(1) Sodium perchlorate; NaC104 ;

[7S01-89-0)
(2) Ammonium perchlorate; NH 4C104 ;

[7790-98-9)
(3) Hexamethylenetetramine; CSH12N4

[100-97-0)
(4) Water; H20; [7732-18-5)

EXPERIMENTAL VALUES: (continued)
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ORIGINAL MEASUREMENTS:
Lepeshkov, I.N.; Sal'nikova, L.N.

Uch. Zap. Yarosl. Gos. Ped. Inst.

ll..ll, 120, 120-5.

COMMENTS AND/OR ADPITIONAL pATA

The diagram given below, in which solute mol
shows eight crystallization fields: NH 4C104 ;

NH4C104·2CSH12N4; CSH12N4 ; NaC104 ,CSH12N4;
N~C104.H20; and solid solutions represented

~ values are plotted,

NH4C104,CSH12N4;
5(NaC104)·2(CSH12N4)·3H20;

by n(NH4C104 ).m(NaC104) •

mol %
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COMPONENTS:

(1) Sodium perchlorate; NaC104 ;
[7601-89-0)

(2) Copper perchlorate; Cu(C104 )2;

[13770-18-8)

(3) Benzamide: C7"7NO: [55-21-01
(4) Water; "20; [7732-18-5]

VARIABLES:

Temperature: 298 K.
Composition.

ORIGINAL MEASUREMENTS:

Bestuzheva, M.M.; Kinderov, A.P.;

Karnaukhov, A.S.

Sb. Tr. Yarosl. Gos. Ped. Inst.

llll, 169, 47-51.

PREPARED BY:

E.S. GrYzlova

EXPERIMENTAL VALUES:

Solubility system NaC104-Cu(C104)2-C6"5CON"2-water at 25 °c :

Liquid phase composition
mass " mol " a molalitya/mol kg- 1 Solid

( 1 ) ( 2) (3 ) ( 1 ) (2 ) ( 3 ) ( 1 ) (2 ) (3 ) phaseb

17.68 45.62 - 6.13 7.380 - 3.935 4.736 - A + B
66.71 - 1. 33 23.38 - 0.471 17.05 - 0.344 A + C- 47.35 4.93 - 6.286 1.42 - 3.781 0.853 C + B
62.73 5.20 9.85 27. 74 1.073 4.40 23.06 0.892 3.659 A + C
49.63 15.99 0.74 17.32 2.604 0.26 12.05 1.811 0.182 A + C
35.71 27.41 0.55 12.07 4.321 0.19 8.03 2.875 0.125 A + C
27.57 36.07 0.89 9.63 5.876 0.31 6.35 3.875 0.207 A + C
18.12 43.83 0.76 6.19 6.984 0.26 3.97 4.479 0.168 A + B + C
6.00 50.65 0.95 1.88 7.413 0.30 1.156 4.552 0.185 B + C
8.17 48.50 0.72 2.54 7.046 0.23 1.566 4.337 0.139 B + C

10.24 47.28 0.65 3.23 6.953 0.21 1.999 4.307 0.128 B + C
12.76 45.51 0.82 4.08 6.786 0.26 2.547 4.239 0.165 B + C
16.61 43.85 0.77 5.51 6.789 0.26 3.499 4.310 0.164 B + C
a Compiler's calculations.
b A • NaC1O"H20; B • Cu(C1O,)2'5H20; C • C6HSCONH2

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Details of saturation method not
given. Benzamide was determined

by the Kjeldahl method; Cu2+ iodi­

metrically; C104 by nitron pptn.;
Na+ by difference.

COMMENTS AND/OR ADDITIONAL DATA:
The diagram below shows three

crystallization fields: NaC104'"20,

C6"5CONH2' and Cu(C104)2.5"20

NaCl04

y

80

ASOURCE AND PURITY OF MATERIALS:
Not stated.

mass ~

60

mass ~

ESTIMATED ERROR:

Not stated.

The eutonic composition (mass "):

18.12 " NaC104 , 43.83 " Cu(C104 )2'

0.76 " C6"5CONH2 and 37.29 " "20.

C
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COMPONENTS:
(1) Sodium perchlorate: NaC104 :

[7601-89-0)

(2) Nickel perchlorate;. Ni(C104 )2:

[13637-71-3]

(3) Carbamide (urea); CH4N20i

[57-13-6]

(4) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:
Tarakanov, V.F.

Uch. Zap. Yarosl. Gas. Ped. Inst.

1ll2, 154, 35-7.

VARIABLES:

Temperature: 298 K
Composition

PREPARED BY:
E.s. Gryzlova

EXPERIMENTAL VALUES:

Solubility system NaC104-Ni(C104)2-CO(NH2)2-water at 25 °c

Liquid phase composition

mol X a molalitya/mol Solid

phase b

E + F
D + E + F
D + F + G
D + E
F + G
A + G
A + C + G
B + C + G
B + D + G
A + B
B + C
C + D

kg- 1

( 3 )

3.06
2.98
3.56

13.15
38.48
54.48
25.22
17. 31
55.24
26.96
15.93

(2)

4.805
3.624
0.317
2.892
3.578
3.274
0.472
0.159
0.198

III

5.055
17. 56
6.43

18.13
18.09
25.00
18.86
18.82
23.67

C = 2NaC104.3COINH2)2i
F = Ni(CI04'2.4COINH2'2.2H20:

(3'
4.82
4.44
4.62

18.21
39.57
42.37
25.48
17.66
42.62
26.61
16.75

( 2 )

7.582
5.396
0.412
4.461
4.953
3.366
0.367
0.161
0.202

( 1 )

7. 526
22.83

9.92

X

( 3 )

7.58
6.55
6.20

mass
( 1 ,

22.66
62.41
31.09

( 2 )

51.12
34.18
2.37

29.42
33.99 29.13
20.30 55.63

33.57 1.84 49.47 14.10
46.43 0.86 31.75 18.28
59.42 0.99 20.18 25.51
34.85 50.06 14.55
46.81 32.88 18.58
59.69 19.71 24.88

Compiler's calculations.
A = CO(NH 2 '2; B = NaCl04 .2CO(NH 2 )2:
D = NaCl04 .H20; E = Ni(CI04)2.6H20;
G = Ni(Cl04)2.6CO(NH2'2 •

I
II

III
IV

V
VI

VII
VIII

IX
X

XI
XII
a
b

AUXILIARY INFORMATION

ESTIMATED ERROR:
Not stated.

SOURCE AND PURITY OF MATERIALS:
Not stated.

60 X 80

given

REFERENCES:
1. Karnaukhov, A.S.; Goryunov,

Yu.A.; Tarakanov, V.F.
Uch. Zap. Yarosl. Gas. Ped.

Inst. .l.llQ, 79, 131.

METHOD/APPARATUS/PROCEDURE:
No details, but reference
Ire f. 1).
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COMPONENTS: ORIGINAL HEASUREHENTS:

(1) Sodium perchlorate:
1. Il'in, K.a. i Loseya,G.K. ;

NaC104: Semchenko, D.P.
[7601-89-0)

Tl'. Novoch. Politekhn. Inst.(2) Sodium Chlorate: NaC103 :
[7775-09-9)

liii, 197, 37-44.

2. Loseya, K.a. ; Semchenko, D.P. ;
(3) Sodium chloride: NaCl: 11' in, K.G.

[7647-14-5)
Tl'. Novoch. Politekhn. Inst.

(4) Water; H2O; [7732-18-5) liii, 197, 45-49.

3. Loseya, G.K.

Tl'. Novoch. Politekhn. Inst.

liii, 191, 78-81.

VARIABLES: PREPARED BY:

Temperature: 313.2 K and 333.2 K. E.S. Gryzlova

Compod tion.

EXPERIMENTAL VALUES:
Solubility system NaC104-NaC103-NaCl-water at 40.0 °c :

Liquid phase composition
Sol1-d

mass " mol "a molalitya/mol kg- l phaseb

(3) (2 ) (1) (3) ( 2 ) (1) (3) ( 2 ) (1)
11.80 34.70 0.00 5.77 9.32 0.00 3.77 6.09 0.00 A + B
10.60 33.00 4.60 5.33 9.11 1.10 3.50 5.99 0.73 A + B
9.90 31.80 7.20 5.04 8.88 1. 75 3.31 5.85 1.15 A + B
9.20 30.80 10.90 4.83 8.87 2.73 3.21 5.89 1. 81 A + B
8.80 29.80 12.40 4.63 8.61 3.11 3.07 5.71 2.07 A + B
8.00 29.70 13.90 4.26 8.68 3.53 2.83 5.77 2.35 A + B
7.00 27.40 18.90 3.83 8.24 4.94 2.56 5.51 3.31 A + B
6.20 26.30 . 22.30 3.48 8.12 5.98 2.35 5.47 4.03 A + B
5.90 20.20 23.70 3.09 5.80 5.92 2.01 3.78 3.86 A + B
5.70 25.00 27.60 3.40 8.18 7.85 2.34 5.63 5.41 A + B
4.80 23.50 30.80 2.91 7.82 8.91 2.01 5.40 6.15 A + B
3.90 18.80 32.70 2.23 5.91 8.94 1. 50 3.96 5.99 A + B
3.10 18.00 40.70 1.98 6.32 12.43 1.39 4.43 8.70 A + B
2.50 17.10 43.90 1.65 6.21 13.85 1.17 4.40 9.82 A + B
2.10 15.30 48.60 1.46 5.83 16.11 1.06 4.23 11. 67 A + B
1. 70 14.20 51.20 1. 21 5.54 17.37 0.88 4.05 12.71 A + B
1. 60 13.70 51. 20 1.12 5.29 17.18 0.82 3.84 12.48 A + B
1. 70 13.20 51.40 1.19 5.08 17.18 0.86 3.68 12.46 A + B
1. 50 14.10 53.30 1.11 5.71 18.77 0.83 4.26 14.00 A + B
1.30 12.80 55.40 0.97 5.26 19.78 0.73 3.94 14.83 A + B
1.20 12.20 55.50 0.89 4.95 19.58 0.66 3.69 14.57 A + B
1.00 11. 70 58.40 0.77 4.98 21.60 0.59 3.80 16.50 A + B + C
2.00 0.00 63.70 1.39 0.00 21.16 1.00 0.00 15.17 A + C
2.00 3.10 63.40 1.47 1.25 22.23 1.09 0.92 16.44 A + C
1.40 3.50 62.40 1.01 1.38 21.40 0.73 1.01 15.59 A + C
1. 30 4.70 61.60 0.94 1.86 21.25 0.69 1. 36 15.53 A + C
1.20 7.30 61.00 0.90 3.01 21.85 0.67 2.25 16.33 A + C
1.10 11.40 58.80 0.86 4.87 21.84 0.66 3.73 16.73 A + B + C
0.00 11.40 59.80 0.00 4.88 22.26 0.00 3.72 16.96 B + C
0.90 11.10 59.20 0.70 4.74 21.96 0.53 3.62 16.79 B + C
1.00 11. 50 59.00 0.78 4.94 22.01 0.60 3.79 16.91 A + B + C
1.00 11.20 58.30 0.77 4.71 21. 29 0.58 3.57 16.14 A + B + C

a Compiler's calculations.
b A = NaCl: B = NaC103 i C = NaC104 .H2O .

(continued next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:
1. Il'in, K.a. ; Loseva,G.K.;

(1) Sodium perchlorate; NaClO4;
Semchenko, D.P.

[7601-89-0J
Tr. Novoch. Politekhn. Inst.

(2) Sodium Chlorate; NaClO3;
1..2..§j, 197, 37-44.

[777S-09-9J
2. Loseva, K.a. ; Semchenko, D.P. ;

(3) Sodium chloride; NaCl;
Il'in, K.G.

[7647-14-5]
Tr. Novoch. Politekhn. Inst.

(4) Water; H2O; [7732-18-SJ
1..2..§j, 197, 45-49.

3. Loseva, G.K.

Tr. Novoch. Politekhn. Inst.

1..2..§j, 197, 78-81.

EXPERIMENTAL VALUES: (continued)

Solubility system NaClO4-NaClO3-NaCl-water at 60.0 °c :

Liquid phase composition

Solid

mass " mol "a molalitya/mol kg- 1 phaaeb

(3) (2 ) (1) (3) (2 ) (1) (3) (2 ) (1)
6.30 45.80 4.80 3.63 14.49 1. 32 2.50 9.98 0.91 A + B
5.00 41.00 12.90 2.99 13.48 3.69 2.08 9.37 2.56 A + B
4.10 36.40 21.40 2.60 12.66 6.47 1.84 8.98 4.59 A + B
3.20 32.90 27.70 2.11 11. 89 8.70 1. 51 8.54 6.25 A + B
2.80 30.40 32.30 1. 91 11.37 10.50 1.39 8.28 7. 65 A + B
2.30 27.50 37.60 1.63 10.70 12.72 1.21 7.93 9.42 .A + B
2.00 25.80 40.10 1.43 10.16 13.73 1.07 7.55 10.20 A + B
1.80 24.00 42.60 1. 31 9.56 14.75 0.97 7.14 11.01 A + B
1.40 21. 60 48.50 1.09 9.20 17.96 0.84 7.12 13.90 A + B
1. 20 19.40 52.20 0.96 8.52 19.93 0.75 6.70 15.67 A + B
1.10 18.40 53.70 0.89 8.16 20.71 0.70 6.45 16.36 A + B
1.00 18.30 55.10 0.83 8.35 21.84 0.67 6.72 17.58 A + B
0.90 17.00 57.60 0.77 7.96 23.46 0.63 6.52 19.20 A + B
0.80 16.00 59.60 0.70 7.67 24.83 0.58 6.37 20.63 A + B
0.70 15.30 61.50 0.63 7.54 26.34 0.53 6.39 22.32 A + B + D
0.80 3.80 69.80 0.67 1. 75 27.94 0.53 1.39 22.27 A + D
0.70 13.10 65.20 0.65 6.71 29.05 0.57 5.86 25.36 A + D

a Compiler's calculations.
b A = NaCl; B = NaClO3; C = NaClO4.H20; D = NaCI04 .

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Saturation details not given.

Satd. slns. reached equilibrium in

24 h at 40 °c. CI03 was deter­

mined by titration with KMn04 std.
sln. in the presence of Mohr's
salt; perchlorate determined chro­
matographically (no details). The

composition of the solid phase was
determined by Schreinemakers' me­

thod and optical crystallography

and X-ray powder analysis were

employed.

SOURCE AND PURITY OF MATERIALS:
Chemically pure and reagent grade

salts were recrystallized twice;

99.6 - 99.9 " pure.

ESTIMATED ERROR:
± 0.1 °c in temperature.

COMMENTS: The eutonic composition

at 40 °c (mass "): 1.05" Nael,
11.68" NaCl03 and 58.40" NaCl04•
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COMPONENTS:
(1) Sodium chloride; NaCl;

[7647-14-5]
(2) Sodium perchlorate; NaC104 ;

[7601-89-0]

(3) Potassium chloride; KC1;

[ 7447-40-7]

(4) Potassium perchlorate; KC104 ;

[7778-74-7]

(5) Water; H20; [7732-18-5)

VARIABLES:

Temperature: 363 K.
Composition.

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Troitskii, E.N.

Uch. Zap. Yaroal. Gas. Ped. Inat.

ll§.§., 59, 8-21.

PREPARED BY:

I.S. Bodnya

.
EXPERIMENTAL VALUES:

Solubility system Na+, Kt II C104-, Cl- - water at 90 °c :

Liquid phase composition Solid

mass " molalitya / mol kg- 1 phaseb

( 1 ) (2 ) (3 ) (4 ) (1 ) (2 ) (3 ) (4 )

0.84 72.75 - 2.71 0.606 25.07 - 0.82!: A + B + C
0.83 72.71 - 2.70 0.598 24.99 - 0.820 A + B + C
0.79 72.70 - 2.69 0.567 24.93 - 0.815 A + B + C
0.84 72.75 - 1.56 0.578 23.91 - 0.4&3 A + B
6.13 47.83 - 2.32 2.399 8.94 - 0.383 A + C

10.20 36.38 - 2.55 3.431 5.841 - 0.362 A + C
12.52 30.41 - 2.74 3.943 4.571 - 0.364 A + C
17.04 19.28 - 3.01 4.806 2.595 - 0.358 A + C
19.73 14.91 - 3.53 5.460 1.969 - 0.412 A + C
23.22 5.70 - 4.48 5.966 0.699 - 0.485 A + C
23.32 - 5.55 4.47 5.986 - 1.117 0.484 A + C
22.02 - 7.82 3.91 5.687 - 1.583 0.426 A + c
20.96 - 10.55 1.96 5.391 - 2.127 0.213 A + C
16.89 - 13.47 0.84 4.201 - 2.626 0.088 A + C
15.71 - 19.96 1.19 4.257 - 4.240 0.136 A + C + D
15.97 - 20.05 1. 21 4.353 - 4.284 0.139 A + C + D
15.82 - 20.04 1.20 4.301 - 4.271 0.138 A + C + D
12.23 - 23.27 1.53 3.323 - 4.957 0.175 C + D
8.42 - 26.39 1.67 2.268 - 5.573 0.190 C + D
4.57 - 30.15 1. 72 1. 230 - 6.362 0.195 C + D- 73.83 - 2.36 - 25.33 - 0.715 C + B
0.88 67.17 - - 0.471 17.17 - - A + B

16.90 - 20.80 - 4.642 - 4.478 - A + E- - 34.11 2.42 - - 7.208 0.275 C + E

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Method of invariant points used; to Not stated.
a satd eutonic sln of a ternary
system a third salt was added until
a new solid phase appeared. K+ was ESTIMATED ERROR:
determined by the tetraphenylborate Temperature: ± 0.05 °C.
gravimetric method; Na+ gravimetric-

(continued next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Sodium chloridej NaCl; Karnaukhov, A.S.; Troitskii, E.N.

[7647-44-5J
(2 ) Sodium perchlorate; NaCI04 ; Uch. Zap. Yarosl. Gos. Ped. [nst.

[7601-89-0J UH, 59, 8-21.

(3 ) Potassium chloride; KCli

[7447-40-7J

(4 ) Potassium perchlorate; KCl04 i

[7778-74-7J
(5 ) Water; H2O; [7732-18-5J

EXPERIHENTAL VALUES: (continued)

Solid
ion mol " a phase b

mol " a Cation Anion
( 1) (2 ) (3 ) (4 ) Na+ K+ Cl- CI04
0.74 30.57 - 1.006 96.89 3.11 2.29 97.71 A + B + C
0.73 30.51 - 1.001 96.89 3.11 2.26 97.74 A + B + C
0.69 30.47 - 0.996 96.90 3.10 2.16 97.84 A + B + C
0.72 29.72 - 0.563 98.18 1.82 2.32 97.68 A + B
3.57 13.29 - 0.570 96.73 3.27 20.48 79.52 A + C
5.27 8.97 - 0.555 96.24 3.76 35.61 64.39 A + C
6.12 7.10 - 0.565 95.90 4.10 44.41 55.59 A + C
7. 60 4.10 - 0.566 95.39 4.61 61. 94 38.06 A + C
8.62 3.11 - 0.650 94.75 5.25 69.63 30.37 A + C
9.52 1.12 - 0.775 93.21 6.79 83.43 16.57 A + C
9.49 - 1.77 0.767 78.90 21.10 93.62 6.38 A + C
9.00 - 2.50 0.674 73.89 26.11 94.47 5.53 A + C
8.52 - 3.36 0.336 69.73 30.27 97.25 2.75 A + C
6.73 - 4.21 0.141 60.75 39.25 98.73 1. 27 A + C
6.64 - 6.61 0.212 49.31 50.69 98.42 1. 58 A + C + D
6.77 - 6.66 0.216 49.60 50.40 98.41 1. 59 A + C + D
6.70 - -6.65 0.214 49.38 50.62 98.42 1. 58 A + C + D
5.20 - 7.75 0.274 39.30 60.70 97.93 2.07 C + D
3.57 - 8.77 0.299 26.24 71. 76 97.64 2.36 C + D
1. 94 - 10.1 0.309 15.80 84.20 97.49 2.51 C + D
- 31.06 - 0.877 97.25 2.75 - 100.00 B + C

0.64 23.47 - - 100.00 - 2.67 97.33 A + B
7.18 - 6.93 - 50.90 49.10 100.00 - A + E- - 11.44 0.437 - 100.00 96.32 3.68 C + E

a Compiler's calculations.
b A .. NaClj B .. NaCl04 ; C .. KClO4 ; D .. m(KCl).n(KCl04 )

E .. KCl

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
ally as sodium uranyl acetate; per­
clorate gravimetricallY with nitron

and chloride mercurimetrically.
Optical crystallographic and differ­

ential thermal analyses of the solid

phases were carriea out.

REFERENCES:
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COMPONENTS:

(1) Sodium chromate; Na2Cr04;

[7775-11-3J

(2) Sodium perch!orate; NaC104;

[7601-89-0J

(3) Potassium chromate; K2Cr04;

[7789-00-6J

(4) Potassium perchlorate; KC104 ;

[7778-74-7J

(5) Water; H20; [7732-18-5J

VARIABLES:

Temperature: 323 K.
Composition.

ORIGINAL MEASUREMENTS:
Druzhinina, G.V.

Uch. Zap. Yarosl. Gos. Ped. Inst.
~, 59, 73-82.

PREPARED BY:
N.A. Kozyreva

EXPERIMENTAL VALUES:

Solubility system 2Na+, 2K+ II 2C104, CrO~- - water at 50 °c :

Liquid phase composition Solid

Point lIass " molalit,.a / mol k.-1 pha••b

( 1 ) (2 ) ( 3 ) (4 ) (1) (2 ) (3) ( 4 )

I - - 40.95 0.55 - - 3.605 0.068 A+B
2.59 - 37.66 0.46 0.270 - 3.271 0.056 A+B

II 6.04 - 37.32 - 0.658 - 3.393 - B + C
III 5.78 - 35.28 0.49 0.611 - 3.108 0.061 A + B + C

7.64 - 34.63 0.44 0.823 - 3.113 0.055 A+C
15.56 - 28.35 0.58 1. 731 - 2.630 0.075 A+C
20.86

_.
20.36 0.49 2.209 - 1.799 0.061 A+C

27.62 - 13.40 0.52 2.917 - 1.180 0.064 A+C
37.73 - 8.52 0.53 4.377 - 0.824 0.072 A+C

IV 44.35 - 5.87 - 5.500 - 0.607 - C+O
V 49.92 - 2.61 1.06 6.641 - 0.290 0.165 A+C+O

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

This solubility study involved iso­

thermal recrystallization and cry­
stallization from supersaturated
solutions. Details of saturation

Were not given. Sodium was deter­

mined gravimetrically as sodium zinc

uranyl acetate and by flame photo­
metry; potassium as potassium tetra­

phenylborate; chromate iodimetrical­
ly and perchlorate by difference.

SOURCE AND PURITY OF MATERIALS:

The chemically "pure" salts were
puritied by recrystallization.

The hydrates of sodium salts were
dehydrated (no details given).

ESTIMATED ERROR:

Not stated.

REFERENCES:

(continued next page)



COMPONENTS:

(1) Sodium chromate; Na~Cr04i

[ 7775-11-3]

(2) Sodium perchlorate: NaCI04 :

[7601-89-0]

(3) Potassium chromate; K2Cr04 ;

[7789-00-6]

(4) Potassium perchlorate; KCl04
[7778-74-7]

(5) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: (continued)
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ORIGINAL MEASUREMENTS:

Druzhinina, G.V.

Uch. Zap. Yarosl. Gas. Ped. Inst.

till, 59, 73-82.

Solubility system 2Na+, 2K+ II 2Cl04, crO~- - water at 50 °c :

Liquid phase composition

mass X molalitya I molPoint

( 1 )

48.06
48.15
42.59
39.58
29.42
24.82

VI 19.69
VII 19.47

15.58
10.93

7.87
VIII 6.70

IX 6.41
3.28

X -

(2 )

2.61
5.14

13.42
18.21
31.06
39.03
47.82
47.02
51. 64
58.54
64.06
65.60
67.19
69.14
72.65

(3 ) (4 )

0.49
0.33
0.33
0.25
0.36
0.29
0.27

0.31
0.32
0.40
0.49

0.51
0.61

(1 )

6.075
6.409
6.023
5.824
4.638
4.273
3.773
3.587
2.962
2.234
1.756
1. 520
1.499
0.748

(2 )

0.436
0.905
2.510
3.544
6.478
8.889

12.12
11. 46
12.99
15.83
18.91
19.69
20.79
20.86
22.19

(3 )

kg- 1

(4 )

0.072
0.051
0.055
0.043
0.066
0.058
0.060

0.069
0.076
0.104
0.130

0.136
0.165

Solid

phaseb

A+D
A + 0
A + 0
A + 0
A + 0
A + 0
A + 0 + E
D+E
A+E
A+E
A+E
A + E + F
E+F
A + F
A+F

Liquid phaY8 composition

ion mol X a

Solid

phase b

Cation

2Na+ 2K+Point (1)

I ­
0.46

II 1.11
III 1.03

1.38
2.89
3.71
4.89
7.20

IV 8.93
V 10.61

9.78
10.19
9.40
8.97
6.95
6.22

mol X a

(2) (3)

- 6.09
- 5.53
- 5.70
- 5.24
- 5.23
- 4.39
- 3.02
- 1.98
- 1. 36
- 0.99
- 0.46

0.70 -
1.44 -
3.92 -
5.46 -
9.71 -

12.93 -

(4 )

0.115
0.095

0.102
0.093
0.126
0.102
0.108
0.118

0.263
0.117
0.082
0.085
0.066
0.099
0.085

7.56
16.25
16.29
20.77
39.35
54.71
70.64
83.57
90.06
94.70
99.43
99.63
99.63
99.72
99.58
99.67

100.00
92.44
83.75
83.71
79.23
60.65
45.29
29.36
16.43

9.94
5.30
0.57
0.37
0.37
0.28
0.42
0.33

Anion

cro~- 2Cl0:i

99.07 0.93
99.22 0.78

100.00 -
99.19 0.81
99.30 0.70
99.14 0.86
99.25 0.75
99.22 0.78
99.31 0.69

100.00 -
98.82 1.18
95.98 4.02
93.06 6.94
82.44 17.56
76.45 23.55
58.64 41.36
48.85 51.15

A + B
A+B
B + C
A+B+C
A + C
A + C
A + C
A + C
A+C
C + 0
A+C+D
A+D
A+D
A+D
A+D
A+D
A + 0

(continued next page)
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COMPONENTS:
(1) Sodium chromate; Na2Cr04;

[7775-11-3 )
(2) Sodium perchlorate; NaC104 ;

(7601-89-0)
(3) Potassium chromate; K2Cr04;

(7789-00-6)
(4) Potassium perchlorate; KC104

(7778-74-7)

(5) Water; H20; (7732-18-5)

EXPERIMENTAL VALUES: (continued)

mol "
a

Point (1 ) (2 ) (3 ) (4 I

VI 5.28 16.96 - 0.085
VII 5.08 16.24 - -

4.14 18.16 - 0.096
3.03 21.49 - 0.104
2.30 24.79 - 0.137

VIII 1. 98 25.62 - 0.169
IX 1.93 26.72 - -

0.97 27.00 - 0.176
X - 28.50 - 0.211

ORIGINAL MEASUREMENTS:
Druzhinina. G.V.

Uch. Zap. Yarosl. Gas. Ped. Inst.

~, 59, 73-82.

ion mol " a Solid
Cation Anion phaseb

2Na+ 2K+ cro~- 2C104
99.69 0.31 38.25 61. 75 A + D + E

100.00 - 38.50 61.50 D + E
99.64 0.36 31. 21 68.79 A + E
99.62 0.38 21.93 78.07 A + E
99.54 0.46 15.59 84.41 A + E
99.43 0.57 13.30 86.70 A + E + F

100.00 - 12.61 87.39 E + F
99.40 0.60 6.65 93.35 A + F
99.26 0.74 - 100.00 A + F

« Compiler's calculations
b A = KC104 ; B = K2Cr04; C = Na2Cr04.3K2Cr04; D = Na2Cr04.4H20;

E = Na2Cr04; F = NaC104 .H 20 •

QQI:1M~.I..s-L.A1UU.TIONAL PAIA
The Janecke dlagram glven below shows six crystallizatlon flelds :

KC10 4;, NaC10 4.H20; Na2Cr04; Na2Cr04·4H20, Na2cr04·3K2cr04 and K2cr04'
POlnts I, II, VII, IX and X correspond to the average compositions of
the liqUld phases of the isothermal double saturation pOlnts of the
ternary systems, e.g. pOlnt II in the system K2cr04-Na2cr04-H20 and
pOlnt VII ln the system NaC104-Na2cr04-H20. Composltlons of triple
saturatlon points III, V, VI, VIII are glven in the precedlng tables.
Potasslum perchlorate was nearly completely salted out from solution
by all the other salts of the system. The equlllbrium of the exchange

reaction 2NaC104 + K2Cr04 = 2KC104 + Na2cr04 was shifted to the right.

ZKCl04 ZNaCI~4

f-_NaC104·HZO
VlII ue

-NaZCr04

· VI vn
I

ion mol %

· KCl04
~NaZCr04' 4HZO

· 3KZCr04·NaZCr04

KZCr04
I 'IIr \ V

It IV
KZCr04 ion mol %

NaZCr04
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ORIGINAL MEASUREMENTS:
Shklovskaya, R.M.: Arkhipov, S.M. i

Kuzina, V.A.

COMPONENTS:
(1) Sodium chloride: NaCl;

(7647-14-5)

(21 Sodium pelchlorate: NaCI04 ;

[7601-89-01

(3) Cesium chloride; CsCl:

[ 7647-17-81

(4) Cesium perchlorate; CsCI04 ;

[13454-84-7)

(5) Water; H20: [7732-18-51

VARIABLES:

Temperature: 298.2 K and 348.2 K.
Composition.

Zh. Neorg. Khim.

3128-33: *Russ.

Engl. Transl. I

PREPARED BY:

W.L. Ng

ti1.4., 19,
J. Inorg. Chem.

ti1.4., 19, 1711-4.

EXPERIMENTAL VALUES:
Solubility system Na·,Cs· II Cl-,CIO;. water at 25.0 °c :

Liquid phase composition Solid phase b

mass " mol "a
( 1) ( 2) ( 3) ( 4) (1) (2 ) ( 3) (4 )

- - 64.794 0.494 - - 16.633 0.0919 A • B
0.316 - 62.528 0.321 0.2232 - 15.329 0.0570 B • C
1. 373 - 60.770 0.267 0.9503 - 14.601 0.0465 B • C
3.838 - 56.644 0.260 2.5430 - 13.029 0.0433 B • C
4.042 - 56.311 0.258 2.6691 - 12.908 0.0429 B • C
5.823 - 51.593 0.274 3.6155 - 11. 120 0.0428 B • C
8.160 - 46.492 0.342 4.7891 - 9.472 0.0505 B • C

10.753 - 44.893 - 6.3170 - 9.155 - B • C

10.034 - 41.502 0.220 5.5436 - 7. 959 0.0306 C • D

12.652 - 34.262 0.272 6.4569 - 6.070 0.0349 B • C • D

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
No details of saturation method

were given. A thermostat main­

tained the temperature constant
to within ± O.l oC. Equilibrium

was attained after 2-3 weeks at

25°C and 7-15 days at 75°C.
Cs· was analysed by precipita­

tion with sodium tetraphenyl­

borate (ref. II: Cl- by argen­

tometric method (ref. 21; CIO;
by precipitation wlth nitron
( ref.3 I for concentrations

higher than 1.5". otherwise by

photometry involving the use of

SOURCE AND PURITY OF MATERIALS:

The salts were at least 99.5 " pure.

ESTIMATED ERROR:

Temperature: ± O.loC.

Solubility: not stated.

REFERENCES:
1. Yanson, E.Yu.; Ievin'sh. A.F.

Uspekhi Khim. till, 28,980.

2.Hillebrand, W. F.; Lundell

G.E.F.; Bright. H.A. ; Hoffman, J.I.
Applied Inorganic Analysis, Gosk­
himizdat, Moscow, 19~, 745

(continued next page)



218

ORIGINAL MEASUREMENTS:

Shkl~vskaya, R.M.; Arkhipov, S.M.;
Kuzina, V.A.

COMPONENTS:

(II Sodium chloride; NaCl;

(7647-14-6)

(2) Sodium perchlorate; NaCI04 ;

(7601-89-0]

(3) Cesium chloride; CsCl;

[7647-17-8)

(4) Cesium perchlorate; CsCI041
(13454-84-7]

(5) Water; H20; (7732-18-5]

Zh. Neorg. Khim.
3128-33; *Russ.

Engl. Transl. I

il..ll, 19,

J. Inorg. Chem.
il..ll, 19,1711-4.

EXPERIMENTAL VALUES: (continued)

Solubility system Na+,Cs+ I I Cl-,CI04, water at 25.0 °c : (continued)

molal1ty&

( II (2)

ion mol "a
Liquid phase composition Solid

phase b

A + B
B + C
B + C
B + C
B + C
B + C
B + C
B + C
C + D

B + C + D
B + D
B + D
B + D
B + D
B + D
B + D
B + D
B + D

B + D + E
B + E
B + E
B + E
E + F
E + F
E + F
E + F

D + E + F
D + F
D + F
D + F
D + F

D + F + G
F + G
F + G
D + G

CI04
0.55
0.37
0.30
0.28
0.27
0.29
0.35

0.23
0.28
0.30
0.29
0.39
0.72
2.40
8.29

16.70
27.61
45.51
72.58
84.09

100.00
100.00
96.20
81. 31
76.39
58.78
71.07
74.40
84.57
91. 25
96.11
98.46

100.00
95.75

3.80
18.69
23.61
41. 22
28.93
25.60
15.43
8.75
3.89
1.54

anion

4.25

Cl­

99.45
99.63
99.70
99.72
99.73
99.71
99.65

100.00
99.77
99.72
99.70
99.71
99.61
99.28
97.60
91. 71
83.30
72.39
54.49
27.42
15.91

100.00
98.57
93.91
83.71
82.91
75.54
66.54
59.17
59.04
48.60
29.33
23.09
13.11
5.92
2.40
0.69
0.43
0.31
0.48
0.55
0.63
0.68
0.61
0.58
0.44
0.36
0.33
0.27
0.21
0.19
0.17
0.20
0.21
0.10

1.43
6.09

16.29
17.09
24.46
33.46
40.83
40.96
51.40
70.67
76.91
86.89
94.08
97.60
99.31
99.57
99.69
99.52
99.45
99.37
99.32
99.39
99.42
99.56
99.64
99.67
99.73
99.79
99.81
99.83
99.80
99.79
99.90

100.00

I mol kg- 1

(3) (4)

11.087 0.0612
10.083 0.0375

9.602 0.0306
8.570 0.0285
8.492 0.0282
7.243 0.0279
6.136 0.0327
6.012 ­
5.110 0.0196
3.853 0.0222
1.990 0.0203
1.495 0.0191
0.781 0.0238
0.307 0.0424

- 0.1396
- 0.0449
- 0.0283
- 0.0204
- 0.0343
- 0.0380
- 0.0419
- 0.0433
- 0.0454
- 0.0372
- 0.0261
- 0.0223
- 0.0280
- 0.0261
- 0.0210
- 0.0214
- 0.0233
- 0.0352
- 0.0379
- 0.0180

0.495
1. 073
1. 776
3.245
4.985
5.516
6.362
7. 360
6.109
4.813
4.758
4.964
6.847
7.405
9.544

12.445
16.725
17.720
18.019
15.1870.675

0.147
0.625
1.673
1. 756
2.355
3.102
4.148
3.559
4.099
4.845
5.042
5.333
5.553
5.672
5.968
5.491
4.710
3.927
1. 898
1.051

0.243
1.113
1.478
3.500
2.797
2.555
1. 745
1.195
0.678
0.278

(continued next page)
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ORIGINAL MEASUREMENTS:

Shklovskaya, R.M.: Arkhipov, S.M.:

Kuzina, V.A.

COMPONENTS:

(1) Sodium chloride; NaCI;

[7647-14-5]

(2) Sodium perchlorate; NaCI04 ;

[7601-89-0)

(3) Cesium chloride; CsCl;

[7647-17-81

(4) Cesium perchlorate: CsCl04 :
[13454-84-7)

(5) Water; H20; [7732-18-5]

Zh. Neorg. Khim.

3128-33: *Russ.

Eng!. Trans!.)

Uli, 19,

J. [narg. Chem.

Uli. 19, 1711-4.

EXPERIMENTAL VALUES: (continued)

Solubility system Na+,Cs+ I I CI-,CI04, water at 25.0 °c : (continued)

Liquid phase composition Solid

mass " mol "a phase b

( 1) (2 ) (3 ) (4 ) ( 1 ) ( 21 ( 3) (4 )

17.448 - 20.646 0.290 7.7694 - 3.191 0.0325 B + D
19.001 - 16.230 0.286 8.1238 - 2.409 0.0308 B + D
21. 515 - 9.075 0.381 8.6512 - 1.267 0.0385 B + D
23.412 - 3.731 0.710 9.0417 - 0.500 0.0690 B + D
24.305 - - 2.378 9.2503 - - 0.2276 B + D
24.567 4.266 - 0.734 9.6237 0.798 - 0.0723 B + D
21.997 9.003 - 0.451 8.8418 1.727 - 0.0456 B + D
18.381 14.522 - 0.316 7.5944 2.864 - 0.0328 B + D
14.037 24.306 - 0.488 6.2610 5.175 - 0.0547 B + D + E
6.411 35.277 - 0.511 3.040 7.984 - 0.0609 B + E
3.518 38.667 - 0.558 1.693 8.879 - 0.0675 B + E
- 43.540 - 0.563 - 10.275 - 0.0700 B + E
- 47.138 - 0.552 - 11. 698 - 0.0722 E + F

0.801 42.240 - 0.488 0.392 9.870 - 0.0601 E + F
3.916 35.492 - 0.365 1.810 7.831 - 0.0424 E + F
5.158 34.801 - 0.309 2.392 7. 704 - 0.0360 E + F

11. 247 33.415 - 0.358 5.469 7.756 - 0.0438 D + E + F
8.142 41. 754 - 0.302 4.292 10.506 - 0.0400 D + F
7.246 43.994 - 0.237 3.902 11. 307 - 0.0321 D + F
4.483 51.352 - 0.219 2.612 14.283 - 0.0321 D + F
2.688 58.628 - 0.208 1.728 17.991 - 0.0336 D + F
1.280 66.152 - 0.264 0.929 22.928 - 0.0482 D + F + G
0.508 67.914 - 0.276 0.378 24.094 - 0.0516 F + 0- 68.722 - 0.130 - 24.501 - 0.0244 F + 0
1.360 64.144 - - 0.945 21.279 - - D + G

a Compiler's calculations.
b A = CsCl; B = CsClO4 ; C = CS1_xNaxCI; D = NaCl;

E = 3CsCI04 .NaCl04 ; F = CsClO4 ·NaCI04 : G = NaCl04 ·H 2O; H = NaCl04

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Brilliant Green and benzene
(refs. 4,5); Na+ by difference.

Solid phases were identified

by Schreinmakers' method and by

x-ray diffraction.

REFERENCES:
3. Loebich, 0. Z. Analyt. Chem.

.l22.6., 68, 34.

4. GolonitskAiA, V.A. 1 PetrAshen, V.I.
Zh. Anal.Khim. ll.6.2.,17, 848

5. GolonitskAiA, V.A. 1 PetrAshen, V.I.
Zh. 'lr. Novoch. politekhn. Inst.
~, 141, 65. (continued next page)



ORIGINAL MEASUREMENTS:

Shklovskaya, R.M.; Arkhipov, S.H.;

Kuzina, V.A.
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COMPONENTS:

(1) Sodium chloride; NaCl;

t7647-14-5)

(2) Sodium perchlorate; NaC104 ;

[7601-89-0)
(3) Cesium chloride; CsCl;

[7647-17-8)

(4) Cesium perchlorate; CsCl04 ;

[13454-84-7)

(5) Water; "20; [7732-18-5)

Zh. Neorg. Khim.

3128-33; *Russ.

Eng!. Trans!.)

llli, 19,
J. Inorg. Chem.

llli, 19, 1711-4.

EXPERIMENTAL VALUES: (continued)

Solubility system Na+,Cs+ II Cl-,ClO4, water at 75.0 °c :

Liquid phase composition Solid
mass " mol "a phaseb

(1) (2 ) (3 ) ( 4 ) ( 1 ) (2 ) ( 3 ) ( 4 )

- - 67.717 2.518 - - 19.476 0.5247 A + B
6.157 - 59.744 - 4.477 - 15.081 - C + D
6.787 - 57.734 1.402 4.928 - 14.551 0.2560 B + C + D

24.021 - - 8.446 9.795 - - 0.8663 B + D
5.706 44.779 - 3.346 3.211 12.028 - 0.4736 B + :;, + F- 55.976 - 3.397 - 16.765 - 0.5361 B + F- 74.185 - 0.539 - 30.125 - 0.1153 F + "0.889 73.798 - 0.56 0.763 30.219 - 0.1200 D + " + F
0.881 75.116 - - 0.769 31. 286 - - D + "

Liquid phase composition Solid

ion IDol "a phase b

molalitya / mol kg- 1 cation anion

( 1 ) ( 2 ) ( 3 ) (4 ) Na+ Ca+ Cl- CI04- - 13.513 0.364 - 100.00 97.38 2.62 A + B
3.090 - 10.407 - 22.89 77.11 100.00 0.00 C + D
3.408 - 10.063 0.177 24.97 75.03 98.70 1. 30 B + C + D
6.086 - - 0.538 91.87 8.13 91.87 8.13 B + D
2.115 7.921 - 0.312 96.99 3.01 20.44 79.56 B + D + F
- 11.253 - 0.360 96.90 3.10 - 100.00 B + F- 23.971 - 0.092 99.62 0.38 - 100.00

" +
F

0.614 24.346 - 0.097 99.61 0.39 2.45 97.55 D + H + F
0.628 25.559 - - 100.00 - 2.40 97.60 D + "

a Compiler's caiculations.

b A = CsCl; B = CsCI04 ; C = Cs 1_xNaxCl;

E = 3CsCIo4 .NaC104 ; F = CsC104 .NaC104 ;

D .. NaCl;

G = NaCI04 .H 20; H = NaCl04
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COMPONENTS: ORIGINAL MEASUREMENTS:

I 1 ) Sodium chloride; NaCl; Karnaukhov, A.S.; Kudryakova, S.A.

[7647-14-5)

(2) Sodium perchlorate; NaClO4 ; Uch. Zap. Yarosl. Gos. Ped. Inst.

[7601-89-0) l.ll.1Q, 79, 43-52.

(3 ) Ammonium chloride; NH4Cli

[12125-02-9)

(4) Ammonium perchlorate; NH4ClO4 ;

[7790-98-9)

(5) Water; H2O; [7732-18-51

EXPERIMENTAL VALUES: (continued)

Solubility system Na+, NH4 II ClO4-' Cl- - water at 25 °c :

Liquid phase composition Solid

mol "
a ion mol " a phase b

III (2) (3) (4) Na+ NH + Cl- CI04-. 4
0.808 - 10.74 1.123 6.38 93.62 91.13 8.87 A + B
1. 609 - 10.09 0.859 12.81 87.19 93.16 6.84 A + B
2.205 - 9.75 0.813 17.27 82.73 93.64 6.36 A + B
2.415 - 10.02 0.749 18.32 81.68 94.32 5.68 A + B
4.052 - 8.39 0.658 30.94 69.06 94.98 5.02 A + B
6.066 - 7. 35 0.919 42.33 57.67 93.59 6.41 A + B
6.561 - 7.02 0.965 45.12 54.88 93.37 6.63 A + B
6.759 - 6.64 1.018 46.89 53.11 92.94 7.06 A + B + C
6.740 - 6.63 0.975 46.98 53.02 93.20 6.80 A + B + C
6.725 - 6.62 0.962 47.01 52.99 93.28 6.72 A + B + C
7.524 - 5.02 1. 315 54.29 45.71 90.51 9.49 B + C
8.111 - 3.68 1.302 61.97 38.03 90.06 9.94 B + C
9.511 - 0.207 2.664 76.82 23.18 78.49 21. 51 B + C
7.832 2.60 - 1. 783 85.41 14.59 64.11 35.89 B + C
6.856 4.42 - 1.495 88.30 11. 70 53.68 46.32 B + C
5.938 5.49 - 1. 247 90.16 9.84 46.84 53.16 B + C
5.767 5.82 - 1.228 90.42 9.58 45.00 55.00 B + C
4.295 9.92 - 1. 310 91. 56 8.44 27.66 72.34 B + C
3.049 12.35 - 1.109 93.28 6.72 18.47 81. 53 B + C
2.137 15.09 - 0.948 94.78 5.22 11.76 88.24 B + C
1.983 17.05 - 1.002 95.00 5.00 9.89 90.11 B + C + D
1. 649 17.79 - 1.000 95.11 4.89 8.07 91. 93 B + D + E
1. 625 18.25 - 1.032 95.06 4.94 7.77 92.23 B + D + E
1. 593 18.72 - 1.070 95.00 5.00 7.45 92.55 B + D + E
0.270 18.72 - 0.879 95.57 4.43 1. 36 98.64 B + E
0.906 19.63 - 0.952 95.57 4.43 4.22 95.78 B + E
6.37 - 7. 061 0.337 46.27 53.73 97.55 2.45 A + C
6.75 - 6.673 0.948 46.97 53.03 93.40 6.60 A + C

a Compiler's calculations.
b A = NH 4C1; B = NH 4C104 ; c = NaCli D = NaCI04 ·H 2O;

E = nINH 4CI04 ).mINaCI04 .H 2O)

Icontinued next page)
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COMPONENTS:

(1 I Sodlum chloride; NaCl;
(7647-14-5)

(2) Sodium perchloratej NaCl04 ;

[7601-89-0]

(3) Ammonium chloride; NH 4Cl;

[12125-02-9]

(4) Ammonium perchlorate; NH4Cl04 ;
(7790-98-9)

(5) Water; H20; (7732-18-5]

ORIGINAL MEASUREMENTS:
Karnaukhov, A.S.; Kudryakova. S.A.

Uch. Zap. Yarosl. Gos. Ped. Inst.

llli. 79, 43-52.

VARIABLES:

Temperature: 298 K and 308 K.
Composition.

PREPARED BY:
N.A. Kozyreva

EXPERIMENTAL VALUES:

Solubility system Na+, NH~ II Cl04-. Cl- - water at 25 °c :

mass X

A + B
A + B
A + B
A + B
A + B
A + B
A + B
A + B + C
A + B + C
A + B + C
B + C
B + C
B + C
B + C
B + C
B + C
B + C
B + C
B + C
B + C
B + C + D
B + D + E
B + D + E
B + D + E
B + E
B + E
A + C
A + C
next page)

Solid

phasebmol kg- 1

( 3 ) (4 )

6.823 0.714
6.407 0.545
6.206 0.517
6.406 0.479
5.358 0.420
4.759 0.595
4.556 0.627
4.304 0.660
4.297 0.632
4.288 0.623
3.235 0.848
2.348 0.831
0.131 1.687

- 1.127
- 0.951
- 0.793
- 0.782
- 0.861
- 0.738
- 0.643
- 0.696
- 0.697
- 0.725
- 0.755
- 0.609
- 0.673

4.545 0.217
4.326 0.614

(continued

(4 )

5.67
4.37
4.12
3.78
3.32
4.50
4.70
4.96
4.76
4.70
6.40
6.40

12.73
8.16
6.53
5.35
5.22
4.90
3.92
3.13
3.13
3.07
3.13
3.20
2.68
2.81
1.69
4.63

Liquid phase composition

molalitya /
(1) (2)

0.514 -
1. 021 -
1.403 -
1. 544 -
2.588 -
3.931 -
4.262 -
4.383 -
4.368 -
4.356 -
4.848 -
5.180 -
6.025 -
4.953 1.645
4.363 2.813
3.775 3.491
3.672 3.706
2.822 6.520
2.027 8.211
1.450 10.237
1.376 11.838
1.15112,.411
1.140 12.805
1.125 13.220
0.187 12.967
0.641 13.874
4.101 -
4.376 -

( 3 )

24.68
23.37
22.51
23.01
19.27
16.38
15.56
14.72
14.74
14.73
11.12
8.23
0.45

16.12
14.84

(2 )

12.41
20.13
24.55
25.78
38.67
45.48
51. 93
55.50
56.94
57.65
58.37
59.46
60.34

( 1 )

2.03
4.07
5.56
6.06

10.17
14.78
15.90
16.38
16.37
16.35
18.21
19.84
22.61
17. 83
14.90
12.67
12.19
7.99
5.36
3.51
3.08
2.52
2.45
2.37
0.41
1. 33

15.89
16.40

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
No detalls of method'given.

SOURCE AND PURITY OF MATERIALS.

Not stated.

ESTIMATED ERROR:
Not stated.

(continued next page)
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Karna~khov, A.S.; Kudryakova, S.A.

Uch. Zap. Yarosl. Gos. Ped. Inst.
1.j1,Q, 79, 43-52.
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COMPONENTS:

11) Sodium chloride: NaCl:
[7647-14-5 )

(2) Sodium perchlorate: NaCl04 ;

[7601-89-01

13J Ammonium chloride; NH4CI;

[12125-02-9)

(41 Ammonium perchlorate; NH4CI04 : [7790-98-9)

(51 Water; H20; [7732-18-5J

EXPERIMENTAL VALUES: (continued)

Solubility system Na+, NH+ II CI04-, Cl- - water at 35 °c :4

Liquid phase composition Solid

mass 'X molalitya / mol kg- 1 phaseb

( 1 ) ( 21 13 ) (4 ) ( 11 12 ) ( 31 (41
1.10 68.64 - - 0.622 18.53 - - C+O
1.30 64.55 - 1.95 0.691 lS.373 - 0.515 C+O
2.83 55.66 - 3.98 1.290 12.113 - 0.903 B+C+O
- 60.75 - 4.50 - 14.278 - 1.102 B+E- 67.66 - 2.29 - 18.389 - 0.649 O+E

1.17 59.35 - 3.98 0.564 13.654 - 0.954 B+O+E
5.60 45.80 - 5.22 2.209 8.623 - 1.024 B+C
8.50 37.44 - 6.46 3.055 6.424 - 1.155 B+C

14.06 22.17 - 8.36 4.342 3.268 - 1.284 B+C
20.99 1.74 - 13.51 5.633 0.223 - 1.803 B+C
20.86 - 3.33 10.90 5.499 - 0.959 1.429 B+C
19.13 - 6.93 8.75 5.021 - 1.987 1. 142 B+C
17.63 - 11.12 6.92 4.689 - 3.232 0.916 B+C
14.88 - 17.26 5.35 4.073 - 5.162 0.728 A+B+C
15.24 - 17.75 2.87 4.066 - 5.173 0.381 A+C
15.20 - 18.15 - 3.902 - 5.091 - A+C
12.77 - 19.50 6.61 3.575 - 5.964 0.920 A+B
10.88 - 20.49 6.95 3.018 - 6.210 0.959 A+B
8.42 - 21.58 6.46 2.267 - 6.349 0.865 A+B
4.24 - .24.48 8.02 1.147 - 7.234 1.079 A+B- - 28.11 7.12 - - 8.113 0.936 A+B

LiqUld phase composition Solid

mol 'X 1& ion mol 'X a phaseb

( 11 12 ) 13 ) 14 ) Na+ NH/ Cl- CI04-

0.833 24.82 - - 100.0 - 3.3 96.8 C+O
0.945 22.40 - 0.705 97.1 2.9 3.9 96.1 C+O
1.85 17.35 - 1.293 93.7 6.3 9.0 91.0 B+CO' D- 20.14 - 1.555 92.8 7.2 - 100.0 B+E- 24.67 - 0.870 96.6 3.4 - 100.0 O+E
0.798 19.32 - 1.350 93.7 6.3 3.7 96.3 B+OO'E
3.279 12.80 - 1.520 91.4 8.6 18.6 81.4 B+C
4.620 9.71 - 1. 746 89.1 10.9 28.7 71.3 B+C
6.742 5.07 - 1.994 85.6 14.4 48.8 51.2 B+C
8.917 0.353 - 2.855 76.5 23.6 73.5 26.5 B+C
8.674 - 1.51 2.255 69.7 30.3 81.9 18.1 BO'C
7.888 - 3.12 1.795 61.6 38.4 86.0 14.0 B+C
7.288 - 5.02 1.423 53.1 46.9 89.6 10.4 B+C
6.221 - 7.88 1. 113 40.9 59.1 92.7 7.3 A+B+C
6.242 - 7.94 0.585 42.3 57.7 96.0 4.0 A+C
6.050 - 7.89 - 43.4 56.6 100.0 - A+C
5.419 - 9.d4 1.395 34.2 65.8 91.2 8.8 A+B
4.594 - 9.45 1.460 29.6 70.4 90.6 9.4 A+a
3.489 - 9.77 1. 331 23.9 76.1 90.9 9.1 A+B
1.765 - 11. 15 1. 661 12.1 87. 9 88.6 11. 4 A+B
- - 12.57 1.449 - 100.0 89.7 10.3 A+B

lcontinued next page)
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ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Kudryakova, S.A.

Uch. Zap. Yarosl. Gos. Ped. lnst.

l..21.Q., 79, 43-52.

COMPONENTS:

(1 I Sodlum chlorlde; NaCl:

(7647-14-5)

(2) Sodium perchlorate: NaCl04 i

(7601-89-0)

(3) Ammonlum chloride: NH 4Cl:

(12125-02-9)

(4) Ammonium perchlorate; NH 4Cl04 ; [7790-98-9)

(5) Water: H20; (7732-18-51

EXPERIMENTAL VALUES: (continued)

a Compller's calcula~ions.

b A = NH 4Cl; B = NH 4C104 ; C = NaCl; D = NaCl04 .H 20:

E = nINH 4Cl04 1.mINaCl04 .H 201

COMMENTS AND/OR APPITIONAL PATA
The phase diagrams shown below for both temperatures for this system

show five crystalllzation fields: NaCl04 .H 20; NaCl: NH 4Cl; NH 4Cl04 ;

and solid solutions of the type represented by n(NH 4Cl04 ).m(NaCl04 .H 20I.

Increase in temperature causes a slight increase in the NaCl and NH 4Cl

crystallizatlon fields and a decrease in the NaCl04 .H 20 and NH 4Cl04
cry~tallization fields. The equilibrlum of the reactlon

NaCl04 + NH 4Cl m NaCl + NH 4Cl04
1S shifted in the dlrection of formation of ammon1um perchlorate.

NaC1

100 .,----------,~-----....,
_

_ .' __ 1( _ _ ~_ .....

w_NaC1

80

llt
60

QI NH4Cl04"0
E
c: 40.2

20

NaC104,H2O

20 40 60 80 100
ion mole S6 NH4Cl04

x at 25°C 0 at 35°C
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Sodium chloride; NaCl; Karnaukhov, A.S. ; Kudryakova, S.A.

l7647-1oo-5)

(2 ) Sodium perchlorate; NaCI04 ; Uch. Zap. Yarosl. Gos. Ped. Inst.

(7601-89-0) lID, 95, 3-7.

(3 ) Ammonium chloride: NH4Cl:

(12125-02-9)

(4 ) Ammonium perchlorate; NH 4ClO4 ;

(7790-98-9)

(5 ) Water; H2O: (7732-18-5)

VARIABLES: PREPARED BY:

Temperature: 363 K N.A. Kozyreva

Composition

EXPERIHENTAL VALUES:

Solubility system Na+, NH+ " ClO4-, Cl- - water at 90 °c :4

Liquid phaae composition Solid

Point maaa " molalitya I mol ks- l phaaeb

( 1 , (2 ) (3 ) (4 ) (11 ( 2' (3 ) ( 4'
1 0.56 - 33.54 17.36 0.197 - 12.92 3.044 A + B
2 2.14 - 31. 93 17.50 0.756 - 12.33 3.076 A + B
3 5.24 - 28.89 17.48 1.85 - 11.16 3.075 A + B
4 7.50 - 27.46 17.36 2.69 - 10.77 3.099 A + B
5 8.67 - 26.63 16.45 3.07 - 10.32 2.902 A +- B + C
6 8.83 - 26.75 15.60 3.09 - 10.24 2.720 A +- B + C
7 9.33 - 26.43 15.80 3.30 - 10.20 2.776 A + B + C
8 9.33 .: 25.77 17.82 3.39 - 10.23 3.222 A + B + C
9 10.58 - 23.66 13.21 3.44 - 8.42 2.140 A + C

10 12.23 - 17.10 19.98 4.13 - 6.31 3.355 A + C
11 16.61 - 6.72 23.30 5.33 - 2.35 3.716 A + C
12 17.75 - 4.48 24.54 5.71 - 1. 57 3.924 A + C
13 23.47 4.05 - 34.92 10.69 0.881 - 7.913 A +- C
14 17. 45 11. 40 - 26.89 6.75 2.104 - 5.171 A + C
15 9.10 28.60 - 18.80 3.58 5.370 - 3.678 A + C
16 6.03 38.93 - 15.04 2.58 7.949 - 3.200 A + C
17 4.61 43.99 - 13.06 2.06 9.371 - 2.899 A + C
18 1. 20 69.03 - 3.72 0.79 21.64 - 1. 215 A + C + D
19 0.97 71. 48 - 4.44 0.72 25.26 - 1. 635 A + E
20 1.11 70.34 - 4.10 0.78 23.50 - 1.427 A +- D + E
21 1.17 70.52 - 4.44 0.84 24.13 - 1.583 A + D + E
22 11.62 - 30.35 4.27 3.70 - 10.55 0.676 B + C

I - - 34.12 17.46 - - 13.17 3.069 A + B
II 12.70 - 31. 50 - 3.89 - 10.55 - B + C

III 0.87 67.31 - - 0.47 17.28 - - C + D
IV - 78.28 - 3.63 - 35.34 - 1.708 D + E
V - 68.13 - 6.28 - 21. 74 - 2.089 A + E

VI 9.16 - 24.16 16.42 3.12 - 8.99 2.781 A + B +-C
VII 1.20 69.03 - 3.72 0.79 21.64 - 1. 215 A + C +- D

VIII 1. 11 70.34 - 4.20 0.78 23.60 - 1.468 A + 0 + E

a Compiler's calculations.
b A = NH 4CI04 : B • NH 4Cl; C = NaCl:

o = NaCI04 ; E • n(NH 4CI04 '·m(NaCI04 ' .
Points I-VIII are nodal points of this quaternary aqueous

reciprocal system.

(continued next pale-'
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COMPONENTS:

(1) Sodium chloride; NaCl;

[7647-14-5]

(2) Sodium perchlorate: NaCI04 ;

[7601-89-01

(3) Ammonium chloride; NH 4 Cl:

[12125-02-9]

(4) Ammonium perchlorate; NH 4Cl04 ;
[7790-98-9]

(5) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S. i Kudryakova, S.A.

Uch. Zap. Yarosl. Gos. Ped. Inst.

ll.1l. 95, 3-7.

EXPERIMENTAL VALUES: (continued)

Solubility system Na+, NH4 II Cl04-, Cl- - water at 90 °c :

Liquid phase composition Solid

Point mol "a ion mol " a phase b

l 1 ) l 2) l 3) (4 ) Na+ NH4 Cl- ClO;

1 0.275 - 18.02 4.247 1. 22 98.78 81.16 18.84 A + B
2 1.055 - 17.20 4.292 4.68 95.32 80.96 19.04 A + B
3 2.588 - 15.59 4.294 11. 52 88.48 80.89 19.11 A + B
4 3.735 - 14.94 4.300 16.26 83.74 81.28 18.72 A + B
5 4.282 - 14.37 4.041 18.87 81.13 82.19 17.81 A + B + C
6 4.324 - 14.31 3.800 19.27 80.73 83.06 16.94 A + B + C
7 4.591 - 14.21 3.868 20.25 79.75 82.94 17.06 A + B + C
8 4.687 - 14.14 4.453 20.13 79.87 80.88 19.12 A + B + C
9 4.956 - 12.11 3.078 24.60 75.40 84.72 15.28 A + C

10 5.957 - 9.10 4.841 29.94 70.06 75.67 24.33 A + C
11 7.960 - 3.52 5.554 46.73 53.27 67.39 32.61 A + C
12 8.553 - 2.36 5.882 50.93 49.07 64.97 35.03 A + C
13 14.257 1.174 - 10.552 59.39 40.61 54.87 45.13 A + C
14 9.703 3.026 - 7.437 63.12 36.88 48.11 51.89 A + C
15 5.253 7.881 - 5.399 70.87 29.13 28.35 71.65 A + C
16 3.726 11.481 - 4.622 76.69 23.31 18.79 81. 21 A + C
17 2.946 13.418 - 4.152 79.76 20.24 14.36 85.64 A + C
18 0.996 2'l.342 - 1. 54 94.86 5.14 3.33 96.67 A + C + D
19 0.864 30.390 - 1.97 94.08 5.92 2.60 97.40 A + E
20 0.957 28.933 - 1. 76 94.45 5.55 3.02 96.98 A + D + E
21 1.022 29.404 - 1.93 94.04 5.96 3.16 96.84 A + D + E
22 5.251 - 14.98 0.960 24.77 75.23 95.47 4.53 B + C

I - - 18.36 4.278 - 100.00 81.10 18.90 A + B
II 5.567 - 15.09 - 26.95 73.05 100.00 - B + C

III 0.639 23.585 - - 100.00 - 2.64 97.36 C + D
IV - 38.183 - 1. 845 95.39 4.61 - 100.00 0 + E

V - 27.406 - 2.633 91. 24 8.76 - 100.00 A + E
VI 4.430 - 12.77 3.950 20.95 79.05 81. 32 18.68 A + B + C

VII 0.996 27.342 - 1. 536 94.86 5.14 3.33 96.67 A + C + D
VIII 0.959 29.002 - 1. 805 94.32 5.68 3.02 96.98 A + 0 + Ea Compiler's calculations.

b A = NH 4ClO4 i B = NH 4Cl: C = NaCl:

o = NaCI04 ; E = nlNH 4CI04 )·mlNaCI04 )

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

No details of method· given. Na+ was determined by precipitating as

sodium uranyl acetate; Cl- was determined mercurimetrically; ClO; gravi-

metrically by precipitation with nitron: and NH4 by the volumetric for-

malin method (ref. 1 ) .

lcontinued next page)
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COMPONENTS:
(1) Sodium chloride; NaCl:

(7641-14-5)
C2) Sodiu~ perchlorate; NaCl04 :

(7601-89-0)

(3) Ammonium chloride; NH 4Cl;
(12125-02-9)

(4) Ammonium perchlorate; NH4Cl04 ;
(7790-98-9)

(5) Water; "20; (7732-18-5)

ORIGINAL MEASUREMENTS:
Karnaukhov, A.S.; Kudryakova, S.A.

Uch. Zap. Yaroal. Goa. Ped. Inat.
li1.l, !J5, 3-7.

EXPERIHENTAL VALUES: (continued)
COMMENTS AND/OR ADDITIONAL DATA

The solubility diagram given below shows five crystallization fields:
NaCl, NaCl04 , NH4Cl, NH 4Cl04 and solid solutions represented by
n(NH4Cl04 )·m(NaCl04 ) •

Three triple points were found that corresponded to equilibria with the
following combination of solid phases: (point VI) NaCl + NH 4Cl + NH 4Cl04 ,
(point VII) NsCl04 + NaCl + NH4Cl04 , and

(point VIII) NaCl04 + NH 4Cl04 + n(NH4Cl04).m(NaCl04) •

ion mol S

50

NaCl

NaCl~Cl04'mH'Cl0

NaCl 04--"40---__-.- --J

NaC104 50

ion mol S

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
Not stated.

ESTIHATED ERROR:
Not stated.

REFERENCES:
1. Karnaukhov, A.S.; Kudryakova, S.A. Uch. Zap. Yarosl. Goa. Ped. Inat.

u.1Q.. 79, 32.
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COMPONENTS:
(1) Sodium perchlorate; NaCl04 ;

[7601-89-01

(2) Sodium sulfate: Na2S04;
(7757-82-61

(3) Ammonium perchlorate: NH 4CI04 i

[7790-98-91

(4) Ammonium sulfate; (NH4)2S04:
[7783-20-21

(51 Water: H20: [7732-18-51

VARIABLES:

Two temperatures: 298 K and 333 K.

Compod tion.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Freet.h, F.A.

Rea. Tra.v. Chim. Pays-Ba.s ~,

43, 475-507

PREPARED BY:

C.Y. Chan

Liquid phase composition
mass X mol X a

SoUd

phaseb

( 1 )

12.71
24.38
31. 21
31. 62

67.67
67.42
66.79

(2 )

3.47
6.87
8.20
6.83
9.82

14.69
20.39
21. 81
24.38
25.76
24.97

9.84
23.22
22.45
15.79
10.79
9.07
6.91

25.94
0.26

0.21

( 3 )

3.00
2.71
2.66

2.28
2.84
3.48
4.30
4.07
4.36

1. 60
3.85
7. 80

13.47
9.41
6.73

5.74
6.09

1. 51
1. 50

(4 )

41. 70
39.55
37.38
38.70
37.69
30.70
22.47
15.08
14.10
11.59
14.10
13.15
28.90

6.56

7.83

( 1 )

2.774
5.597
7.015
7.487

23.673
24.065
23.632

( 2)

0.727
1.465
1.750
1.455
1.993
2.874
3.946
4.234
4.756
5.001
4.836
1. 975
4.366
4.127
2.971
2.135
1. 757
1.410
5.028
0.078

0.064

( 3 )

0.749
0.687
0.686

0.587
0.697
0.823
1.006
0.955
1.028

0.375
0.934
1. 773
2.994
2.141
1. 610

1.416
1. 427

0.562
0.553

(4 )

9.253
8.910
8.570
8.880
8.628
6.696
4.726
3.137
2.942
2.431
2.943
2.738
6.236
1. 326

1. 632

A + B
A + B

A + B + C
B + C
A + C
A + C
A + C
A + C
A + C

A + D + C
D + C
D + C

A
A + D
A + D
A + D
A + D
D + E
A + E
D + E
E + F
A + F

A + E + F

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
The saturation apparatus was similar

to that used by Van't Hoff (ref.1)

and samples of clear satd sln were
taken using a weight-pipette. Na+

was determined as Na2S04 by addition

of pure sulphuric acid to the sln in

SOURCE AND PURITY OF HATERIALS:
NaCI04 was prepared from very pure
ammonium perchlorate IX purity not

stated) and an aqueous sin of pure

NaOH. Source and other details

not given. Na2S04 was recrystall­

ized from the reagent grade salt.

(continued next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:
( 1 ) Sodium perchlorate; NaCI04 ; Freeth, F.A.

l7601-8l1-CJJ
(2 ) Sodlum sUJ.fate; Na2S04; Ree:. Trav. Chim. Pays-Bas ..lJUJ.,

[7757-82-6) 43, 475-507
(3 ) Ammonium perchlorate; NH4Cl04 ;

[7790-98-91
(4 ) Ammonium sulfate; (NH 4 )2S04;

[7783-20-2]
(5 ) Water: H2O: [7732-18-5)

EXPERIHENTAL VALUES: (continued)

Solubility system 2NH~, 2Na+ II 2CI04' S02- - H20 at 25 °c :4.
Liquid phase composition Solid

molali tya/ mol kg-1 ion 11I01 " a phase b

(1) (2) (3 ) (4 ) 2Na+ 2NH+ 2ClO:; S02-4 4- - 0.462 5.707 - 100.00 3.89 96.11 A + B- 0.450 0.425 5.515 7.29 92.71 3.44 96.56 A + B- 0.911 0.426 5.328 14.12 85.88 3.30 96.70 A + B + C- 1.087 - 5.518 16.47 83.53 - 100.00 B + C- 0.904 0.365 5.361 14.02 85.98 2.83 97.17 A + C- 1.221 0.427 4.102 22.05 77.95 3.85 96.15 A + C- 1. 742 0.499 2.865 35.88 64.12 5.14 94.86 A + C
- 2.383 0.608 1.895 52.02 47.98 6.63 93.37 A + C
- 2.558 0.577 1.778 55.32 44.68 6.24 93.76 A + C- 2.876 0.622 1.470 61. 76 38.24 6.68 93.32 A + D + C- 3.016 - 1. 774 62.96 37.04 - 100.00 D + C- 2.916 0.226 1.651 62.31 37.69 2.41 97. 59 D + C- 1.207 0.571 3.810 22.76 77.24 5.38 94.62 A
- 2.619 1.064 0,795 66.37 33.63 13.48 86.52 A + D- 2.466 1.789 - 73.38 26.62 26.62 73.38 A + D

1.672 1.790 1.290 - 80.28 19.72 45.27 54.73 A + D
3.427 1.307 0.986 - 85.97 14.03 62.79 37.21 A + D
4.268 1.069 - - 100.00 - 66.62 33.38 D + E
4.634 0.873 0.877 - 87.92 12.08 75.94 24.06 A + E
- 3.037 0.862 0.985 68.19 31. 81 9.68 90.32 D + E

17.23 0.057 - - 100.00 - 99.34 0.66 E + F
17.72 - 0.414 - 97.72 2.28 100.00 - A + F
17.32 0.047 0.405 - 97.73 2.27 99.47 0.5"3 A + E + F

a Compiler's calculations.
b A • NH 4Cl04 B • (NH4 )2S04 C • Na2S04·(NH412S04·4H20

D • Na2S04.10H20 E • Na2S04 F • NaCl04 ·H 20

AUXILIARY INFORHATION

HETHOD/APPARATUS/PROCEDURE: (continued)
silica basins and evaporating at a low red heat. Sulfate was determined
graVimetrically as BaS04' To determine ammonia content, the sIns were
distilled with excess NaOH and the ammonia distillate absorbed in excess
of standard acid solution, followed by back-titration of the acid. All

analyses were duplicated. Solid phase compositions were determined using

Schreinelllakers' method. Gas-heated thermostats were used and thermometers

were checked against N.P.L. Standards.
(continued next page)
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COMPONENTS:
(1) Sodium perchlorate; NaCI04 ;

[7601-8'9-0]

(2) Sudium sulfut~; Na2S04;

(7757-82-6]

(3) Ammonium perchlorate; NH 4CI04 i

(7790-98-9]

(4) Ammonium sulfate; (NH4)2S04;

(7783-20-2]

(5) Water; H20; (7732-18-5]

ORIGINAL MEASUREMENTS:

Freeth, F.A.

Rea. Trav. Chim. pays-Bas ll4i,

43, 475-507

EXPERIMENTAL VALUES: (continued)

Solubili ty system 2NH:, 2Na+ II 2CI0:j. S02- - H20 at 60 °c :4

Liquid phase composition Solid

mass " mol " a phaseb

( 1 ) ( 2 ) (3 ) (4 ) ( 1 ) ( 2 ) ( 3 ) (4 )

- - 8.21 40.92 - - 2.181 9.667 A + B

- 5.06 6.79 38.68 - 1.137 1.845 9.346 A + B- 8.62 6.27 37.07 - 1. 982 1. 743 9.164 A + B

- 14.51 5.12 34.66 - 3.468 1.480 8.906 A + B + E
- 14.66 4.95 34.65 - 3.503 1.430 8.899 A + B + E
- 15.27 2.77 35.26 - 3.595 0.788 8.924 B + E
- 16.33 - 36.91 - 3.845 - 9.342 B + E
- 17.27 9.86 21. 33 - 3.767 2.600 5.001 A + E
- 18.35 16.25 10.51 - 3.806 4.075 2.344 A + E
- 18.60 25.30 - - 3.784 6.223 - A + E

10.42 12.52 21.42 - 2.47 2.559 5.294 - A + E
26.77 4.61 15.36 - 6.55 0.972 3.916 - A + E
34.87 2.79 12.88 - 9.01 0.622 3.470 - A + E
44.02 1.44 9.04 - 12.10 0.341 2.589 - A + E
56.69 0.730 7.11 - 18.54 0.206 2.423 - A + E
61.24 0.370 5.00 - 20.85 0.109 1.774 - A + E
72.98 0.240 1. 86 - 29.85 0.085 0.793 - A + E + G
72.86 - 1. 87 - 29.55 - 0.790 - A + G
74 .40 0.290 - - 30.16 0.101 - - E + G

Liquid phase compod tion Solid

molalitya; 11I01 kg- l ion mol " a phaseb

( 1 ) ( 2 ) ( 3) ( 4 ) 2Na+ 2NH+ 2CI04 S02-4 4
- - 1.374 6.088 - 100.00 10.14 89.86 A + B

- 0.720 1.168 5.917 9.97 90.03 8.09 91. 91 A + B

- 1.263 1.111 5.840 16.50 83.50 7.25 92.75 A + B

- 2.235 0.953 5.738 26.45 73.55 5.64 94.36 A + B +- 2.256 0.921 5.733 26.70 73.30 5.45 94.55 A + B +- 2.302 0.505 5.714 27.84 72.16 3.05 96.95 B + E
- 2.459 - 5.974 29.16 70.84 - 100.00 B + E
- 2.359 1. 628 3.132 37.41 62.59 12.91 87.09 A + E
- 2.354 2.520 1.449 46.49 53.51 24.89 75.11 A + E
- 2.334 3.838 - 54.88 45.12 45.12 54.88 A + E

1. 530 1.584 3.277 - 58.91 41.09 60.27 39.73 A + E
4.105 0.609 2.455 - 68.44 31.56 84.33 15.67 A + E
5.758 0.397 2.216 - 74.72 25.28 90.94 9.06 A + E
7.902 0.223 1. 691 - 83.15 16.85 95.56 4.44 A + E

13.05 0.145 1.706 - 88.66 11.34 98.07 1.93 A + E
14.98 0.078 1.275 - 92.23 7.77 99.05 0.95 A + E
23.92 0.068 0.635 - 97.43 2.57 99.45 0.55 A + E +
23.55 - 0.630 - 97.39 2.61 100.00 - A + G
24.01 0.081 - - 100.00 - 99.33 0.67 E + G

E
E

G

(continued next page)



COMPONENTS:

(1) Sodium perchlorate; NaCl04 ;

(7601-89-0J

(2) Sodium sulfate; Na2S04;

(7757-82-6J
(3) Ammonium perchlorate: NH 4Cl04 ;

[7790-98-9J

(4) Ammonium sulfate: (NH4)2S04:
[7783-20-2J

(5) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES: (continued)

a Compi1er'H calculations.

b A = NH 4Cl04 B = (NH4)2S04

D z Na2S04.10H20 E z Na2S04

COMMENTS AND/OR ADDITIONAL DATA:

ORIGINAL MEASUREMENTS:

Freeth, F.A.

Ree. Trav. Chim. Pays-Bas J.2l.i.

43. 475-507

C = Na2S04.(NH4'2S04.4H20
F = NaCl04.H20
G - NaCl04

231

The Janecke diagrams Cor the system

at 25 °c and 60 °c are shown below.

(NH4).2S04 (NH4Cl04)2 (NH4)2S04 (NH4Cl04)2
100 100

1B-B
80 80

I. e ~ A
M M

60 25°C 60 60 °c7:i 7:i
E E
c 40 A c 40
,9

-~
.9

E
20 20

F 'G

0 V 0 ~
20 40 60 80 1<0 20 40 60 80 1 0

Na2S04
ion mol 1I5 (NaCl04)2 Na2S04

ion mol 1I5 (NaCl04)2

AUXILLIARY INFORMATION

ESTIMATED ERROR:

Not stated.

REFERENCES:

1. Van't Hoff, J.H. Zur Bildung

der Ozeanischen Salzablagerungen

Wieweg, Braunschweig ~,l; liQl, 2.
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COMPONENTS:

(1) Sodium chromate: Na2Cr04i

[7775-11-3)

(2) Sodium perchlorate; NaCI04 i

[7601-89-0)

(3) Ammonium chromate: (NH4'2Cr04i
[7788-98-9)

(4' Ammonium perchlorate; NH4CI04i
[7790-98-9)

(5) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Lepeshkov, I.N,i Karnaukhov, A.S.;

Molchanov, S.M.

Tr. po Khimii i Khim. Tekhnologii

ill.2, 2, 215-18.

VARIABLES:

Temperature: 298 K.

Composition.

PREPARED BY:

N.A. Kozyreva

EXPERIMENTAL VALUES:
Soluhility system 2Na+, 2NH: I( 2CI04, Cr02- - water at 25 °c :4

--
Liquid phase composition Solid

Point mass " molalitya / mol kg- l phaseh

( 1 ) (2 ) ( 3 ) (4 ) ( 1 ) (2 ) (3 ) (4 )

J - - 3.85 17.56 - - 0.322 1.902 A + B
II - - 25.50 1.08 - - 2.284 0.125 B + C
III 16.22 0.39 - 13.16 1.426 0.045 - 1. 593 A + B + C
IV 16.19 - 21.61 - 1.607 - 2.285 - C + D
V 44.95 - 1. 50 - 5.182 - 0.184 - D + E
VI 31. 23 2.13 - 8.14 3.296 0.297 - 1.184 A + C + D
VTI 3lL 71 8.15 - 2.93 4.760 1.326 - 0.497 A + D + E
VIII 7.82 53..91 - - 1. 262 11. 505 - - E + F
IX Ii. 18 60.70 - - 1.152 14.968 - - F + G
X 9.94 52.72 - 2.08 1. 740 12.211 - 0.502 A + E + F
Xl fl. 9q 5R.6R - 1. 63 1. 320 14.656. - 0.424 A + G + H
XII :t.i7 iiI. Btl - I. 63 0.711 15.446 - 0.424 F + G + H
XTJ 1 - 66.35 - I. 92 - 17.078 - 0.515 G + H
XIV - til.92 - 2.56 - 14.237 - 0.613 A + H

n CompiLpr's calculations.
b A = NH"CI04 i B = NH4CI04·(NH4)2Cr04; C = (NH4)2Cr04i

D = NnNH4(·r04·2H20; E = Na2Cr04·4H20: F = Na2Cr04;
n = Nnrt°4 ·H 2O: II = nNH 4CI04 ·mNaCI04 •

AUXII.IARY INFORMATION

ESTIMATED ERROR:

Not lltated.

SOURCE AND PURITY Of MATERIALS:

Not stated.

the

iodi-

_.__._--------------.-._----------------_.
METHOD/APPARATUS/PROCEDURE:

Mrthod of "invRr1ant points" used.

P,'rlori.; nf p'~lItlibrl\tion vl\ried
frnm :1 t.n 10 rilly';. NI\+ was ript.pr-

mlnprl grn\lm~'rlrally as

N~Zn(U02)1(C2111n2)9: Nil! by
"formal 111 n1l'tilod"; chromate

mrt.rlcaLll' and pprchlorate by ril'­

'",'pner, REFERENCES:

(continued next page)



C = (N~)2Cr04i

F = Na2Cr04:
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CO'fPONENTs: ORIGI~AL MEASUREMENTS:
( 1 ) Sodlum c;hromate; Na2Cr04; Lepeshkov, IoN. ; Karnaukhov, A.s. j

(777!i-11-3] Molchanov, S.M.
( 2 ) Sodi um per'chlorate; NaCI04 ;

(71;01-89-01 Tr. po Khimi i i Khim. Tekhnologii
(,1 ) Ammonium chromate; (NH4)2Cr04i ll.§S, 2, 215-18.

(77RR-98-9)

(4 ) Ammonium perchlorate; NH 4CI04 j

(7790-98-9]
(!'i ) Water; H20j [7732-18-5)

EXPERIMENTAL VALUES: (continued)

Liquid phase composition Solid
prll nt. mol " a Ion mol "a phaseb

III (2 I ( :I) ( 4) 2Na+ 2NH+ crO~- 2CI044
I 0.56 3.294 100.00 25.31 74.69 A + B
IT 3.94 0.216 100.00 97.33 2.67 B + C
IJI 2.43 0.08 2.720 64.51 35.49 63.50 36.50 A + B + C
IV 2.71 3.85 41.29 58.71 100.00 C + D
V R.51 0.30 96.57 3.43 100.00 0 + E
VI 5.47 0.49 1.965 85.33 14.67 81. 65 18.35 A + C + 0
VIr 7.117 2.14 0.800 95.62 4.38 83.93 16.07 A + D + E
VIII 1. Bf, 16.85 100.00 17.99 82.01 E + F
IX 1 • fi I 20.90 100.00 13.34 86.66 F + 0
X 2.49 17.45 0.718 96.90 3.10 21.49 78.51 A + E + F
XT 1. R4 20 ..1R 0.590 97.61 2.39 14.90 85.10 A + F + H
XII 0.99 21.43 0.588 97.55 2.45 8.23 91.77 F + G + H
XT II 23.1fi 0.70!i 97.07 2.93 100.00 G + H
X~V 20.24 0.872 95.87 4.13 100.00 A + H

II Compl1er's calculations.

" A = NH4CI~4; B = NH4CI04.(NH4)2Cr04;

D = NIlNH4Cr04.2H20; E = Na2Cr04.4H20j
G = NaCI01.H20i H = nNH 4CI04 .mNaCI04 .

c'OMMENTS AND/OR ADPITIONAL pATA
The phase dlngrnm given below shows eight crystallization flelds:
(EI) NH.jCl04 • (b) NII4CI04.(NH412Cr04i (cl (NH412Cr04i
lell '.IaNII.jCr0.j,2H20; (e) Na2Cr04.4H20: (f) Na2Cr04i (g) NaCI04 .11 20;
Ih) sol id ,>olllt.ions represented by nNH 4CI04 .mNaCI04

..

..

, a 2HaC10.

x • 100XCI04/(XCI04+2XCr041

y • lOOXNH4/(XNH4+XNal
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COMPONENTS:

III Sodium chromate: Na2Cr04:

[7775-11-3)

(2) Sodlum perchlorate; NaCI04 ;

[7601-119-01

(3) Ammonlum chromate; INH4)2Cr04;

[7788-98-9]

(4) Ammonium perchlorate; NH 4Cl04 ;

[7790-98-9]

(51 Water; H20; [7732-18-5]

VARIABLES:

Temperature: 308 K.
Composition.

ORIGINAL MEASUREMENTS:

Guseva, A.D.: Druzhinlna, G.V.

Uch. Zap. Yarosl. Gos. Ped. lnst.

.lJ11.Q, 78, 32-8.

PREPARED BY:

I.S. Bodnya

EXPERIMENTAL VALUES:

Solubility system 2Na+, 2NH4 II 2Cl04. cro~- - water at 35 °c :
. _._._-_._---------------------------

LiqUld phase composltion

~ molalitya /POI nt

I 1 )

I ­
3.84

10.53
II 17.05

24.10
III 31.24

2.61
4.79

11. 27
15.36

V 20.36
26.35

VI 45.92
44.66

VII 36.66
25.43
16.16

VIII 14.19
8.38

IX -
X 11. 52

XI 8.63
XII -

milliS

121

.:

3.25
12.67
26.79
36.32
40.90
47.67
60.75
47.24
61. 62
67.64

(3 )

3.62
1. 11
0.71
0.83
1. 76
2.88

28.00
25.64
17.71
4.82
3.83

20.45
11. 37
2.18

(4 )

20.45
18.04
22.40
14.42
12.11
7. 30
1. 19
1.11
2.40

13.87
14.59

2.93

4.04
2.57
4.82
4.95
5.67
4.04
4.50
3.91

2.33

( 1 I

0.308
0.980
1.555
2.399
3.292

0.228
0.394
0.993
1.432
2.124
2.741
5.462
5.738
4.705
3.655
2.344
2.233
1. 296

1.905
1. 791

(2 )

0.552
2.151
5.093
6.968
8.513
9.755

14.278
10.335
16.916
18.396

mol kg- I

(3) ( 4 )

0.314 2.292
0.095 1.994
0.070 2.873
0.081 1.1113
0.187 1.662
0.323 1.061
2.600 0.143
2.387 0.134
1.551 0.272
0.453 1.686
0.380 1.875
2.272 -
1. 260 0.420
0.276 -

- 0.716
- 0.455
- 0.955
- 0.990
- 1. 230
- 0.862
- 1.102
- 0.891

- 0.660

Solid

phaseb

A+B
A+B
A+B
A+B+C
B+C
B+C+O
A+C
A+C
A+C
A+C
A+C
C+O
C+O
O+E
O+E
B+O+E
B+E
B+E
B+E+F
B+F
B+F
E+F+O
E+O
F+O

a

b
Compiler's calculatlons.

A = NH4CI04.(NH412Cr04;

o = NaNH4Cr04.2H20;
F = nINH 4CI04 ,.mINaCl04 .H 20);

B = NH 4Cl04 :

E = Na2Cr04.4H20:
a = NaCl04 .H 20

AUXILIARY INFORMATION

_·_----··_---~,----------------------------I

METHOD/APPARATUS/PROCEDURE: Method of "invarlant points" used. Details

of method not ~lv~n. Na+ was analysed ~ravlmetrlcally as sodium zinc

lIr~nyl acetate; NH: by dlstillation and titrlmetry; cro~- iodlmetrical-

ly and cia; by dlffercnce. (contlnued next pagel



COMPONENTS:

(1) Sodium chromate; Na2Cr04:

[7775-11-31

(2) Sodium perchlorate; NaCl04 ;

[7601-89-01

(3) Ammonium chromate: INH4)2Cr04;

(7788-98-9J

(4) Ammonium perchlorate; NH 4CI04 ;

(7790-98-9)

(5) Water; H20; (7732-18-5 )

EXPERIMENTAL VALUES: (continued)

235

ORIGINAL MEASUREMENTS:

Guseva, A.D.: Druzhlnina, G.V.

Uch. Zap. Yarosl. Gos. Ped. [nst.

.li.1.Q, 78, 32-8.

Liquid phase composition Solid

Point mol " a ion mol "a phaseb

II ) ( 2' 13 ) (4 ) 2Na+ 2NH+ Cr02- 2C1044 4
I - - 0.539 3.945 - 100.00 21.48 78.52 A+B

0.532 - 0.164 3.443 22.00 78.00 28.77 71. 23 A+B
1. 648 - 0.118 4.834 39.40 60.60 42.23 57.77 A+B

II 2.637 - 0.137 3.075 61.17 38.83 64.34 35.66 A+B+C
4.014 - 0.312 2.781 70.22 29.78 75.68 24.32 B+C

III 5.471 - 0.537 1. 762 79.41 20.59 87.21 12.79 B+C+O
- - 4.464 0.246 - 100.00 97.32 2.68 A+C

0.392 - 4.097 0.230 8.51 91.49 97.51 2.49 A+C
0.682 - 2.686 0.471 18.93 81. 07 93.46 6.54 A+C
1.694 - 0.772 2.874 43.41 56.59 63.18 36.82 A+C
2.419 - 0.642 3.168 52.07 47.93 65.90 34.10 A+C

V 3.545 - 3.793 - 48.31 51.69 100.00 - C+O
4.574 - 2.102 0.701 65.09 34.91 95.01 4.99 C+O

VI 8.92 - 0.451 - 95.19 4.81 100.00 - o+e
9.18 0.884 - 1.145 94.38 5.62 90.05 9.95 o+e

VII 7.49 3.425 - 0.724 96.22 3.78 78.31 21. 69 B+o+e
5.60 7. 81 - 1.464 92.85 7.15 54.72 45.28 B+e
3.56 10.59 - 1.504 92.17 7.83 37.07 62.93 B+e

VIII 3.31 12.62 - 1.822 91. 34 8.66 31.43 68.57 B+e+F
1. 92 14.47 - 1. 278 93.48 ll. 52 19.63 80.37 B+F

IX - 20.14 - 1. 555 92.83 7.17 - 100.00 B+F
X 2.78 15.06 - 1.299 94.07 5.93 25.34 74.66 e+F+O

XI 2.41 22.79 - - 100.00 - 17. 47 82.53 e+o
XII - 24.67 - 0.886 96.53 3.47 - 100.00 F+O

a Compiler's calculations.
b A = NH4CI04·1NH4)2Cr04: B = NH 4CI04 : C = (NH 4 '2Cr04;

D = NaNH4Cr04·2H20; E = Na2Cr04·4H20;
F = nINH 4CI04 '·mlNaCI04 ·H 20l: G = NaCI04 ·H 20 •

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS: ESTIMATED ERROR:

Not Rtated. Not stated.

REFERENCES:

(continued next page)
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COMPONENTS:

(I) Sodium chromate; Na2Cr04;

[7775-11-3)

(2) Sodlum perchlorate: NaCl04 :

(7601-89-01

(3) Ammonium chromate: (NH4)2Cr04:
(7788-98-9)

(4) Ammonium perchlorate; NH 4Cl04 :

(7790-98-9)

(5) Water; H20: (7732-18-5)

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Guseva, A.D.: Druzhinina, G.V.

Uch. Zap, Yarosl. Gos. Ped. Inst.

li.tQ., 78, 32-8.

COMMENTS AND/OR APDITIONAL pATA
The phase diagram given below for this aqueous reciprocal salts

so~ubility system at 308 K shows seven crystallization fields:
(1) NH 4Cl04

. (2) INH4)2Cr04

(3) Na2Cr04,4H20
(4) NaCl04 ,H 20

(5) NH4Cl04.INH4)2Cr04

(6) NaNH4Cr04,2H20
(7) solid solutions formed by sodium and ammonium perchlorates.

80

60

ion mol %

40

20

(7) (4)

20 40 60

ion mol %
80



COMPONENTS:

(1) Sodium dichromate; Na2Cr207;

[10588-01-9)

121 Sodium perchlorate: NaCI0 4 ;

[7601-89-01

(3) Ammonlum dichromate;

I NH 4 12Cr207: [7789-09-5)

(4) Ammonium perchlorate;

NH 4Cl04 ; [7790-98-9)

(5) Water: H20; [7732-18-5)

237

ORIGINAL MEASUREMENTS:

Lepeshkov. I.N.: Sal'nikova, L.N.

Uch. Zap. Yarosl. Gus. Ped.

lllQ. 79. 11-5.

1-----------------+--------------------
VARIABLES:

Temperature: 298 K.

Composition.

PREPARED BY:

N.A. Kozyreva

Solid
phaseb,c

B + C
B
B
B
B
B
B
B + D
D
D
D + F
E
E
E
E
E
F
E
E
E
E
E
E
E
E

EXPERIMENTAL VALUES:

Solubility system 2Na+, 2NH4 II 2CIO., cr20¥- - water at 25 °c :

Liquid ph.se composition

Point mass X molalitya / mol kg- 1

(1) (2) (3) (4) (1) (2) (3) (4)

P 3.26 64.57 - 2.59 0.421 17.83 - 0.745 A +
5.08 61.58 - 2.39 0.627 16.25 - 0.657 A +
7.06 61.10 - 2.57 0.921 17.05 - 0.747 A +

10.47 53.22 - 2.83 1.194 12.98 - 0.719 A +
17.62 48.43 - 3.08 2.179 12;81 - 0.849 A +
22.44 37.16 - 3.46 2.319 8.22 - 0.797 A +
24.87 44.26 - 3.26 3.438 13.09 - 1.005 A +

Q 32.29 38.50 - 2.72 4.653 11.87 - 0.874 A +
29.66 39.82 - 3.bl 4.192 12.04 - 1.106 A +
39.06 28.47 - 4.15 5.265 8.21 - 1.247 A +

R 44.27 24.07 - 5.08 6.358 7.40 - 1.627 A +
45.17 21.52 - 5.41 6.180 6.30 - 1.650 D +
52.98 14.22 - 7.20 7.900 4.54 - 2.394 D +
55.30 11.77 - 9.31 8.937 4.07 - 3.355 0 +
56.77 8.81 - 7.10 7.932 2.63 - 2.212 D +
62.29 3.25 - 7.29 8.751 0.98 - 2.284 D +
64.70 - 3.42 3.51 8.706 - 0.478 1.053 D +
2.10 - 20.78 12.96 0.125 - 1.285 1.719 A +
5.00 - 18.70 12.75 0.300 - 1.167 1.708 A +

17.07 - 10.88 15.05 1.143 - 0.757 2.247 A +
35.23 - 0.89 16.61 2.845 - 0.075 2.991 A +
39.13 7.08 - 11.07 3.496 1.35 - 2.206 A +
38.08 7.83 - 9.96 3.294 1.45 - 1.~21 A +
38.67 12.41 - 8.08 3.614 2.48 -' 1.684 A +
39.17 14.11 - 7.68 3.830 2.95 - 1.674 A +

a Compiler's calculations. c See critical Evaluation
b A = NH 4CI04 ; B = NaCI04.H20: C = nNH4CI04.mNaCI04.H20:

D = Na2Cr207.2H20: E = nINH4)2Cr207.mNH4CI04: F = (NH4)2Cr207

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Method of "invariant points" used:

the third salt is added to the sal­

urated sin. corresponding to the

eutonic composition of the ternary

SOURCE AND PURITY OF MATERIALS:

Not stated.

(contlnued next page)
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COMPONENTS: ORIGINAL MEASUREMENTS:

t I) Sodlum dichromate; Na2Cr207; Lepeshkov, LN. i Sa1'II1kova, L.N.

(10588-01-9J
( 2) Sodium perchlorate; NaCI04 ; Uch. Zap. Yarosl. aos. Ped.

(7601-89-01 lJUQ., 79, 11-5.

( 3 ) Ammonlum dlchromatei

(NH 4 )2Cr207; [7789-09-5)

(4 ) Ammonium perchlorate;

NH 4C104 ; (7790-98-9)

( 51 Water; H2O; (7732-18-5]

EXPERIMENTAL VALUES: (continued)

Liquid phase composition Soli<1
Point mol " a ion mol "a phas8b ,c

( 1 ) (2 ) ( 3) (4) 2Na+ 2NH~ 2- 2CI04Cr207
P 0.565 23.93 - 1.00 96.2 3.8 4.3 95.7 A + B + C

0.858 22.25 - 0.90 96.4 3.6 6.9 93.1 A + B
1. 240 22.97 - 1. 01 96.2 3.8 9.4 90.6 A + B
1.696 18.44 - 1.02 95.5 4.5 14 .8 85.2 A + B
3.054 17.96 - 1. 19 95.3 4.7 24.2 75.8 A + B
3.469 12.29 - 1. 19 94.2 5.8 34.0 66.0 A + B
4.707 17.92 - 1. 38 95.2 4.8 32.11 67.:.! A + B

Q 6.382 16.28 - 1. 20 96.0 4.0 42.2 57.8 A + B + D
5.754 16.53 - 1. 52 94.9 5.1 38.9 61. 1 A + D
7. 497 11.69 - 1. 78 93.8 6.2 52.7 47.3 A + 0

R 8.969 10.43 - 2.29 92.5 7.5 58.5 41.5 A + D + F
8.875 9.05 - 2.37 91.9 8.1 60.9 39.1 D + E

11.231 6.45 - 3.40 89.5 10.5 69.5 30.5 D + E
12.435 5.66 - 4.67 86.7 13.3 70.7 29.3 D + E
11.616 3.86 - 3.24 89.3 10.7 76.6 23.4 D + E
12.961 1.45 - 3.38 89.0 11.0 84.3 15.7 D + E
13.241 0.00 0.727 1. 60 89.7 10.3 94.6 5.4 D + F
0.213 - 2.19 2.93 5.5 94.5 62.1 37.9 A + E
0.512 - 1. 99 2.91 12.9 87.1 63.2 36.8 A + E
1.916 - 1. 27 3.77 37.8 62.2 62.8 37.2 A + E
4.632 - 0.122 4.87 64.4 35.6 66.1 33.9 A + E
5.589 2.16 - 3.53 79.1 20.9 66.3 33.7 A + E
5.298 2.33 - 3.09 80.7 19.3 66.2 33.8 A + E
5.711 3.92 - 2.66 85.2 14.8 63.4 36.6 A + E
5.988 4.61 - 2.62 86.4 13.6 62.3 37. 7 A + E

a

b
Compiler's calculations. c See critical Evaluation

A = NH 4CI04 ; B = NaCI04 .H 20; C = nNH4CI04 .mNaCI04 .H 20:

D = Na2Cr207.2H20; E = nINH4)2Cr207.mNH4CI04; F = INH4)2Cr207 •

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: (continued)

system until a new solid phase appeared. Sodium was determined by preci­

pitation as sodium zinc uranyl acetate; ammonium ion by d1stillat1onof

ammonia into satd. boric acid sln. and titrating with 0.05 mol L- 1 H2S04 ;

dichromate iodimetrically and perchlorate by difference. Solid phases

were analysed chemi~allY and examined under a microscope.

ESTIMATED ERROR:

Not stated.

REFERENCES:

(continued next page)



COMPONENTS:

(1) Sodium dichromate: Na2Cr207;
[10588-01-9)

(2) Sodium perchlorate; NaCl04 ;

[7601-89-0)

(31 Ammonium dichromate:

INH4)2Cr207: [7789-09-5)
(4) Ammonlum perchlorate;

NH 4Cl04 ; [7790-98-91
(5) Water; H20; [7732-18-5)

EXPERIMENTAL VALUES: (continued)

239

ORIGINAL MEASUREMENTS:
Lepeshkov, I.N.; Sal'nlkova, L.N,

Uch. Zap. Yarosl. Gos. Ped.

lJUQ, 79, 11-5.

COMMENTS AND/OR ADDITIONAL DATA
The phase diagram given below shows five crystallization fields:

NH4Cl04; NaCl04 ,H20; Na2Cr207.2H20; INH4)2Cr207 and solid solutions

represented by nNH 4Cl04 .mNaCl04 •
P, Q and R correspond to lsothermal trlple saturatlon pOlnts.

NH4C104 NaCl04

nNH4Cl04·mNaCl04,H20~

Q 60

ion mol ~

40

20

ion mol S

40 60 30
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COMPONENTS:

(1) Sodium chloride; NaCl;

l7647-14-5]
(2) Sodium perchlorate; NaCl04 ;

[7601-89-0]

(3) Magnesium chloride; MgCl 2 ;

[7786-30-3]

(4) Magnesium perchlorate; Mg(Cl04 )2;
[10034-81-8]

(5) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Kudryakova, S.A.; Lepeshkhov, I.N.

Sb. Tr. Yarosl. Gos. Ped. Inst.

~, 66, 40-50.

VARIABLES: PREPARED BY:

One temperature: 363 K E.S. Gryzlova
Composition

EXPERIMENTAL VALUES:

Solubility system: NaCl04-NaCl-Mg(Cl04)2-MgCl2-H20 at 90 0 C

Liquid phase composition

mass " mol "a
(11 (2 ) ( 3 ) (4 ) ( 1 ) (2 ) (3 ) ( 4 )

0.63 - 28.93 16.17 0.317 - 8.938 2.131
0.69 - 26.79 19.51 0.355 - 8.467 2.630
0.69 - 25.29 22.76 0.366 - 8.237 3.162
to 14 - 19.35 31.32 0.642 - 6.690 4.619
1.60 - 12.98 39.38 0.945 - 4.708 6.093
3.65 - 5.54 48.69 2.33"3 - 2.174 8.149
0.54 5.62 - 52.82 0.360 1.787 - 9.212
3.34 19.51 - 38.19 2.241 6.248 - 6.709
2.39 23.59 - 32.89 1.535 7.232 - 5.531
2.24 25.45 - 27.68 1.346 7.300 - 4.355
1.85 39.20 - 23.23 1.298 13.13 - 4.268
1.44 47.72 - 18.77 1.081 17.10 - 3.691
1. 33 52.62 - 13.94 0.991 18.71 - 2.719
1. 22 57.46 - 9.19 0.902 20.27 - 1.779

Solid
Phaseb

A + B
A + B

A + B + C
A + C
A + C
A + C
A + C
A + C

A + C + D
A + D
A + D
A + D
A + D
A + D

a Editors' calculations.

b A = NaCl; B • MgCl2.6H20 ; C • H,(Cl04)2.6H20 ; D • NaCl04 •

AUXILIARY INFORMATION

METHOD/PROCEDURE/APPARATUS:

The isothermal method was used. The solubility was studied by the
of nonvariant points: to the saturated solution corresponding

Qutonie composition of a ternary system, a third salt is added

new solid phase appears. Mg 2+ was determined with Trilon B;
precipitation with zinc uranyl acetate, Cl04 gravimetrically by

precipitation, and Cl- mercurimetrically.

method
to the

until a
Na+, by

nitron

SOURCE AND PURITY OF MATERIALS:

Not stated.

ESTIMATED ERROR:

Not stated.

(continued next page)



COMPONENTS:

(1) Sodium chloride: NaCl;

(7647-14-5)

(2) Sodium perchlorate; NaC104 ;

(7601-89-0J

(3) Magnesium chlorlde; MgCl2;

[7786-30-3)

(4) Magne51um perchlorate; MgIC104 )2;

(10034-81-8)

(51 Water; H20; (7732-18-5)

EXPERIMENTAL VALUES: (continued)

COMMENTS ANDIOR ADDITIONAL DATA:

The Janecke d1agram 15 glven below.

241

ORIGINAL MEASUREMENTS:

Kudryakova. S.A.; Lepeshkhov, I.N.

Sb. fr. Yarosl. Gos. Ped. Inst.

~. 66, 40-50.

eR

~
o
E 50
c
o

2NaCl04

NaCl

50 2NaCl

1

ion mole ~
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COMPONENTS:

(1) Sodium chloride: NaCl;

(7647-14-5)
(2) Sodium perchlorate; NaC104 •

(7601-89-0)

(3) Barium chloride, BaC1 2 ,

[10361-37-2)

(4) Barium perchlorate; Ba(C104 )2'

[13465-95-7)

(5) Water. "20; (7732-18-5)

VARIABLES:

Temperatul'e/K: 298.2 and 323.2

Composition

ORIGINAL MEASUREMENTS:

1. Zaitseva, S.N.; Karnaukhov. A.S.

Uch. Zap. Yarosl. Gos. Ped.

Inst. li2.2., 66, 107-12.

2. Zaitseva, S.N.: Karnaukhov, A.S.

Uch. Zap. Yarosl. Gos. Ped.

Inst. ill.Q., 78, 86-91.

PREPARED BY:

E.S. Gryzlova

EXPERIMENTAL VALUES:

Solubility system : Na+,Ba2+//C104,Cl--H 20 at 25.0 oC
.

Liquid phase composition Solid

phase b

mass " mol "a
( 1) (2 ) ( 3) (4) ( 1 ) ( 2) ( 3) ( 4)

24.72 - 3.12 - 9.519 - 0.337 - A + B
23.38 3.16 3.04 - 9.198 0.593 0.336 - ..
19.38 12.83 2.97 - 8.417 2.599 0.354 - ..
17.77 16.61 3.18 - 7.755 3.460 0.389 - ..
9.00 38.06 2.62 - 4.709 9.504 0.385 - ..
6.07 43.02 2.43 - 3.289 11.13 0.370 - ..
4.96 49.25 1. 66 - 2.882 13.66 0.271 - ..
2.26 53.08 1. 24 - 1. 339 15.01 0.206 - ..
1.30 61. 76 1. 62 - 0.892 20.22 0.312 - A + B + C
1. 35 66.18 - - 0.976 22.85 - - B + C
1. 80 61.39. - 4.14 1.306 21. 26 - 0.522 A + C- 47.17 2.58 1. 74 - 14.45 0.400 0.167 A + C + D- 45.84 4.23 1. 93 - 12.22 0.663 0.187 A + D
- 38.07 5.90 1. 49 - 9.223 0.840 0.131 ..
- 32.37 7. 31 1. 84 - 7. 444 0.989 0.154 ..
- 8.63 22.11 0.25 - 1.759 2.649 0.019 ..
- 1. 54 23.87 1.18 - 0.299 2.726 0.083 ..
- 0.48 24.78 1. 70 - 0.094 2.845 0.121 ..
- - 26.18 1. 74 - - 3.043 0.125 ..

1. 37 59.15 - 10.11 1.082 22.29 - 1.388 C + D
1. 43 44.35 - 21. 76 1.086 16.08 - 2.872 ..
1. 57 40.84 - 25.75 1. 219 15.13 - 3.474 ..
1. 52 35.67 - 34.84 1. 318 14.76 - 5.250 C + D + E

- 41. 32 - 32.90 - 18.08 - 5.243 C + F
- 32.53 2.61 27.74 - 10.97 0.518 3.407 D + E
- 28.01 1. 91 32.68 - 9.488 0.380 4.031 ..
- 23.05 4.08 33.25 - 7.512 0.782 3.946 ..
- 18.42 7. 84 29.84 - 5.544 1. 387 3.270 ..
- 8.84 6.84 33.71 - 2.395 1.090 3.326 ..
- - 6.78 50.82 - - 1.283 5.957 ..

a Editors' calculations.
b A = BaC1 2 ·2H 2O , B = NaCl : C = NaC104 ·H 2('1 ; D = n(BaC1 2 )·m[Ba(C104 )2) ;

E = n[Ba(C104 )2).m(BaC1 2 ) ; F = Ba lC104 )2· H20.

lcontinued next page)



243
I

COMPONENTS: ORIGINAL MEASUREMENTS:
(1 ) Sodlum chloride; NaCl; 1 • Za1tseva, S. N. ; Karnaukhov, A. "i.

[7647-14-5)

(2 ) Sodium perchlorate; NaCI0 4 ; Uch. Zap. Yarosl. Gos. Ped.

(i601-119-0J Inst. ~. 66. 107-12.
( 3 ) Barium chloride; BaC1 2 ;

[10361-37-2J 2. Zaitseva. S. N. ; Ka r'nau khov, o\.s.
(4 ) Barlum perchlorate; Ba(CI04 )2;

(13465-95-7) Uch. Zap. Yarosl. Go!>. Ped.

( 5 ) Water; H2O; (7732-18-5J Inst. lllQ. i8, 86-91.

f- .----.-.------

EXPERIMENTAL VALUES: (continued'

Soll1blllly
+ 'J + __

50.0°('ll~'lltem : ~" ,Ba~ //CI04 .Cl -H 2O at

--- _. -- - .~----- --- -----
LIYUld phase composltlon S011d

phase b

mllss " mol "a
(1 ) (2 ) 13' (4 ) ( 1 ) (2 ) (3 , (4)

23.96 6.58 9.541 0.735 A + B
20.13 3.46 5.97 7.989 0.655 0.665
18 • .10 I I .2'/ f,.25 7.736 2.278 0.62:1
15. 12 16. 13 5.25 6.566 3.343 0.640
10.115 27.74 5.19 5.218 6.368 0.701

9.35 28.49 :1.65 4.374 6.361 0.479
6.30 40.15 3.68 3.346 10.18 0.549
2.44 53.51 3.93 1.532 16.04 0.693
1. 53 54.26 3.62 0.956 16.17 0.634
0.08 61.28 3.37 0.055 20.22 0.654
0.08 63.84 2.90 0.058 21.92 0.585 A + B + C
1.35 67.25 2.91 1.068 25.40 0.400 B + r
1.30 fi9.27 2.47 1. 063 27.05 0.351
1 • :15 71. 19 1.27 1.120 28.20 0.183
1.37 69.00 1.050 25.25 B + II

55.16 2.82 3.89 17.38 0.522 0.446 c' + S + F
49.84 3.91 5.29 14.99 0.692 0.579 A + F
41.26 5.93 3.13 10.76 0.909 0.297
32.53 II. 60 3.38 7. 821 1.216 0.296
24.39 12.36 6.15 5.780 1.722 0.531
17.84 16.82 6.88 4.173 2.313 0.586
10.22 22.05 4.16 2.238 2.838 0.332
0.75 25.19 :1. 97 0.152 3.002 0.293

27.24 4. 14 3.310 0.312
61.01 13.31 25.38 2.016 C + D

I. 25 ~5,36 20.74 0.944 16.35 2.722 C + D + F
I . 12 .15.30 :10.6f! 1.019 13.00 4. 115 D + F

36.21 2.03 37.53 16.78 0.553 6.334 I) + F + G
35.40 41. 71 17. 17 7.367 D + E
24.27 4.32 37.85 9.033 0.945 5.130 F + G
11.50 4.76 49.38 4.326 1.053 6.765
4.37 4.88 53.05 1. 545 1. 015 6.831
3.99 5.20 52.90 1.405 1.077 6.784
5.26 54.20 1.750 H.5lii

It ROllers' ('/llc'uJ.Hlon".

b ,\ = IlIlC·1 2 .2H 2() ; B = Nael

J. = n(HaC1 2 ).m[BuICI04 )2)

C = NaCl()4.H20 ; D = NaCI0 4
G = n(BaICI04'2).m(BaC12)'

(contlnued next page)
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COMPONENTS:

(1) Sodium chlorlde. NaCl;

[7647-14-5)

(2) Sodium per~hlorate, NaCI04 •

[7601-89-01

(31 B~rium chloride. BaC1 2 ,

[10361-37-2)

(4) Barium perchlorate; Ba(Cl04'2i

[13465-95-7)

(5) Water; H20. [7732-18-5)

EXPERIMENTAL VALUES: (continued)

COMMENTS AND/OR ADDITIONAL DATA:

The Janecke diagrams are given below.

ion S

Fig. 1. Solubility isothenr. at 2SoC

ORIGINAL MEASUREMENTS:

1. Zal~seva. S.N.: Karnaukhov. A.S.

Uch. Zap. Yarosl. Gas. Ped.

--[nst. li§j. 66. 107-12.

2. Zaitseva, S.N.; Karn~ukhov. A.S.

Uch. Zap. Yaro~l. Gas. Ped.

lnst. lill. 78, 86-91.

;00 s

Fig. 2. Solubilit~, lsothem

at SOOC

AUXILIARY INFORMATION

----- ----------- ._--_._---------------- --
METHOD/APPARATUS/PROCEDURE:

The method of nonvariant pOlnts. To the solution corresponding to the

tr~nsltlon pOlnt of the ternary system a third salt was added until a new

sol id phase appeared. Condltlons of saturation not stated. Ba 2+ was

determlned ~ravlm~trically In the presence of picric aCid; Na+ gravi­

m~trlcally as sodium zinc uranyl acetate; Cl- mercurimetricallYi CIO; by

differenc~.

_. -- - -----------------...------ _. -" -- ---_. ------_.-j
SOURr.E AND PURITY MATERIALS:

Th~ qtartlog salLs are of reagent

>tnrl ('h~mL('l\ll~' pur.- l(rlllles were

recryst~llJz~d tWice.

ESTIMATED ERROR:

Temp.: :!:O. 1°c.

REFERENCES:

None.



COMPONENTS:
(1) Sodium nitrate; NaN03 :

l 7631-99-4 J

(2) 50dium perchloratei NaCI04 :

[7601-89-0]

(3) Nickel nitrate; Ni(N03 )2;

[14216-75-2J

(4) Nickel perchlorate; Ni(CI04 )2

[13637-71-3J

(5) Water; H20; [7732-18-5]

245

ORIGINAL MEASUREMENTS:
Karnaukhov, A.S.; Tarakanov, V.F.

Uch. Zap. Yarosl. Gos. Ped. Inst.

till. 103, 3-6.

VARIABLES: PREPARED BY:

Temperature: 298 K. E.S. Gryzlova
Composition.

EXPERIMENTAL VALUES:

Solubility system 2Na+, Ni 2+ II 2CI04-· 2N03 - water at 25 °c :

Liquid phase composition Solid

mass " molalitya / mol kg- l phaseb

( 1 ) ( 2) (3 ) (4 ) (1) ( 2 ) ( 3) (4 )

11.58 58.47 - - 4.549 15.945 - - A + B
12.10 46.56 - 8.94 4.394 11.737 - 1.071 A + B
12.61 38.38 - 15.34 4.406 9.310 - 1.769 A + B
15.06 16.36 - 32.89 4.965 3.744 - 3.577 A + B + C
17.11 3.92 - 41. 61 5.388 0.857 - 4.323 A + C
12.61 - 12.54 34.82 3.706 - 1.714 3.377 A + C
8.05 - 24.70 25.91 2.291 - 3.270 2.433 A + C + 0
8.03 - 37. 93 9.85 2.138 - 4.698 0.865 A + D
8.96 - 44.87 - 2.283 - 5.319 - A + D
5.18 - 24.87 27.18 1.425 - 3.182 2.467 C + D
- - 28.19 25.89 - - 3.360 2.189 C + D

9.74 24.71 - 32.11 3.427 6.035 - 3.727 B + C
- 31.09 - 29.42 - 6.430 - 2.892 B + C

(continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

To the satd. solutions corresponding Not stated.

to the compositions of the nodal

points (in the presence of an excess

of solid phases) a third salt was ESTIMATED ERROR:
added until a new solid phase ap- Not stated.

peared. Nitrate was determined us-
ing Devarda's method; perchlorate by

gravimetric method using nitron pre- REFERENCES:

cipitationi nickel by complexometric
titration with Trilon B. The solid

phases were examined under a micros-

cope.
(continued next page)
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COMPONENTS:

(1) Sodium nitrate; NaN03 ;

[7631-!l1l-4)

(2) Sodium perchlorate; NaCl04 ;

[7601-89-0)

(3) Nickel nitrate: Ni(N0 3 )2;
[14216-75-2)

(4) Nickel perchlorate; Ni(Cl04 )2
[13637-71-3)

(5) Water; H20; (7732-18-5)

ORIGINAL MEASUREMENTS:

Karnaukhov, A.S.; Tarakanov, V.F.

Uch. Zap. Yarosl. Gos. Ped. Inst.

.l..ll.ll, 103, 3-6.

EXPERIMENTAL VALUES: (continued)

A + B
A + B
A + B
A + B + C
A + C
A + C
A + C + D
A + D
A + D
C + D
C + D
B + C
B + C

Solid

phase bion mol " a
mol " a Cation Anion

( 1 ) (2 ) (3 ) (4 ) 2Na+ Ni 2+ 2NOa 2C104-

5.99 20.98 - - 100.0 - 22.2 77.8
6.04 16.14 - 1. 473 88.3 11. 7 24.0 76.0
6.21 13.11 - 2.491 79.5 20.5 25.5 74.5
7. 32 5.52 - 5.277 54.9 45.1 31.3 68.7
8.15 1.30 - 6.543 41.9 58.1 36.2 63.8
5.76 - 2.666 5.251 26.7 73.3 51.4 48.6
3.61 - 5.149 3.831 16.7 83.3 64.5 35.5
3.38 - 7.432 1. 369 16.1 83.9 87.0 13.0
3.62 - 8.428 - 17.7 82.3 100.0 0.0
2.28 - 5.085 3.942 11. 2 88.8 61.2 38.8
- - 5.503 3.585 - 100.0 60.6 39.4

4.99 8.78 - 5.426 55.9 44.1 20.3 79.7- 9.92 - 4.461 52.6 47.4 - 100.0

a Compiler's calculations
b A = NaN03 B II NaCl04 C = Ni(Cl04 )2· 6H 20

D = Ni(N03)2.6H20

COMMENTS AND/OR ADDITIONAL PATA The phase diagram given below shows
four crystallization fields: anhydrous NaN03' Ni(N03)2.6H20,

Ni(Cl04)2.H20, and NaCl04 .H 20.

60

ion mol %
NaNOJ

~

40

'NoCl04.H,O
20

20 40 60 80

ion mol %



COMPONENTS:

(1) Sodium sulfate: Na2s04;
[7757-82-6J

(2) Sodium perchlorate; NaCl04 ;

[7601-89-0)

(3) Zinc sulfate; Zns04:
(7733-02-0J

(4) Zinc perchlorate; ZnlCl04 )2
[13637-61-1J

(51 Wateri H20; (7732-18-5J

VARIABLES:

Temperature: 298 K.

Composition.

247

ORIGINAL MEASUREMENTS:
Karnaukhov, A.S.; Lebosch1na. V.I.

Tr. Yarosl. Gos. Ped. Inst.

llla. 178. 24-7.

PREPARED BY:

1.5. Bodnya

EXPERIMENTAL VALUES:
Solubility system 2Na+, zn2+ II 2Cl04, 502- - water at 25 °c :4

Liquid phase composition Solid

Point mass " molal1 tya / IDol kg- 1 phaseb

III 121 (3 ) ( 41 ( 11 (2 ) ( 31 (4 )

1 13.19 34.35 - - 1.770 5.35 - - A + B
I 4.43 36.90 - 4.24 0.573 5.54 - 0.295 A + B
VII 0.82 41.02 - 6.34 0.111 6.47 - 0.463 A + B + 0
2 0.58 49.87 - 2.58 0.087 8.67 - 0.208 A + D
II 0.79 67.42 - - 0.175 17.32 - - A + D
3 0.59 42.10 - 10.38 0.090 7. 53 - 0.848 B + D
4 0.60 31. 73 - 14.34 0.079 4.86 - 1. 017 B + D
5 - 28.29 - 23.47 - 4.79 - 1.841 B + D

VIII - 26.62 0.60 32.96 - 5.46 0.093 3.132 B + D + E
III - 24.92 - 35.39 - 5.13 - 3.374 D + E

IX 0.49 - 0.12 50.70 0.071 - 0.015 3.940 B + E + F
IV - - 0.55 53.43 - - 0.074 4.J93 E + F
6 2.50 - 0.22 34.45 0.280 - 0.022 2.075 B + F
1 6.14 - 2.71 27.33 0.677 - 0.263 1. 620 B + F
X 7.42 - 8.24 21.00 0.825 - 0.806 1.255 B + F + G
8 11.15 - 11.61 11.88 1. 277 - 1.111 0.694 B + G
V 15.63 - 11.54 - 1. 647 - 1.626 - B + G
9 0.16 4.93 32.25 - 0.018 0.643 3.188 - F + G
VI 4.40 - 34.35 - 0.506 - 3.474 - F + Ga Compiler's calculations

b A = Na2s04; B = Na2s04·10H20i C = Na2s04·H20;
D = NaCl04 ·H 2O; E = Zn(CI04 12· 6H20; F = Zns04· 7H 20;
G = Na2s04·Zns04·4H20

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Method of "invariant points" used.

Cl04was determined gravimetrically

with nitroni sO~- by precipitation
as barium sulfate; Zn 2+ by complexo­

metric ~itration with Eriochrome
Black as indicator; Na+ by difference.

SOURCE AND PURITY OF MATERIALS:
Not stated.

ESTIMATED ERROR:

Not stated.

(continued next pagel
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COMPONENTS:

(1) Sodium sulfate; Na2504:
[7757-82-6)

(2) Sodlum perchlorate; NaCl04 ;

[7601-89-0)

(3) Zinc sulfate; Zn504 :

[7733-02-0)

(4) Zinc perchlorate; Zn(Cl04 )2
[13637-61-1]

(5) Water: H20; [7732-18-5)

VARIABLES:

Temperature: 298 K.

Composition.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Karnaukhov, A.5.: Leboschina, V.I.

Tr. Yarosl. Gos. Ped. Inst.

.lJl.ll. 178, 24-7.

PREPARED BY:

1.5. Bodnya

LiqUld phase composition SOlld

Point mol "a ion mol "a phaseb

( 1) (2 ) ( 3 ) (4 ) 2Na+ Zn2+ 2elO; 2
5°4-

1 2.826 8.54 - .- 100.0 - 60.2 39.8 A + B
I 0.925 8.94 - 0.476 ,91.9 8.1 84.2 15.8 A + B
VII 0.178 10.34 - 0.740 87.8 12.2 97.1 2.9 A + B + D
2 0.135 13.45 - 0.322 95.5 4.5 98'.1 1.9 A + D
II 0.240 23.73 - - 100.0 - 98.0 2.0 A + D
3 0.140 11. 77 ' - 1. 325 82.0 18.0 98.1 1.9 B + D
4 0.129 7.91 - 1.655 71.1 28.9 97.8 2.2 B + D
5 - 7, 71 - 2.963 56.5 43.5 100.0 - B + D
VIII - 8.51 Q. 145 4.879 45.8 54.2 98.4 1.6 B + D + E
III - 8.01 - 5.271 43.2 56.8 100.0 0.0 D + E
IX 0.119 - 0.026 6.618 1.8 98.2 97.9 2.1 B + E + F
IV - - 0.123 7. 325 - 100.0 98.3 1.7 E + F
6 0.484 - 0.037 3.584 11.8 88.2 87. 3 12.7 B + F
7 1.166 - 0.453 2.791 26.4 73.6 63.3 36.7 B + F
X 1. 412 - 1. 380 2.148 28.6 71.4 43.5 56.5 B + F + G
S 2.1S0 . - 1.895 1.185 41.4 58.6 22.5 77.5 B + G
V 2.801 - 2.766 - 50.3 49.7 - 100.0 B + G
9 0.030 1.083 5.371 - 9.6 90.4 9.1 90.9 F + G
VI 0.850 - 5.S40 - 12.7 87. 3 - 100.0 F + Ga Compller's calculatlons
b A = Na2S04: B = Na2S04.10H20; C = Na2504·H20;

D = NaCl04 .H 2O; E = ZnICl04)2.6H20; F = Zn504 ·7H 2O:
G = Na2504.ZnS04.4H20

COMHENTS AND lOR ADDITIONAL DATA
The phase diagram given below shows six crystallization fields:
Na2S04·10H20 (77.06"); Zn504 ·7H 2O (9.45"); Na2S04 (3.SS");
Na2S04.Zn504.4H20 (7.33"); NaCl04 .H 20 (1.59"): Zn(Cl04 )2· 6H 20 (0.69").
VII, VIII, IX and X'are lsothermal trlple saturatlon pOlnts.

ion mol I

I -f-ZnS04,7HZO

NazS04_~ NaCl04\,HZO \ _Zn(Cl0
4
)z,6H

Z
O,- \yq ww ~

ZNaC104 ion mol I 2n(Cl04)Z



COMPONENTS:
(1) Sodium chloride: NaCl;

l1ti47~h~5 J
(2) Sodium percnlorate; NaCI04 ;

["7601~89~07 1

(3) Ammonium chloride; NH 4Cl;
[12125-02-91

(4) Ammonium perchlorate; NH 4CI04 ;
(7190~98~91

(5) Ammonia; NH3; [7664~41-71

VARIABLES:

Temperature: 240 - 323 K.
Composition

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Marshall, P.R.; Hunt, H.

J. Chern. Eng. Data ~, 4.
217~22.

PREPARED BY:

C.Y. Chan
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Solubility system Na+,NHt II Cl~,Cl04,-H20 at various temperatures:

Liquid phase composition Solid
phasec

t/ °c molality/ mol kg- 1 100X(cation)a 100X(anion)b
Na+ NHt Cl~ CI04 Na+ NH+ CI- CIO ~ d

4 4
-33 0.78 12.39 2.1 11.1 5.9 94.1 d 15.8 84.2 (1)+(3)+(4)

0 0.32 20.51 0.88 19.95 1.54 98.46d 4.22 95.78 II II II

25 0.16 19.15 104 18.5 3.84 96.16 d 7.0 9'3.0 II II II

50 0.58 23.9 1.49 23.0 2.36 97.64 d 6.08 93.92 II II II

(table continued next page)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solubility determinations were carried out using a specially

constructed apparatus (diagram given in original paper), involving a

gas line connected to the saturation cell. The cell consisted of two
compartments separated by a aintered glasa partition, the larger one of

which was connected to the gaa line in such a way that the cell could be

inverted. with either one of the compartments vertically above the other.

Weighed amts of the salts were sealed in the smaller compartment of the

cell which was then connected to the gas line via the larger compartment.

Excess of dry ammonia was condensed in the cell until the salts had all

dissolved at the set temperature. The coolants used were dry ice and

CC1 4 • The cell was thermostated in a liquid NH 3 bath for ~33 °c deter­
minations, in an ice + water bath tor 0 °C, and in a water bath for the

other temperatures. Ammonia was bled from the solution until salt

(continued next page)
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COMPONENTS:

(1) Sodium chloride; NaCl;

[7647-14-0]

(2) Sodium perchlorate; NaC104 ;

[7601-89-07]

(3) Ammonium chloride; NH 4Cl;
[12125-02-9)

(4) Ammonium perchlorate; NH 4C104 ;
[7790-98-91

(5-) Ammonia; NH 3 ; [7664-41-7)

EXPERIMENTAL VALUES: (continued)

ORIGINAL MEASUREMENTS:

Marshall, P.R.; Hunt, H.

J. Chem. Eng. Data ~, 4,

217-22.

lbl + +1 -1-So u i ity system Na ,NH 4 I Cl ,C 04,-H20 at various temperatures:

Liquid phase composition Solid
phasec

t/ °c molality/ mol kg-1 100X(cation)a 100X(anion)b
Na+ NH,t Cl- C10; Na+ NH+ Cl- C104-4

-33 17.4 3.06 - 2lt.46 85.0d 15.0 - 100.0 (1)+(2)+(4)
0 19.45 4 1 0.086 23.33 95.9d 4.1 0.366 99.6 .. .. ..

25 19.4 3.53 - 22.93 96.47d 3.53 - 100.0 .. .. ..
50 25.1 4.74 - 29.84 84.1 d 15.9 - 100.0 .. .. ..

a X(Na+) = n(Na+)/[n(Na+) + n(NH~)I;

b X(C10; = n(C10;)/[n(C104) + n(Cl-));
n( ) = amount ot substance.

c All components anhydrous.

d Compiler's calculations.

X(NH~) = 1 - X(Na+) ;
X(Cl-) = 1 - X(C104)

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

crystals were tormed, and the cell inverted so that the solution filtered

through the partition into the larger compartment. After filtration the

ammonia in the solution was all removed by. condensation into a reservoir
in the apparatus and determined quantitatively by absorption in std. HCl

sln and back-titrated with std. base. The cell was then opened and the
solids removed for analysis. Ammonium ion was determined by a standard

Kjeldahl procedure. Chloride was determined by titration with AgN03 ,

using dichlorotluorescein as indicator.

SOURCE AND PURITY OF MATERIALS:

Not stated. Ammonia was dried with

sodium.

ESTIMATED ERROR:

Reproducibility (3 detn) is within

± 2 X ot the mean val~e in most

cases.
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SYSTEM INDEX

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to

compiled tables.

J

LiCI04 + Acetic anhydride

+ Acetone

+ Acetonitrile

+ 2-aminoethanol

+ Beozaldehyde

+ Benzenamine

+ Benzeoemethanol

+ Benzonitrile

+ Benzyl acetate

+ I-butanamioe

+ 2-butanamine

+ Butanoic acid

+ I-butanol

+ 2-butanol

+ I-butyl nitrite

+ Cyclohexaoamine

+ Cyclohexanol

+ Cyclohexanone

+ Cyclopentanone

+ Diethyl-l,2-benzenedicarboxylate

+ Diethyl carbonate

+ Diethyl decanedioate

+ l,2-ethanediamine

+ 1,2-ethanediol

+ Ethanoic acid

+ Ethanol

+ 2-ethoxyethanol

+ Ethyl acetate

+ Ethyl benzoate

+ Ethyl 3-oxobutanoate

E7,33,34

E7,39

E7, E8,33, 34,47,48

E7,33,34

E8, 35

E7, 30, 31

E8,28,29

E8,33,34

E8,36,37

E7, 30, 31

E7,30,31

E7,32

E7,26,27

E7,28,29

E7,36,37

E8, 30,31

E8,28,29

E7,35

E7,35

E8,36,37

E7,36,37

E8,36,37

E7, 30, 31

E7,28,29

E7, 32

E7,26,27

E7,33,34

E7,36,37,42

ES,36,37

E7,36,37
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+ Fonnamide E7,33,34

+ Hydrazine E8,43,44

+ Hydrogen peroxide E8,46

+ Methanol E8,26,27

+ 3-methylphenol E8,33,34

+ Methyl-oxirane E7,38

+ 2-methyl-2-propanamioe E7,30,31

+ 2-methyI-I-propanol E7, 26,27

+ 2-methyl-2-propaool E7,28,29

+ N,N-dimethylformamide E7,33,34

+ N-butyl-l-butanamine E8, 30, 31

+ N-methylbenzeoamine E8, 30, 31

+ l-octaooic acid E8,32

+ l-octanol E8,28,29

+ 2-octaool E8,28,29

+ l,l'-oxybis-butane E8,38

+ l,l'-oxybis-ethane E7,41

+ perchloric acid E8,45

+ propaoal E7,35

+ 1-propaoamine E7, 30, 31

+ 1-prop~ol E7,26,27

+ 2-propanol E7,28,29

+ Propionitrile E9,50

+ Pyridine E7,30,31

+ Sulfmylbis-methane E7, E9, 49

+ Tetrahydrofunm E6, E7, 38, 40

+ 2-trifluoroethanoic acid E7, 32

+ Water E2-E6,23-25

LiCI04 + Acetamide + Water Ell, 58, 59

+ Acetone + Water E10, 53

+ I-Butanol + Water E10, 5J, 52

+ Diethyl ether + Water E10,55

+ Ethanol + Water EI0,51,52

+ Ethyl acetate + Water E10,54

+ Hexamethylenetetramine + Water Ell, 62, 63
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+ Methanol + Water ElO, 51, 52

+ 2-methyl-l-propanol + Water ElO, 51,52

+ N,N-dimethylcarbamide + Water Ell, 60, 61

+ N,N-dimethylformamide + Water Ell,56

+ I-propanol + Water EI0, 51, 52

+ Propylene carbonate + Water Ell,57

+ Methyl acetate + propylene carbonate E12,64-66

+ Ammonium perchlorate + Water E13,70-72

+ Potassium perchlorate + Water E13,69

+ Sodium perchlorate + Water E13, 67,68

+ Thallium perchlorate + Water E13,73

+ Barium perchlorate + Water E14, 75

+ Calcium perchlorate + Water E14, 74

+ Cobalt perchlorate + Water E14, 77

+ Copper perchlorate + Water E14, 79

+ Manganese perchlorate + Water E14, 76

+ Nickel perchlorate + Water E14,78

+ Cerium perchlorate + Water E15,80

+ Gadolinium perchlorate + Water E15, 81, 82

+ Terbi~ perchlorate + Water E15,83

+ Lithium chromate

+ Lithium nitrate

+ Water

+ Water

E16, 87, 88

EI6,84-86

+ Copper perchlorate + N,N-dimethylcarbamide

+ Magnesium perchlorate+ hexamethylenetetramine

LiCI04 + Ethanol + Ethyl acetate + Water

+ Water

+ Water

E16, 89

EI7,93-95

E17,90-92

Li+, K+ 1/ CI04-, Cr042- - H20

Li+, Mg2+ 1/ CI04-, Cr042- - H20

Li+, NH4+ 1/ Cl04-, Cr042- - H20

NaCI04 + Acetamide

+ Acetone

E18,96,97

E18,E19, 102, 103

EI9,99-101

Elll, 137

E111, 133, 136
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+ 2-aminoethanol El14, 134

+ AIwnonia El14, 148

+ I-butanol El14. 132. 133

+ 2-butanone E1l4, 138

+ 1,2-ethanediamine E114, 13S

+ 1.2-ethanediol El14, 134

+ Ethanol El14, 132, 133

+ Ethyl acetate El14, 137

+ Hydrazine El14, 144. 14S

+ Hydrogen peroxide El14,147

+ Methanol El14. 132. 133

+ 2-methyI-I-propanol E1l4, 132, 133

+ percbloric acid E1l4,l46

+ I-propanol E1l4, 132. 133

+ Sulfmylbis-metbane El14, 141

+ Tetrahydrothiophenel,l-dioxide E1l4, 142, 143

+ Water EI07-El14,126-130

+ Water-d2 E1l4,131

NaCI04+ Acetamide + Water EllS, ISS

+ Benzamide + Water EllS, 161

+ Carbamide + Water EllS, 149-1S1

+ Dimethylurea + Water EllS, 1S7

+ Hexamethylenetetramine + Water EllS, 1S8-160

+ Sulfinylbis-methane + Water EllS, 1S6

+ Thiocarbamide + Water EllS, 1S2-154

+ Perchloric acid + Water EllS, 162-164

+ Ammonium perchlorate + Water E1l6,171-173

+ Cesium perchlorate + Water El16, 169, 170

+ Potassium perchlorate + Water EllS. 16S-168

+ Thallium perchlorate + Water E1l6, 174

+ Barium perchlorate + Water E1l7. 182, 183

+ Calcium perchlorate + Water E1l6, 178-180

+ Magnesium perchlorate + Water E1l6,175-177

+ Nickel perchlorate + Water E1l7, 18S

+ Strontium perchlorate + Water El16, 181



+ Zinc perchlorate + Water

+ Aluminwn percWorate + Water

+ Cerium perchlorate + Water

+ Terbium percWorate + Water

+ Sodium cWoride + Water

+ Sodium cWorate + Water

+ Sodium chromate + Water

+ Sodium dichromate + Water

+ Sodium nitrate + Water

+ Sodium phosphate + Water

+ Sodium sulfate + Water

+ Ammonium percWorate + Ammonia

+ Sodium cWoride + Ammonia

E1l7, 184

E1l7, 186

E1l7,l87

E1l7, 188

E1l7, 189-194

E1l7, 197

E118,200-202

El18,203

E1l7, 195, 196

El18,204

E1l8, 198, 199

El18,206

E118,205
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NaCI04+ I-butanol + Ethyl acetate

+ Ethanol + Ethyl acetate

+ Methanol + Ethyl acetate

+ Ammonium percWocate+Hexamethylenetetramine

+ COPvet: percWorate + Benzamide

+ Nickel percWorate + Urea

+ Sodium cWorate + Sodium cWoride

+ Water E1l8, 207. 208

+ Water E118, 207, 208

+ Water E1l8, 207. 208

+ Water E1l9, 209, 210

+ Water E1l9.211

+ Water E1l9.212

+ Water E119. 213, 214

Na+' Cs+ /I C104-, Cl- - H20

Na+' K+ /I CI04-, CI- - H20

Na+, K+ /I CI04-, Cr042- - H20

Na+' NH4+ /I CI04-, CI- - H20

Na+' NH4+ 1/ CI04-, Cl- - NH3

Na+, NH4+ 1/ CI04-, Cr042- - H20

Na+, NH4+ 1/ CI04-, Crz0 72- - H20

Na+' NH4+ 1/ CI04-, S042- - H20

Na+' Ba2+ 1/ CI04-, CI- - H20

Na+, Mg2+ /I CI04-, Cl- - H20

Na+, Ni2+ 1/ CI04-, N03- - H20

Na+, Zn2+ 1/ CI04-, S042- - H20

E120.220-223

E1l9, 215, 216

E1l9,217-219

El20, 224-230

E121, 252, 253

E120, 235-239

El20, 240-242

E120, 231-234

E121,245-247

E121, 243,244

E121, 248,249

E120, 250, 251
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REGISTRY NUMBER INDEX

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to

compiled tables.

In the indexes of this volume. the mUlles used in compilation sheets have been used. but it

should be noted that Chemical Abstracts list salts as derivatives of the appropriate acid. for

example. sodium dichromate is listed as chromic acid. disodium salt. Cf2H207.2Na;

manganese perchlorate is listed as perchloric acid. manganese(2+) salt. ClH04.1/2Mn.

[55-21-0] C7H7NO Benzamide E112, E115,158. 208

[57-13-6) C14N20 Carbamide E112, E116, 146-148,209

[60-29-7] C4HlOO 1,1'-oxybis-ethane E7, EtO, 41, 55

[60-35-5) C2H5NO Acetamide Ell, 58, 59,E111,E112, 137,

152

[62-53-3] C6H7N Benzenamine E7, 30. 31

[62-56-6] C14N2S Thiocarbamide E112, 149-151

[64-17-5] C2H60 Ethanol E7, EIO. E17, 26, 27. 51,

52, 89, Et11, E112, E115,

129.130,204,205

[64-19-7] C21402 Ethanoic acid E7,32

[67-56-1) C140 Methanol E7, EI0, 26. 27, 51, 52,

El11, E112, EllS, 129, 130,

204. 205

[67-63-0] C3H80 2-propanol E7,28,29

[67-64-1] C3H60 Acetone E7, EI0, 39. 53. El11,133,

136

[67-68-5] C2H60S Sulfinyl bis-methane E7, E8, 49, Ell1, 138, 153

[68-12-2] C3H7NO N.N-dimethylformamide E7, Ell, 33, 34,56

[71-23-8] C3H80 I-propanol E7, ElO, 26, 27, 51, 52,

Elll, 128, 129

[71-36-3] C4HlOO I-butanol E7, 13, 26, 27,51. 52, Ell1,

E112. EllS, 129. 130. 204,

205

[75-05-8] C2H3N Acetonitrile E7, E8. 33, 34. 47. 48
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[75-12-7] CH3NO Fonnamide E7.33.34

[75-56-9] C3H60 Methyl-oxirane E7. 3S

[75-64-9] C4HllN 2-methyl-2-propanamine E7.30.31

[75-65-0] C4H100 2-methy1-2-propanol E7.2S.29

[76-05-1 ] C2HF30z 2-trifluoroethanoic E7. 32

[78-S3-1] C4H100 2-methyI-I-propanol E7. EIO.26. 27. 51. 52.

Ell1, 129, 130

[78-92-2] C4H100 2-butanol E7,2S.29

[7S-93-3] C4HSO 2-butanone Ell1, 135

[79-2()"9] C3H60z Methyl acetate E12,64-66

[84-66-2] C12H1404 Diethyl-l,2-benzenedicarboxylate ES,36.37

[93-S9-0] C9H100z Ethyl benzoate ES,36,37

[100-47-0] C7H5N Benzonitrile ES,33,34

(100-51-6] C7HSO Benzenemethanol ES,2S,29

[100-52-7] C7H60 Benzaldehyde ES. 35

[100-61-S] C7H9N N-methylbenzenamine ES, 30, 31

(100-97-0] C6H12N4 Hexamethylenetetramine Ell, E17, 62, 63. 9()"92,

E1l2, EllS, 155-157,206,

207

[105-58-9] C5H1003 Diethyl carbonate E7,36,37

[107-10-S] ~3H9N I-propanamine E7,30,31

(107-12-0] C3H5N Propionitrile E9,50

[107-15-3] C2HSN2 l,2-ethane diamine E7, 30, 31,E111, 132

[107-21-1] C2H60z 1,2-ethanediol E7, 2S, 29,E1ll, 131

[107-92-6] C4HsOz Butanoic acid E7,32

[108-24-7] C4H603 Acetic anhydride E7,33.34

(108-32-7] C4H603 Propylene carbonate Ell, E12, 57,64-66

(108-39-4] C7HSO 3-methyIphenol ES,33,34

[108-91-S] C6H7N Cyclohexanamine ES, 30, 31

[108-93-0] C6H120 Cyclohexanol ES,2S,29

(10S-94-1] C6Hl00 Cyclohexanone E7,35

[109-73-9] C4HllN I-butanamine E7, 30, 31

(109-99-9] C4HSO Tetrahydrofurane E7,3S,40

[110-40-7] CI4H2604 Diethyl decanedioate ES,36,37

[110-8()..5] C4HI00z 2-ethoxyethanol E7, 33, 34

[110-S6-1] C5H5N Pyridine E7,30,31
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[111-S7-5] CsHlS0 l-octanol ES,2S,29

[111-92-2] CSH19N N-butyl-l-butanamine ES,30,31

[120-92-3] C5HSO Cyclopentanone E7, 35

[123-38-6] C3H60 Propanal E7,35

[123-96-6] CSHlS0 2-octanol ES,2S,29

[124-07-2] CSHI602 l-octanoic acid ES, 32

[126-33..Q] C4Hs02S Telrahydrothiophene Elll, 139, 140

[140-11-4] C9Hl002 Benzyl acetate E8 36, 37

[141-43-5] C2H7NO 2-aminoethanol E7, 33, 34,El11, 131

[141-78-6] C4Hs02 Ethyl acetate E7, EI0, E17, 36, 37, 42,

54, S9, Ell1, El12, EllS,

134,204,205

[141-97-9] C6H1003 Ethy1-3-oxobutanoate E7,36,37

[142-96-1] CSH1S0 1,1'-oxybis-butane ES, 3S

[302-01-2] N2H4 Hydrazine E8, 43, 44, E111, 141, 142

[544-16-1] C4H9N02 I-butyl nitrite E7,36,37

[1320-50-9] C3HSN20 N,N-dimethylcarbamide Ell, E17, 60, 61, 93-95,

El12,154

[7447-40-7] KCl Potassium chloride El16, 212, 213

[7601-54-9] Na3P04 Sodium phosphate EllS, 201

[7601-S9..Q] ~aCI04 Sodium perchlorate EI2-EI3, 67, 68, EI04-El22,

123-250

[7601-90-3] HCI04 Perchloric acid ES, 45,E111, EllS, 143,

159-161

[7631-99-4] NaN°3 Sodium nitrate EI14,EIIS, 192, 193, 245,

246

[7647-14-5] NaCl Sodium chloride E114, EllS, E116, E118,

IS6-191,202,210-213,217-

227,240-244,249,250

[7647-17-S] CsCl Cesium chloride E116,217-220

[7664-41-7] NH3 Ammonia EIll, EllS, EllS, 145, 202,

203,249,250

[7722-S4-I] H202 Hydrogen peroxide ES, 46, Ell1, 144

[7732-18-5] H2O Water E2-E6, E10-E19, 23-25, 51-

63,67, 103, E104-EllO,
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123-127, E1l2, 146-201,

204-250

[7733-02-0] ZnS04 Zinc sulfate E1l8, 247, 248

[7757-82-6] Na2S04 Sodium sulfate E1l4, E1l7, E1l8, 195, 196,

228-231,247,248

[7775-09-9] NaCI03 Sodium chlorate E1l4, E1l6, 194,210,211

[7775-11-3] Na2Cr04 Sodium chromate E1l4, EllS, E1l7, 197-199,

217-219,232-236

[7778-74-7] KCI04 Potassium perchlorate E12, E13, E18, 69, 96, 97,

100, E112, E116, 162-165,

212-216

[7783-20-2] (NH4>2S04 Ammonium sulfate E1l7,228-231

[7786-30-3] MgCI2 Magnesium chloride E118, 240, 241

[7788-98-9] (NH4>2Cr04 Ammonium chromate E18, E19, 98-101, 117,233-

236

[7789-00-6] K2Cr04 Potassium chromate E18, 96, 97, Ell, 214-216

[7789-09-5] (NH4>2Cf207 Ammonium dichromate E1l7,237-239

[7789-20-0] 020 water-d2 Elll,128

[7790-69-4] LiN03 Lithium nitrate E15, E16, 84-86

[7790-98-9] NH4CI04 Ammonium perchlorate E12, E13, E18, E19, 70-72,

98-101, E1l3, E1l5-E1l8,

168-170,206,207,221-239,

249,250

[7791-03-9] LiCI04 Lithium perchlorate EI-E22

[10034-81-8] Mg(CI04>2 Magnesium perchlorate E17, E19, 90-92, 102, 103,

E1l3, E1l8, 172-174,240,

241

[10361-37-2] BaCI2 Barium chloride E1l8,242-244

[10588-01-9] Na2Cf207 Sodium dichromate EllS, E1l7, 200, 237-239

[12125-02-9] NH4CI Ammonium chloride E1l6, E1l7, 221-227,

249,250

[13423-81-8] MgCr04 Magnesium chromate E19, 105, 106

[13450-97-0] Sr(CI04>2 Strontium perchlorate E1l3,178

[13453-40-2] TIC104 Thallium perchlorate E12, E13, 73, E1l3, 171
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[13454-84-7] CsCI04 Cesium perchlorate E1l3, E1l6, 166, 167,217-

220

[13455-31-7] Co(CI04>2 Cobalt perchlorate E14, E15, 77

[13465-95-7] Ba(CI04>2 Barium perchlorate E14, 75, E1l3, E1l8, 179,

180,242-244

[13477-36-6] Ca(CI04>2 Calcium perchlorate E14, 74, E1l3, 175-177

[13637-61-1] Zn(CI04>2 Zinc perchlorate E1l3,E1l8, 181,247,248

[13637-71-3] Ni(CI04>2 Nickel perchlorate E14, E15, 78, E114, E116,

E118,182,209,245,246

[13770-16-6] Mn(CI04>2 Manganese perchlorate E14, E15, 76

[13770-18-8] Cu(CI04>2 Copper perchlorate E14, E17, 79, 93,95, EllS,

208

[13952-84-6] C4HllN 2-Butanamine E7,33,34

[14014-09-6] n(CI04)3 Terbium perchlorate E15, 83, E1l4, 185

[14017-47-1] Ce(CI04)3 Cerium perchlorate E15, 80, E1l4, 184

[14017-52-8] Gd(CI04>J Gado~um perchlorate E15,81,82

[14216-75-2J Ni(N°3>2 Nickel nitrate E1l8, 245, 246

[14307-35-8] Li2Cr04 Lithium chromate E16, E18, E19, 87, 88,96-

103

[14452-39-2] AI(CI04>'3 Aluminium perchlorate E114, 183
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